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INFECTIOUS MONONUCLEOSIS
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X-irradiated lymphoid cells of estab-
umtnary cejj jjnes derived from two

patients with infectious mononucleosis were found to
stimulate fresh lymphocytes from the same individuals
several months after recovery from the illness. This is
believed to reflect a degree of antigenic disparity
between the cultured lymphoblasts and autologous
fresh lymphocytes.

introduction

Lymphoblastoid cell lines have been established in
a number of centres from the peripheral blood of
patients in the acute or convalescent phase of infectious
mononucleosis.'-'* Many of these lines can be shown to
carry the herpes-like virus of Epstein and Barr (e.b.
virus). Seroepidemiological evidence suggests that this
virus may be the causative agent of infectious mono¬
nucleosis,5-6 but the relationship between cells growing
in culture, e.b. virus, and the circulating atypical
mononuclear cells characteristic of the illness remains
speculative.
Similar cell lines have been established from patients

with Burkitt's lymphoma, leukaemia, and other condi¬
tions as well as from healthy individuals.7-8 Cells from
such lines excite a potent blastogenic reaction when
added to freshly isolated lymphocytes from healthy
individuals, similar to that observed in a one-way
mixed-lymphocyte reaction, but of greater intensity.9-10
We here report on the findings when lymphoid cells

of lines initiated from the blood of infectious mono¬

nucleosis patients are cultured with their own fresh
lymphocytes after recovery from the illness.

materials and methods

The lymphoblastoid cell lines gol, and mar, were used.4
gol, comes from a 22-ycar-old female (A) and mar, from a
29-year-old male (B). Both were convalescent after acute
infectious mononucleosis when blood was taken for long-
term culture, and both subsequently recovered uneventfully.
At the time of this study they were symptom-free. Both
patients had anti-e.b.-virus titres of 1/80 in the blood
specimens from which the long-term cultures were grown,4
and although e.b. virus could not be demonstrated in gol,
cells at the time of the experiments reported here, the line
became virus positive (by immunofluorescence and electron
microscopy) one month later, after an apparently spon¬
taneous alteration in cultural behaviour and a change in
karyotype from diploid to polyploid.11 Virus was present in
1-2% of mar, cells. Both lines were routinely maintained
in Ham's F10 medium (Flow Laboratories) supplemented

with 10% tryptose phosphate broth (Difco), 20% fetal Ca!'
serum (Flow Laboratories), and antibiotics. GOL[ cells !--(j
been in culture for 6 months, frozen in liquid nitrogen for
1 month, then returned to culture for 5 months before u7
in these experiments. The mar, line had been in culture for
10'/2 months without interruption. dew,, a cell line from a
third glandular fever patient, was used as an additional
control. This line had been in culture for 4'/2 months
e.b.-virus particles could be demonstrated in less than 1'''
of cells.4

Fresh blood (50 ml.) was obtained from the first two (A
and B) and from two healthy male controls (C and D). The
blood was defibrinated immediately and a lymphocvte-rich
suspension prepared by gelatin sedimentation. 18 hours
before setting up mixed lymphocyte cultures, cells from
each of the established lines were irradiated (total dose 3t\\l
rad, 250 kV X ray source, dose-rate 33 rad per minute
Thoraeus I filter).
From the sedimented blood a cell suspension contain-in;

2 x 10" lymphocytes and 4-8 X 10" erythrocytes per ml. of
medium (Eagle's minimum essential medium supplemented
with 15% pooled normal human serum) was prepared and
1 ml. volumes were distributed into 3 X '/2 in. sterile, capped,
glass tubes. To some of the tubes, 105 irradiated cells in tire
same medium from the established lines were addcj to

shown in the table. Control cultures were of identical

THYMIDINE INCORPORATION IN MIXED CELL CULTURES

Radioactivity incorporated
Culture (d.p.m.)

Alcan s.d.

A control 5773 737

A-fX gol, (autologous) .. 33,607 1861
A-rX mar, 110,390 5-136
A+X dew, 122,860 476 J
B control .. 2124 329

B+X gol, 84,669 5220
B+X mar, (autologous) 12,333 3005
B+X dew,. . 82,120 4216

C control 1313 183

C+Xgol, 98,349 •

C+X mar,. . 72,164 1604
C +X dew, 76,653 2712
D control 1450 «

D+X gol,. . 39,264 7637
D +X mar, 87,664 6501

D+X dew, 97,738 155

C r.b.c. +X gol, .. 341

C r.b.c. +X mar, 209

C r.b.c. +X dew, . . 410

Cultures were harvested on day 5. 0-5 p.Ci of [*H]-mcthyl Iahcl>-J
thymidine (150 mCi per mmole) was added to each, 24 hour*
harvesting.*
X=X irradiated, r.b.c. =rcd blood-cell controls,
o. = standard deviation of mean (triplicate values). * ^duplicate* t»r..4r

composition with respect to erythrocytes and irradiated
cells, but contained no blood lymphocytes. The degree d
stimulation of the blood lymphocytes was assessed h
measurement of the mean uptake of tritiatcd thymidine in
triplicate cultures.

results

The control cultures indicate that thymidine incor¬
poration into irradiated cells was negligible over the
period of the study. In all cases where fresh lympho¬
cytes were mixed with irradiated cells from cultured
lines, the lymphocytes were significantly activated.
Thymidine uptake in the two autologous mixture*
(A+GOLjX and B +MATqX) was about six times greater
than the unstimulated level, compared with the nine¬
teen to seventy-five fold increase observed in mixture*
of unrelated cells.
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discussion

We have found that lymphoblastoid cell line cells
from infectious mononucleosis patients are potent
activators of fresh lymphocytes from unrelated donors.
This is in line with experimental findings on cell lines
from other sources." No previous studies have been
reported, however, in which cell lines have been
tested against fresh autologous lymphocytes. Our
experiments show that stimulation does occur in such
mixtures.
It is highly likely that the stimulation of small

lymphocytes by irradiated lymphoid cell line cells has
an immunological basis.10 One would, therefore,
expect the level of stimulation in this system to reflect
the degree of antigenic disparity between the cell types
in each combination. Our observation of a much
greater degree of activation in mixtures of unrelated
cells than in autologous mixtures is in accord with this
expectation. Even in autologous mixtures, a sixfold
enhancement of thymidine incorporation was observed.
It is logical to assume that this lymphocyte stimulation
too was produced by surface antigens on the cultured
iymphoblasts and suggests the existence of an appreci¬
able antigenic disparity between cells originating from
the same donor. There are several ways in which this
antigenic disparity may have arisen:
(1.) The in-vitro environment of the cultured cells may

have caused some alteration in surface determinants—e.g.,
by adsorption of antigenic groups from the medium.
(2) The in-vitro environment has induced a mutation or

favoured the emergence of a line from an antigenically dis¬
tinctmutant cell in the initial blood-sample. If this explana¬
tion is correct, the demonstration that fresh lymphocytes
can be stimulated by autologous cells could be interpreted
as providing experimental support for the concept of an
inutiunological surveillance mechanism.12
(3.) In view of the reported association between infectious

mononucleosis and e.b. virus, the cells growing in culture
nay carry a virus-related surface antigen. Recognition of
roch an antigen by immunocompetent cells might then be
related to the process of recovery from the lympho-
jroliferative disorder, infectious mononucleosis.
We are not able to choose between these alternatives

at present. Further experiments are however in pro¬
gress to determine the kinetics of stimulation by
autologous cells, the nature of the stimulatory antigen
and the cytotoxic capacity of the lymphocytes after
itimulation.

Wc thank Dr. N. R. Ling for his advice and encouragement.
Requests for reprints should be addressed to C. M. S.
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Reviews of Books

Hypertensive Cardiovascular Disease
Vol. I. Edited by Albert N. Brest, m.d., associate professor 1
of medicine and head, section of cardiology, Hahnemann
Medical College and Hospital, Philadelphia, Pennsylvania.
Philadelphia: F. A. Davis. Oxford: Blackwell Scientific
Publications. 1969. Pp. 332. $7.50; 75s.

This well-produced book is the first of a scries entitled.
Cardiovascular Clinics. It contains seventeen monographs'
written for clinicians dealing directly with the day-to-day'
care of patients. However, the clinician seeking the solutiop
to a specific problem may not notice that there is a good
deal of overlap between the monographs and some clash of
opinion between different contributors—conflicting viewi
which add zest to the production and relieve it of the bore¬
dom of the usual student or postgraduate textbook. Tlie
editor has preferred to retain the individual opinions and
experience of the twenty-six contributors rather than edit
them severely in the interests of uniformity. The book, is
therefore, better suited to the needs of the experienced
physician than to the student or resident. This work Ion
hypertension is up to date and comprehensive. A good index
and bibliography enables the reader to pursue further the
source of the information on each subject, and this pro¬
duction should prove most popular and useful to the
physician dealing with hypertensive disease.

Acrylic Cement in Orthopaedic Surgery
John Charnley, d.sc., f.r.c.s., consultant orthopaedic
surgeon, Centre for Hip Surgery, Wrightington Hospital,
Lancashire; hon. lecturer in orthopaedics, University of
Manchester; and hon. lecturer in mechanical engineering,
Institute of Science and Technology, University of Man¬
chester. Edinburgh: E. & S. Livingstone. Baltimore:
Williams & Wilkins. Toronto: Macmillan Company of
Canada. 1970. Pp. 131. 60s.; $9.75.

This useful, lucid monograph covers the many aspects
of an important technique added to the armamentarium
of orthopaedic surgery in the past twenty years. Mr.
Charnley has methodically .worked through the risks to
the patient that could arise from the acrylic polymer or
the monomer, or the additives hydroquinone, benzoyl-
peroxide, and dimethylparatoluidine, as well as degradation
products which might derive over the years from the
implant. All the experimental work bearing on this subject
and his own personal experience are well laid out (including
a major setback with 'Teflon', which proved in particulate
form to be one of the most irritating plastics despite its
apparently innocuous nature in animal work). He empha¬
sises that it is often erroneous to apply the findings in
animal experiments to man. The late suppuration, occa¬
sionally encountered in the second and third year after
surgery, is, Charnley asserts, the result of infection; and
he supports this contention by the reduced incidence with
the special aseptic precautions he has introduced over the
years, and the fact that this has occurred on one side in
bilateral cases, in which no sensitivity to the plastic has
been seen on the opposite side over many years of obser¬
vation. Charnley accepts all cases of early or late suppura¬
tion, even where culture remains consistently sterile, as
evidence of low-grade infection and preventable only by
greater aseptic precautions and improved technique in
preventing unnecessary damage to the tissues and avoiding
htematomas and other defenceless areas. In this connection
the development of tissue damage by heat is to the discredit
of acrylic cement, and his concluding words in this mono¬
graph are that the following features could be improved—
heat production, local toxicity of the monomer, expansion
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Cytotoxic Potential of Lymphocytes Stimulated with Autochthonous Lymphoid Cell Line Cells
Human lymphocytes are activated by contact with

histocompatibility antigens on the lymphocytes of another
donor. The reaction, which occurs with lymphocytes of all
normal individuals and with lymphocytes from cord
bloods, requires no prior immunisation of the cell donors
with the antigens concerned (for refs. see1). An immunolo¬
gical basis for the reaction is indicated, however, by the
demonstration, in rats, that lymphocytes from tolerant
animals are specifically unresponsive to cells of the to¬
lerance inducing strain2'3. Human lymphocytes are also
activated by cells from human lymphoblastoid cell lines

(LCLs) established from the blood cells of normal indivi¬
duals and patients with various disorders. The reaction is
essentially similar to a 'one-way' mixed lymphocyte reac¬
tion but of greater intensity4. Lymphocytes activated by
culture with X-irradiated cells from a particular cell line
are cytotoxic to these cells and the cells of other lines5.
New surface antigens on the LCL cells as well as histo¬

compatibility antigens must be capable of activating
lymphocytes since cells from autochthonous LCLs are
stimulatory6"9, although if the conditions are carefully
controlled, to a lesser degree than cells from a histoin-
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Table I. Stimulation of lymphocytes by cells from an autochthonous
LCL and their subsequent cytotoxic action

Composition of culture Stimulation Cytotoxicity
(3H-thymidine versus:
incorporated 51Cr-DEW-l
dpm) (% released)

ED 6,134 18.8
ED + X ED 3,243 19.4
ED + X DEW-1 23,526 31.5

ED + X FLE-1 42,887 26.7
ED + X SAD-1 41,504 21.9
DH 1,522 20.7

DH + X ED 3,506 25.6
DH + X DEW-1 32,145 40.6

DH + X FLE-1 32,934 35.2

DH + X SAD-1 34,096 37.5
Controls
ED rbc + X ED 173 19.2
ED rbc + X DEW-1 1,767 19.3
ED rbc + X FLE-1 178 19.2

ED rbc + X SAD-1 208 19.0

compatible line (ref.6 and unpublished observations). The
neo-antigens may arise coincidentally with the change of
the lymphoid cell to a continuously growing state resulting
in the establishment of the LCL. This could be the result of
a 'spontaneous' mutation or of a mutation induced by an
EB virus which is known to be present in most, if not all,
of the LCLs10'11. If the activation of lymphocytes in this
system is part of an immunological reaction in which the
cells bearing neo-antigens are recognised as 'non-self', it
should result in the generation of effector cells cytotoxic
to the autochthonous LCL cells. This paper described such
a reaction.

Lymphoid cell lines established at various times during
the period 1968-1970 from the blood cells of patients in the
acute phase of infectious mononucleosis11 were main¬
tained routinely in F10 medium supplemented with 20%
foetal bovine serum, 10% tryptose phosphate broth, peni¬
cillin and streptomycin. Tests for the presence of myco¬
plasma infection were regularly performed and found to be
negative. For use as stimulants the LCL cells were ex¬
posed to 3000 rads of X-irradiation at a cell concentration
of 2xl06/ml6. For use as target cells they were labelled

ED, blood lymphocytes from patients recovered from infectious mono¬
nucleosis 6 months before the experiment. DH, blood lymphocytes
from normal individual. ED rbc, red blood cells. DEW-1, LCL esta¬
blished from a blood sample from patient ED taken during the illness.
FLE-1 andSAD-l,twoLCL fromunrelated individuals. X,x-irradiated.
dpm, disintegration per minute. Autochthonous mixture underlined.
Lymphocytes were cultured for 6 days at 1 x 106/ml in 3 x 1/2 inch
capped tubes. 105X-irradiated LCL cells were added where indicated.
To study the cytotoxicity 0.5 ml fluid was removed on day 6 and 106
51Cr labelled DEW-1 cells added in 0.5 ml fresh medium. After 6 h the
tubes were centrifuged (500 g, 5 min) and the supernatants carefully
transferred to counting vials. The deposits were dissolved in 0.1 ml N
NaOH and transferred to vials. Results are expressed as the percen¬
tage of the total activity added of 51Cr released into the supernate. To
assess the stimulation 0.5 p.Ci 3H-thymidine was added on day 6 and
the cells harvested on day 7 (ref.12). All values are means of triplicate
cultures.

1 N. R. Ling, Lymphocyte Stimulation (North Holland, Amsterdam
1968).

2 M. R. Schwartz, J. exp. Med. 727, 879 (1968).
3 D. B. Wilson, J. L. Blyth and P. C. Nowell, J. exp. Med. 128,
1157 (1968).

4 D. A. Hardy, S. C. Knight and N. R. Ling, Immunology 19, 329
(1970).

5 D. A. Hardy, N. R. Ling, J. M. Wallin and T. Aviet, Nature,
Lond. 227, 723 (1970).

6 C. M. Steel and D. A. Hardy, Lancet 7, 1322 (1970).
7 S. C. Knight, G. E. Moore and B. D. Clarkson, Nature, Lond.
229, 187 (1971).

8 U. Junge, Proc. Fifth Leukocyte Culture Conference (Ed. J. E.
Harris; Academic Press, New York 1970), p. 661.

9 S. S. Green and K. W. Sell, Science 170, 989 (1970).
10 G. E. Moore, H. Kitamura and R. E. Gerner, Proc. Am. Ass.
Cancer Res. 9, 52 (1968).

11 C. M. Steel and E. Edmond, submitted for publication.

Table II. Stimulation of lymphocytes by autochthonous LCL cells and their subsequent cytotoxicity against autochthonous and allogeneic
LCL cells

Composition of culture Stimulation Cytotoxicity versus:
(3H-thymidine incorporated, dpm) 51Cr-YUD-lA 51Cr-GOL-lP

(% released) (% released)

KY 1,511 8.7 16.4

KY + X KY 817 7.7 14.3
I<Y + X YUD-1A 47,727 17.5 16.0

KY + X YUD-1E 49,272 16.8 16.5

KY + X GOL-1P 38,281 14.5 23.0
DH 1,785 8.9 15.0
DH + X KY 9,500 8.3 16.1
DH + X YUD-1A 45,854 16.6 19.1
DH + X YUD-1E 34,450 14.6 19.1

DH + X GOL-1P 37,227 11.3 20.4

Controls
KY rbc + X KY 185 9.2 14.7

KY rbc + X YUD-1A 1,396 8.4 14.9

KY rbc + Y XUD-1E 8,262 9.3 14.2

KY rbc + X GOL-1P 300 8.7 15.2

KY, blood lymphocytes from patient recovered from infectious mononucleosis 7 months before the experiment. DH, blood lymphocytes from
normal individual. KY rbc, red blood cells. YUD-1A and YUD-1E, 2 sub-lines established independently from the same blood sample taken
from KY during the illness. GOL-1P, LCL from unrelated individual. Autochthonous mixtures underlined. Other details as for Table I.
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with 51Cr by incubation for 24 h with Na251Cr04 (1 p.Ci/106
cells/ml).
Mitotic activation of fresh blood lymphocytes (106/ml in

20% pooled human serum gelatin/Eagles MEM) incubated
with X-irradiated LCL cells (added to give a final concen¬
tration of 105 cells/ml soon after X-irradiation) was assessed
by the incorporation of thymidine-[methyl-3H] 0.5 pCi;
150 mCi/mmole) into the trichloroacetic acid-insoluble
fraction over the interval day 6-7. Details of the methods
are to be found in refs. 4 and 12. Suitable controls lacking
X-irradiated LCL cells or fresh lymphocytes were treated
identically.
The cytotoxic capacity of the activated blood lympho¬

cytes was assessed by the chromium release technique.
Control cultures contained donor red cells and either blood

lymphocytes of the donor or the X-irradiated LCL cells
used as stimulant but not both5. In each experiment the
response of blood lymphocytes from an unrelated donor as
well as from the original LCL donor were compared. As a
further control (to cover any possible change induced by
X-irradiation) X-irradiated blood lymphocytes were cul¬
tured with autochthonous or allogeneic blood lympho¬
cytes.
Stimulation (enhanced 3H-thymidine incorporation) in¬

duced by autochthonous LCL cells occurred with the
lymphocytes from all six patients studied. The activated
lymphocytes were cytotoxic to 51Cr-labelled autochtho¬
nous and allogeneic cells. The results of two typical experi¬
ments are shown in Tables I and II. The stimulation and

cytotoxicity of the lymphocytes in the autochthonous si¬
tuation was not a result of changes induced by the X-irra-
diation since X-irradiated blood lymphocytes did not sti¬
mulate autochthonous lymphocytes nor was it due to foe¬
tal calf serum antigens in the culture fluid since human
serum was used as the serum supplement in all experi¬
ments. Moreover, Green and Sell9 have reported that
foetal calf serum antigens were not important in their
autochthonous stimulations.

It may be concluded that neo-antigens on the LCL cells
initiate a lymphocyte stimulation, in vitro, resulting in the
death of the LCL cells. The fact that allogenic as well as
autochthonous LCL cells can be killed by lymphocytes
stimulated with autochthonous LCL cells suggests that
either the killing phase is of limited specificity or that
there are cross reacting antigens shared by the various LCL
cells. These points are currently under investigation.
If it is accepted that 'deviant' lymphocytes, similar to

LCL cells, may arise in vivo as a result of viral transfor¬
mation or other cause, the in vitro phenomena described
must closely mimic an immunological surveillance me¬
chanism operative in the host.

Resume. Les petits lymphocytes du sang, apres avoir
&t& mis en contact pendant plusieurs jours avec les cel¬
lules lymphoides d'une lignee autochthone, peuvent tuer
les cellules de cette lign6e et d'autres lignees. Ces inves¬
tigations peuvent apporter de nouvelles donn^es sur
l'operation de controle immunologique.

D. A. Hardy and C. M. Steel13

Department of Experimental Pathology,
University of Birmingham, Birmingham B15 2TJ
(England); and
University Department of Medicine, and
M.R.C. Clinical and Cytogenetics Unit, and
Western General Hospital, Edinburgh (Scotland),
3 June 1971.

18 N. R. Ling and P. J. L. Holt, J. Cell. Sci. 2, 57 (1967).
13 We are grateful to Dr. N. R. Ling for his help and guidance. D. A.
Hardy gratefully acknowledges financial support from the Medical
Research Council and the John Squire Fund.



Human Lymphoblastoid Cell Lines. I. Cul¬
ture Methods and Examination for Epstein-
Barr Virus 1

C. M. Steel 2 and E. Edmond,3 Medical Research Council,
Clinical and Population Cytogenetics Unit, Western General
Hospital, Edinburgh, Scotland, and Wellcome Virus Labora¬
tory, City Hospital, Edinburgh, Scotland

SUMMARY—A simple technique is described for the establishment of
lymphoblastoid cell lines from small samples of peripheral blood. Thirteen
cell lines were grown from patients with infectious mononucleosis, acute and
chronic leukemia, and myelofibrosis but none from healthy subjects. In¬
direct immunofluorescence and electron microscopy proved equally sensi¬
tive for the detection of Epstein-Barr virus (EBV) which was found, on

initial examination, in 6 of 8 cell lines from patients with infectious mono¬
nucleosis but in 0 of 4 cell lines from patients with leukemia and myelo¬
fibrosis. Virus later appeared in 3 lines initially considered negative,
probably due to the presence of a previously occult infection. Unusually
high titers of EBV antibody were found in plasma from 5 of 1 0 adult patients
with leukemia. Data from 3 children with acute leukemia suggested that
in vivo lymphoproliferation is not the critical factor in determining whether
a lymphoblastoid cell line will grow in vitro.—J Nat Cancer Inst 47:
1193-1201, 1971.

LONG-TERM suspension cultures of human
lymphoblastoid cell lines are of considerable
interest in the fields of virology, cancer, immunol¬
ogy, and genetics (1—4). We report a simple
technique for establishing such cultures and the
results of examination of 12 cell lines for the pres¬
ence of the Epstein-Barr virus (EBV) which may
be implicated in the maintenance of in vitro
lymphoproliferation (5, 6).

MATERIALS AND METHODS

Culture procedures.—Heparinized venous blood
(5-20 ml) was allowed to sediment under gravity
at room temperature for 1-2 hours, except for
placental blood, which has a very low sedimenta¬

tion rate. Therefore, these samples of placental
blood (10-50 ml) were centrifuged at 30 X g for
20 minutes. The leukocyte-rich plasma and buffy
coat were aspirated and spun down at 150 X g
for 15 minutes. The plasma was stored at —70°C,

1 Received June 7, 1971; accepted August 11, 1971.
2 Supported by a graduate research fellowship from the

Faculty of Medicine, Edinburgh University.
3 We acknowledge the advice and encouragement in the

early stages of this work from Professor M. A. Epstein,
Dr. B. G. Achong, and Dr. P. R. Glade. We also thank the
many clinicians (particularly the late Dr. R. E. Verney of
the Edinburgh University Student Health Service) who
generously cooperated in the study of the patients. We are
indebted to the following for their able technical assistance:
Mr. Alan Ross, Mr. Alexander Sutherland, Mr. Andrew
Ross, Mr. Norman Davidson, and Mr. David Veitch.
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and the cell pellet resuspended in 5 ml or multiples
of 5-ml growth medium consisting of Ham's F10
(Flow) with 20% fetal calf serum (Flow), 10%
tryptose phosphate broth (Difco), penicillin, strep¬
tomycin, and phenol red indicator. From most
blood specimens, a single, 5-ml culture was ob¬
tained, containing 5 X 10s to 2 X 107 leukocytes/ml
(table 1) and many red blood cells. These cultures
were set up in one-inch diameter, flat-bottomed
tubes of thin glass (Samco), over which the clear,
plastic screw caps from disposable, universal con¬
tainers (Sterilin) were loosely fitted, so that the
cultures could be directly observed with an inverted
microscope. The tubes were incubated vertically in
a humidified atmosphere of 7% C02 in air at 37°C.
Twenty-five cultures were initiated and main¬

tained in medium supplemented with 20%
allogeneic human serum (unpooled) from a series
of blood donors, as a substitute for fetal calf serum.
Two of these gave rise to cell lines (G-S[ and GOLJ,
but growth of these cultures was delayed as com¬

pared with other successful cultures (table 1).
Duplicate cultures, one supplemented with human
serum and the other with fetal calf serum, were

set up from 2 patients with infectious mono¬
nucleosis. In each case, only the sample in fetal
calf serum gave rise to a growing line (MAR! and
GRAj). Therefore, since then, fetal calf serum has
been used exclusively.
To study the morphology of cultured leukocytes,

10 blood samples, from which many white blood
cells had been obtained, were set up in replicate
tubes (5 or 6 each) with a 22-mm diameter, circular
coverslip in the bottom. The cultures were main¬
tained for up to 100 days. The coverslips, recovered
at intervals during this period, were washed in
saline, fixed in alcohol, and stained with Giemsa.
Cultures were fed by renewal of the top half of

the medium, with care being taken not to disturb
the settled cells. During the 1st week this was done
every 2d or 3d day and thereafter weekly until
rapidly falling pH and the appearance of floating
clumps of rounded cells indicated active growth,
when twice weekly feeding became necessary. Sub¬
culture was not usually successful until signs of
growth had been present for at least 2 weeks.
Thereafter, cultures were maintained in the orig¬
inal tubes and in conical glass flasks of varying
sizes, with subculture once or twice weekly.

Electron microscopy.—Pellets produced by centrifu-
gation of the cultures were fixed in 5% glutaral-
dehyde at 4°C, postfixed in 1% osmium tetroxide,
and embedded in Araldite. Sections 500-600 A

thick were cut on an LKB ultramicrotome and

stained by uranyl acetate and lead citrate. Stained
sections were examined under an AEI EM6B

microscope. The same observer examined 200-1,000
well-fixed cell sections from every line. In most
cases, 2 or more separately prepared samples were
examined from each line.

Immunofluorescence.—Established cell lines were
examined by one observer using an indirect im¬
munofluorescence technique (7). Arginine-deprived
EB3 cells (8) were included as a positive-control
antigen in all tests. They were used to titrate the
EBV antibody levels in the 4 sera used throughout,
2 of which were EBV antibody negative and 2 of
which were EBV antibody positive at dilutions of
1:40 and 1:160, respectively. The same method
was used to estimate EBV antibody levels in the
plasma of blood samples from which cultures
were grown, positive and negative control sera

being included in each test. Goat fluorescein-
conjugated, anti-human 7-globulin (Hyland) was

always used as the second layer. Specimens were
mounted in Polarfluor mountant (Polaron) and
examined in a Leitz Ortholux microscope with an
HBO 200-w light source and a Schott UGI trans¬
mission filter and a K470 absorption filter.
Both sera and cell lines were coded before ex¬

amination. Lines were scored as virus-positive only
if cells showing total or nuclear brilliant fluores¬
cence were present with positive sera and absent
with negative sera. The two lines growing in human
serum were difficult to score because of background
fluorescence persisting after repeated washing of
the cells, which was presumably due to IgG
immunoglobulin in the growth: medium. The
problem was largely overcome by the test culture
being spread very thinly to allow a clear area
around each cell.
Electron microscopy and immunofluorescence

studies on any cell line were undertaken not more
than 2 weeks apart. Every line was examined ini¬
tially within 3 months of becoming established in
culture. The results of the two procedures were

compared only after each examination had been
completed for every cell line.
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RESULTS

Prosress of Cultures
A few pleomorphic cells adhered to the bottom

of the culture vessel during the 1st week in more
than 50% of the cultures (fig. 1). The appearance
of these cells in leukocyte cultures has been well
documented (9, 10). Such cells sometimes in¬
creased rapidly in number to a near confluent
monolayer, particularly in cultures from patients
with leukemia or from those with renal failure on

dialysis and from placental blood. They remained
intact and apparently healthy for up to 3 months,
but in our coverslip preparations no adherent cells
were found in any stage of division and no culture
in which this type of cell had become prominent
ever became established. While many cultures died
without forming any obvious monolayer, under the
conditions described here, the adherent pleo¬
morphic and the floating lymphoblastoid cell types
may represent mutually incompatible paths of
development from peripheral blood cells.
We also found that even a minor disturbance to

the cells caused by taking small aspirates for
examination arrested mitosis for 3 weeks in a

culture which had just begun to grow. Disturbance
at an earlier stage may well hamper establishment
of a growing line. We therefore avoided any
disturbance until definite signs of growth were

present for 2 weeks. Since we adopted this policy,
6 of 7 consecutive specimens from patients with
infectious mononucleosis have given rise to con¬
tinuous suspension cultures.
A total of 13 suspension cultures were established

from 12 individuals (table 1). Twelve of these
lines have been maintained in the laboratory for
periods of 6 months to 2 years. One, however
(GRAt), grew rapidly from the 60th-80th day
in culture; viability and growth rate then declined
dramatically and the line died out 1 month later.
Nine of the lines were from the blood of patients
with clinical and hematological evidence of
infectious mononucleosis.

The following 4 lines were grown from the blood
of patients with other hematological disorders.
G-S[ was from an 86-year-old female with chronic

lymphatic leukemia, diagnosed 2 years previously.
Treatment with chlorambucil and vincristine had
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reduced the white blood cell count to 5,000/mm3
at the time of culture.

GOA[ and COA2 were from a 67-year-old
female with hypoplastic anemia which progressed
rapidly to a fatal outcome. An iliac crest trephine
biopsy suggested a diagnosis of myelofibrosis, which,
however, remained unconfirmed, because post¬
mortem examination was not permitted. The
sample giving rise to the COA[ line was obtained
3 months before the death of the patient. COA2
grew from a second specimen taken 1 week before
the patient's death. The white blood cell count in
both samples was 1,400/mm3.
HUN! was from an 11-year-old boy with acute

lymphoblastic leukemia diagnosed 8 weeks before
the sample was obtained. Treatment included
blood transfusion and administration of 6-mercap-
topurine and steroids. He was in remission when
his blood was sent to us (7,700 leukocytes/mm3,
normal differential, no blast cells).

Examination of Established Cell Lines

Light and electron microscopy revealed that
all the continuous lines were composed of lympho¬
blastoid cells corresponding morphologically to
those described by previous authors (11-13). On
initial examination, when the cells had grown for
less than 3 months, EBV particles were found in
6 of the 8 lines examined from patients with in¬
fectious mononucleosis but in 0 of the 4 from

patients with leukemia or myelofibrosis. The
virus may be intranuclear, cytoplasmic, or extra¬
cellular (figs. 2-4). In our experience, the extra¬
cellular form was most common.

Immunofluorescence disclosed typically brilliant,
"virus-positive" cells (fig. 5) in 4 of the 12 lines
studied. Five cultures also contained cells showing
variable granular fluorescence confined to the
cytoplasm (fig. 6), a pattern believed to be char¬
acteristic of cells producing 7-globulin (14).
In 10 of 12 cell lines, the results from electron

microscopy and immunofluorescence agreed on
the presence or absence of EBV. The two excep¬
tions included: 1) The DEW! line (from infectious
mononucleosis) scored negatively for EBV by im¬
munofluorescence but had a solitary extracellular
EBV particle found by electron microscopy after
over 600 cells from 2 samples were scanned. (Three
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months later, 2% of the cells from this line carried
EBV particles as judged by both electron micros¬
copy and immunofluorescence.) 2) The SANX line
(also from infectious mononucleosis) was main¬
tained in medium containing amphotericin (Fungi¬
zone, Squibb), 2.5 /xg/ml, to control a contaminant
yeast which appeared at the time of the first sub¬
culture. On electron microscopy, approximately
5% of the cell sections had closely associated, extra¬
cellular virus particles of the type shown in figure 4;
30-50% of the cells exhibited a peripheral particu¬
late fluorescence when treated with antibody-
positive or antibody-negative sera or with the con¬
jugated anti-human -/-globulin alone, indicating
that many of these cells were producing immuno¬
globulin. It is possible that this immunoglobulin
forms the dark, irregular outer coat of the extra¬
cellular virus particles (75).
Three cell lines G-Sx, GOL1; and HUN), initially

appearing virus free, subsequently became virus
positive. From G-Sx, a sample was subcultured,
after 2 months' growth, into medium supplemented
with fetal calf serum. When first examined 9 weeks

later, this subline (G-Sx-2) contained a few
(<^1%) virus-positive cells as indicated by im¬
munofluorescence.
No virus was found by electron microscopy. A

second sample (G-Sr3) from the parent line was
subcultured into medium containing fetal calf
seum. One month later, it was found by immuno¬
fluorescence to be virus positive, and EBV particles
were found by electron microscopy in 0.5-1% of
cells. These findings remained unchanged on re¬
examination of the subculture 8 months later.

Throughout this period, no evidence of EBV was
found in the parent line; when cells from the virus-
positive subline (G-Sr3) were returned to medium
supplemented with human serum, electron micro¬
scopic evidence of EBV disappeared within 3
months.

Samples from the GOLx line subcultured into
medium containing fetal calf serum did not
become virus positive within the first 3 months,
but a change was noted in the behavior of the
subline GOLr2 after 8 months. The cells, though
remaining lymphoblastoid in appearance, adhered
to the glass bottom and sides of the culture vessel,
both as a monolayer and as clumps visible to the
naked eye. They could be detached and dispersed

only by vigorous agitation of the vessel. They
grew more rapidly following the change. The
mitotic index was high in material prepared for
chromosome study, and almost all the cells had
become polyploid (7(5). About 1% of cells were
then found by immunofluorescence to be EBV
antigen positive, and virus particles were seen by-
electron microscopy in a corresponding proportion.
Similar changes in cultural characteristics and
karyotype have been described by Rabson and
his colleagues in the ALX line ofBurkitt's lymphoma
cells (77).
The HUNj line, when re-examined by electron

microscopy after 9 months in culture, was found
to have either intracellular or extracellular EBV

particles associated with up to 5% of the cells. No
morphological or cytogenetic changes were noted
in the cells during this period.

EBV Antibody Levels
Plasma EBV antibody levels in the samples

from which successful cultures (table 2) were
established are listed in table 1.

Among the patients with infectious mononucleo¬
sis, 8 of 9 had positive titers of 1:40 or greater.
The 1 exception was positive only at a dilution of
1:5, presumably because this sample was obtained
at a very early stage in the illness.
Positive titers were also found in plasma from

the 3 patients with leukemia and myelofibrosis
whose blood gave rise to the G-Sb GOAI; COA2,
and HUNj lines. Table 3 includes antibody titers
to EBV from other patients with similar conditions
whose leukocytes failed to give rise to continuous
cultures.

DISCUSSION

The culture method described here has the
merit of almost irreducible simplicity. It gives a

satisfactory success rate with the use of small blood
samples from patients with infectious mononucleo¬
sis and is applicable to other hematological disor¬
ders, particularly leukemias. However, it is totally
unsuccessful when applied to blood samples from
healthy individuals of any age (table 2).
In screening established cell lines for the pres¬

ence or absence of EBV, immunofluorescence and

VOL. 47, NO. 6, DECEMBER 1971
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Table 2.—Long-term blood cultures

Cultures attempted Successful cultures

Diagnosis of donor Number of Number of
Number of blood Number of blood
patients samples patients samples

Infectious mononucleosis 18 18 9 9
Acute leukemia:
Children 3 3 1 1
Adult 1 1 0 0

Chronic lymphatic leukemia 4 5 1 1
Chronic myeloid leukemia 9 11 0 0
Monocytic leukemia 1 1 0 0
Myelofibrosis 2 4 1 2
Healthy adults 5 5 0 0
Children with "minor"* illnesses 6 6 0 0
Fresh placental blood 22 22 0 0
Neonatal blood (at exchange transfusion) 2 2 0 0
Renal failure (on dialysis) 13 15 0 0
Renal transplant recipients 15 18 0 0
Othersf 8 13 0 0

Total 109 124 12 13

•Includes: enuresis, hydronephrosis, spontaneous hypoglycemia, otitis media (recovering), and recurrent urinary tract infection,
flncludes: polycythemia, mycosis fungoides, lymphoma, pyrexia of unknown origin, retroperitoneal fibrosis, and Fanconi's anemia.

electron microscopy gave comparable results and
appeared to be of equal sensitivity. We have found
that, in any given virus-positive line, the propor¬
tion of cells actually releasing virus particles can

vary widely over a period of months. More impor¬
tantly, 3 of our lines appearing virus free when first
examined subsequently yielded EBV in substantial
amounts. Similar findings have been reported by
others (18, 19). The possibility of laboratory con¬
tamination as an explanation cannot be entirely
excluded, but this fails to account for our findings
in the G-Si line and its sublines, in which the pres¬
ence or absence of virus particles seemed to depend
on the type of serum used in the culture medium.
We are confident that EBV was not contaminating
the fetal calf serum, since this agent has been found
only in man and in nonhuman primates (5, 20) and

since other cell lines, growing in the same medium,
have remained apparently virus free.
An alternative explanation is that occult EBV

infection was present in all these lines from the
outset. Such infection would differ only in degree
from the situation in the DEW, line where a solitary
virus particle was found among 600 cells. By clon¬
ing experiments, Hinuma and Grace (21) demon¬
strated that the complete virus genome is present
in most, and probably all, cells of a line, even when
less than 2% can be shown to release virus particles.
More recently, evidence has been presented (22,
23) that at least part of the EBV genome is even
in the Raji line of Burkitt's lymphoma cells in
which it has never been possible to detect virus
particles.

Table 3.—EBV antibody levels in blood from leukemic patients

Leukemia
Number of patients with the following EBV antibody titers

<1:10 1:10 1:40 1:80 1:160 >1:160

Acute lymphoblastic (children)
Chronic myeloid
Chronic lymphatic
Acute (adult)
Monocytic

1*
1 1 l(320)f

1* 1(640)

1(320)

♦Suspension cultures grew from these samples.
fNumbers in parentheses indicate the exact titer of antibody to EBV in the corresponding sample.
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£BV antibody levels in all the leukemic blood
samples tested so far are listed in table 3. The find¬
ing that all 10 adults had positive titers was ex¬
pected, in view of the wide distribution of the anti¬
body in the British population (24), but in 5
patients the titers were 1:160 or higher. Such levels
are rare except in infectious mononucleosis,
Burkitt's lymphoma, nasopharyngeal carcinoma,
or sarcoidosis (25, 26). Of these patients, 2 were
untreated; the other 3 had received blood trans¬

fusions, though not of fresh blood which has been
implicated in transmission of EBV (27, 28). Our
studies are being extended to a larger series of
patients with leukemia to see if the finding can be
confirmed and explained.
Of the 3 specimens from children with acute

leukemia, only one had detectable EBV antibody.
A lymphoblastoid line was established from this
blood, though the patient was in hematological
remission at the time. The other 2 samples, both
containing many blast cells, failed to grow in cul¬
ture. While the number of samples involved were

very small, these observations do not support the
argument (6) that EBV is a mere passenger and
that establishment of a lymphoblastoid line in
vitro depends only on the presence of proliferating
cells in the initial blood sample.
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Figure 1.—Pleomorphic cells adhere to the bottom of culture tube in 6-week-old culture from a patient with renal failure
on maintenance hemodialysis. Living preparation photographed in diffuse light.

Figures 2-4.—EBV particles in electron microscope preparations from MARi cells.

Figure 2.—Complete particles in nucleus of disintegrating cell.

Figure 3.—Mainly empty particles among cytoplasmic organelles of disintegrating cell.

Figure 4.—Enveloped particles with granular or fibrillar electron-dense outer coat. Extracellular but close to cell periphery.

Figures 5 and 6.—Indirect immunofluorescence applied to SADi cells.

Figure 5.—Typical bright fluorescence confined to nucleus.

Figure 6.—Granular or particulate fluorescence mainly at cell periphery.
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Human Lymphoblastoid Cell Lines. II. Cyto¬
genetic Studies 1

C. M. Steel, S. McBeath, and M. L. O'Riordan,5 Medical
Research Council, Clinical and Population Cytogenetics Unit,
Western General Hospital, Edinburgh, Scotland

SUMMARY—Cytogenetic studies were undertaken on 1 4 human lympho¬
blastoid cell lines. Four were aneuploid, all from elderly patients with
malignant disease, and eight from young patients with infectious mono¬
nucleosis were diploid. It is uncertain whether the age or the diagnosis
of the donor is the important factor in determining the karyotype of an

established line. The evidence suggests that aneuploidy usually arises in
vitro from an inoculum of diploid cells. The modai karyotype of a mass

culture changes by the emergence of a clone growing more rapidly than the
parent line. The "marker C" chromosomes, described by others, was not
found in any of 1 2 lines initiated in the authors' laboratory but was present
in 89% of divisions in a line obtained from another center. There is no good
evidence for the recurrence of any other specific chromosome aberration in
different cell lines.—J Nat Cancer Inst 47: 1203-1214, 1971.

vTANY CYTOGENETIC STUDIES on human

ymphoblastoid cell lines have now been reported
1-25). The findings have raised several points of
nterest, notably the possible relationship between
ipstein-Barr virus (EBV) infection and certain
:hromosome aberrations (7, 8, 13, 22, 24, 25), the
;ignificance of an abnormal karyotype as a criterion
rf malignancy in cultured cells {20, 21, 26), and
the theoretical implications of the chromosomal
changes commonly observed in cell lines after a
period in culture {12).
With these points in mind, 14 cell lines were

examined, none of which has been the subject of
previous cytogenetic studies.

MATERIALS AND METHODS

The cell lines studied are detailed in table 1.
\11 were maintained at 37°C in a humidified

atmosphere of 7% C02 in air. They were fed
twice weekly and subcultured once or twice weekly.
The nutrient medium was Ham's F10 (Flow)
supplemented with 20% fetal calf serum and 10%
tryptose phosphate broth (Difco).
Chromosome preparations were made from

growing cells by the method described by Tough
et al. {17). Twelve lines were examined initially
within 3 months of becoming established in culture
{27). Two lines, F89 and F137, were kindly sup¬

plied by Dr. E. M. Jensen. These had been grown
for approximately 18 months before this study
and, in addition, had been stored in liquid nitrogen
for 2 years {28). At the initial examination, 30

1 Received June 7, 1971; accepted August 11, 1971.
2 We are grateful to Dr. E. M. Jensen who kindly supplied

cell lines. The photographs were made by Mr. Norman
Davidson and Mrs. Heather Houston.
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metaphase spreads from each line were count*
and fully analyzed. If 2 or more had the san
chromosome abnormality, a further 20 we

analyzed
Further chromosome preparations were mat

from most lines after different periods in cultur
Usually, 10 metaphase spreads were analyzed c
each occasion but, where a change in the mod
karyotype became apparent, 100 cells were count!
and analyzed from each of a series of preparatioi
covering the period of cytogenetic change.
In three cases, at the time of setting up a loni

term culture, analyses were done on phytohema;
glutinin (PHA) -stimulated 72-hour cultures froi
the same blood sample, with a modified method *

Hungerford (29). In one case, chromosome studi*
were also made on direct preparations from bor
marrow with a modified method of Tjio an

Whang (30). These results are summarized i
table 2.

RESULTS

Table 2 records the cytogenetic findings i
short-term blood cultures and in direct bon
marrow preparations.

Abnormal Karyotypes

Of the 12 lines examined, within 3 months c

becoming established in culture, 10 had a norms

diploid karyotype with a constitution appropriat
to the sex of the donor (table 1). In the remainin
2 lines, distinctive cytogenetic abnormalities wer

present. These are described below.
COAp—All cells contained 46 chromosomes

However, in every case a chromosome #2 and ;

group G chromosome were absent. These wer*
replaced by 2 abnormal marker chromosome
which appeared to have arisen as a result o

pericentric inversions (fig. la). Short-term PHA
stimulated cultures of this patient's blood showec
a normal female karyotype as did COA., th(
second line derived from the same patient (fig. lb)
G-b).—The modal number in cells from thi,

line was 46. In all 50 cells 1 chromosome fron

group G and 1 chromosome #3 were missing
There were 2 submetacentric marker chromo¬

somes, 1 slightly larger than a #2, the othei
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Table 2.—Cytogenetic findings in short-term blood cultures and direct bone marrow preparations

Corresponding
cell line

(from same donor)
Tissue

Total cells
analyzed

Chromosome count distribution

<45 45 46 >46
Karyotype

j-SI Peripheral blood + 25 1 24 46, XX
PHA*

j—Si Bone marrow 25 1 24 46, XX
IUNj Peripheral blood + 10 9 1 46, XY

P1IA
lOAi and COA2 Peripheral blood +

PIIA
8 8 46, XX

*PHA = Phytohemagglutinin.

listinguishable from group B by its slightly
mailer short arms (fig. 2a). Short-term blood and
tone marrow cultures from this patient showed a
lormal female karyotype.
Because there were no previous reports of

:ytogenetic studies on cell lines from patients with
:hronic or subacute lymphatic leukemia, we
■xamined lines F89 and F137 {28). The karotypes
vere abnormal in both.
F89.—This line consisted of 2 distinct cell

topulations sharing the same chromosome ab-
tormalities and therefore having a common

trigin. The modal number of chromosomes in
toth was 46. In every cell, 2 chromosomes were

nissing from group G, but an additional chromo¬
some in group B and an abnormal medium-sized
metacentric were present, whereas 1 member of
group D appeared to have extra material on the
ong arms. The 2 populations were distinguished
by the presence in 1 of an abnormal chromosome
replacing a #2 (figs. 3a and b).
F137.—There was an abnormal D group

chromosome with additional material on the long
arms (fig. 4) in each of the 50 cells analyzed; 39
of these cells had 47 chromosomes including an
extra one in group C. The cells with fewer than
47 chromosomes probably arose through random
loss from the modal line, though they included 7
cells in which the missing chromosome was from
group C and these may have represented a separate
subline.

One or two G chromosomes had a prominent
subterminal secondary constriction of the long arms
in 7 of the 50 cells. This corresponds to the "marker
C" observed previously (7, 8, 13, 14, 19) though the
chromosome pair affected in this line appears to be
#7 or 8, whereas in published reports, with one

exception {21), it was described as one of the
smaller members of group C, commonly #10. This
anomaly was not seen in any of the other lines
examined. The percentage of F137 cells with this
and other minor aberrations (fig. 5), has varied
with time (table 3).

Table 3.—Distribution of marker C and other minor aberrations in F137 cells (based on
analysis of 100 cells)

Period in culture (months)

*18 20 21 27 31y2 35

Percent cells with 1 marker C 9 32 38 48 76 60
Percent cells with 2 marker Cs 2 38 34 41 1 1
Total percent cells with marker C
chromosome 11 70 72 89 77 61

Percent cells with subterminal
secondarv constriction on a #3 6 2 3 1 0 0

Percent cells with other aberrations! 3 6 20 6 8 11

•Approximate.
flncludes secondary constrictions or despiralization of a D-group chromosome, chromatid, and chromosome gaps

affecting chromosomes #1, 2, and group C.
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Table 4.—Karyotypic evolution in GOLr4299

GOLr4299
Period in culture (months)

7 n>£ 12y2 13K

Percent cells of type b
(46, XX, C-, Abn+ Dq+ ) 0 78 96 100

Karyotypic Evolution
Changes in the modal karyotype with time were

studied in lines GOLj and G—S! (tables 4—5). The
proportion of type b cells in F89 (table 6) and the
percentage of F137 cells showing a marker C or
other minor aberrations (table 3) were also studied
for many months.
GOLx.—After 10 months in culture (plus 1

month's storage in liquid nitrogen) this diploid line
had become pseudotetraploid with a modal chro¬
mosome number of 91; one of these was an extra
metacentric chromosome which appeared to have
resulted from a Robertsonian translocation involv¬

ing 2 group D chromosomes (fig. 6).
A subline, GOLj-4299, was established from a

sample that had been frozen after 4 months'

growth. Initially this had a normal karyotyj
(fig. 7a) but 6 months later most of its cells showe
1 group D chromosome with extra material on tl
long arms (fig. 7b). One member of group C w;

missing and was replaced by an abnormal sul
metacentric chromosome slightly larger than a #lt
Cells with these abnormalities (type b) replace
the normal diploid (type a) cells over the perio
indicated in table 4.

G-Sx.—This line was initially grown in mediui
supplemented with human serum. After 5 montl
in culture, a sample was subcultured into mediur
supplemented with fetal calf serum and main
tained as a separate subline G-Sr2. Three month
later the process was repeated for a further subline
G-Sr3.
Between the 6th and 10th months in culture, th

modal karyotype in G-Sr 2 changed from the previ
ous analysis (type a cells, fig. 2a) to one in whicl
the chromosome number was 48, with additiona
chromosomes in groups C and G (type b cells
fig. 2b). In subline G-S^S, by 16 months 40% o
cells were of type b but 47% had a chromosomi
count of 47. These type c cells differed from type :

Table 5.—Karyotypic evolution in G-Si (sublines 2 and 3)

G-Si-2
Period in culture (months)

6 10

100 32

0 68

6 10 19 21

100 8 0 0

0 40 0 0

0 47 2 0

0 5 98 100

Percent cells, type a ( (46, XX, 3-, C-, mar1 +, mar2-|-)

Percent cells, type b (48, XX, 3-, G+ , mar1-!-, mar2-|-)

G-Si-3

Percent cells, type a (46, XX, 3-, C-, mar'+ , mar2+ )

Percent cells, type b (48, XX, 3-, G+ , mar1-)-, mar2-)-)

Percent cells, type c (47, XX, 3-, mar1-)-, mar1-)-)

Percent cells, type d (47, XX, 3-, C-, D + , mar1-)-, mar1-)-)

Table 6.—-Karyotypic evolution in F89

Period in culture (months)
F89

18* 20 21 26 28

Percent cells, type b (46, XY, C-, C-, C-, B+ , mar1+,
mar2-)-, Dq+ ) 29 5 4 6 5

•Approximate. Note: Data in tables 4, 5, and 6 are based on analysis of 100 metaphaso spreads ignoring nonmodal (including polyploid) cells which
never exceeded 10% of tile total.

JOURNAL OF THE NATIONAL CANCER INSTITUTE



CHROMOSOMES OF LYMPHOBLASTOID CELL LINES 1207

KARYOTYPIC EVOLUTION IN GS,
(SUBLINES 2&3.)

TIME in MONTHS.
6 10 16 19 21

DATA FROM TABLE 5

ext-figure 1.—Diagrammatic representation of data from
table 5 indicating the pattern of karyotypic evolution in 2
sublines of G-Sj for 21 months.

y the addition of a second large submetacentric
narker, loss of the smaller marker, and the gain
f a chromosome in group C (fig. 2c). At this time,
% of cells had 47 chromosomes including the same
narkers as type c but had lost 1 chromosome from
roup C and gained 1 in group D (type d, fig. 2d).
?hree months later, type d cells comprised 98% of
his subline (table 5 and text-fig. 1 ).
During the period when the GOLt line was

Banging from a diploid to a polyploid mod,
.lumps of cells adhered to the glass of the culture
lask (fig. 8). G-Sr3 cells showed similar behavior
vhile type d cells increased in number. In both
;ases the cells could be detached from the glass by
/igorous agitation of the vessel and after 5 or 6
weeks, the lines resumed their normal pattern of
rowth as free-floating clumps. This phenomenon
was described previously in a Burkitt lymphoma cell

7'0
Cells of

clone B

population

line {31) and probably the change of behaviour in
culture is associated with the emergence of a new

karyotype. It is not, however, an invariable ac¬

companiment of cytogenetic change, since it was
not observed in the G-Si-2 subline or in GOL,-
4299.

DISCUSSION

Except for cell lines grown from patients with
known constitutional chromosomal aberrations,
it was possible on only 2 reported occasions (both
cases of Burkitt's lymphoma) to detect identical
cytogenetic abnormalitites in cells dividing in vivo
and in lymphoblastoid lines subsequently grown
from the same tissue (7, 19). Our observations on

GOL,! and G-S! show that an aneuploid line can
evolve in vitro from an inoculum of diploid cells and
shed some light on the mechanism whereby the
modal karyotype of an established line undergoes
change. This does not seem to operate by the repeti¬
tion of an inevitable specific error at mitosis ulti¬
mately affecting every cell, but by the gowth of a
new clone with a faster division rate than the parent
line.
The data from tables 4 and 5 can readily be fitted

to a mathematical model (text-fig. 2) which illus¬
trates the general pattern of change in a culture
consisting of 2 cell types with unequal division rates.
The numerical values are realistic, since, under
routine maintenance conditions, average doubling
times do not approach the figures attainable under
optimum conditions (often less than 48 hours).
The shape of the curve is not, however, dependent
on the actual values of the mean doubling times.

Replacement of stem line A by cells of clone B

when A cells divide once in 3 5 days

and B 2-8

same culture

o
Clone Bstarts
as single cell
among 104 A cells

32 34 36

WEEKS

Text-figure 2.—Mathematical model

predicting relatively sudden change in
modal karyotype of a cell line as result
of a rapidly growing and cytogeneti-
cally distinct clone arising many months
before any change can be detected.
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In the G-St line, the first type b cell must have
been formed before the 2 sublines were separated,
even though this clone was not detected until
much later. This is consistent with the mathemati¬
cal model which predicts an apparent latent period
of several months before a new clone can comprise
a measurable proportion of the total culture. There¬
after, the parent line is overtaken very rapidly,
as is well illustrated by the mergence of type b cells
in GOL[-4299 and by clone d in G-S^S.
If a rapidly growing clone arises at an early

stage in the life of a culture, when the stemline
consists of relatively few dividing cells, the ab¬
normal clone may comprise almost 100% of the
culture by the time it is sufficiently well established
for cytogenetic studies to be undertaken. This is
the probable explanation for the initial findings in
G-S! and COA,, and is consistent with our obser¬
vations (unpublished) that, in general, aneuploid
lines grow faster than diploid ones.
The mechanisms whereby a chromosomal aber¬

ration may increase the growth rate of cells are
not known. Some deductions are possible, however,
from the findings in F89 in which b cells (fig. 3b)
appear to represent a clone derived from type a.
Since b cells comprised 29% of the culture on first
examination (table 6) they must have enjoyed an

advantage over type a under the culture conditions
prevailing in the original laboratory (28). The
change to different culture conditions appears to
have reversed this advantage so that the proportion
of b cells has declined. This suggests that the
additional chromosome material present in b cells
increased their growth rate by improving their
adaptation to a particular environment. The fact
that the percentage of b cells has now stabilized at
about 5% of the total, rather than continuing to
decline exponentially, may mean that further
adaptation has taken place unassociated with a
detectable change in the karyotype.
A C-group chromosome with a prominent sub-

terminal constriction on the long arms (marker C),
such as that found in F137, has been the subject of
some controversy. It was suggested that the
marker C is not a specific entity, but that these
constrictions are randomly distributed throughout
the chromosomes of lymphoblastoid cells (25).
This is clearly not true in F137, since at least one
marker C was demonstrable in up to 89% of the

cells, whereas other chromosome or chromat
gaps affected, at most, 23% (table 3). A constrictic
in the subtcrminal region of a #3 chromoson
(fig. 5) was noted in 6% of the cells. None of tl
cells so affected contained more than one marks

C. This may indicate that the subterminal regioi
of a #3 or of a C-group chromosome represer
alternative sites of action for the same proces,
The absence of the marker C from all cell lint
initiated in this and at least one other laborator

(21) contrasts with its regular occurrence in mo;

reported series (7, 8, 13, 14, 19) and suggests tha
its appearance is influenced by culture condition
prevailing during the early period of growth i
vitro. This study confirms that its presence in a ce]
line is not a direct consequence of productive EB'N
infection (24), but since DNA/DNA hybridizatioi
experiments (32) indicate that at least part of thi
EBV genome may be present in every lympho
blastoid cell line, an association between EBV anc
the marker C chromosome cannot be ruled out.

With this possible exception, there is no evidenc<
for the recurrence of any specific chromosoma
aberration among different cell lines. An extn
group-C chromosome, frequently observed (7, 16
20, 21), was present in F137; similarly F89, F137.
and GOLr4299 have an enlarged group-E
chromosome, a feature described in at least C
other lines (1, 5, 10, 17, 20). However, little
significance can be attached to such apparent
correlations until the chromosomes involved have
been accurately identified, for example, by the
use of quinacrine fluorescence (33, 34). The fact
that lines G-Si and F137 have totally dissimilar
karyotypes, though derived from patients with the
same disorder, argues against any specificity in
their chromosomal aberrations.
There is evidence to suggest that aneuploidy

is particularly common in cell lines derived from
patients with malignant disease (26). The findings
reported here might appear to support such a
conclusion. However, it is apparent (table 1) that
the donors of the lines COAi and G-Sj were much
older than the other patients. Possibly, therefore,
the donor's age rather than his disease may
influence the karyotype of an established cell line.
Until more lines derived from elderly subjects
without malignant disease have been examined
cytogenetically, this point must remain in doubt.
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since human lymphoblastoid lines appear to
/e an almost indefinite lifespan, they promise
be useful experimental tools, particularly in the
d of genetics. The availability of clones from
ingle cell line, each differing from the stemline
a defined region of the karyotype, holds out
eal prospect of contributing substantially to the
ipping of human chromosomes.
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Figure 4.—Karyotype of cell from F137 line. Arrows indicate pair of G-group chromosomes with subterminal secondary constrictior
chromosome from group D with enlarged long arms.

Figure 5.—Metaphase spread from a cell of F137 line. Arrows indicate subterminal secondary constriction in a chromosome # 3 an
matid gaps in 2 chromosomes of group D.
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Figure 8.—Large clumps of GOLi cells adhering to the bottom of tilted culture flask. Phenomenon observed
while modal karyotype of this line was changing from diploid to subtetraploid.
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(Reprinted from Nature, Vol. 233, No. 5321, pp. 555-556,
October 22, 1971)

Non-Identity of Apparently Similar
Chromosome Aberrations in Human
Lymphoblastoid Cell Lines
A few chromosome aberrations seem to recur with significant
frequency among the many aneuploid human lymphoblastoid
lines established from various sources. (For discussion and
references see ref. 1.) These include trisomy C, a marker
chromosome ("wB") larger than the chromosomes of group
4/5 but with a similar arm ratio and an acrocentric marker
("mD") similar to an enlarged D group chromosome.
Since clones of cells bearing one or more of these abnor¬

malities seem to have a selective advantage for growth in
vitro it is important to know whether these apparently morpho¬
logically identical abnormalities consist of the same genetic
material in each case. By using quinacrine fluorescence2'3
to identify features specific to particular chromosomes in the
human complement we can answer this question. Chromo¬
somes in cells from fourteen lymphoblastoid lines, which ori¬
ginated in this laboratory or had been maintained here for
more than 1 yr (Table 1), were examined by a technique des¬
cribed before3.
From each line karyotypes from photographs of four to

twelve metaphase spreads, showing good fluorescent banding
patterns, have been studied in detail. In most of the aneu¬
ploid lines, the amount of chromosomal rearrangement re¬
vealed by quinacrine staining is greater than could be antici¬
pated from orcein preparations, and some lines are composed
of several distinct clones. In these cases, many more cells
require to be examined before the definitive karyotype can be
established. From the preliminary studies, however, the follow¬
ing results have been obtained.
Trisomy C was detected, on orcein staining, in lines JIYOYE

and F137. In each of the seven JIYOYE cells examined with
fluorescence there was trisomy of the number 9 chromosome
and an additional metacentric, about the size of a number 16
which appeared to be composed of a number 7 chromosome
with partial deletion of the long arm (partial trisomy 7)
(Fig. la).
Twelve F137 cells have been photographed. In eight of these

there was an extra chromosome morphologically belonging to
group C. In five cases this was due to trisomy 7 (Fig. 16) but
in the other three the extra chromosome seemed to have been
derived from a number 3 by partial deletion of one arm (Fig.



Table 1 Cell Lines Examined

Line Source

Modal Diploid or
chromo- aneuploid
some on orcein

number staining
JIYOYE* Burkitt's lymphoma
RAJI * Burkitt's lymphoma
F137 f I Chronic lymphatic leukaemia
F891 + Subacute lymphatic leukaemia
GOLi t § Infectious mononucleosis
G-Si}§ Chronic lymphatic leukaemia

48-50 Aneuploid
46 Aneuploid
47 Aneuploid
46 Aneuploid
46 Aneuploid
47 Aneuploid
45 Aneuploid

46-48 Aneuploid
46 Diploid

Bla,f Acute leukaemia (adult)
COA, 1 § Myelofibrosis
FLE,J§ Infectious mononucleosis
DUN, J § Infectious mononucleosis
SAD, J § Infectious mononucleosis
HUN, J§ Acute leukaemia (child)
MIT,il Acute leukaemia (adult)
ORIilf Healthy adult

46 Diploid
46 Diploid
46 Diploid
46 Diploid
46 Diploid

* Unpublished results of Pulvertaft.
t Ref. 4.
t Ref. 5.
§ Ref. 6.
Tf My unpublished results.

lc). In all five cells with trisomy 7, two of the number 7
chromosomes had a prominent subterminal secondary con¬
striction on the long arm. This was not present in the other
lines examined. An abnormality of this type has been reported
in many cell lines, its frequency apparently depending on the
technique used to establish each culture (see refs. 1 and 5 for
further refs.).
Trisomy 7 was also present in all five RAJI cells examined.

This could not have been predicted from the orcein prepara¬
tions since another C group chromosome (number 8) was
missing from every cell (Fig. Id).
Three examples of marker mB occurred among the eight

aneuploid lines. Two were present in every G-Si cell and one
in each RAJI cell. The fluorescent banding patterns showed
that each had been formed in a different way.
One of the pair in G-Si appeared to match, in the centro¬

mere and proximal part of the long arm, with a number 3
chromosome and the distal part of the long arm was probably
derived from a number 7. This line is monosomic for chromo¬
somes 3 and 7. The other marker in G-S, corresponded to a
number 4 with additional, brightly fluorescent, material on
the end of the long arm. In RAJI the marker also seemed to
be derived from a number 4 but the extra material at the
end of the long arm appeared very dark on quinacrine staining
(Fig. 1e-f).
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Fig.1Thechromosomesineachgroup,a-m,are fromasinglecell,a,JIYOYE:trisomy9and partialtrisomy7.b,F137:trisomy7.Twoof thechromosomesshowaprominentsubterminal secondaryconstrictionofthelongarm.c,F137: abnormalchromosome,morphologicallybelong¬ ingtogroupCbut,onbandingpattern,probablyderivedfromanumber3asshown,d,RAJI: trisomy7.e,G-Si:twoabnormalchromosomes oftype"mB",oneprobablyderivedfroma number3andanumber7,theotherfroma number4./,RAJI:anabnormalchromosome oftype"mB"probablyderivedfromanumber4 withadditionalnon-fluorescentmaterialonthe longarm.g,JIYOYE:thechromosomesof groupD,showingenlargementofanumber14. h,F89:thechromosomesofgroupD,showing enlargementofanumber13.j,GOLi:the chromosomesofgroupD,showingenlargement ofanumber13.(Probablyduplicationofthe longarm.)k,F137:thechromosomesofgroupD,showingenlargementofanumber13./,F137:
thechromosomesofgroupD,showingenlarge¬ mentofanumber13andofanumber14.m,F137:thechromosomesofgroupD,showing probable13/14translocation.



An enlarged D chromosome was a feature of every cell of
lines JIYOYE, F137, F89 and GOL,. In JIYOYE marker
mD was derived from a number 14 (Fig. 1 g), and in F89 and
GOLi from a number 13. The latter two, however, had quite
different banding patterns (Fig. 1 h and j). Ten of the twelve
F137 cells had a large number 13 (Fig. 1 k) but in four cells
there was one member of the 14 pair which was almost as
large (Fig. 1/). In one cell from this line a number 14 was

clearly the largest and there was a partial deletion of a number
13, possibly representing a 13/14 translocation (Fig. 1 rri).
In this relatively small sample of aneuploid lines, the

apparently similar recurrent aberrations Trisomy C, mB and
mD have each evolved in at least three different ways. It
seems likely therefore that aneuploidy arises in lymphoblastoid
cells by a wide variety of non-disjunctional, breakage and
recombination events, so that the apparent recurrence of
distinctive markers in several lines reflects chiefly the limita¬
tions of standard staining techniques for the identification of
individual chromosomes. These limitations apply not only to
obviously aneuploid lines since it is theoretically possible for
major rearrangements of genetic material to be concealed in
an apparently diploid karyotype. No abnormality has yet
been detected, however, on constructing quinacrine fluor¬
escence karyotypes of the six diploid lines listed in Table 1.
In permanent human cell lines, all chromosomes may not

be equally susceptible to loss, reduplication or breakage while
it is likely that certain aberrations have a more profound
effect than others on the viability of the involved cell and its
progeny. Thus, for example, an abnormality involving chromo¬
some number 7 was present in four of the eight aneuploid lines
in this series. Since up to twelve separate aberrations could be
recognized in each cell of any one line, however, there may be
more significance in the fact that a normal pair of numbers 1,
10, 15, 17, 18, 20 and 22 was present in every line and no
reduplication of these chromosomes could be detected. More
definite information on the frequency (and importance to the
cell) of aberrations affecting the different chromosomes of
the human complement should prove to be one of the most
interesting outcomes of further studies along these lines.

C. M. Steel
MRC Clinical and Population Cytogenetics Unit,
Western General Hospital, Edinburgh
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Human Lymphoblastoid Cell Lines. III. Co-
cultivation Technique for Establishment of
New Lines 1,2

C. M. Steel,3 Medical Research Council, Clinical and Popula¬
tion Cytogenetics Unif,Western General Hospital, Edinburgh,
EH4 2XU Scotland

SUMMARY—Twenty-five new human lymphoblastoid cell lines were

grown by a cocultivation method in which lethally irradiated cells from
an established line were mixed in vitro with fresh peripheral blood leuko¬
cytes. Only material from Epstein-Barr virus (EBV)-positive lines had the
property of inducing long-term growth in fresh leukocytes. The property
persisted for up to 7 days (in one case 9 days) after irradiation. The likeli¬
hood of initiating a new cell line was not affected by the number of ir¬
radiated cells/5 ml mixed culture (within the range 0.5 X 106 to 5 X 106)
but was significantly improved when the number of fresh leukocytes ex¬
ceeded 3 X 10''. Placental blood leukocytes gave rise to new cell lines
more readily than those from children or adults. Electron microscopy re¬
vealed EBV in only 8 of 23 lines examined. It is suggested that occult
infection was present in the others. All but 1 new line had a diploid karyo¬
type, and no evidence was found for a specific effect of EBV infection on
the chromosomes of human lymphoblastoid cells.—J Nat Cancer Inst 48:
623-628, 1972.

EVERAL GROUPS have shown that the growth
f new long-term cell lines from peripheral blood
:ukocytes or fetal hemopoietic tissue is powerfully
ssisted by adding to the cultures killed cells from
ertain well-established human lymphoblastoid
nes (a technique known as "cocultivation") or
ell-free extracts from these lines (7-7). The
rowth-promoting factor is found only in cell lines
n which Epstein-Barr virus (EBV) particles can
>e demonstrated {1-4, 6). This factor has the
ihysical properties of a virus (3) and is neutralized
)y preincubation with human serum containing
mtibody against EBV but not by serum lacking
his antibody {4, 6). There are therefore good
;rounds for regarding the phenomenon as evidence
or a lymphoproliferative action of EBV in vitro.

Chromosomal aberrations have been reported in
some lymphoblastoid lines established by such
techniques. In particular, a C-group chromosome
with a prominent secondary constriction of the
long arm was found in all new lines cocultivated
with killed cells from a line (Jiyoye) in which this
feature was present (7, 2). In one case, more ex-

1 Received October 13, 1971; accepted December 8, 1971.
2 Supported by a graduate research fellowship from the

Facul ty of Medicine, Edinburgh University.
3 I am grateful to Professor H. J. Evans for his advice

and encouragement, to Mrs. S. McBeath for her able
assistance in analysis of chromosome preparations, and to
the staff of the maternity unit, Western General Hospital,
Edinburgh, for their cooperation in the provision of pla¬
cental blood samples.
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tensive chromosome aberrations were found in the
cells of a line established from the peripheral blood
of a healthy donor whose lymphocytes, in short-
term culture, had a diploid karyotype (6). It has
therefore been suggested that chromosome aber¬
rations in established lines may be a direct conse¬
quence of EBV infection (1, 2, 6).
This paper reports the development of a simple

cocultivation method, with an analysis of the im¬
portance of some variable factors in the system,
and the results of electron microscopic and cyto¬
genetic examination of 23 new cell lines grown by
this technique.

MATERIALS AND METHODS

The culture system is based on that currently
used in this laboratory for the growth of lympho-
blastoid cell lines from patients with infectious
mononucleosis and leukemia (<?). Leukocytes were

separated by gravity sedimentation from samples
(5-65 ml) of heparinized whole blood and resus-

pended in growth mediumconsisting of Ham's FLO
(Flow) supplemented with 20% fetal calf serum
(Flow or Bio-cult) and 10% tryptose phosphate
broth (Difco). Penicillin (100,000 U/liter) and
streptomycin (100 mg/liter) were added routinely.

Cells from 1 of 7 lymphoblastoid lines (table 1),
which had either been established or maintained
for several months in this laboratory were irradi¬
ated with a total dose of 3000 rads by placing
samples of 4 X 107 cells (concentration 2 X 106/ml)
50 cm from a 250 kv X-ray source, with a Thoraeus
I filter. The dose rate was 33 rads/minute, and the
vessel containing the cell suspension was agitated
every 15 minutes throughout the irradiation period
to ensure even exposure of the cells.
For cultures, irradiated lymphoblastoid cells

(0.5-5 X 106) and fresh blood leukocytes (0.5 X
106— 10s) were mixed, counts being made visually
in a Neubauer hemocytometer. The cells were dis¬
pensed into a 1-inch diameter, flat-bottomed glass
tube (Samco) with a loose-fitting clear plastic lid.
The total volume was made up to 5 ml with growth
medium and the tube incubated at 37°C in a

humidified atmosphere of 7% C02 in air. No
special measures were taken to promote cell-cell
contact; there was no feeder layer, and phytohe-
magglutinin (PHA) was never added.

From every blood sample at least 1 contn
culture of fresh leukocytes alone was set up and ;
least 2 control cultures, containing not less tha
106 cells each were set up from every batch c
irradiated cells.
The mixed cultures and controls were maintaine

for at least 3 months with a 50% medium chang
once weekly. Where growth of a new line becam
apparent, this was subcultured into progressivel
larger vessels before detailed examination. Ne1
lines were examined electron microscopically an

cytogenetically by the methods previously describe'
(8, 9) within 3 months of their becomin
established.

RESULTS

Factors Affecting Outcome of Cocultivation

Presence or absence of EBV in irradiated line: Th
data in table 1 indicate that, except for line SWB
2D, the presence of EBV particles (demonstrabL
by electron microscopy) in a cell line is correlatec
with the effectiveness of irradiated cells from tha
line as promotors of long-term growth in fresl
leukocytes.
While experiments involving some cell line

were too few to draw definite conclusions, the re
suits obtained with the F137 line provided direc
evidence of the need for complete EBV particle
in this co-cultivation system. Irradiated F137 cell;
were used in 34 mixed cultures over an initia
7-month period. Nine new cell lines grew from thesf
experiments, successes being relatively evenl)
distributed throughout the period. During the
succeeding 5 months, 52 consecutive failures were
recorded in cultures with irradiated F137 cell.'
and when a sample of the line, taken toward the
end of this period, was examined by electron
microscopy, no virus particles could be found.
Similar observations were made by Diehl and
colleagues in relation to the Jiyoye line (2). A
fresh supply of F137 cells, provided by a thawed
sample that had been frozen in liquid nitrogen 1
year earlier (F137c, table 1), proved effective once
more in cocultivation and was shown by electron
microscopy to contain virus.
Postirradiation delay: In the figures quoted above

and in table 1, for the numbers of mixed cultures
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HUMAN LYMPHOBLASTOID CELL LINES 625

able 1.—Evaluation of 7 lymphoblastoid cell lines used as irradiated "donor" phase in cocultivation experiments

EBVf Number of Number of
Cell line* Diagnosis of donor on electron Karyotypef cocultivation new lines

microscopy? experiments! established

iyoye Burkitt's lymphoma -ii Aneuploid 6 0
:b2 Burkitt's lymphoma -ii Pseudotetraploid 7 0
1AR, Infectious mononucleosis + Diploid 44 11
iolj Infectious mononucleosis + Diploid 3 1
wb-2d Viral gastroenteritis + Diploid 7 0
I-Si Chronic lymphatic leukemia + Aneuploid 9 1
T37a1 Chronic lymphatic leukemia + Aneuploid 34 9
'T37k>1 — Aneuploid 52 0
'T37cH + Aneuploid 23 3

*For details of origin, see following references: MAEi, GOLi, and G-Si (8, 9); Jiyoye WO); EB2 (11); F137 (19); SWB-2D grown by Dr. P. E. Glade
rom peripheral blood of patient with viral gastroenteritis.
fAs judged by electron microscopy: + = virus seen in 1-3% of cells; — = no virus seen.
{From analysis of 30-50 metaphase spreads.
§Excludes all experiments in which irradiated cells had been held for more than 7 days post irradiation (9 days for GOLi)—see text.
||These 2 lines were originally EBV + ve and in some laboratories they remain so. Samples received here, however, had ceased to liberate virus par-

icles before dispatch (M. A. Epstein andB. Hampar, personal communication). No virus was found in either, despite repeated examination.
HF137a cells during first 7months of cocultivation experiments; F137b cells during 8th-12thmonth of cocultivation; F137c cells regrown from a sample

rozen during 1st month of cocultivation.

attempted, all experiments in which the killed
cells had been irradiated more than 7 days before
the culture was set up have been excluded, except
for irradiated GOLj cells which proved effective
up to the 9th postirradiation day. With this single
exception, no new cell line was initiated from 24
mixed cultures using killed cells from an "effec¬
tive" line (i.e., MARh GOLq, G-Sb and F137, a
or c) which were set up on days 8-18 post irradia¬
tion. By contrast, 24 of 112 comparable experi¬
ments were successful when the post irradiation
delay was 0-7 days. Within this period, no clear
optimum postirradiation delay could be discerned.
The importance of a short postirradiation delay
was demonstrated under conditions in which other
variables were controlled by samples, from a single
batch of MARj cells being frozen on days 0, 4,
8, 12, and 16 after irradiation. These were later
thawed simultaneously and each added to 1 of 5
tubes containing leukocytes from a single blood
sample, with the number of cells in each tube iden¬
tical. This type of multiple experiment was set up
on 5 occasions. From 2 samples, none of the cul¬
tures gave rise to a new cell line, but from the
other 3, the cultures containing MARj cells frozen
on days 0 and 4 post irradiation all proved success¬
ful, whereas those containing cells with a post¬
irradiation delay of 8, 12, or 16 days failed to grow.

Age of fresh blood sample before setting up culture:
Since we received some blood samples from other

centers, it was important to determine the effect of
cooling, or of delay between withdrawal of the
blood and setting up of the mixed culture, on the
prospects of establishing a new lymphoblastoid
line. On 2 occasions, therefore, a placental blood
sample was divided into 2 parts, from 1 of which
the leukocytes were separated and set up in co-
cultivation experiments within 3 hours of collec¬
tion ("3-hour leukocytes"). The other half was
allowed to stand at room temperature for 24 hours
before being treated identically ("24-hour leuko¬
cytes"). From the first placental blood sample, 2
new cell lines were grown, 1 from the 3-hour and 1
from the 24-hour leukocytes; from the second
sample, 4 new lines were established, 2 each from
the 3-hour and the 24-hour leukocytes. Thus there
was no evidence that a delay of up to 24 hours
after collection of a blood sample had any detri¬
mental effect on the outcome of cocultivation

experiments.
Cell numbers: In a retrospective analysis of 113

experiments in which the irradiated cells were
from an "effective" line used within 7 days of
irradiation (9 days for GOLi) it was apparent that
the number of irradiated cells/5 ml culture was

unimportant within the range 0.5 X 106 to 5 X
106. The number of fresh leukocytes, however, ap¬
peared to be a critical factor, since only 5 of 57
(8.8%) experiments were successful when the
culture contained 0.5 X 106 to 3 X 106 compared
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with 20 new lymphoblastoid lines from 56 mixed
cultures (35.7%) containing 3.1 X 106 to 10s
fresh cells (x2 = 10.4, P^O.Ol).

Age and health of leukocyte donor: The source of
fresh leukocytes (i.e., age and diagnosis of donor)
is also an important factor, as shown in table 2.
The finding that placental blood leukocytes grow
more readily than those of older children or adults
is in keeping with previous reports (1, 2) and
cannot be attributed to the fact that large numbers
of leukocytes can usually be recovered from pla¬
cental blood samples because the difference per¬
sists when experiments with fewer than 3.1 X 106
fresh leukocytes are excluded (table 2b). The in¬
creased success rate with blood from leukemia

patients, however, may be due, at least in part, to
the effect of increased numbers of fresh cells in
each culture.
Details of the 25 new cell lines established by

this technique are given in table 3. None of the
corresponding control cultures showed any evi¬
dence of long term-term growth, but 2 new lines
were established from control cultures of blood

leukocytes which failed in cocultivation: MONx
from a 5-year-old boy with cystic fibrosis and MITi
from a 57-year-old woman with acute myeloid
leukemia.
No signs of continuing growth were seen in any

control culture of irradiated lymphoblastoid cells.

Electron Microscopy
Of the 25 new lines, 2 could not be examine

because they were lost during the early stages ■

subculture, one through infection, the other throug
unknown causes. The remaining 23 showed t!
characteristic morphologic appearances of lymphc
blastoid cells (13). EBV was seen in only 8 of thei
after an examination of 200-1000 well-fixed se<

tions from each line. In view of the evidence cite
that the growth-promoting factor in cocultivatio
is the EBV, it seems likely that occult infection i
present in the other 15 lines and that virus particle
will be found in most, if not all, on repeated exami
nation, a situation already found in 4 lines growi
in this laboratory without cocultivation (8).

Cytogenetics
At least 30 metaphase spreads were counted an<

analyzed from each cell line, 50 from aneuploic
lines. In every line the chromosomal sex wa

appropriate to the phenotypic sex of the donor o
the fresh leukocytes, and in 10 of the 11 line:
cocultivated with irradiated cells of a diploid line
(MAR! or GOL]), the sex of the emergent line
was different from that of the irradiated cell:

(table 3).
Although distinctive chromosome aberrations

were in every cell of lines G-Si and F137 (9), 11 oi

Table 2.—Success rate in cocultivation experiments according to origin of fresh leukocytes

A. Analysis of all experiments in which irradiated cells were from an "effective
irradiation (9 days for GOLfi

" line and used within 7 days of

Source of fresh leukocytes Number of
experiments*

Number of
new lines*

Percent
success

Placental blood
Children with nonmalignant disease f
Adults with nonmalignant diseasef
Adults and children with leukemia§

41 (17)
23 (14)
23 (9)
26 (15)

14 (7)
2 (1)
2 (1)
7 (5)

34
9
9

27

B. As above, but excluding all mixed cultures containing less than 3.1 X 106 fresh leukocytes

Placental blood
Children with nonmalignant diseasef
Adults with nonmalignant diseasej
Adults and children with leukemia§

23 (8)
3 (3)
8 (4)

22 (11)

12 (6)
0
2 (1)
6 (5)

52
0

25
27

*Figures in parentheses indicate number of patients from whom samples were obtained and from whom cell lines were established.
fAged 5-11 years. Diagnoses included hypoglycemia, hydronephrosis, eneuresis, otitis media, Fanconi's anemia, periodic syndrome, urinary tract

infection.

JIncludes 4 healthy adults. Diagnoses included renal failure, retroperitoneal fibrosis, ankylosing spondylitis, cardiac failure.
§Also includes 1 child with Letterer-Siwe disease and 1 adult with Waldenstrom's macroglobulinemia.
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Table 3.—Details of 25 cell lines established by cocultivation

627

Cell line Origin of fresh leukocytes
Irradiated EBV* in new line, Karyotype
cells used in on electron of new line
cocultivation microscopy

fUNi Placenta d"
,AW, CMLf 9
,AW2
VlACi Placenta 9
IAT!
IAT2
JHAi CML 9
5HA2
ULAi Placenta 9
DLA2
3LA3
7LA4
3LA4
iVEBi
web,
LEOi 6-year-old cf, hydronephrosis
-leo2
ORIi Healthy adult 9
0RI4
LAMi Placenta 9
—LAM2
ART! CML 9
WHEi Placenta d1
BLAi Adult cf, acute leukemia
ODYi Adult &, Waldenstrom's mac

hnemia

F137 f Diploid
MARi — Diploid
F137 + Diploid
GOLi — Diploid
F137 - Diploid
F137 — Diploid
MARi • Diploid
MAR, + Diploid
MARi — Diploid
MAR! — Diploid
MAR! — Diploid
F137 + Diploid
MARi Not examined Not examined
MARi — Diploid
MARi — Diploid
F137 + Diploid
F137 + Diploid
F137 + Diploid
F137 Not examined Not examined
MARi — Diploid
MARi — Diploid
G-Si — Diploid
F137 — Diploid
F137 — Aneuploid
F137 — Diploid

•Where present, EBV was usually found at periphery of 1% of cells. In LAW2, only 2 virus particles were found on screening over 500 cell profiles,
and in LE02 approximately 5% of cells had associated EBV.

fCML=chronlcmyeloid leukemia. In all these cases, short-term blood cultures without PHA revealed presence of Ph1 chromosome in — 90% of
cells. Phi chromosome was not seen in any established lymphoblastoid line.

{These 2 lines were lost shortly after becoming established.

12 new lines cocultivated with them had diploid
karyotypes. The only aneuploid line, BLAb from
the peripheral blood of a male patient with acute
leukemia, had a mode of 45 chromosomes on first
examination, but 4 months later this had increased
to 48. Short-term cultures of blood lymphocytes
from this patient revealed a normal male karyo¬
type. Examination of the fluorescent banding pat¬
terns in quinacrine-stained metaphase spreads (14)
established that the chromosome aberrations in

BLA[ were quite distinct from those in F137.
Details of the findings in quinacrine-stained prepa¬
rations from these and other aneuploid lines will
be published separately.
In F137, a high proportion of dividing cells dis¬

played a prominent subterminal secondary con¬
striction on the long arm of a chromosome in the
G group; this chromosome was identified as a #7
(75). This feature was not found in any of 12 lines
grown in this laboratory from the peripheral blood
of patients with infectious mononucleosis, leukemia,

or myelofibrosis (9), nor has it been seen in any of
the 23 lines grown by cocultivation, including
those in which the irradiated "donor" cells were

were from F137.

DISCUSSION

The simple cocultivation system described has
resulted in the growth of a new cell line from 20
of 56 mixed cultures in which optimum conditions
applied, a success rate of 34%. Optimum conditions,
determined by analysis of over 150 experiments,
are defined as follows: (a) irradiated cells from
MAR!, GOLj, G-Si, or F137, which must be
demonstrably virus positive at the time of the
experiment and used within 7 days of irradiation
(9 days for GOLi); (b) more than 3 X 106 fresh
leukocytes/5 ml culture.
When fresh leukocytes are obtained from pla¬

cental blood samples, the success rate is usually
higher. This may be exploited when there is a par-
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ticular interest in establishing cell lines from
patients with genetically determined disorders,
since family studies may make it possible to antic¬
ipate the birth of an affected infant. Efforts are
currently being made to improve the results still
further, e.g., by the use of feeder layers.
Our observation that irradiated cells must be

from virus-positive lines to be effective in co-
cultivation agrees with other evidence (1—4, 6)
that EBV is the factor responsible for the growth
of a new line. Virus particles were seen in only a
few lines established by cocultivation, but it is
suggested that the remaining lines had virus in an
occult form. There is considerable evidence that

such a situation exists in many lines from a variety
of sources. This was discussed earlier (8).
Although 12 of the lines examined cytogeneti-

cally had been cocultivated with irradiated aneu-
ploid cells, all but one of them had a diploid mode.
In the one exception, the chromosome aberrations
did not correspond with those of the admixed
irradiated line. Our findings therefore support the
conclusion that the essential interaction in co-

cultivation is the passage of EBV from irradiated
lymphoblastoid cells to fresh susceptible leuko¬
cytes. There is no evidence for any specific in¬
fluence of the virus on the karyotype of the emergent
line.
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HL-A Typing of
Cultured Peripheral Lymphoblastoid Cells
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The HL—A antigens of a number of cultured cell lines established from peripheral blood
leucocytes have been determined over a period of months, and changes in the expression of
these antigens noted. The HL—A profile of some of the original donors of the cells could be
studied and compared to those of the cultured cells: HL—A antigens appeared and dis¬
appeared in culture. An additional property of the lymphoblastoid cells was noted in the
cytotoxic effect of a number of HL-A typing sera on such cells, irrespective of their HL-A
phenotype.
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Lymphoblastoid cell lines established from
the peripheral blood lymphocytes of pa¬
tients in the acute or convalescent phase of
infectious mononucleosis have been shown
to differ antigenically from autologous
fresh lymphocytes (Green & Sell 1970,
Steel & Hardy 1970). Mixed lymphocyte
culture between the X-irradiated lympho¬
blastoid cells and fresh lymphocytes from
the same individuals revealed a stimulatory
effect, presumably due to antigenic dis¬
parity. The levels of stimulation were lower
than those found by mixed culture of cell-
lines with fresh lymphocytes from un¬
related donors, but at least a five-fold in¬
crease in thymidine incorporation over un¬
stimulated controls was detected.

Steel & Hardy (1970) suggest that this
stimulatory effect is due to an alteration in

surface antigens, and indicate three pos¬
sible ways in which this might arise, i.e. ad¬
sorption of antigenic groups from the me¬
dium, emergence of a new line by mu¬
tation, or the presence of Epstein-Barr
(E.B.) virus-related surface antigen.
Similar results were reported by Junge

et al. (1970), who also noted that cell free
supernatants from autochthonous mono¬
nucleosis lymphocyte cultures stimulated
transformation in convalescent lympho¬
cytes. Their "blastogenic" factor had prop¬
erties similar to membrane-bound histo¬

compatibility antigens, i.e. sedimented at
200,000 g, was heat-labile and non-

dialysable.
We present the results of HL-A typing

of cultured lymphoblastoid lines from in¬
fectious mononucleosis, acute and chronic
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leukaemia and from a normal healthy in¬
dividual, and show the changes in HL-A
patterns which have arisen during culture.

Materials and Methods

Eight lymphoblastoid cell lines were used
(Table I) (Steel & Edmond, unpublished).
All the cultures contained E. B. Virus

(Epstein et al. 1965) detectable by im¬
munofluorescence and electron micro¬

scopy. During the period over which the
lines were typed, other markers of stability
of the cells were monitored at intervals, in¬
cluding karyotype and iso-enzyme patterns.
Lines GOL 1, F137 and GS 1 each had

characteristic abnormal karyotypes (Steel
et al. unpublished). All the other lines had
normal diploid karyotypes, appropriate to
the sex of the donor. The isoenzyme pat¬
terns of the cell lines were regularly de¬
termined (Galton Laboratory, Prof. H.
Harris and colleagues), providing a further
check that no cross-contamination of the

cultures occurred during the period of
study. The cell lines were maintained in
Ham's F10 medium, with 10 fc tryptose
phosphate broth and 20 % foetal calf se¬
rum. Before tissue typing, the cells were

spun and washed in Ham's F10 with 10 %
heat inactivated (56° G for 30 min.) foetal

calf serum. Cell suspensions with viability
of 90 °/o or greater were used. The HL-A
typing was performed by microcytotoxicity
after the method of Kissmeyer-Nielsen et
al. (1967) using 1 ^<1 test serum and 1^1
of cell suspension. The washed cells were

suspended just before use in a mixture of
equal volumes of fresh human AB serum
and rabbit serum (unabsorbed) as com¬

plement source, to give a final cell concen¬
tration in the test of 2000 cells/c.mm. Glass
plates (G. D. Searle & Co., High Wycombe
and Coates-Logos, Moss, Norway) were
used for the tests. The rabbit complement
batch was carefully chosen to ensure that
it was not naturally cytotoxic to the cul¬
tured cells and the same group of rabbits
was used as complement source for all the
tests. The tests were incubated at 37° C
for 40^15 min., then 0.5 («1 of trypan blue
added (2 % trypan blue diluted 1:3 with
phosphate buffer saline (Dulbecco, Oxoid)
immediately before use). The test plates
were left at room temperature for 10 min.
before reading.
When peripheral blood lymphocytes

were typed, these were prepared by Ficoll-
Hypaque differential centrifugation (Har¬
ris & Ukaejiofo 1969) from freshly drawn
heparinised blood and typed by the same
technique used for the cultured cells.

Table I

Source of Cell Lines

Name Source and Reference
Date of original

culture

F 137 Chronic Lymphatic Leukaemia E. M. Jensen et al. 1965

ORI 1 Healthy individual Steel (unpublished) March 1970

DEW 1 Glandular fever Steel & Edmond (unpublished) November 1969

GS 1 Chronic Lymphatic Leukaemia Steel & Edmond (unpublished) December 1968

MAR 1 Glandular fever Steel & Edmond (unpublished) May 1969

GOL Glandular fever Steel & Edmond (unpublished) March 1969

HUN 1 Acute Leukaemia Steel & Edmond (unpublished) July 1969

DUN 1 Glandular fever Steel & Edmond (unpublished) November 1969
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All the cells were typed for the follow¬
ing internationally recognised antigens:
HL-A1, 2, 3, 9, 10 and 11 at the first locus
or segregant series and HL-A5, 7, 8, 12,
and 13 at the second (Ceppellini et al.
1967, Fourth International Histocompati¬
bility Workshop, 1970). Additional speci¬
ficities at both loci were also typed for,
namely Ba*, Li (Da22) at the first, and
BB, FJH, Maki and Mapi at the second.
With occasional exceptions the same sera
were used throughout. At least two sera
were employed to recognise each specifi¬
city, and for many antigens, three or four
sera were available. Few of the sera could
be defined as monospecific, but all con¬
tained antibodies of known HL-A speci¬
ficity and were in regular use for routine
tissue typing. The complete battery of typ¬
ing sera numbered 50 but for many cells,
70 sera were used. Sera giving counts of
greater than 30 % dead cells were regarded
as positive. Only specificities which were
clearly defined by more than one serologi¬
cal reaction were listed for each cell. Anti¬

gens which were doubtfully characterised,
e.g. only one 100 °/o kill within the group
of sera defining that antigen, are indicated
by a query in the results.

Absorption
Small aliquots (100 /A) of serum Beegle
(N.I.H. No. 2-61-9-04-10-01) were ab¬
sorbed with approximately 105 — 106 cul¬
tured cells/ml. Cultures F137, MAR 1 and
HUN 1 were used. The exact number of
cells was difficult to define because of via¬

bility problems on storage and in transport
between two laboratories. The viability of
cells used for absorption was generally less
than 50 %. Each aliquot of serum was ab¬
sorbed three times for one hour at 37° C,
spinning in a Beckman microfuge at ap¬
proximately 7000 G to remove the cell
debris. 1 /A amounts of absorbed serum

were titrated at dilutions in inactivated AB
serum from neat to 1/16 against each of
the absorbing cells and against cultures
ORI 1, GOL 1 as well as three other lym-
phoblastoid lines. 1 /A amounts of dilutions
from neat to 1/16 of unabsorbed serum

were titrated against the same lines. The
absorbed serum, which had a putative
anti-HL-AlO specificity, was also tested
against known HL-A10 positive cells. The
HL-A antibody in serum Beegle is rabbit
complement dependent as is the second
non-HL-A component.

Results

The pattern of HL-A antigens recorded
for the lines is given in Table II. For three
of the cultures, it was possible to type the
original donor. ORI 1 came from a
healthy adult, and the peripheral blood
lymphocytes were found to have four
HL-A antigens, two at each locus. This is
the maximum compatible with the present
two locus or segregant series concept of the
HL-A system. The cultured cells ORI 1,
which had been growing continuously for
5 months when first typed, showed a clear-
cut deviation from this 4 antigen pattern
when first typed: a third antigen, HL-A 13,
was clearly detectable at the second locus,
and another "new" antigen had appeared
at the first locus in the form of HL-A3.
The deviation from the original donor cell
type had become even more marked some
4 months later, when HL-A3 had appar¬
ently disappeared and another antigen at
the first locus, Li, had appeared, although
only poorly defined. Line HUN 1 was ori¬
ginally derived from a child with acute
lymphoblastic leukaemia. His peripheral
cells before death were typed as HL-A3,
7, but after being in culture for 10 months
two apparently new antigens were clearly
detectable, i.e. HL-A1 and HL-A8. Both
appeared at approximately the same time,
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Table II (a)
HL-A phenotypes of cell lines

1 2 3 9 10 11 Li 5 7 8 12 13 BB
Months
in culture

F137
25-11-70 + ? + + + + 33 (approx)
9-12-70 + + + p + ? 334 (approx)
25- 1-71 Untypable
8- 3-71 + + + + + + ? 364 (approx)
23- 3-71 + + + ? 37 (approx)
ORI 1
9-12-70 + + + + + + 5
25- 1-71 + + + + + ? 64
23- 3-71 + + ? + + + + 84
10- 5-71 + + + ? + + + 10

Original
Donor
11-11-70

DEW 1
25-11-70
9-12-70

GS 1
9-12-70
25- 1-71
5- 3-71

+ +

+

+
+ +

+

+

+

+

+

+

12

124

20

214
23

Table II (b)
HL—A phenotypes of cell lines

121 2 3 9 10 11 Li 5 7 8 13 BB
in culture

MAR 1
9-12-70
25- 1-71

GOL 1 (2)

Original
Donor

+
+

+
+

+ 64

9-12-70 + + + + ? 19
25- 1-71 + + + ? 194
HUN 1
9-12-70 + ? + 84
25- 1-71 ? + + + 10

8- 3-71 + + + + 11
23- 3-71 + + + + 12

10- 5-71 + + + + 134
Original
Donor + +
DUN 1
25-11-70 + + + 6

25- 1-71 + ? + 8

+
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Table III

Sera giving anomalous cytotoxicity

Name Source HL-A specificity EH antibody titre

Schmidt Kissmeyer-Nielsen, Denmark
Beegle National Institutes of Health, Bethesda

No. 2-61-9-04-10-01

Reid London Hospital

Ba* 1 : 80f
HL-A10 1 : 20

HL-A10 1 : 40

f These figures are commonly found among healthy adults
Henle, G. & Henle, W. J. Bact. 91, 1248-1256, 1966.

and have persisted ever since. The donor's
cells were originally typed during a partial
remission of acute leukaemia, but may still
have been abnormal as far as HL-A phe-
notype was concerned. We have been un¬
able to carry out family studies in this case
to establish whether the parental genotypes
could have given rise to HL-A1, 3, 7 and
8 positive cells.
All the other lines show changes through¬

out the duration of the experiments and
frequently do not appear to fulfil the
"4 antigen-full house" concept currently
accepted by most workers for peripheral
lymphocytes. Line F137 has always had at
least three antigens from those defined as
belonging to the first locus. This line has a

very distinctive karyotype, which has re¬
mained unchanged throughout, enabling
100 % of the cells to be identified as be¬
longing to the same line, and largely eli¬
minating the possibility that the extra anti¬
gens are due to the presence of a second,
contaminating cell line.
The appearance of "new" antigens is

more frequent than the loss of established
specificities (16 occasions, compared to 5
"lost" antigens). Line DUN 1, almost im¬
mediately after culture was established,
showed an apparent phenotype markedly
different from that of the original donor's
lymphocytes, with two new antigens and
two lost. This lymphoblastoid line gave
marked stimulation in mixed culture with

autochthonous fresh lymphocytes (Steel et
al. unpublished), which may have been
due to the marked disparity between the
HL-A antigens of the two cells.
All the lines tested showed unusual re¬

activity with some sera, which did not cor¬
relate with known HL-A specificity, and
which remained consistent throughout the
course of the experiments. These sera and
their source are listed in Table III. The

possibility that this result, in which 100 %
of test cells were killed in a complement-
dependent cytotoxic reaction, might be due
to high-titre anti-E.B. virus antibody was
initially excluded by testing them by an
indirect immunofluorescence technique
(Henle & Henle 1966). The titres of anti¬
body are listed in Table III, and are not
sufficiently high to substantiate this hypo¬
thesis. Although the viral antigen detected
by this test is capsid-associated antigen,
titres of antibody against this are closely
correlated with those for membrane-
associated antibody (Pearson et al. 1970)
in over 80 % of cases. Absorption of serum
Beegle, which was available in sufficient
quantity to make this practicable, removed
the non-HL-A activity of the serum, but
only reduced its cytotoxicity for HL-A 10
positive cells by some 30-40 % (Table
IV).

Discussion

The acquisition of new antigens by normal
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Table IV

Absorption studies

Serum Beegle
absorbed with

cell line
Dilution

% Cytotoxicity versus cell line

F137 HUN 1 ORI 1 MAR 1 GOL If LAW 1 FLE 1

F137 Neat <5 <5 10 20 30 10 20

1/2 <5 <5 10 20 30 10 10

1/4 <5 <5 10 20 10 10 10

1/8 <5 <5 10 20 <5 10 10

1/16 <5 <5 10 20 <5 10 10

MAR 1 Neat 10 <5 10 10 80 10 20

1/2 <5 <5 30 25 20 10 10

1/4 <5 <5 <5 <5 40 10 10

1/8 <5 <5 10 <5 20 10 10

1/16 <5 <5 10 <5 20 10 10

HUN 1 Neat <5 <5 20 30 80 20 10

1/2 <5 <5 20 50 80 20 10

1/4 <5 <5 40 50 80 20 <5
1/8 <5 <5 10 50 30 10 <5
1/16 <5 <5 10 50 30 10 <5

Serum Beegle
unabsorbed

Dilution F137 HUN 1 ORI 1 MAR 1 GOL 1* LAW 1 FLE 1

Neat 100 80 80 100 100 100 50

1/2 80 30 80 80 80 50 20

1/4 80 <5 <5 80 50 20 <5

1/8 20 <5 <5 30 30 <5 <5

1/16 20 <5 <5 <5 30 <5 <5

t This cell lines carries HL-A10.

cells when transformed by virus or to ma¬

lignancy has frequently been described.
Virus transformation induces on all cell

populations affected, new surface antigens
which are characteristic of the tumour vi¬
rus. Other forms of malignant transfor¬
mation tend to induce antigens which are

dependent upon the type of tumour in¬
duced. Altered antigenicity of cells of the
lymphoid series has been detected bymixed
lymphocyte culture between E.B. virus in¬
fected cells and normal, virus-free, cells
from the same individual (Steel & Hardy
1970). The present study was an attempt
to define changes in antigenicity by using
the HL-A histocompatibility antigens as

markers of the cell surface. Because of the

design of their experimental model, the
antigenic disparity described by Steel &
Hardy must have arisen by the expression
of new antigens by the virus-infected cells
which were used as the stimulating ma¬
terial after X-irradiation. This stimulatory
effect could be due to the acquisition of
new HL-A specificities, since two of the
lines which we tested, ORI 1 and DUN 1,
have shown marked changes in culture
from the normal peripheral blood lympho¬
cytes of the original donor. If this change
occurs in natural infection with E.B. virus,
it might be responsible for the eventual re¬
moval of the infected cells from the cir-
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dilation, by stimulation of the immune re¬

sponse of the host. The fact that the chan¬
ges in HL-A antigens which occur in cul¬
tured cells give rise to an arrangement
which contradicts the present two locus-4
antigen system might suggest that a new
clone of cells is being established, that
HL-A specificities are not as clearly exclu¬
sive as was believed, or that there is greater
exposure of antigens on the lymphoblastoid
lines. Cell ORI 1 originated from a donor
with four separate HL-A antigens, 1, 2, 8
and 12, and it seems unlikely that there
should have been a second line of cells

bearing another HL-A pattern.
The monitoring of karyotype and iso¬

enzyme patterns also renders unlikely the
idea that there are marked changes due to
selection of a new or minority cell popula¬
tion. The possibility cannot presently be
excluded that the original donor of HUN 1
could have been genetically capable of ex¬
pressing the antigens HL-A1 and 8 which
appeared on the cultured cells. Loss of
HL-A antigens by peripheral lymphocytes
in malignant lymphoma has been reported
(Seigler et al. 1971). It is interesting that
the new or extra antigens detectable on
some lines, e.g. HL-A3 on ORI 1, HL—Al
on GS 1, at the first locus, and HL-A 13
and BB at the second locus on GS 1 and
MAR 1, are known to be cross-reactive
with each other. It may be that established
lymphoblastic lines present an altered ex¬

posure of HL-A antigens which is readily
detectable as cross-reactivity. It is difficult
to explain all the changes in HL-A antigen
pattern on this basis, e.g. the appearance
of HL-A7 on ORI 1 and HL-A1 and 9
on DUN 1 unless the extent of cross-

reactivity within the HL-A antigens is
even greater than is at present realised.
Two other distinctive features of the

tissue typing of these lines may also be
linked. The lines typed show a very high
percentage of HL-A1, 3 and 7 antigens

(all but one line being positive for these
specificities). Secondly, all the lines tested
gave positive (100%) cytotoxicity reac¬
tions with certain sera, irrespective of their
HL-A phenotype. The fresh peripheral
blood lymphocytes did not show this ab¬
normal reactivity. The anomalies within
the HL-A typing cannot be wholly ex¬
plained on the basis of the unusual reac¬
tivity present in sera Schmidt, Beegle and
Reid. To accept this activity as indicative
of HL-A specificity would mean postulat¬
ing that all the lines carried Ba* and HL-
A10 as extra antigens. In no case, except
line GOL 1, was the presence of either of
these antigens confirmed by another anti-
HL-A serum of the same specificity.
Absorption of one of the sera, Beegle,

with 3 lines eliminated the abnormal reac¬

tivity for all the lines except GOL 1, which
was thought to carry the antigen HL—A10
corresponding to the HL-A antibody in
Beegle. Absorption removed some, but not
all of the activity against HL-A 10 positive
lymphocytes, suggesting that part at least
of its anti-HL-AlO activity might be due
to another, hitherto unrecognised, com¬

ponent.
The apparently high incidence of cer¬

tain antigens on these lines might also be
due to a similar non-HL—A component in
other apparently well-characterised HL-A
antisera. All the cells listed as HL-A1 posi¬
tive were reactive with up to four known
HL-A1 positive sera and similarly for HL-
A3 and HL-A 7 positive cells, suggesting
that the second non-HL-A component
might be widely distributed in the tissue
typing sera currently in use. Herberman &
Fahey (1968) reported the presence of
antibody in human sera from many sources
active against cultured Burkitt's lymphoma
cells, using a complement-dependent cyto¬
toxicity method (Fass & Herberman 1969).
They tested for leucocyte iso-antibodies in
these sera, which came from normal and
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leukacmic patients as well as cases of Bur-
kitt's lymphoma, using a panel of peri¬
pheral leucocytes selected to include all
the (then) known HL-A specificities, and
failed to detect anti-HL-A antibodies.
Their positively reacting sera also reacted
with cell lines derived from normal adult

leucocytes and with virus negative lines.
Herberman (1969) used absorption tech¬
niques to show that antigen which was de¬
tected by the antibody was probably pres¬
ent on human lymphoid cell lines derived
from normal individuals as well as those
from patients with a variety of diseases,
and was probably also present in small
quantities on peripheral blood leucocytes
as well as on other tissues (spleen, bone
marrow etc.). In contrast with Herber-
man's finding that the antibody could be
removed from serum by isologous lympho¬
cytes, we did not detect the extra reactivity
of these sera on peripheral blood leuco¬
cytes of the cell line donors.
The presence of cold antibodies reacting

in the cytotoxic test at room temperature
or lower has been reported (Mittal et al.
1970) in many sera from both normal and
diseased patients, e.g. in sub-acute lupus
erythematosus, myeloma, etc. These anti¬
bodies do not often have well marked anti-
HL-A specificity and may reflect yet an¬
other antigen system to be accounted for
in tissue matching.
The results indicate that a degree of

caution must be exercised in the inter¬

pretation of HL-A phenotypes of leuco¬
cytes from diseased patients. Because the
lines are maintained in mass culture and
no attempt has been made to isolate clones
from the lines, the possibility cannot be ex¬
cluded that more than 2 antigens may ap¬

pear at each locus because there are 2 or
more populations of cells (derived from the
same line) but with different HL-A speci¬
ficities in the mass culture. Harris et al.

(1970) have already indicated that HL-A

phenotype is not always stable, and leti-
kaemic cells have been reported to alter in
specificity (Knight et al. 1971, Pegrum et
al. 1971). The presence of non-HL—A com¬

ponents in some internationally distributed
typing sera may also give rise to apparent
discrepancies and modify the results of sta¬
tistical analysis of disease incidence in re¬
lation to HL-A type as well as in matching
for organ transplantation. In particular,
leukaemic cells are very likely to give mis¬
leading results, and difficulties are likely to
arise in the use of established cell lines for

absorption of multispecific sera or for
raising new antibody, except perhaps with
fibroblasts which appear more stable in
their antigenic patterns. It is also obviously
of immediate interest to determine the fre¬

quency with which peripheral lymphocytes
react with the non-HL-A component of
currently available sera, and whether the
condition of the cadaver donor of the cell

preparation can affect the expression of
HL—A antigens. If cells from moribund
patients do show alterations in cell mem¬
brane antigen expression, inaccuracies will
occur in HL-A matching.
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Summary. Activation of fresh blood lymphocytes has been measured by uptake
of tritiated thymidine, following exposure to irradiated cells from autochthonous
or allogeneic cell lines (LCL cells). Nine autochthonous combinations were
studied. In every case activation was observed and in one the rate and peak level
of activation were comparable to those found in control allogeneic mixtures. Neither
foetal calf serum nor antibiotics appeared to be important factors in the activation
process. There was no correlation between the number of identified HL-A histo-
incompatibilities in a given allogeneic mixture and the rate or peak level of activa¬
tion achieved. Activation appears to be influenced by the metabolic state of the LCL
cells and the rate of the reaction is sensitive to the precise culture conditions under
which it proceeds. Some distinction can be drawn between the antigens responsible
for activation in autochthonous and in allogeneic mixtures but the former may
prove to be modified histocompatibility determinants.

INTRODUCTION

Heavily X-irradiated cells from cultured lymphoblastoid cell lines ('LCL' cells) have
proved to be very potent activators of allogeneic fresh blood lymphocytes (Hardy and
Ling, 1969; Hardy, Ling and Knight, 1969). We have shown (Steel and Hardy, 1970),
using cultured cells from two patients with infectious mononucleosis, that LCL cells also
provoke a mixed lymphocyte type reaction in an autochthonous system. This observation
has since been confirmed by several other groups (Green and Sell, 1970; Junge, Hoekstra
and Dienhardt, 1970, 1971; Knight, Moore and Clarkson, 1971; Han, Moore and Sokal,
1971), although in one study (Flier, Glade, Broder and Hirschhorn, 1970) inconclusive
results were obtained. The antigens responsible for activation in this system have yet
to be identified and a number of possibilities must be considered.
First, in association with the capacity for apparently unlimited proliferation in vitro,

LCL cells may have developed surface neo-antigens comparable to those of virus-trans¬
formed cells of other species (for review and references see Habel, 1969). If this is the case,

177
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activation of fresh lymphocytes in vitro by autochthonous LCL cells may represent or
part of an immunological surveillance mechanism for defence against deviant cells in vu
(Burnet, 1970). It is consistent with this view that lymphocytes activated by autochthonoi
LCL cells simultaneously acquire cytotoxic potential directed against such cells (Hard
and Steel, 1971; and paper in preparation).
Secondly, it is probable that foreign macromolecules and haptenic groups are adsorbe

from the culture medium on to the surface of LCL cells. It has been shown, in the case (
cultured HeLa cells, that such molecules contribute to their antigenic make-up (Hambui
ger, Pious and Mills, 1963). Foetal calf serum antigens have also been shown, by immuniza
tion studies, to be present on LCL cells (Eng and Landon, 1970).
Thirdly, in the classical mixed lymphocyte reaction, activation can be related to dk

parities between the two cell populations in respect of their histocompatibility antigen;
in man principally those of the HL-A system (Amos and Bach, 1968; Schelleken
et al., 1970), and it has been found, using serological techniques, that the HL-i
phenotype of cultured LCL cells frequently differs from that of the original donor's fresl
blood lymphocytes by the addition of one or more new specificities (Rogentine am
Gerber, 1969; Moore and Woods, 1970; Bernoco et al., 1969; Dick, Steel and Crichton
1972; Mackintosh et al., 1972). Such new or altered specificities may therefore contribut
to the activation in an autochthonous system. It must be borne in mind, however
that these apparent changes may be a consequence of interaction between the HL-/
determinants and either adsorbed constituents of the medium or an unspecified neo
antigen.
In an attempt to deduce the nature of the stimulatory antigens, we have now extendec

our observations to a larger group of subjects and have investigated the kinetics of acti
vation in autochthonous and allogeneic systems in which the HL-A phenotypes of the eel
populations were known. The effect of eliminating some potential antigens from the
culture medium has also been assessed.

MATERIALS AND METHODS

Mixed cell cultures
In principle, the experimental system consists of a mixture of lymphocytes, freshly-

separated from defibrinated whole blood, and heavily X-irradiated (3000 rads) cells from
a lymphoblastoid cell line. These are incubated together in a total volume of 1 ml of
culture medium consisting ofEagles' MEM (Glasgowmodification) and 15 per cent human
serum-gelatin. 0-5 ^Ci of thymidine-(methyl-3H), 150 mCi/mmol. (Radiochemical
Centre, Amersham,) was added 24 hours before harvesting. Two types of control culture
were included in all experiments, namely fresh lymphocytes without irradiated LCL cells
and irradiated LCL cells mixed with fresh red blood cells from the appropriate donor.
Radioactivity in the TCA-insoluble material (DNA) was estimated by liquid scintillation
counting. Full details of the techniques employed have been reported elsewhere (Hardy,
Knight and Ling, 1970; Steel and Hardy, 1970).

Donors offresh lymphocytes
These included nine young adults from whom lymphoblastoid cell lines had been

established 6 months to 2 years earlier (Steel and Edmond, 1971). Eight of these had
suffered from infectious mononucleosis at the time of initiating the cell lines; the ninth
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'as a healthy volunteer from whom a cell line had been grown by a co-cultivation
ichnique (Steel, 1972). Three other healthy adults, from whom lymphoblastoid lines
ad not been established, also acted as donors of fresh blood lymphocytes.

ymphoblastoid cell lines
Cells from a total of fifteen lines have been used. These were routinely maintained in

lam's F10 medium supplemented with 20 per cent foetal calf serum and 10 per cent
ryptose phosphate broth. Detailed information on lymphocyte donors and cell lines is
iven in Table 1.

RESULTS

1. STIMULATION OF FRESH LYMPHOCYTES BY AUTOCHTHONOUS LCL CELLS

Table 2 lists the data from experiments using fresh lymphocytes from each of the nine
lonors from whom autochthonous cell lines were available. In every case there was
narked stimulation by irradiated cells from both autochthonous and allogeneic lines.

2. EFFECT OF ELIMINATING POTENTIAL ANTIGENS FROM THE CULTURE MEDIUM

Samples from a number of cell lines were cultured in medium supplemented with 10
Table 1

Donors of fresh lymphocytes and lymphoblastoid cell lines used in

mixed culture experiments

Donor Corresponding cell line

Initials Sex HL-A type
(fresh lymphocytes) *

Name Most consistent HL-A
specificitiesf

E.D. F 2,7,?3 DEW! 2,7,3 (?FJH)
D.D. M {8,11, ?5 DUN, + 1,8,?9
I.G. F N.D. GOLt 1,10,8, ?13
K.F. M 1,7,8 FLE! 1,7,8
E.B. F 1,2,8,W5/17 KATt l,2,8,W18(?Maki)
V.B. F 2,7,10 LIZ! 2,7,10
A.M. M 1,3,7,8 MAR, 1,3,7
M.O. F 1,2,8,12 ORI, 1,2,8,12,?3,?7,?13
K.Y. F 1,10, ?5,?9 YUD, 1,10, ?8,?W5
D.H. M 1,10,12,LND None —.

D.V. M 1,8,9 None —

M.S. M 1,2,8,12 None —

Not available F N.D. cla4 ?2,W28,12,W19
Not available m 3,7 HUN, 1,3,7,8
Not available M N.D. sadi 2,3,7,4c* Walland
Not available F N.D. G-S, 7,13
Not available F N.D. lam2 3,8
Not available M N.D. F137 1,3,LA-W7

* Most results confirmed independently by Dr A. R. Sanderson, Dr W. M.
Dick and Mrs P. Mackintosh, but in a few cases, lymphocytes have been typed
on only one occasion.
f This column records only those specificities which have been consistently

detected on repeated typing by Dr Dick and Mrs Mackintosh. It excludes
reactions detected with sera showing anomalous (i.e. unrelated to HL-A)
cytotoxicity

J HL-A 11 detected on fresh lymphocytes ofDD and HL-A 1 detected on cor¬
responding LCL cells DUNj may in fact be represented more accurately as a
variant ofHL-A 1 which cross-reacts strongly with HL-A 11.

N.D. = not done.
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Table 2

Stimulation of fresh lymphocytes by autochthonous or allogeneic LCL cells

Fresh Radioactivity (Dpm)
lympho- Time in No. of
cyte culture Control histo-
donor (days) (no LCL cells) Autochthonous Allogeneic (Line used) incompats.

I.G. 5 5773 33,607 122,860 (DEW,) N.D.
A.M. 5 2124 12,333 82,120 (DEW,) 1
*D.D. 6 5084 80,214 59,295 (DEW,) 3
*K.Y. 7 1511 47,727 38,281 (GOL,) 3
*K.F. 7 2916 16,562 22,841 (YUD,) 1
*E.D. 7 6134 23,526 42,887 (FLE,) 2
M.O. 6 6710 40,564 35,612 (DUN,) 0
V.B. 5 4059 88,438 68,139 (GOL,) 2
E.B. 6 7065 24,374 49,352 (CLA4) 3

Data are means of triplicate cultures. In different experiments different pools of human sera
were used to supplement the medium and the uptake of 3H-thymidine was measured on dif¬
ferent days as shown in column 2.
Each tube contained 106 viable fresh lymphocytes and 105 irradiated LCL cells except in

the case of experiments with M.O. fresh cells in which each tube contained 1 x 106 irradiated
LCL cells.
Figures in 'control' column refer to tubes containing donor fresh lymphocytes, without

added LCL cells. In the additional control system (irradiated LCL cells + donor fresh red cells)
counts never exceeded 500 dpm.
* No antibiotics in the culture medium during the 6-7 days of these experiments.
Dpm = Disintegrations per minute.

Fig. 1. Response of fresh blood lymphocytes from donors (a) D.V. and (b) V.B. to irradiated LCL
cells from LIZX and GOLj.
One sample of LIZ j had been grown in medium supplemented with human serum, in place of foetal

calfserum, for 6 weeks before this experiment. LIZX is derived from donor V.B.: A, LIZj (human serum);
□, LIZj (foetal calfserum); V, GOL1; O, control; =, Autochthonous mix; —, allogeneic mix.
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Fig. 2. Response of fresh blood lymphocytes from donors (a) D.M., (b) M.O. (frozen) and (c) M.S. to
irradiated cells from ORIj and HUNj. One sample of ORIj had been grown in medium supple¬
mented with human serum, in place of foetal calf serum, for 6 weeks before this experiment.
Lymphocytes from M.O. had been frozen down in liquid nitrogen for 2 weeks before use in this

experiment. ORI^ is derived from donor M.O. A, ORIj (human serum); □, ORIx (foetal calf serum);
V, HUN!; O, control. = autochthonous mix; —, allogeneic mix.

Table 3

Stimulation of fresh lymphocytes by LCL cells grown for 6 weeks in medium supple¬
mented by human AB Rh + ve serum or in foetal calf serum

Radioactivity (Dpm)
Fresh

lympho¬
cyte
donor

Time in
culture
(days)

Control
(no LCL
cells)

Autochthonous

in HS in FCS
Allogeneic
(in FCS)

(Foreign
line
used)

D.D. 7 1486 29,629 69,881 21,474 (RAJI)
D.D. 7 4003 82,299 71,379 68,711 (CLA4)
M.O. 6 2497 58,157 63,735 40,308 (HUN,)
V.B. 5 4059 61,161 88,438 68,139 (GOL,)
E.B. 6 7065 18,018 24,374 49,352 (CLA4)

Each culture contained 106 fresh blood lymphocytes and (except in controls) 105 X-irradia-
ted LCL cells.
Results are mean values of triplicate cultures. HS = human AB Rh -f ve serum; FCS = foetal

calf serum.
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per cent human AB Rh + ve serum in place of foetal calf serum for at least 6 weeks (twel—
to twenty cell cycles) before use in mixed culture experiments. The stimulating capac
of these cells was then examined in an autochthonous system. The results (Table 3 a
Figs 1-4) demonstrate that removal of foetal calf serum had no profound effect on t
levels of stimulation recorded.
In routine culture of cell lines, penicillin 100 ng/ml and streptomycin 100 ^g/ml a

always added to the medium. These antibiotics were normally present, in the same co
centration, in the medium used for mixed cultures but in four cases they were omitt
entirely throughout the stimulation experiments. These four experiments are indicate
by an asterisk in Table 2. It should be noted that none of the lymphocyte donors w
known to display delayed hypersensitivity to either drug.

3. POSSIBLE ANTIGENIC CHANGES INDUCED BY IRRADIATION

To exclude the possibility that X-irradiation of LCL cells might induce surface chang
resulting in recognition of these cells as 'foreign' in an autochthonous system, fresh bloc
lymphocytes from four donors were subjected to the standard irradiation procedure, the
used in place of LCL cells in mixed culture against both autochthonous and allogene
unirradiated lymphocytes. The results (Table 4) demonstrate clearly that activatic
occurred only in allogeneic mixtures.

Table 4

Level of stimulation by X-irradiated autochthonous small lymphocytes

Autochthonous cultures Allogeneic cultures

Control Mixture Control Mixture

Cells Dpm Cells Dpm Cells Dpm Cells Dpm

DD 5084 DD+XDD 7962 MS 2605 MS+XDD 12385
KY 1511 KY+XKY 815 DM 1785 DH+XKY 9500
KF 2916 KF+XKF 2261 MS 1117 MS+XKF 4213
ED 6134 ED+XED 3243 DH 1522 DH+XED 3506

DD, KY, KF and ED; four patients who had recovered from infectious mononucleosis 6-12 months
before these experiments. MS, DH; two healthy adult subjects. Same initials refer to viable fresh
lymphocytes from these donors. XDD etc. refers to X-irradiated (3000 rads) fresh lymphocytes from these
donors. Control cultures consisted of 106 viable fresh lymphocytes only. Mixed cultures contained 106
viable fresh lymphocytes -f 105 X-irradiated lymphocytes. Values are means of triplicate cultures. All
cultures were maintained for 7 days before harvesting.
Dpm = Disintegrations per minute.

4. KINETICS OF LYMPHOCYTE ACTIVATION

Although estimation of tritiated thymidine incorporation into fresh lymphocytes over ;
single 24-hour period some days after mixing with irradiated LCL cells always demonstrate
that activation has occurred (Tables 2 and 3), variation in the level of activation ir
different situations (autochthonous compared with allogeneic mixtures, LCL cells culturec
in human serum compared with those in foetal calf serum or allogeneic mixtures wit!
different degrees of HL-A incompatibility) appears to follow no consistent pattern. 4
series of experiments was therefore undertaken in which the time course of activation wa:
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Fig. 3. Response of fresh blood lymphocytes from donors (a) D.H. and (b) D.D. to irradiated LGL cells
from DUNj and CLA4.
One sample ofDUNx had been grown in medium supplemented with human serum, in place of foetal

serum, for 6 weeks before this experiment.
DUNx is derived from donor (b) D.D.: A, DUNx (human serum); □, DUNj (foetal calf serum); V,

CLA4; O, control =, autochthonous mix; —, allogeneic mix.

tudied. In two of the same experiments, the response to different numbers of irradiated
_,CL cells was measured. The results are illustrated in Figs 1-7.
Each point in Figs 1-7 represents a mean value of triplicate cultures.
Except where indicated in the individual figures, each mixed culture contained 106

resh blood lymphocytes and 105 irradiated LCL cells.
Control cultures contained the same number of fresh blood lymphocytes as corresponding

nixed cultures, but no LCL cells.
Alternative control cultures containing X-irradiated LCL cells and donor erythrocytes

;>ut no fresh blood lymphocytes, yielded counts of less than 500 dpm.

DISCUSSION

It is essential to establish that the cell lines, particularly those used in autochthonous
nixtures, are not contaminated with cells from another culture. Precautions are taken
o minimize this risk and the consistency of the results argues against such an accidental
ixplanation for the observed stimulation in an autochthonous system. Nevertheless,
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Fig. 4. Response of lymphocytes from donors (a) D.H., (b) E.B., and (c) M.S. to irradiated LCL cells
from KATj and GLAj.
One sample of KATj had been grown in medium supplemented with human serum, in place of

foetal calf serum, for 6 weeks before this experiment.
KATt is derived from donor E.B. A, KATj (human serum); □, KATi (foetal calfserum); V, CLA*;

O, control. =, autochthonous mix; —, allogeneic mix.

(c) (b)

Days

Fig. 5. Response of lymphocytes from donors (a) D.H. and (b) M.S. to two different doses of ir¬
radiated LCL cells from DEW^ and DUNj.
The LCL cells had been growing rather slowly during the few weeks before this experiment. A, DEWX

3 x 105; A, DEWj 3 x 104; □, DUNX 3 x 105; ■, DUNX 3 x 104; O, control.
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Days

Fig. 6. Response of lymphocytes from donors (a) D.D. and (b) M.O. to two different doses of irrad¬
iated cells from DUNj and ORIi.
DUNx is derived from donor D.D., ORIx is derived from donor M.O.: A, ORIx 2 x 105; A. ORIx

2 x 104; □, DUNj 2 x 105; ■. 2 x 105; O, control; = , autochthonous mix; —, allogeneic mix.

Fig. 7. Response of fresh lymphocytes from donors (a) D.H. and (b) M.S. to irradiated LCL cells
from A G-Sx; A F137; □ ORIx; ■ LAM2 and O control.
These combinations represent varying degrees of histo-incompatibility as judged by HL-A typing

results (see Table 1).



186 C. M. Steel et al.

independent checks are desirable. These are provided by chromosome analysis and
HL-A typing both of which have been undertaken repeatedly on all the lines. In additi
the lines and fresh blood samples from the original donors have been screened for
electrophoretic pattern of from six to twenty cellular enzymes (Professor H. Harris, Gal
Laboratories). Cross-contamination of cultures would undoubtedly have been detec
by one or more of these methods. No such evidence has been obtained in the case of e
of the lines used in the experiments described here.
Our preliminary report (Steel and Hardy, 1970) recorded findings in two patients w

had recovered from infectious mononucleosis but we did not intend to suggest that sti
ulation of fresh blood lymphocytes by autochthonous cell line cells would be a spec
characteristic of this disorder. Others have since shown that it is true of patients w
malignant disease and of healthy subjects (Green and Sell, 1970; Knight, Moore a
Clarkson, 1971; Han, Moore and Sokal, 1971). The present findings confirm that co
parable results are obtained using fresh lymphocytes from a series of recovered infectic
mononucleosis patients or from a healthy subject (M.O.). It is of interest that the capac
to respond to both allogeneic and autochthonous LCL cells was retained by the healt
subject's fresh lymphocytes after freezing and storage in liquid nitrogen (Fig. 2). T1
experiment has not yet been undertaken in the case of the other donors.
Our findings confirm those of Green and Sell (1970) and of Han, Moore and Sol

(1971), in showing that activation in an autochthonous situation cannot be attribut
solely to antigens derived from foetal calf serum. However, the results of the experimei
illustrated in Figs 1 and 4 indicate that LCL cells grown in foetal calf serum may provoke
slightly more vigorous activation than the corresponding line grown in human AB Rh+
serum when tested in an autochthonous system. In the control allogeneic systems, the ce
grown in human serum proved at least as antigenic as those grown in foetal calf serui
Thus, foreign molecules adsorbed from the culture medium may make some contribute
to the antigenicity of LCL cells detectable when major histocompatibility differences a
eliminated.
The experiments reported here provided no evidence that antibiotics in the mediu

act in this way though the possibility is not excluded that they may be incorporated in
the cell walls over a prolonged period in culture.
The capacity of LCL cells to activate fresh lymphocytes from an autochthonous or r

allogeneic source appears to be influenced by the condition of the cultured line immed
ately before irradiation, in the sense that if the cells are growing rapidly and the cultu
contains a very low proportion of dead cells it is likely to provoke a more vigorous activ;
tion than a similar number of cells from the same line taken during a phase of relative
poor growth. The difference is most obvious when small numbers of irradiated cells ai
used. (Compare, for example, the effect of 2 x 104 or 3 x 104 irradiated DUNj cells i
the experiments illustrated in Figs 5 and 6.) The time course of activation also appears 1
be influenced by the precise conditions under which the experiments are carried out, tl
most obvious variable factor being the concentration of COz in the gassed incubator an
the resultant pH maintained in the medium. This probably accounts for the finding tin
the peak of activation varied from day 4 (Fig. 1) to day 7+ (Fig. 3) and it is emphasize
that valid comparisons can only be made within single experiments in which indentic;
conditions prevailed for autochthonous and allogeneic mixtures.
The fact that activation is dependent upon the precise condition of the LCL cells is nc

incompatible with the view that the reaction has an immunological basis since the meta
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ic activity of the cell line may influence the manner in which the antigen is 'presented'
he responding cells (Knight et al., 1970; Lowe, 1971).
Vlthough Junge et al. (Junge, Hoekstra and Dicnhardt, 1970, 1971; Junge, 1970) have
iorted that cell-free supernatants from lymphoid cell lines will activate both allogeneic
1 autochthonous fresh lymphocytes, other workers have found that direct contact
ween the two cell populations is necessary for appreciable stimulation to occur (Hardy,
tight and Ling, 1970; Green and Sell, 1970; Han, Moore and Sokal, 1971) which
;gests that the reaction does reflect some change in the surface of LCL cells following
:ir establishment in culture. The subsequent cytotoxic phase of the response also re-
ires direct cell-cell contact (Hardy, Ling, Walkin and Aviet, 1970) and shows a measure
specificity for the cell line used in the activation phase (Hardy and Steel, 1971 and
per in preparation), both of which observations support the above view.
The kinetic studies demonstrate the importance of following the activation of lympho-
:es over a number of days. For example from the data illustrated in Fig. 6 is it clear that
ogeneic LCL cells (2x 105) evoked a more brisk and vigorous response in lymphocytes
m donor M.O. than did the same number of autochthonous LCL cells. If the activation
d been measured at only a single point in time, however, a quite different impression
iuld have been gained depending on whether the measurement was made on day 5,
y 6 or day 7.
When the results presented in Figs 1—7 are analysed in terms of the HL-A phenotypes
the cell populations involved (Table 1) there is no evidence of any relationship between
;e or peak level of activation achieved and the number of identifiable histo-incom-
tibilities in a given allogeneic mix. For example M.S. and ORI both carry HL-A types
2, 8, 12 while D.H. is typed 1, 10, 12, LND. Yet OR^ cells provoked virtually identical
rctions in fresh blood lymphocytes from M.S. and D.H. (Fig. 2).
This finding is perhaps not surprising since it is recognized that activation frequently
curs in mixed cultures of small lymphocytes from HL-A identical unrelated individuals
ohnston and Bashir, 1971) though the level of activation may be low (van Rood and
jsvoogel, 1970; Kissmeyer-Nielsen et al., 1970).
The nature of the antigen or antigens responsible for stimulation in autochthonous
Itures is unknown nor can it be established how great a part they play in allogeneic
ixtures. Some distinction between the activating antigens in the two situations can be
awn, first because the rate and peak level of stimulation is generally greater in allo-
neic than in autochthonous mixtures and secondly because in one experiment (Fig. 6)
duction in the dose of irradiated OR^ cells had a much more profound effect on the
tivation of autochthonous than of allogeneic lymphocytes.
On the other hand, differences between the response of autochthonous and of allogeneic
mphocytes to irradiated LCL cells are often relatively small and one autochthonous
'mbination (DD + X-DUN!) consistently proved as active as the control allogeneic
ixtures. The simplest interpretation of our findings is that the factors responsible for acti-
ition in the autochthonous situation are additive in their effects with histocompatibility
itigens in allogeneic mixtures, but that there is a maximal rate and level of activation
hich cannot be exceeded and which may be achieved even in an autochthonous mixture.
It is an attractive hypothesis that antigenic disparity between fresh lymphocytes and
ltochthonous LCL cells arises through modification of histocompatibility determinants,
his could follow from interaction between histocompatibility antigens and new (possibly
rus coded) determinants or with antigens 'unmasked' as the cells pass from a normal
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non-dividing state into one of active division. Such interaction might account for the difi
ences between LCL cells and fresh lymphocytes from the same donor in the pattern:
reactivity with HL-A antisera though it is uncertain whether the discrepancies sho>
be interpreted as evidence of new antigens on the cultured cells or of greatly increa
sensitivity to antibody reactive, in lower titre, with fresh lymphocytes from the same don
This problem is to be discussed further in a subsequent paper (Mackintosh et al., 1972
While further studies are required to establish the nature of the antigenic change i

served in cultured LCL cells, our present findings suggest that it is not an artefact of
culture technique and hence that this in vitro system may be a valid model, for the immui
logical process whereby deviant cells are recognized and eliminated from the body
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Summary. Cells from thirty-three human lymphoid cell lines and sublines have
been typed for HL-A antigens by a microcytotoxicity test. Similar patterns ofHL-A
antigens were found for the cell line cells and for the fresh lymphocytes of the donor
of the line (eleven cases). However, certain typing sera gave positive reactions with
the cell line cells which were not found with the fresh lymphocytes. No correlation
was noted between the pattern of these 'extra' reactions and the HL-A typing of the
cells. These same typing sera often gave positive reactions with blood lymphocytes
cultured for several days in conventional media. These positive reactions were
quantitatively more pronounced and sometimes qualitatively different if the cells
had been stimulated. A range of normal sera failed to react with cell line cells
suggesting that the HL-A typing sera giving 'extra' reactions are detecting antigens
in some way related to a histocompatibility system. Absorption studies performed
with two of the lines confirmed the HL-A typing by the direct cytotoxicity test.
Two sera giving 'extra' reactions were also tested in the absorption experiments.
The results indicated that antibodies other than those of the HL-A specificity de¬
signated for these sera were responsible for the 'extra' reactions. It is suggested that
'extra' reactions indicate a change in the apparent antigenic expression of lymphoid
cells reflecting altered membrane characteristics as they adapt to a culture environ¬
ment.

INTRODUCTION

Evidence has been presented that the marked stimulation of normal human lympho¬
cytes by cells of human lymphoid cell lines (LCL) is mediated by surface antigens on
viable metabolically active LCL cells (Hardy et al., 1970). The similarity of the kinetics
and characteristics of the reaction to that of the less intense one-way normal mixed
lymphocyte reaction suggests that a similar initiating mechanism and possibily similar
surface antigens are involved. Reactivity in the normal mixed lymphocyte reaction (MLR)
has been reported to be correlated with HL-A differences between the cell donors (Ivanyi
et al., 1967; Amos and Bach, 1968; Schellekens et al., 1970). Antigens of the four locus
appear to be more closely linked to MLR reactivity than antigens of the LA locus but
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positive MLRs are usually obtained even with cells from two HL-A identical unrelated
individuals (Dupont et al., 1971; Koch et al., 1971). Since LCL cells also contain antigens
of HL-A type on their surfaces (see later for references) their capacity to stimulate blood
lymphocytes might be interpretable in terms of the HL-A antigens expressed. In pre¬
liminary experiments this did not appear to be the case (Knight et al., 1970; Steel et al.,
in preparation). Also the observation that lymphocytes may be stimulated with autoch¬
thonous LGL cells (Steel and Hardy, 1970; Junge, 1970; Green and Sell, 1970; Knight
et al., 1971; Han et al., 1971; Flier et al., 1970) suggests that other antigens on these cells
may play an important part in the activation.
In many studies LCL cells have been shown to be of similar or identical HL-A type to

that of the original leucocyte donor. Some groups have demonstrated the presence on LGL
cells of 'extra' or 'new' antigens not found on the fresh cells of the donor concerned (see
Discussion for references). The nature of these 'extra' antigens, as yet unknown, is a
matter of considerable interest.
Our serological studies of the surface antigens of LGL cells have been designed chiefly

to provide a basis for the interpretation of the lymphocyte stimulating capacity of autoch¬
thonous and allogeneic LCL cells described in other papers of this series. This paper
describes the results obtained with HL-A typing sera and a future paper will discuss the
presence of common and specific antigens on LCL cells as revealed by antisera raised in
rabbits. We shall also consider in this paper the apparently similar 'extra' reactions to
typing sera shown by lymphocytes cultured for a short period in the presence or absence of
stimulants such as phytohaemagglutinin and staphylococcal filtrate (Mackintosh et al.,
1971).
Our studies lead us to the conclusion that actively metabolizing lymphoid cells may

show quantitative increases in the expression of HL-A antigens but also indicate that
certain determinants are detectable which do not appear to be present on normal non-
dividing lymphocytes.

MATERIALS AND METHODS

Lymphoid cell lines
The origin and source of the LGLs are as shown in Table 1. The EB lines were main¬

tained either in Eagle's MEM (Glasgow modification) containing 20 per cent v/v calf
serum (obtained from the Virology Department, University of Birmingham) or in RPMI
1640 medium containing 10 per cent v/v foetal calf serum without penicillin and strepto¬
mycin (obtained from Biocult Laboratories, Glasgow). The rest of the lines were main¬
tained in RPMI 1640 medium containing 10 per cent v/v foetal calf serum (Biocult
Laboratories) supplemented with penicillin 200 units/ml, streptomycin 100 units/ml and
fresh glutamine. Some lines would grow satisfactorily in Eagle's MEM containing 10
per cent v/v foetal calf serum or in RPMI 1640 medium made up from Gibco (Grand
Island Biological Co., New York) powder in the laboratory and supplemented with
glutamine, antibiotics and foetal calf serum.
Tests for mycoplasma were regularly performed and were negative over most of the

period of the investigation. After a single outbreak (ofMycoplasma arginini) all the lines were
destroyed and fresh, mycoplasma-free samples obtained from the original sources.
Chromosome and isoenzyme analyses were performed as a check against cross-contamina¬
tion of the lines.
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Some of the LCL cells used grow diffusely (e.g. EB-2) but in most lines growth occurs in
clumps of varying size and tightness. Cells within these clumps tend to be viable whereas
the smaller numbers of free cells are mostly dead cells. Ease of typing was improved
when numbers of dead cells were minimal. Cell suspensions obtained after gentle mixing
were allowed to settle for 10 minutes. The supernatant medium containing dead cells was
removed, centrifuged, and the clear supernatant added back to the cell clumps which were
then dispersed by repeated aspiration and expression in a Pasteur pipette. Non-clumping
cultures were more difficult to deal with. Some dead cells could be removed by several
washes but the final suspension contained a comparatively high percentage of non-viable
cells. Cultures which had been recently changed were used as a source of cells for typing.
Older cultures contained more dead cells and the supernate became progressively more
anti-complementary as culture proceeded. The best results were obtained when the cells,
first suspended in their own medium, were centrifuged and resuspended in fresh Eagle's
MEM (HEPES buffered) or in TCI99. The Ficoll-Triosil technique developed by Boyum
(1968) for separating blood lymphocytes (Boyum, 1968; Thorsby and Bratlie, 1970) has
also proved useful for purifiying LCL suspensions. Cells from growing lines were con¬
centrated to a half volume in their own medium and layered over Ficoll-Triosil (3 ml of a
mixture made from 10 parts 34 per cent Triosil plus 24 parts 9 per cent Ficoll and centri¬
fuged at 400 g for 20 minutes). The cell band at the interface was removed, the cells spun
down, washed and resuspended in TC199 to a concentration of 2 x 106 per ml. In this way
most dead cells and all of the original medium were removed.

Short-term lymphocyte cultures
Lymphocytes were separated from defibrinated adult blood or from placental blood by

gelatin sedimentation as previously described (Hardy and Ling, 1969). Leucocytes
centrifuged from the supernatant serum-gelatin were resuspended in Eagle's MEM
containing 20 per cent autologous serum-gelatin to a lymphocyte concentration of 2 x 106/
ml and cultured in 3 ml volumes in bijou bottles. Some cultures contained phytohaem-
agglutinin, PHA, (Burroughs-Wellcome grade X5, 3 jug/3 ml) or staphylococcal filtrate,
SF, (0-3 ml/3 ml) and per cent transformation were assessed at time of harvesting. The
lymphocytes were then purified on the Ficoll-Triosil gradient already described before
typing.

Typing procedure
Typing sera used were obtained mainly from the Serum Bank, Transplantation

Immunology Branch, National Institute of Allergy and Infectious Diseases, Bethesda, but
also from the typing centres at Oxford and Leeds and the National Tissue Typing Refer¬
ence Laboratory, Bristol. A small reference panel of normal lymphocytes was used
for checking the sera over the period of study. In addition to these, many partially
characterized sera obtained from ante-natal patients in Birmingham were used to
supplement information. Sera from normal blood donors, which were used in attempts
to detect the presence of antibody to LCL cells in normal human serum, were from a
random collection screened only to confirm the absence of lymphocytotoxic antibody to
a panel of normal lymphocytes.
Tests were set up by a modification of the method ofTerasaki and McClelland (1964) in

routine use, using Falcon trays and 2 fil volumes of the reagents and diluted rabbit serum
as a source of complement. Trypan blue (0-1 per cent) was used to stain the dead cells and
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the plates were read using an inverted microscope with bright field illumination. Con¬
sistent results were difficult to obtain with some cell lines in spite of the precautions taken
to reduce the numbers of dead cells and sometimes the results had to be read against a
background of 10 per cent or more dead cells. Lymphocytes from adult or cord bloods
cultured for short periods were typed by an essentially similar procedure.

As a source of complement rabbit serum, unabsorbed, was used diluted 1 in 2 or 1 in 4
with veronal buffer. Rabbit serum is known to contain small amounts ofantibody to normal
lymphocytes and to LCL cells which act synergistically with HL-A antibodies and affect
the sensitivity of the test (Ferrone et al., 1971). Undiluted serum from the New Zealand
rabbits used was cytotoxic to LCL cells. This cytotoxic effect could be eliminated by simple
dilution of the unabsorbed rabbit serum producing a complement of similar properties
to one absorbed with lymphocytes or LCL cells. In our hands the diluted rabbit serum
gave better results in the test system than a mixture of 1 in 4 rabbit serum and fresh
human serum recommended by Ferrone et al. (1971).

Absorption
Two cell lines (EB-2 and CLA-4) were also typed by absorption using a modification of

the technique described by Miiller-Ruchholtz and Milgrom (1970). Fresh cells were
washed three times in cold saline and resuspended in phosphate-buffered saline at a
concentration of 3 x 105//d. Seventeen sera were selected and absorptions were carried out
at serum dilutions of two cytotoxic units in microtitre trays using 10 [A of serum and 20 /d
of cell suspension. After 40 minutes incubation at 37° the trays were centrifuged (500 g for
10 minutes) the supernates removed and plated immediately into Terasaki trays for
testing against the fresh lymphocytes of known HL-A type used to estimate the titres of
the sera before absorption.

RESULTS

The three principal findings were that (a) each line studied showed its own character¬
istic antigenic pattern with the typing sera and this pattern resembled that of the blood
lymphocytes of the original cell donor when this typing was available, despite the fact that
the two typings were often performed in different laboratories; (b) positive reactions
obtained with certain typing sera and cell line cells would not have been predicted on the
basis of the HL-A typing of the original donor. These 'extra' reactions, found with most of
the cell lines examined, appeared to be associated with certain typing sera whereas other
sera, of the same nominal specificity, failed to give positive reactions. Four sera consistently
gave 'extra' reactions, viz. Walland, Beegle, Storm and Peachey of nominal specificities
HL-A9, 10, 3 and 5+W5 respectively (Table 1). These sera gave a pattern of reactions
with the various LCL which did not correlate with their HL-A type; (c) there was less
consistency in the LCL typing results than is customary for blood lymphocytes.
Twenty-nine lymphoid cell lines and four sub-lines were typed for HL-A (Table 1). The

HL-A type shown (column four) was based on typings performed on at least six occasions
over periods of 3-6 months or longer. The only exception is HUN-1 which was typed once.
For ease of comparison the data have been arranged to relate to the 'two-locus' hypothesis
(Allen et al., 1970), although for some lines this interpretation was an oversimplification.
For each HL-A specificity at least two and usually four or more antisera were employed.
There were, however, some exceptions. For HL-A11, only one serum (Anderson) was
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available throughout and, for some lines only Beegle was available for HL-A10. Since this
serum is known to give 'extra' reactions the presence of the antigen 10 on the LGL cells
concerned is in doubt. These doubtful HL-A typings are marked with an asterisk in Table 1.

Sera were considered to give 'extra' reactions when they consistently gave more positive
reactionswith LCL cells than were obtained with other sera of the same nominal specificity.
Examples of sequential typings with panels of sera which included those giving 'extra'
reactions are shown in Tables 2, 3 and 4 for the cell lines ORI-1, DUN-1 and F-137. In
addition to Walland, Beegle, Storm and Peachey certain other sera, especially Miness,
Aspinall, Gittings (HL-A7), Smart (HL-A12) and GT214 (HL-A5) tended to show the
same sort of 'extra' reactions, but either because these were not so frequent or because the
sera were not so well characterized they were not included in Table 1. The principal four
sera, Walland, Beegle, Storm and Peachey, did not react abnormally with any of a large
number of samples of normal fresh blood lymphocytes. The relative frequencies for
positive reactions with these four sera when tested against LCL cells was greater than would
be expected for tests made on populations of blood small lymphocytes (Table 5). Statistical
analysis of this data showed that the difference in reaction frequency between the random
population and cell lines against Walland and Beegle was highly significant. Peachey also
showed a higher incidence of positive reactions with the cell lines which bordered on the
significance level. The reactions with Storm, however, were not significantly different by
this test, a fact that might reflect the difficulties encountered with some HL-A3 antisera
in the direct cytotoxicity test, (Amos and Yunis, 1969). Because of the small number of cell
lines tested, however, we feel that too much reliance should not be placed on these
statistical analyses.
Only sera known to contain HL-A antibodies revealed the 'extra' reactions. Positive

reactions were never obtained with a collection of over forty normal sera when these were
tested against the various LGL cells.
It was impossible to obtain absolute consistency of the cell line typing patterns in spite of

the many precautions taken. Consistency was improved if the cells were washed and
resuspended in fresh medium rather than typed in their own medium but even under the
best conditions the same typing serum did not produce the same per cent killing on different
occasions (see data on the sub-lines of ORI-1 in Table 2 and on DUN-1 in Table 3).
Reproducibility of results was particularly poor with a few lines, notably the two sub-lines
of F-137 (Table 4). As a check on the validity of the typing results two lines (EB-2 and
CLA-4) were typed by absorption as well as by direct cytotoxic assay and the results are
shown in Table 6. The typing result was confirmed in that HL-A2, 3 and 12 were detected
on CLA-4 and HL-A1 and 8 on EB-2 by the two tests. In the case of EB-2, however, the
cells were HL-A3 positive by the absorption technique but negative by the direct test. This
is a well recognized phenomenon when fresh blood lymphocytes are typed by absorption
(see e.g. Amos and Yunis, 1969). By the direct cytotoxic test both Walland and Beegle
reacted with CLA-4 cells but after absorption antibody still remained to HL-A9 and
HL-A10, suggesting that there are 'extra' antibodies in Beegle andWalland sera which are
reacting with antigens other than HL-A9 and 10. EB-2 cells, which were not affected by
Walland and Beegle sera in a cytotoxicity test, did not remove significant amounts of
FIL-A antibodies from these sera in the absorption step. When normal blood lymphocytes
from adults or from cord bloods were HL-A typed before and after short-term culture it was
found that certain sera which failed to react with the fresh cells did react with the cells
after culture. These reactions became more intense as the culture proceeded and were often
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Table1

HL-Atypes,originandsourceoflymphoidcelllines
Originandnameof lymphoidcellline

SourceofLCLand dateofarrivalin Birmingham

HL-Atypeofdonor's freshlymphocytes
1stlocus2ndlocus

HL-AtypeofLCL

'Extra'antigens

1stlocus2ndlocusWalland
9

BeegleStorm 103
Peachey 5+W5

Burkitt'sLymphoma EB-2 EB-4 Jijoye Raji
Acuteleukaemia HUN-1

Epstein Epstein PulvertaftJPulvertaft Steel

Chroniclymphocyticleukaemia F-137JensonUF-137EJenson G-S-lSteel Chronicmyeloidleukaemia LAW-1Steel SHA-1Steel SHA-2aSteel SHA-2bSteel Infectiousmononucleosis DEW-1Steel DUN-1Steel DUN-IESteel I-'LE-lSteel GOL-1Steel GOL-lpSteel KAT-1Steel LIZ-1Steel MAR-1Steel SAD-1Steel YUD-1Steel
July1968 May1968 Dec.1969 June1970 Oct.1971 April1970\June1970JJune1970 Dec.1970 June1970 June1970 Dec.1970 June1970 June1970 Dec.1970 April1970 June1970 June1970 Aug.1971 Aug.1971 April1970 June1970 April1971

Notknown Notknown Notknown Notknown

?2,3 ?1,3,or11
8,?W27 W5,W17 W5

+

+

(+)(+)

+

(+)(+)

37

?3

?7

Notknown Notknown

3,10* 3,10 2

3+5,?7+7+

+*

(+)

(+)(+)
+

(+)(+)

2,107,?8 ?10?8,?12
2,10 1,?10 ?1,?10 ?1

7,8 ?8,12 ?8,12 ?12,?W15

(+)(+)(+)

+

2,37

2,3

7,W27

+

(+)

17,8
1

7,8

+

+

+

Notdone

1,10 ?1,?10

8,W5 8

(+)(+)

+

(+)

1,28

1,2

8,W15

+

+*

+

Notdone

2,107

?1,2,10*

7,12

+

+*

Notdone

1,37,8
1,3

7

(+)

Notdone

2,3

7,W5

+

(+)

1,?9,10

1,?10*

8,W5

+

+*

(+)
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Table1(cont.) Normal ORI-l(a)

Steel

June1970\,9Jan.1971J'
8,12

1,2

cm cm

coco"

+

+

ORI-l(b)

Steel

1,2

+

+

Placental BAT-1

Steel

June1970

1,2

8,W5

+

CLA-2

Steel

June19701

2

12

+

+

CLA-3

Steel

June1970V

2

12

+

+

CLA-4

Steel

June1970J

2,?3

12

+

+

LAM-1

Steel

June1970\

3,r10

7,W5

+

(+)

LAM-2

Steel

June1970/

3,10

7,W5

+

(+)

WEB-1

Steel

June1970

1,3

?8,W27

+

YUN-1

Steel

June1970

2

12,W5

+

+

4-

Notdone (+)
+ +

Notdone
(+)(+)(+)+

(+)

ThevariousLCLarearrangedunderheadingswhichrefertotheclinicalconditionofthecelldonoratthetimethelinewasinitiated.
*TestedonlyagainstBeegleserumforHL-A10. ?Weakreaction. Abracketed'extra'reactionindicatesthattheLCLconcernedwasalreadypositiveforthisspecificity,

tInitiatedbyProfessorPulvertaftbutgrownforatimeinEdinburghbeforebeingtestedinBirmingham.(SeePulvertaft,1964.)
IfInitiatedbyDrJensenbutgrowninEdinburghbeforebeingexaminedinBirmingham. ForfurtherdetailsabouttheotherLCLsecSteelandEdmond(1971)andSteel(1972).



Table2

HL-AtypingoflymphoidcelllineORI-1 Percentcellskilled
ORI-1(a)ORI-1(b)

AntiserumSpecificity
14.12.7012.3.715.4.7114.1.7119.1.7121.1.718.3.7123.2.7123.2.7131.3.71OwnFreshFreshOwnFreshFreshFreshOwnFreshFresh

GT64

HL-A1

—

—

—

—

—

100

50

100

100

Torres

100

*

*

—

100

*

*

*

*

Gresswell

*

100

100

*

*

*

100

100

100

100

Piquard

100

—

40

60

100

90

60

70

70

90

Hyland

HL-A2

100

*

*

60

90

*

*

*

*

*

Parkin

100

100

100

60

100

100

100

100

100

Stubbings

*

100

100

*

*

*

100

100

100

100

Storm

HL-A3

—

—

?

Sussman

*

—

*

*

*

*

—

—

—

—

Peachey

100

*

*

100

90

*

*

*

*

GT92a

HL-A5

—

—

—

—

—

—

—

McMillan

+W5

*

—

—

*

*

*

—

—

G.J.

*

—

—

*

*

*

—

—

80

—

McCutcheon

—

—

—

—

Miness

HL-A7

—

90

—

—

—

*

—

80

70

100

Aspinall

*

—

50

*

—

—

—

—

—

—

Gittings

*

—

—

*

100

—

—

—

—

—

Hyland

100

*

*

*

*

—

50

—

60

100

GT29

HL-A8

100

100

*

80

80

—

100

—

100

100

Kirby

*

80

90

*

*

*

90

—

100

100

Sulley

*

100

70

*

*

*

100

90

100

100

Walland

HL-A9

*

100

80

80

80

90

100

100

100

100

Parker

—

*

*

—

—

—

*

*

*

*

Beegle

HL-A10

100

100

—

—

60

100

100

100

Spearman

—

*

*

—

—

—

*

*

*

*

Anderson

Lc-20

—

—

—

—

—

—

—

—

—

—

Daines

60

*

*

—

?

*

*

*

*

Smart

HL-A12

100

100

*

80

100

100

100

100

100

100

Kenny

*

—

50

*

*

*

100

100

100

100

Allen

W27

—

—

—

*

*

*

—

LG17W10 GT198W15 Thetypingseraavailablearearrangedbytheirprincipalreactingspecificitybutthisisnotintendedtoimplythattheyarenecessarilymonospecific.Thedateofeachtypingisshownatthetopofeachcolumn.'Own'meanstypedinownculturemediumand'fresh'meanstypedinfreshmedium. (a)and(b)refertosub-lines. *Notdone.
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Table 3

HL-A typing of lymphoid cell line DUN-1

Per cent cells killed

Antiserum Specificity DUN-1 DUN-IE

25.11.70
Own

3.12.70
Own

3.3.71
Fresh

26.3.71
Fresh

28.4.71
Fresh

3.5.71
Fresh

18.3.71 3.5.71
Fresh Fresh

GT64 HL-A1 — — — —
*

— — —

Torres — —
* * * * * *

Bull — —
* * * * * *

GT33a 100 * 100 100 90 100 100 —

GT166 * * * * 90 100 * —

Gresswell * * 60 100 * * 100 *

Piquard * —
*

Hyland HL-A2 — — —
* * * *

Parkin
S tubbings * * — — — — — —

Storm 100 — 80 100 70 — — 90
Bunnin HL-A3 — —

* * * * * *

Sussman * * 60 * — —
* —

Peachey — —
* * * * * *

GT92a — — — —
* * —

*

Drewe HL-A5 — * * * — — — —

McMillan — *

Rice * * —
* — * * *

G.J. * * —
* — * * *

McGutcheon — — — — 90 50 — —

Goodgame 100 * * — 90 50 * —

GT167 HL-A7 — —
* * — — — —

Miness — — — —
*

— — —

Aspinall * *

Gittings * * — — — — — —

Hyland 80 80 100 * * * * *

GT29 100 — 100 100 100 * * *

Ralph HL-A8 90 * * * * * * *

Kirby * * 100 100 — 100 100 90

Sulley * * 100 100 — 100 100 90

Walland 70 — 100 — 90 — — —

Parker HL-A9 — —
* * * * * *

Hyland — — —
* * * * *

Beegle 70 — 100 90 — — — —

Spearman HL-A10 — —
* * * * * *

Anderson LC20

Daines — —
* * * * * *

GT193 — —
* * * * * *

Smart HL-A 12 50 — 60 * * * * *

Stubbs * * * * —

.

— — —

Kenny * *

Allen — —
* * * * * *

LG186 W27 * *

LG17 W10 — — — —
* * —

*

GT198 W15 — — — — 90 — — —

DUN-1 and DUN-IE are two sub-lines.
The date of each typing is shown at the top of each column. 'Own' means typed in own culture

medium and 'fresh' means typed in fresh medium.
(a) and (b) refer to sub-lines.
* Not done.
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Table4

HL-AtypingoflymphoidcelllineF-137 Percentcellskilled

F-137E137E
AntiserumSpecificity —-——27.10.7019.11.7027.11.709.12.705.3.7122.3.7127.11.709.12.7011.12.7016.3.7117.3.718.4.7121.4.71Fresh

Own

Fresh

Own

Own

P'resh

Own

Own

Own

Fresh

Fresh

Fresh

Fresh

S3

GT64

HL-A1

_

_

_

*

*

R

Torres

*

—

*

—

*

*

*

100

*

*

*

OJ.a

GT33a

—

*

*

*

—

—

*

*

*

90

*

05>

Cresswell

*

*

*

*

—

100

*

*

*

100

100

*

*

GT166

—

*

*

*

*

*

*

*

*

*

*

a

Bull

—

*

—

*

*

*

*

*

*

*

*

*

8"

Piquard

HL-A2

*

*

*

90

*

_

s-

Hyland

*

—

—

—

—

*

—

—

*

*

♦

*

Parkin

—

—

*

50

—

—

*

*

*

*

Stubbings

*

*

*

*

—

—

*

*

*

100

O

Morgan

—

*

—

*

*

*

*

*

*

*

*

*

100

Storm

HL-A3

*

—

90

90

100

100

100

80

100

100

•

Sussman

*

*

*

*

80

*

*

*

*

*

100

Bunnin

80

*

90

*

*

*

100

*

*

*

*

*

*

Peachey

HLA5

*

70

*

100

*

*

*

100

100

*

*

*

*

GT29a

—

—

*

*

—

90

*

—

100

*

*

McMillan

—

*

*

*

90

90

*

*

*

100

100

G.J.

*

*

*

*

100

100

*

*

*

100

100

90

100

GT214

—

—

—

100

*

♦

100

100

100

*

*

*

*



Table4(cont.) McCutcheonHL-A7
*

*

*

*

*

*

*

100

Miness

100

*

80

*

—

100

100

*

*

90

100

*

*

Aspinall

*

*

*

*

—

—

*

*

*

—

100

Gittings

*

*

*

*

—

—

*

*

*

—

—

100

GT167

—

—

*

—

*

*

*

—

—

*

*

*

*

Hyland

HL-A8

—

—

—

60

—

*

*

*

*

*

GT29

—

—

*

—

—

—

*

Kirby

*

*

*

*

—

—

*

*

*

Sulley

*

*

*

*

—

50

*

*

*

—

—

—

—

Walland

HL-A9

*

100

*

100

100

100

*

100

100

100

100

100

100

Parker

—

—

*

—

*

*

*

—

*

*

*

*

Hyland

*

—

—

—

—

*

—

—

100

*

♦

*

*

Beegle

HL-A10

*

—

80

—

100

100

*

100

90

Spearman

—

—

—

—

*

*

—

—

90

*

*

*

*

Anderson

Lc20

—

—

*

—

—

—

—

100

—

—

—

—

—

Daines

HL-A12

*

—

—

—

*

*

*

70

*

*

*

*

Smart

—

70

*

100

—

*

*

100

100

100

*

*

*

Kenny

*

*

*

*

—

90

*

*

*

—

—

GT193

—

—

—

—

—

—

*

*

*

—

—

—

—

Allen

W27

—

—

*

—

—

100

*

LG17

W10

—

—

80

—

100

100

—

GT198

W15

—

—

80

—

100

100

—

—

—

—

F-137andF-137Earetwosub-lines. Thedateofeachtypingisshownatthetopofeachcolumn.Ownmeanstypedinownculturemedium'fresh'meanstypedinfreshmedium,(a)and(b)refertosub-lines. *Notdone.

ft

D

00
KD

01



326 Pauline Mackintosh et. al.

Table 5

Reactivity of typing sera with normal lymphocytes and cell line cells

Antiserum Nominal
specificity —

Random population

+ — No. tested +

Cell lines

— No. tested

Torres NIH HL-A I 48 117 165 5 14 19 ns

Piquard NIH HL-A2 114 123 237 11 13 24 ns

Storm NIH HL-A3 108 161 269 13 11 24 ns

Bunnin Oxford HL-A3 26 85 111 8 11 19 ns

Peachey NIH HL-A5+W5 54 104 158 12 10 22 P = 0-05-0-1
G.J. HL-A5+W5J- 32 68 100 9 15 24 ns

Walland NIH HL-A9 25 171 196 13 11 24 P<-001
Parker Oxford HL-A9 13 87 100 0 21 21 Not done
Beegle NIH HL-A 10 27 195 222 15 9 24 Pc-001
Spearman Oxford HL-A 10 11 89 100 3 16 19 ns

Daines NIH HL-A 12 30 81 111 5 15 20 ns

Table 6

Comparison of HL-A typings obtained by absorption and direct cytotoxic assay

Nominal CLA-4 EB-2
Antiserum specificity

HL-A Direct Absorption Direct Absorption

Gillespie 1 *
_

* +
Gresswell 1 + — — + +
Stubbings 2 + +
Piquard 2 + + — —

Storm 3 — + — +
Gallardo 3 * + *

G.J. 5+W5 — — —

GT215 5 — _ — _

McCutcheon 7+ — — — _

Gutten 7 — — — _

Sulley 8+ — — + +
GT29 8 — — + +
Walland 9 + Weak — Weak

positive positive
Beegle 10 + Weak — —

positive
Anderson LG20 — — — Weak

positive
Kenny 12 + + — —

GT61 12 * + *
—

The techniques employed were as described in the Materials and Methods Section.
* Not tested.

more pronounced when the lymphocytes were stimulated with PHA or SF than with
unstimulated cells. An example is shown in Table 7. It was of interest that the sera which
gave 'extra' reactions with cell line cells also tended to give the additional reactions with
the short-term cultured cells.

DISCUSSION

Our results confirm several reports that the pattern ofHL-A antigens expressed on LCL
cells, even after long periods of culture, is closely related to that on the normal lymphocytes
of the original donor (Bernoco et al., 1969; Rogentine and Gerber, 1969; Reisfeld et al.,
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1970; McDonald et al., 1970; Juji et al., 1971). We have also found, in agreement with
some others (Rogentine and Gerber, 1969, 1970; Bernoco et al., 1969; Yunis et al., 1970;
Dick et al., 1972; Moore and Woods, 1971), that 'extra' reactions not found with fresh cells
of the original LCL donor are observed when some LCL cells are typed with certain sera.
The chief interest of the work reported here centres around the significance of these 'extra'
reactions and the possibly related 'extra' antigens found on blood lymphocytes cultured
with and without stimulants in short-term culture.
It is common experience that LGL cells are more difficult to type than fresh blood

lymphocytes and certain lines are inherently difficult to type. For example, line F-137 was
found to be difficult to type by Dick et al. (1972) in Glasgow as well as by ourselves. Many
trivial factors may affect the reproducibility of results which, in our hands, were difficult to
control completely. These include the complement sensitivity of the LCL cells, the presence
of anti-complementary substances in the growth medium and fluctuations in the comple¬
ment levels of different batches of rabbit serum. It is also possible that variations in the
levels of a 'natural' antibody for human lymphoid cells which has been shown to be
present in normal rabbit serum (Ferrone et al., 1971) may influence the results. However,
in agreement with Rogentine and Gerber (1969), it was found that rabbit serum absorbed
with normal lymphocytes or LCL cells behaved no differently to diluted unabsorbed
rabbit serum. Another factor difficult to standardize was the metabolic activity of the LCL
cells and this could well affect their antigenic expression and susceptibility to killing. Cells
for typing were taken from cultures recently re-fed and consisting mainly of healthy viable
cells, but no attempt was made to ensure that the cells were in a particular phase ofgrowth.
With the technique finally evolved, however, reasonable typing reproducibility was
obtained in spite of these difficulties.
Dick et al. (1971) who independently typed some of the lines described here obtained

essentially similar results. Any differences are probably due to the fact that different sera
were used. Of the other lines we have studied we know of only two, Raji and Jijoye,
which have been typed by others—Mann et al. (1969), Rogentine and Gerber (1969) and
Juji et al. (1971)—again with similar results,
In view of the technical difficulties this agreement in typings for some lines examined

elsewhere is encouraging. However, it appears that differences in interpretation may occur
when different serum banks are used if the results are simplified to fit a two-locus hypothesis.
The regular findings of characteristic 'extra' antigens on most of the LCL cells could not

be accounted for by technical variations. Some investigators have failed to find 'extra'
antigens, reporting an orthodox typing completely identical with that of the original donor's
fresh lymphocytes. This discrepancy could be due simply to the typing sera chosen. The
serum Beegle which we found to show 'extra' reactions with LCL cells was also reported by
Dick et al. (1972) to show 'extra' reactions, although unlike them, we did not observe a
positive reaction with every cell line. The existence of genuine 'extra' reactions was con¬
firmed by absorption studies with the lines CLA-4 and EB-2.
From a theoretical viewpoint new antigens of various kinds could appear on con-

tinously growing cells for a variety of reasons and for convenience these will be considered
under two headings, viz HL-A related and HL-A unrelated antigens:

(a) New HL-A related antigens: These could be native HL-A antigens expressed on LCL
cells in readily detectable amounts but present only in minute amounts on small lympho¬
cytes. Alternatively, there might be a qualitative change of an HL-A antigen, arising from
a mutation, on these abnormal and probably virus-transformed LCL cells.
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(b) New antigens not related to HL-A: Many LGL, including some used in this project, are
known to carry a herpes-like (EB) virus (see Steel and Edmond, 1971 for references) and
antibodies to what are probably EB virus-coded antigens have been shown, by the
membrane immunofluorescence technique, to be present in most normal human sera

(Goldstein et al., 1969). Many normal human sera also contain antibodies to cells of
LCLs in which EB virus cannot be demonstrated (Herberman, 1969). New antigens
could arise from absorption of proteins of the foetal calf serum of the medium in which
the cells are grown (Eng and Landon, 1971). Other possibilities are a modification of the
cell surface during prolonged culture under artificial conditions or a change associated
with the continuously dividing state of the cells. Antigens of this kind have been called
LIVA (lymphoblast in vitro antigens) by Bernoco et al. (1969).
It is significant that the 'extra' antigens were revealed only by sera know to contain

HL-A antibodies and not by a number of normal sera in which antibodies reacting with
fresh blood lymphocytes were not present. This suggests that antigens of type (b) cannot
alone account for the phenomenon and in particular that the 'extra' antigens cannot be
EB viral antigens since 'normal' sera are as likely as typing sera to contain antibodies to
viral antigens. Also, Dick et al. (1972) found no unusually high titres of antibody to EB
virus antigens in those sera giving 'extra' reactions. It is quite possible, however, that
sub-lytic amounts of antibody to viral antigens, present in typing sera, may act synergisti-
cally with HL-A antibodies of low lytic efficiency to produce a positive reaction. Such a
reaction cannot be dismissed as artefactual since it is dependent on the presence of
specific HL-A antibody and, in fact, the widely accepted typing reactions with fresh blood
lymphocytes appear to depend upon a similar synergistic role of 'natural' antibody in the
rabbit serum used as a source of complement (Ferrone et al., 1971). Thus, although
synergistic antibody effects could partly explain the greater ease with which HL-A
antigens are detectable on LCL cells compared with fresh blood lymphocytes, they do not
provide a satisfactory explanation for the 'extra' antigens observed.

Cross reaction due to HL-A sera not being monospecific might be expected to be more
frequent on LCL cells as more antigen is available. Rogentine and Gerber (1970) cal¬
culated from their tests that with LCL cells at least twelve times as much antibody per
unit surface area was absorbed compared with blood lymphocytes. However if cross
reactivity was the whole explanation, a direct correlation between particular HL-A types
and the 'extra' reactions should exist, but this was not seen with any of our sera.
Modified HL-A antigens might be present on LCL cells if a mutational change occurred

during initiation of the culture or later. Because HL-A antigens are the basis of antigenic
individuality it may be that modification at this genetic locus is particularly easily pro¬
duced. It should be noted, however, that the HL-A pattern of an established line remained
essentially the same over the period of testing, and that similar constancy of LCL typings
has been reported by others (e.g. by Juji et al., 1971). Altered HL-A antigens may be
present on leukaemic blast cells and this has been suggested as a possible explanation of the
'extra' HL-A reactions given by blood cells of patients with active acute leukaemia
compared with typings made during remission (Pegrum et al., 1971). The fact that 'extra'
antigens are sometimes detectable on blood lymphocytes after short-term culture using the
very typing sera which reveal 'extra' antigens on LCL cells, makes it improbable that a
mutated antigen is responsible.
The capacity to reveal 'extra' antigens seems to be a special property of a particular

typing serum, and, at least as far as short term cultured cells are concerned, the antigens
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detected have been shown to conform to a genetic pattern (Noer et al., 1971). That anti¬
bodies giving 'extra' reactions were found only in sera containing HL-A antibodies
suggests that they are detecting part of some histocompatibility system, not necessarily
HL-A. It is not yet possible to determine whether the antigens detected are present in trace
amounts on small lymphocytes or whether they are expressed only on cultured or dividing
cells.
The surface antigens of LCL cells appear to differ in several ways from those on the

corresponding small lymphocytes of the original donor. There are new antigens unrelated
to HL-A arising from viral transformation or other unknown causes. The normal comple¬
ment ofHL-A antigens is more fully expressed and they are more readily detectable by the
cytotoxic test than the corresponding antigens on small lymphocytes. Other histocom¬
patibility antigens appear as 'extra' antigens reacting with antibodies present in certain
HL-A sera. These antigens appeared to be expressed at a very low level, if at all, on
freshly isolated small lymphocytes of the same individual but may appear after short-term
culture particularly in the presence of stimulant. The emergence of the antigens concerned
may depend upon a metabolic event. The studies with both the continuously dividing cell
lines and with the lymphocytes cultured for short periods clearly demonstrate that the
fullest information about the potential expression of histocompatibility antigens of an
individual is not obtained by a typing made on his fresh blood lymphocytes.
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SUMMARY

Anomalous (non-HL-A) reactivity has been detected in some HL-A typing sera when tested with
cultured lymphoblastoid cell lines. A similar phenomenon has been noted with preparations of periphe¬
ral blood lymphocytes from cadaver kidney donors and leukaemic patients. Absorption studies with such
sera to elicit the nature of these unusual cytotoxic reactions have been carried out. The relevance of
the findings to the accuracy of HL-A typing is discussed.

The HL.A antigen profiles of cultured cell lines have been variously repor¬
ted as stable over prolonged periods (11) or as showing changes (5,12) includ¬
ing loss of antigens or the apparent acquisition of new specificities. We have
previously reported studies using microcytotoxicity testing on lymphoblastoid
cell lines which appeared to lose and gain antigens during prolonged culture by
comparison with the HL-A phenotype of the original cell donor when available
(5). Alterations in antigenic expression of cultured lymphoblastoid cells have
been confirmed by their stimulatory effect in mixed lymphocyte culture using
autochthonous normal peripheral blood lymphocytes as responding cells (15),
and in cytotoxic tests with lymphocytes stimulated by autochthonous lines (7).
During the studies on HL-A typing we noted the presence in some of our anti-
sera of an anomalous reactivity, which was clearly not related to HL-A speci¬
ficity. This cytotoxic effect was complement dependent and could be absorbed
out by cultured lymphoblastoid cells, but not by normal peripheral lymphocytes
and platelets from unrelated donors. We present further studies on the activity
of such antisera, and attempt to characterise the nature of the anomalous re¬

activity, which may be responsible for some of the discrepancies of HL-A typ¬
ing, both with cultured lymphoblastoid cells and with peripheral blood lympho¬
cytes from seriously ill patients.
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Table I

Name Source HL-A specificity

Schmidt Kissmeyer-Nielsen, Denmark W28(Ba*)

Beegle National Institutes of Health, HL-A10

Bethesda

No. 2-61-9-04-10-01

Reid London Hospital HL-A10

MATERIALS AND METHODS

Microcytotoxicity testing of peripheral blood lymphocytes and of cultured lymphoblastoid lines
was carried out as described previously (4, 5 and Crichton et al., this Symposium). The cultured cell
lines were prepared from peripheral blood lymphocytes, from leukaemic cells and from placental blood
by a co-cultivation technique (13). All the lines contained EB virus detectable by immunofluorescence
and/or electron microscopy, but the extra reactivity of the test sera was apparently not due to anti-EB
virus antibody (5). Selected sera which reacted with all or most of the cell lines, irrespective of HL-A
phenotype, were studied by absorption. By varying the conditions of the test, the conditions for reaction
of this anomalous cytotoxicity were studied.

Absorption technique
The selected sera (Table I) were absorbed with several materials, selected to remove most known

biologically cross-reactive antibodies which might have been involved. The absorbing materials and
methods are summarized in Table II. The sheep red blood cells were washed in phosphate buffer until
the supernatant was clear, and the packed in Beckman Microfuge tubes. 250 pi guinea pig kidney emul¬
sion as used for the Paul Bunnell absorption (P.H.L.S. Reference Laboratory, Colindale, London) were
also centrifuged in the Microfuge to give a highly packed pellet which was then resuspended in the test
serum. For the absorption of HL-A antigens, the packed platelets and leucocytes from the dextran-se-
dimented supernatant of 20 ml of blood from two donors who were HL-A10 and W28 positive was used.
The cell lines were used at 10^ - 106 cells/50 pi of test serum, each serum being absorbed three times
with fresh cell suspension.

Table II

Absorption studies - materials and method

Time Temperature

Sheep red blood cells 1 hr 18- 20° C

Guinea pig kidney
emulsion

1 hr 18- 20° C

HL-A antigens (platelets
+ leucocytes)

1 hr 18-20°C

Cell lines (F137, HUNt
and MAR} etc.)

1 hr 37° C
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All absorptions were carried out in 50 pi amounts, and the Beckman microfuge was used through¬
out to ensure firm packing of the absorbing material with minimal dilution effect. All the absorbed
sera were checked for anticomplementary activity by incubating in the presence of equal volumes of
rabbit and human complement with sensitized sheep cell system as used in the platelet CF test (2). No
anticomplementary effect was noted.

Absorption of serum Cairney
An HL-A cytotoxic typing serum, with anti-HL-A12 specificity, was selectively absorbed by the

same method as outlined above, with two cell lines ORIl and DEW^ in an attempt to define possible
specificities within the anomalous reaction. This serum, Cairney, had previously been noted to have
the characteristic pattern of anomalous cytotoxicity in that it reacted to produce a high percentage of
killed cells with most lines tested. The two lines ORIj and DEW^ were chosen for these absorption
studies with serum Cairney because of the slightly different pattern of reactivity of these cell lines
with the other three absorbed sera (Table III). Cairney was a local donation of serum for HL-A typing
and was consequently available in large enough quantities to permit more extensive studies of the ano¬
malous reactivity. The other sera (Schmidt, Beegle and Reid) were available in only micro-amounts
primarily intended for tissue typing purposes.

Test conditions

The rabbit complement used for all the experiments was not a single batch, but was obtained by
pooling serum from three rabbits after bleeding from an ear vein into dry glass containers. The batches
were checked for natural cytotoxicity with cultured cells and normal lymphocytes; most were cytotoxic
for cultured cells when used undiluted with a cell kill of 30-4096 but were not non-specifically cyto¬
toxic when mixed with human complement. The human complement was also of different batches;
it derived from two separate male Group AB donors and was not cytotoxic to cultured cells or normal
lymphocytes in the presence of inactivated AB serum, or when no test serum was present in the mix¬
ture. Neither complement was absorbed or pre-diluted before use in the test. All batches were stored
at - 70°C, and thawed only once. A standard incubation of 45 min at 37°C was chosen. Test incu¬
bation was also carried out at toom temperature for 45 min and at +4°C for two hours. The prolonged
incubation at +4°C was used to allow time for complement fixation to occur. The proportion of rabbit
and human complement were also tested : mixtures of 1: 1 of rabbit and human serum (standard me¬

thod) added to cells suspended in Hank's B.S.S. at twice the final desired concentration (2000 cells/
c.mm), and of 9i 1 of rabbit to human complement were selected. For these experiments on test con-

Table III

Cytotoxic titre* against cell

RT +

DEWj
at

37°C + 4°C RTt

ORIj
at

37°C +4°C

Reid 100 100 80 100 100 100

Schmidt 80 80 20 80 80 40

Beegle 20 80 20 50 80 <5

Cairney 100 100 50 80 100 30

* Using 1:1 RsHu complement

RT t Room temperature 17-18°C
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ditions our standard battery of HL-A typing sera, numbering 85, was used. The reactivity of the cells
with sera other than those giving the unusual reactions could thus be examined. At +4°C, the reactions
of many HL-A antisera were very weak, and it was not always possible to assign an accurate phenotype
to the cultured cells.

Leukaemic and cadaver cells were prepared from heparinized peripheral blood by Ficoll-Hypaque
differential centrifugation (8) and typed using the same battery of antisera, but with 9 volumes rabbit
to 1 volume human complement and 50 min incubation at 37°C. Some of the leukaemic patients
were typed on several occasions with fresh specimens. The cadaver donor preparations were also com¬

pared by typing with 1:1 proportions of rabbit and human complement and with 9: 1 proportions.

RESULTS

The anomalous reactivity was found to be present even at low temperature
(+ 4° C) although the percentage of killed cells was less than at room tempera¬
ture or at 37°C. Serum Reid was active with all the lines we tested at +4°C.
Sera Schmidt and Beegle were active at room temperature, but showed only
weak reactions at +4°C (Table III). This was in accord with the results of ti¬
tration of these sera against selected cell lines, when both Schmidt and Beegle
lost activity after dilution 1/2 in inactivated AB serum, whereas Reid still
showed activity at a dilution of 1/8 and incubation at 37° C for 45 min.

The effect of alteration of the proportions of rabbit and human complement
in the activity against two selected lines are shown in Table IV. The background
cytotoxicity for the 9:1 mixture of excess rabbit to human complement was in
the range of < 5 - 20 % which was not regarded as indicating an unduly high level
of 'natural' cytotoxins in the rabbit serum.

Absorption experiments
The absorption of sera with biological materials gave the pattern indicated

in Figure 1. The hatched areas represent the cytotoxic effect of the absorbed
sera against the cell lines. Some of the lines were specially grown in inactiva-

Table IV

Cytotoxic titre* against cell

DEW1 ORIa

Reid 100 100

Schmidt 80 100

Beegle 40 80

Cairney 100 100

* Using 9:1 R:Hu complement at 37°C for 40
min. Background controls: -<5- 20% cytotoxicity.
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Fig, 1. Absorption studies on sera with anomalous reactivity-residual cytotoxicity.

ted human AB serum instead of the fetal calf serum usually employed. The re¬
sults indicate that absorption of fetal calf antigens on to the surface of the cells
in culture cannot be held responsible for the anomalous activity (nor did this
change of medium alter the results of HL-A typing of the cell lines). Sheep red
cells and guinea pig kidney emulsion failed to remove the activity for almost
all lines. The absorption with HL-A antigens undoubtedly weakened the activity
of Beegle and Schmidt against HL-A antigens, probably by dilution effect, but
did not remove it completely. Absorption with cell lines was very successful
in removing the anomalous reactivity, confirming our previous limited findings
with serum Beegle (5). There appeared to be a difference in the reactivity of
the absorbed sera with at least two of the lines tested i. e. ORIj and DEW}.
There was residual activity in serum Beegle for ORIi especially after absorp¬
tion with lines F137 and HUN-|. ORI] originated from normal peripheral blood
lymphocytes of a healthy volunteer of phenotype HL-A1, 2, 8, 12 and was grown
by co-cultivation with lethally irradiated cells from an established line. Simi¬
larly, sera Schmidt and Reid appeared to have some persistent cytotoxicity
after absorption, but directed against cell line DEW^. This line was established

Table V

Absorption of serum Cairney

Cytotoxic titre against

Absorbing cells DEW
1

ORI
1 HUN.1 FLEl DAV1

DEWi <5 80 20 <5 20

ORIt 80 <5 20 <5 <5

DEW1 and HL-A12 + ve
platelets + leucocytes

20 50 <5 <5 20

ORI and HL-A12 + ve

platelets + leucocytes
50 <5 < 5 <5 <5
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from peripheral blood from a girl recovering from infectious mononucleosis
with phenotype HL-A2, 3, 7. The results of absorption of serum Cairney by
these two cell lines confirmed the suspicion that there might be at least two dif¬
ferent specificities present in anomalously reacting sera. Table V indicates
that while cell DEWj removes all the cytotoxicity for itself and some other li¬
nes, the reaction of absorbed Cairney with cell line ORIi is intact. The reverse
is true for Cairney absorbed with ORI]. We also performed absorption of Cair¬
ney with HL-A12 positive platelets and leucocytes before absorption with cul¬
tured cells. This removed all the HL-A12 activity, but failed to alter the reac¬
tions of Cairney with lines ORI^ and DEW|.

Patterns of reactivity without HL-A specificities have also been noted with
some preparations of peripheral blood lymphocytes from prospective cadaver
kidney donors, patients on artificial ventilation and from some leukaemic pa¬
tients. The reactions were first detected because the triad of 'key' sera, (Reid,
Beegle and Schmidt) appeared to react in an abnormal fashion with these cell
preparations. Some of the cells had two antigens clearly defined at the first lo¬
cus, other than HL-A10 or W28, and to include these extra 'antigens' would
mean postulating that the two locus, four antigen arrangement was invalid. In
addition, other sera for HL-A10 or W28 were not giving positive reactions. We
have not yet been able to test such cells with absorbed sera. We have also noted
within our panel of HL-A typing reagents that some other sera frequently react
with cell preparations from such donors or with cultured lymphoblastoid lines,
making it difficult to assign HL-A phenotypes to these cells.

DISCUSSION

The stability of cell surface antigens and in particular HL-A antigens on
lymphoblastoid cells has been studied by several different techniques with va¬

rying results. Stability of antigen expression rather than changes has been the
rule, but several of the studies were made using very small, selected panels
of antisera for a restricted range of HL-A antigens (6,10,11). Our own pre¬
vious findings appeared to indicate the appearance and disappearance of HL-A
antigens in longterm cultures (5) but we were not convinced that these changes,
particularly the acquisition of new antigens, reflected a true alteration in cell
surface antigen expression. The finding of a second type of cytotoxic activity in
some typing sera which is limited to cells which are abnormal in some way has
increased the possibility that apparent variations in HL-A antigen expression
are due to the appearance or unmasking of new antigenic sites. These new sites
may be related to HL-A, since many of the acquired antigens are cross-reactive
with the original donor antigens e.g. cells which were HL-A7 positive acquire
reactivity with sera for W10, W22, W27, all closely related within the HL-A7
complex of antigens. The 'new' antigens might thus reflect a broadening in spe¬
cificity perhaps by loss of side-chain determinants with changes in cell meta¬
bolism.

The results of absorption of serum Cairney, revealing the existence of at
least two specificities for this new reactivity on lymphoblastoid lines, do not



122 Dick, Steel, Crichton and Hut ton,

altogether substantiate this idea of a 'broadening' in serum reactions. Prior
absorption with line DEW] cells did not remove the reaction of this serum with
line ORI] which is known to have arisen from HL-A12 positive lymphocytes (15).
This would appear to confirm the idea that anomalous reactivity is not merely
due to a change in HL-A antigen expression, but is due to the appearance or ex¬
posure of entirely new or previously unrevealed determinants, which may not
have any close relationship to the HL-A system. Many of the previous studies
on HL-A antigens on cultured lymphoblastoid cells were performed using small,
highly selected panels of antisera which might have excluded either deliberately
or by accident, sera giving rise to such broad spectrum reactivity with cultured
lines, thus failing to recognise the presence of the extra component. Equally,
we would probably not have recognised the reactions of such sera with donor and
leukaemic cell preparations had we not been using the same large panel of anti-
sera to type cultured cell lines.

The presence of antigenic determinants other than HL-A on similar lympho¬
blastoid cell lines has previously been reported by Bernoco et al. (1969) who
christened them 'LIVA' or Lymphoblast 'in vitro' Antigens, and found they were
probably heterogeneous and unrelated to HL-A. They were not detected on two
of the five lines which they studied, but could be found on the peripheral lympho¬
cytes of rare, apparently normal individuals. Our findings of reactions with some
other cell preparations of peripheral blood leucocytes would suggest that such
antigens are potentially capable of expression on lymphocytes perhaps only in¬
termittently or under stress conditions.

It has also been suggested that these antigens might be due to the presence
of virus in the cell. This could certainly be true of EB virus with the lympho¬
blastoid lines, but we have as yet no direct evidence that peripheral lympho¬
cytes from donors or leukaemics are virus-infected. Certainly, such patients
are potential candidates for activation of latent viruses or passenger virus e. g.
herpes simplex, cytomegalovirus or EB virus. It is important to exclude the
possibility that the anomalous reactivity is due to a hitherto undetected anti¬
body to virus-induced components of cell membrane. We are also currently
attempting to examine as many HL-A typing sera as possible to detect the pre¬
sence of the extra reactivity, and to confirm the reaction with cadaver donor
cells and leukaemic cells. If this anomalous reactivity is widely distributed in
HL-A typing sera, then it might give rise to false positives in the identification
of HL-A antigens on malignant cells and to incorrect matching for cadaver or¬
gan grafting. The presence of 'leukaemia antigens' has already been noted as
a possible cause of error in HL-A typing (7, 9, 16) either acting alone or sy-
nergically with weak HL-A antibodies. It is clearly important to define the re¬
activity of sera used for HL-A typing before drawing conclusions about the oc¬
currence of specific antigens in connection with disease. It is probably always
advisable to use several antisera for defining specificities in studies on the
frequency of HL-A antigens. This is particularly so where the cells studied
are likely to be abnormal or malignant.
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DETECTION OF HL-A ANTIGENS ON CULTURED

LYMPHOBLASTOID CELLS

W. B. Crichton, Heather M.Dick and C.M.Steel

SUMMARY

The HL-A antigens expressed by a number of lymphoblastoid cells in continuous culture have
been determined using a microcytotoxicity test. The technical problems associated with this test in¬
clude cell preparation and the source of complement used in the assay. Results of studies with cultured
lines extending over several months are presented, together with comments on sources of error within
the test.

The determination of HL-A antigens on cultured lymphoblastoid cell lines
has been attempted by several different methods, with varying results (1,2,3,
7,11). Most workers have employed microcytotoxicity tests but have used dif¬
ferent techniques to assess the cytotoxic effect, including 51cr release (11),
and fluorochromasia as well as dye exclusion (1,2,3). The majority of published
studies have apparently demonstrated a degree of stability in the expression of
HL-A antigens on cultured lymphoblastoid lines even on prolonged culture. Some
workers admit to technical variations within their experiments which do not
absolutely conform to stable expression. Dick et al. (1972) have demonstrated
apparent changes in HL-A antigen pattern with lymphoblastoid cell cultures and
it is clear from informal discussion that a number of other groups have made
repeated unsuccessful attempts to type such cells. The descrepancies between
the findings of these different groups may be due to technical variations as to
the typing method selected or to restriction in the choice of antiserum panel.
We wish to present our experience with HL-A typing by a microcytotoxicity me¬
thod, and to outline some of the possible reasons for differences in our findings.
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MATERIALS AND METHODS

The cultured lymphoblastoid cell lines used for our experiments were grown by a co-cultivation
technique (12) using peripheral blood leucocytes from patients with infectious mononucleosis or leukae¬
mia, from cord or placental blood and in one instance from normal peripheral blood lymphocytes. The
cells used for the co-cultivation were X-irradiated lines containing EB virus. All the cultured lines which
were tissue typed contained EB virus, detectable either by electron microscopy or immunofluorescence (13).
The lines were maintained in Ham's F10 medium with 2096 fetal calf serum, and 1096 tryptose phosphate
broth. Penicillin, streptomycin and phenol red indicator were also present. For some experiments, to ex¬
clude the possibility that the changes in serological results were due to adsorption of antigens from fetal
calf serum, cells were grown in medium containing heat-inactivated human AB serum, replacing the
fetal calf serum. Throughout the cell preparation, which lasted about 15-20 minutes, we observed little
change in pH.

Preparation of cell suspension
Initially, we attempted to type cells which had been sent in maintainance medium by rail from

the MRC Cytogenetics Unit in Edinburgh to Glasgow, a total journey of some 40 miles. The journey
time varied from 2-4 hours. Cells had a high (90-10096) viability before dispatch, but after arrival,
this had dropped to 40-5096 which made accurate HL-A typing by dye exclusion almost impossible.
Eventually, we solved the problem by transporting the tissue typing laboratory to the cells'.

The cultured cells were transferred from bulk cultures to a centrifuge tube with careful mixing.
The tube was allowed to stand vertically at room temperature for five to ten minutes, when the large
clumps and viable cells tend to settle out. The non-viable cells remain in suspension and can be pipetted
off. The large clumps are then broken up by pipetting in fresh culture fluid and are ready for preparation
for typing. Viability and cell count were checked in a Neubauer counting chamber, using 0.45 96 nigro-
sine, in a final concentration of 0.2 96.

The cells for typing were washed once in cultivation medium and resuspended in a mixture of
equal volumes of fresh human AB serum and rabbit serum as complement source, to a final concentra¬
tion of 2000 cells/pl. For most of our experiments, the cells were suspended in Hank's BSS at twice the
final desired concentration before adding an equal volume of mixed rabbit and human serum. We also
tested cells which were suspended after centrifugation in complement mixture only avoiding the dilu¬
tion factor of additional Hank's BSS without adverse effects on the HL-A typing results. Thus, the ma¬

jority of our typing was carried out with a final (test) dilution of 1/4 of complement, very similar to
the concentrations used successfully by Rogentine and Gerber (1969), and by Ferrone et al. (1971).

Sources of complement
Human complement was derived from two group AB donors and was normally used for routine lym¬

phocyte typing. It was not cytotoxic for the cell lines when used undiluted. The batch of rabbit com¬
plement in routine use for tissue typing of lymphocytes was found to be cytotoxic for the cell lines even
when diluted. Accordingly, we screened complement from 10 black and white Dutch rabbits and selec¬
ted those sera which were low in natural cytotoxins. A pool of three such rabbit sera was used thereafter
for all our experiments. Using this pool, we found it was possible to type some lines successfully with
an excess of rabbit complement over human, i.e. 9 parts rabbit with 1 part human serum, but on the
whole, the results using equal volumes of rabbit and human serum were more reproducible, and this was

the final choice for our work with the cell lines.

The HL-A antisera were those which we routinely used for tissue typing for renal transplantation,
and numbered 70-85, the majority of the sera being used for all the studies with a few variations, de¬
pending upon availability. Most of the antisera were recognised HL-A typing reagents, currently in
use in many laboratories, and a few were locally collected reagents, with less thoroughly characterised
specificities (2). Three sera were available for almost all of the specificities, and for some, four or
five sera were in use. Antigens typed for at the first locus were HL-A1, 2, 3, 9,10,11, W28, W19. Only
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two antisera were available for each of the latter two specificities and we were unable to subdivide
W19. At the second locus we typed for HL-A5, 7, 8,12,13,W5, W10,W14, W15, W17,W22, W27. We
had no antisera which were able to define W18 with accuracy, and our antisera for W5 all contained
HL-A5, W15 or W18 in addition to antibodies against W5. Glass plates were used (G.D. Searle and
Coates Logos) and a one-stage technique. The incubation time was kept to forty to forty-five minutes
at 37° C, and cytotoxicity was estimated after adding 0.5 pi of Trypan Blue, to give a final concen¬
tration of dye of 0.18% in each test.

RESULTS

The pattern of HL-A antigens expressed on eight cultured lymphoblastoid
lines has already been reported (2). Over a period of months antigens apparen¬

tly appeared or disappeared; there were 16 examples of acquisition of new anti¬
gens and 5 of 'lost' specificities. For several of the lines, new antigens appear¬
ed early in culture, and the new HL-A phenotype would then persist over the
next few months. Line HUNi (Table I) from a donor with acute lymphoblastic
leukaemia developed two new antigens after 10 months in culture, which have
persisted ever since. We have recently typed a fresh line of this culture, re¬
vived from storage in liquid nitrogen, having a total life in culture of nine
months. The HL-A1 antigen was only weakly expressed but HL-A8 was clearly
defined by 3 sera.

We have now typed a further 3 lines (KAT-|, DAV] and FLE-|) with very
similar findings to those in our original study (Table II). The presence of an
anomalous reactivity in several sera has also been noted and will be discussed
in more detail in another paper (3), together with the implications of this extra
cytotoxic factor in HL-A typing of cultured lines. It is clear that we must be
careful not to attribute the appearance of all 'new' specificities with HL-A an¬
tisera and cultured lymphoblastoid lines to newly expressed HL-A antigens.
The turnover of antigen on the cell surface of such cells has been studied (8).
Many of our 'new' antigens could be due to cross-reactive groups, e.g. cells

Table I

HUN^ on prolonged culture

1 3 5 7 8

Months in

culture

Original donor + +

™N1 9.12.70 + ? + 8 1/2
25. 1.71 ? + + + 10

23. 3.71 + + + + 12

New line of HUNj
8. 3.72 ? + + + 9
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Table II

HI-A phenotypes of cell lines

1st locus 2nd locus

HL-A HL-A

22. 9.71 1 2 ?3 7 8 W10

14.12.71 1 2 ?3 -o 00

Original donor 1 2 8 W17

FLEl
14.12.71 1 7 8 ?W10

8. 3.72 1 11 7 8 ?W10

Original donor 1 7 8

DAV11 8. 3.72 ?1 10 ?5 12 W17

which are originally HL-A7 positive frequently become reactive with W10 an-
tisera, and HL-A3 positive cells have begun to react with HL-A1 antisera. If
the metabolic processes are more active than in normal peripheral blood lym¬
phocytes, the antigenic determinants exposed could be less specific. The cul¬
tures we study are not synchronous and are in different phases of division and
growth, which might explain some of the changes and apparent loss of specifi¬
cities. Using a restricted antiserum panel will make it less likely that altera¬
tions in reactivity of these lines will be detected, and give an erroneous impres¬
sion of complete stability. It would also diminish the chance of distinguishing
between true HL-A cytotoxicity, and cell killing due to other non HL-A antigen-
antibody reactions.

For simplicity and ease of performance we have routinely employed a one-

stage microcytotoxic test to type the lymphoblastoid lines. Using our system,
we can achieve reproducibility within each experiment. Some lines show varia¬
tions from one date to another, but others are relatively stable in HL-A antigen
expression, once they are well-established in culture. Monitoring of the lines
for karyotype changes and iso-enzymes has not revealed any cross-culture con¬
tamination (2). The main common factor for all the cell lines is EB virus in¬
fection (6,12) which is believed to have a lymphoproliferative effect 'in vitro'
(9,10). There is no clear evidence that the presence of the virus specifically
alters the karyotype of the cultured line (12) despite the presence of chromoso¬
mal aberrations in some such lines (4), nor were we able to detect changes in
karyotype of the lines studied during the course of these experiments.

It seems likely that our findings are due to several factors i.e. the use of
a large panel of antisera, the differences in growth phase of the cultures and
the presence in many typing sera of a second form of reactivity for antigens
expressed on cultured lymphoblastoid cells. Preparations of high viability for
microcytotoxicity testing can be obtained using careful technique. The cells do
not travel well. It is essential to use specially selected batches of complement,
to dilute the rabbit complement and to use a short incubation time, if reproduci¬
bility is to be obtained.
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Genetic studies on human lymphoblastoid lines:
isozyme analysis on cell lines from forty-one different individuals and on

mutants produced following exposure to a chemical mutagen
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and H. J. EVANS

MRC Clinical and Population Cytogenetics Unit,
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Following some of the early studies reporting the successful establishment of lymphoblastoid
cell lines from the peripheral blood of patients with infectious mononucleosis (Pope, 1967;
Mumford et at. 1967; Glade et al. 1968), methods have been developed which enable such lines
to be derived from peripheral blood cells of healthy or diseased individuals (Moore, Gerner &
Franklin, 1967; Diehl et al. 1968; Steel & Edmond, 1971). These cell lines have a number of
properties, distinct from other cultures of human origin, which make them extremely useful
tools for research.

Lymphoblastoid cell lines can be established from relatively small amounts of peripheral
blood, a material more readily obtainable than skin or other tissue biopsies. They grow as
a free-lloating suspension, so that cells can be dispersed and subcultured without prior
trypsination. A line derived from the blood of a single individual appears to have an indefinite
life-span in vitro and will apparently retain its unique genotype in continuous culture for long
periods of time (e.g. Conover et al. 1970): this contrasts with primary fibroblast or epithelial
cultures which are limited to a fixed number of cell divisions before eventual death' (II ay flick
& Moorhead, 1961). In our hands, lymphoblastoid cell lines appear to show far less cytogenetic
variation than fibroblast lines of comparable age and, once established in culture, can rapidly
be grown up into large quantities with comparative case: a considerable amount of cellular
material o^ unique genotype can therefore be made available for detailed biochemical investi¬
gations. The cells can also be laid down in the frozen state at any period of culture, and at any
time in the future re-established in culture for further studies.

A disadvantage to offset against the attributes listed above follows from the fact that these
cell lines are infected with EB virus, a herpes-like virus described by Epstein and Barr
(Epstein, Aehong & Barr, 1904). The role of EB virus in human disease and its effect on lym¬
phoid cells in vitro is not entirely clear at present, therefore the cell lines must be used with some
degree of caution.
The above listed properties of lymphoblastoid cell lines make them particularly favourable

tools for studies on cells of human origin, especially in experiments which require large amounts
of proliferating materials. Of especial interest to us was the possibility that the cells could be
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used for a variety of genetic studies and, in particular, that they might provide a valuable
source ofmaterial for studying enzyme variation and gene mutation in human cells.
A major limitation in studies 011 enzyme variants and enzyme defects in human peripheral

blood cells, from both healthy and diseased donors, is the relatively small amount of material
available from any one individual. We have therefore investigated the potential of lympho-
blastoid cell lines for enzyme studies and, using starch-gel electrophoresis, have examined many
of the enzymes known to show eleetrophoretic polymorphism in man, as well as others in which
only rare variants have been found.
The use of lymphoblastoid cell lines for the study of mutagenesis in human cells is an attractive

possibility and, in principle, they could provide a system for the evaluation of mutagens and
possible mutagens. Two general approaches are possible. One is to utilize selective techniques
to detect mutations that allow of viability in the presence of metabolic inhibitors (Chu et al.
1969) or in the absence of a normally essential and specific component of the culture medium
(Kao & Puck, 1969): an approach that has been used in mutation rate studies on mammalian
fibroblast lines in culture. Possible selective systems are, at present, however, very few in
number (see Chu, 1971) and they provide rather limited information. An alternative approach
is to screen for different enzymes, by electrophoresis, in separate clones derived from cell lines
which may or may not have been exposed to a mutagen. This approach, although perhaps
more laborious than that based on selective systems, is in principle capable of greater generality,
because a wider range of enzymes can be examined and the mutants searched for need not be
confined to those associated with a marked loss of activity. This approach would prove prac¬
ticable if a large number of loci could be assayed relatively easily and if the average mutation
rate at these loci was high.
In the present paper we report on the properties of lymphoblastoid cell lines derived from

41 different individuals, that have been analysed for a variety of enzymes, and on clones
obtained following exposure of cells to IV-methyl nitrosoguanidine and u.v. light. The aims of
this work were to see (i) which of the red cell and tissue enzyme variants found in population
surveys could be detected in lymphoblastoid lines, (ii) to establish whether or not the pheno-
types were stable in culture, and (iii) to investigate the suitability of these cells for studying
the effect ofmutagens on cell populations, using the non-selective approach outlined above.

MATERIALS AND METHODS

Cell lines

Cell lines were examined from 41 different individuals, listed in Table 1. Numbers 1-6 inclusive
were obtained from laboratories in the United States and in Britain, numbers 7-41 were

initiated in the MRC Unit in Edinburgh.
Establishment of cell lines in Edinburgh. Lines were established from leucocytes isolated by

gravity sedimentation from fresh samples of heparinized peripheral blood. The leucocytes were
suspended at an initial concentration of 5 x 105 to 2 x 107/ml., in Ham's F 10 (Flow or Bio-cult)
growth medium supplemented with 20% foetal calf scrum (Flow or Bio-cult) and 10% tryptosc
phosphate broth (Difco) at pH7-2. Penicillin 100 units/ml. and streptomycin 100/jg/ml. were
added routinely. Fiveml. aliquots of cell suspension were cultured in loosely capped 1x3 in. flat-
bottomed glass tubes (Samco) in a humidified atmosphere of 7 % C02 in air at 37 °0. (Steel &
Edmond, 1971). In some cases (Steel, 1972) lethally irradiated or repeatedly frozen-and-tliawed



((a)Sixty-sixlinesandsublinesderivedfrom41differentindividualswereinvestigated,(b)WhoreduplicatelineswerostudiedfromtnesalllemaitiuJL
attliosametimetheyhavebeendistinguishedbynumberedsubscripts;lettershavebeenusedtodistinguishsublineswhichwereoriginallystartedfromthe samelinebuthavespentdifferentperiodsoftimeinliquidnitrogen,(c)*indicatesthatisozymostudiesonperipheralbloodfromthisindividualwerecarriedout. (d)Thenumbersinthecolumnheaded'co-cultivation'refertothenumbersincolumn1.(e)Abbreviationsused:c.l.l.,chroniclymphaticleukaemia.Inf.mono., infectiousmononucleosis,c.m.l.,chronicmyeloidleukaemia.)
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F
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8

1970
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6
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Cysticfibrosis

—

1971

33

fal,

F

European

MRC(Edin.)
Healthyplacenta
6
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6
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6
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6
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6
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6
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cells from an established EB-virus-positivo line were added to the initial leucocyte suspension,
a procedure known as co-cultivation.
Cultures were maintained by weekly replacement of the top 50% of medium, without dis¬

turbing cells which had settled to the bottom. When a new lymphoblastoid cell line was

established, this usually became apparent, within 30-100 days of setting up the initial suspen¬
sion culture, by a fall in pH and the appearance (on examination with the inverted microscope)
of small floating clumps of round, highly refractile cells.
From this stage, medium-change was required twice weekly and after a further 15-30 days

the new line would be subcultured at intervals of 4-7 days.
The 35 individuals from whom lines were established in Edinburgh included some people

with viral infections or other disease, and one healthy adult. They also included some healthy
babies, in which case blood from vessels on the foetal surface of the placenta was used. The exact
origin of each line is shown in Table 1. All these individuals were Europeans and none was
selected on the basis of any known enzyme variant. In some cases duplicate lines were started
from the same individual at the same time, and these have been distinguished by numbered
subscripts. Letters have been used to distinguish sublines which originally started from the same

line, but have spent different periods of time in liquid nitrogen. Thus the 'time in culture' in
the table refers to time spent actively growing, ignoring that spent in the frozen state.
Lines obtained from other laboratories. What is known of the origin of these lines (nos. 1-6

inclusive) is indicated in Table 1. Further details on F 137 and JIJOYE are as follows:
Cell line F 137 was established by Dr E. M. Jensen from lymph-node biopsy material from

a male patient with chronic lymphatic leukaemia (Jensen et at. 1967). A sample of the line was
received in Edinburgh in August 1969. It had been in culture for approximately 2 years up to
this point (excluding time spent in liquid nitrogen storage). The line has been maintained in
continuous growth in Edinburgh from that date. At different times samples have been frozen
down in liquid nitrogen, to be recovered after intervals ofmany months. In this way a number
of sublines of F 137 differing in their 'age' in vitro have been made available for simultaneous
examination.

Cell line JIJOYE was established by Professor It. J. V. Pulvertaft from an ascitic effusion
in a Nigerian boy with Burkitt's lymphoma (Pulvertaft, 1965). A sample of the line was sent
to the National Cancer Institute (U.S.A.) in August 1965 and material was received in Edin¬
burgh from there (Dr B. Hampar) in March 1969. The period of continuous growth in vitro up to
this point was approximately 3 years. As in the case of F 137, samples have been stored in
liquid nitrogen, one ofwhich (JIJOYE-B, Table 1) was re-established in culture after an interval
of 29 months. A further sample of JIJOYE was obtained commercially (Flow Labs); this was
also derived from the material retained at the National Cancer Institute (U.S.A.), but at the
time of examination had been in continuous culture for little over 2 years (JIJOYE-A, Table 1).
The four individuals with Burkitt's lymphoma (nos. 1-4) were all of African origin. The lines

F 89 and F 137 contain the Pep A2 allele, which has not been seen in a survey of over 7000
Europeans but is common in Africans (Lewis & Harris, 1967, and unpublished). The line F 89
also contains the A variant ofC-6-PD, so for purposes of analysis both these lines have also been
regarded as derived from Negroes, although we have no independent evidence of this.
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Karyotyping
Chromosome preparations were made from growing cell lines by a modification of the method

described by Hnngerford (1905) for fresh blood lymphocytes. To a 5 ml. suspension of growing
lymphoblastoid cells (5 x 105/ml.) was added 0-05 jig. of dimethyl colchicine ('colcemid', CIBA).
Thirty to 90 min. later the cells were harvested, treated with 0-075 m-KCI for 6 min. at room
temperature then fixed with three changes ofmethanol: glacial acetic acid, 3:1.
Drops of the fixed cell suspension were allowed to dry on clean slides which were stained

with 0-5% Quinacrine dihydrochloride and examined by fluorescence microscopy (see Evans,
Buckton & Sumner, 1971). Other slides from the same suspensions were stained with 2 % lactie-
orcein for standard microscope examination.

'Cloning'
Feeder layers of human foetal skin fibroblasts were grown on Microtest II plates (Falcon

Plastics). Most of the medium was removed from each feeder layer and one drop of viable
lymphoblastoid cells (102/ml.) was added to each well which was again filled with medium. This
dilute suspension of lymphoid cells gave, on the average, approximately 3-4 cells per well.
Medium in the wells was changed twice weekly and care was taken not to disturb the cells.
When the lymphoblastoid cells had grown in a small clump, the contents of each well were
transferred individually to a well in a Microtest II plate without a feeder layer. After approxi¬
mately 2 weeks the clumps of cells were large enough to be transferred to 3 x i in. test-tubes
containing 1 ml. of medium, later to flat-bottomed glass tubes (1 in. diameter) with 5 ml. of
medium, and then to progressively larger conical flasks, from which aliquots were removed
for cytogenetic studies and analysis of isoenzyme.

Mutagen treatment
{a) N-methyl nitrosoguanidine. The chemical mutagenMNNGwas added to 100ml. ofmedium,

at pH 7-2, containing 100 x 10° viable lymphoblastoid cells (in this case F 137) to give a final
concentration of 1 jag./ml. The cells and medium were left undisturbed at 37° C. for 2-4 days,
after which the viability of the cells had declined to about 10%. At this time fresh mutagen
free medium was added and the cells were allowed to grow up, usually for 2-3 weeks, until
sufficiently viable for cloning. The cells were then cloned as described previously and designated
clones A1-A3S. Clones A39-A73 grew from cells treated initially as described above but which
had received, an additional 2-3 cycles of MNNG treatment, with recovery periods of 2-3 weeks
in between, before cloning.

(b) U. V. light. For the u.v. treatments approximately 100 x 10'' cells were washed and re-
suspended in 10 ml. ofphosphate-buffered saline in a shallow Petri dish. This was placed directly
under a Hanovia low-pressure mercury vapour lamp for 15 sec., the incident dose at the surface
of the dish being 5 ergs/mm.2/sec. After irradiation the cells were spun down and resuspended in
culture medium and around 10 % of the cells remained viable. These cells were growing, cloned
as described above and designated C1-C35.

Harvesting
For enzyme studies about 30 ml. of an actively growing culture were spun down at 1000g

and the medium discarded. The cell pellet was washed twice with 0-9% saline and then re-
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suspended in 0-2 ml. of distilled water. The extracts were frozen and thawed twice before using,
I'lacli lino and clone was harvested several times during the course of the experiment, about
100 ml. of culture being used for complete isozyme typing.

Elcclrophoreiic methods
The extracts of the lymphoblastoid lines were subjected to horizontal starch-gel electro¬

phoresis as detailed in Table 2. Where possible, each sample was run on eight different gels.
Most of the enzymes were stained by routine methods previously described (see references
in Tabic 2). No attempt was made to distinguish Pep A S-l from Pep Ax (Lewis, 1972) or
Pep C 4-1 from Pep C 3-1 (Povey et at. 1972).

RESULTS

Enzyme phenotypes
The enzymes screened, representing 26 structural loci, are listed in Table 3. Most of the

enzyme patterns resembled those obtained with red cells and leucocytes in peripheral blood,
and there was no difficulty in distinguishing the various phenotypes. Tn fifteen of the more recent
lines started in Edinburgh it was possible to test peripheral blood samples from the individual
involved directly. No differences in enzyme typing between blood samples and the lympho¬
blastoid lines were found.

An attempt was made to study as many of the enzymes known to show electrophoretic poly¬
morphism in man as possible. However, the following enzymes, although examined to some
extent, have not been included in the present analysis: adenylate kinase, glutamic pyruvic
transaminase, alcohol dehydrogenase, mitochondrial 'malic enzyme' and 'red cell' acid
phosphatase. Alcohol dehydrogenase, mitochondrial 'malic enzyme' and glutamic pyruvic
transaminase have so far in our hands been too weak in lymphoblastoid lines to be useful as
markers. Acid phosphatase is complex and will be the subject of a separate report. Adenylate
kinase appears to have a somewhat different pattern from that seen in red cells and other tissues
and will need further study before it can be used reliably as a marker.
Those enzymes in which electrophoretic variation was found in the lymphoblastoid lines are

listed in Table 3, column 2, and details are given in Table 4. No heterozygote for PGD was seen
in this series, but a lymphoblastoid line (GOR) with this phenotype has since been found. The
non-polymorphic loci screened were chosen because the enzymes were active in tymphoid lines
and gave a sharp enough electrophoretic pattern to give a good chance of picking up variants
should they occur.
Table 5 is a comparison of the phenotype frequencies observed in the lines from different

individuals compared with those expected from previous population surveys using only those
loci where at least 2 % heterozygotes have been found. The lines from the 35 European and the
6 Negro (or presumed Negro) individuals are considered separately. Where there is more than
one subline from any individual, the one longest in culture has been used. Although there
appears to be a reasonable agreement with expected values, when all the lines are considered
together, there is a slight excess of the less frequently expected homozygotes. This effect is
largely due to the aneuploid lines where 2-5 such homozygotes are expected and S were observed
(Table 6). One of these, Pep D in F 137-D, is an assumed homozygote which does not resemble
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Table 3. Enzymeis studied (for references see Table 2)
No variants soon Variants soon

Enzyme Abbreviation Enzyme Abbreviation

PIki.sphoglucoiriutoso (locus 2) PGM, Phosphoglucomutase (locus i) PGM!
Phosphohoxosoisomoroso PHI " Pliosphoglucoinutaso (locus 3) PGM,
Nucleoside phosphorylftso NP Peptidase A. Pep A
Lactate dehydrogenase LDH A Peptidase B Pep B
Lactato dohydrogonaso LDH B Peptidase C Pep C
Glutamato oxalo-acet.ic S-GOT Peptidase D Pop D
transaminase (soluble) Glutamate oxalo-acetic M-GOT
Malate dehydrogenase (NAD) S-MDH transaminase (mitochondrial)
(soluble) Adcnosino deaminase ADA
Malato dehydrogenase (NAD) M-MDH Adenine phosphoribosyl APPvT

(mitochondrial) transferase

Phosphogluconato dohydrogonaso POD Glucoso-6-phosphato dehydrogenase G-6-PD
Hypoxanthine-guanino phospho- HGPET
ribosyl transferase
Poptidaso S Pop 8
Peptidase E Pep E
l'so-citrato dehydrogenase IDH

(soluble, NADP)
Phospho-glycorato kinoso PGIv
Totrazolium oxidase (rod coll typo) TON A

Pyrophosphatase Pyrophos

any phenotypc so far seen in population studies. The other assumed liomozygote (of APRT in
JIJOYE-C) has not been included in this calculation because the normal population frequency
of hcterozygotos at this locus is less than 2%.

Phenotypic stability during culture.
Some of the lines frozen in liquid nitrogen at an early stage were thawed out and redeveloped

as sublines (Table 1). Subsequent re-examination at different times in continuous culture
showed no changes between short culture (less than 3 months) and long culture (more than
12 months) in the lines established in Edinburgh. In two of the other lines, however, both
aneuploid and both in culture for a long time, changes had occurred, in one case involving
APRT and in the other Pep. D.

(a) APRT in J1JOYE and F 137
In most of the lines APRT showed a single band resembling that found in red cells, leucocytes

and other tissues (Mowbray, Watson & Harris, 1972). However, all the E 137 sublines, A, B, C
and D, showed a triple-banded pattern, the front band of which corresponded to the normal
single band (Text-fig. 1).
The first sample of the JIJOYE line examined (JIJOYE-C), which was the one which had

been longest in continuous culture, showed only one band of enzyme activity, slower than the
normal, and witli the same mobility as the most cathodal band of the triple-banded F 137. In
another sample (JIJOYE-B) which had been less time in culture yet had come from the same
source as JIJOYE-C, the pattern was found to be triple-banded and indistinguishable from the
pattern seen in all the F 137 lines. A further sample of the JIJOYE line (JIJOYE-A) obtained
from Flow Laboratories also showed the same triple-banded pattern (Text-fig. 1). The patterns
seen in F 137 A, B, C and D and also in JIJOYE-A and B are those which would be expected
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No. of
indivi¬
dual

Name
and

subline

tublo 4. Enzyme phenolypcs in lymphoid lines
Peptidases

pgmj pgm3 m-got ada g-6-pd a
I jijoye-a I 2 I I b

jijoye-b I 2 I I b
jijoye-c I 2 I I b

2 raji I I I I b

3 eb2 I I I I b

4 eb3 I 2-1 I b

5 f89 I 2 I I a
6 f 137 a I 2 I I b

f 137 b I 2 I I b

F137C I 2 I I b
f 137 d I 2 I I b

7 g-s-i a 2-1 2-1 I I b

g-s-i b 2-1 2-1 I I b
8 mar-a I 2-1 I b

mar-b I 2-1 I I b

9 gol-a I 2-1 I 2-1 b
gol-b I 2-1 I 2-1 b

10 dew-a I I I I b
dew-b I I I I b

11 dun4 I 2-1 I I

12 fle-a 2 I 2-1 I b
fle-b 2 I 2-1 I b

13 yud 2-1 I I I b

14 coa4 I I I 2-1 b

15 hun-a I 2 I . b
hun-b I 2 I 2-1 b

16 yun I I I I b

17 law I 2-1 . I b
18 shaj I I b

sha2-a I 1 2-1 I b

sha2-b I I 2-1 I b

19 bat2 I 2-1 I I b

20 web-a 2-1 I I b
web-b 2-1 I I I b

21 ola4-a 2-1 2-1 T I b

cla4-b 2-1 2-1 I I b
22 ori-b I 2 I I b

23 leo I 2-1 2-1 b
24 lam, I 2-1 I I b

lam2-b I 2-1 I b

25 mit 2-1 I I 2-1 b
26 bla, I I I I b

27 whe-a 2 2 I

whe-b 2 2 I I b
28 art 2-1 I I I b

29 liz I I I I b

30 kat I I I I b

3i ody 2 I I b

32 mon" 1 1 b

33 fal I I 2-1 I b

34 cur4 2 I I I b

cur2 2 1 I

b d

2

2

2

I

I

I

2-1

2-1

2-1

2-1

2-1

APRT

X-i
X-i
X
i

i

i

i

X-I
X-I
X-I
X-I

Eleetrophoretic phenotypes at io different loci in lines derived from 41 indiv
phonotypic differoncos between tho linos woro obsorvod.
* Additional minor bands observed (see text).

4-1
1

1

1

1

1

4-1
1

1

duals. At the other 16 loci no
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Tabic 4 (cant.)
No. of Name
indivi¬ and r~

dual subline PGMj pgm3 M-GOT ADA G-6-PD A

35 BROi i I I 2-1 B 1

36 YAK 1 2—1 2-1 1 B 1

37 NOD 1 2-1 I x B 1

38 DOT^ 2-1 2-1 I 1 B 1

dou2 2-1 2-1 I 1 B 1

39 WAL 1 I I 1 B 1

40 BURj 1 2-1 I 1 B 1

BUR2 1 2-1 I 1 B 1

4i DOL . 1 B 1

Peptidases

B D APRT

Table 5. Distribution of phenotypes in lymphoid lines from 41 individuals
(Polymorphic autosomal loci only.)

Most frequent Less-frequent
homozygoto Hetorozygote homozygote

No. r
A

( ^, (
A

Enzyme tested Observed Expected Observed Expected Observed Expected Kefs.

Diploid lines (Europoan): 22 linos

PGMX 21 15 12-3 4 7.5 2 1*2 1

PGMj 20 n 10-9 8 7.7 1 i-4 1

M-GOT 20 18 19-4 2 o-6 0 0 2

ADA 22 18 19-6 4 2-4 0 0 3
Pep C 22 21 21*1 1 °'9 0 0 4
Pep D 22 22 21-6 0 °"4 0 0 5
PGD 22 22 2I'I 0 °'9 0 0 6

149 127 I26-0 19 20-4 3 2-6

Aneuploid lines (Europoan) : 13 lines
PGM, 12 7 7-0 3 4"3 2 0*7 1

PGM., 12 5 6-5 5 4"7 2 o-8 1

M-GOT 12 10 11-6 2 °'4 O 0
.

2

ADA 13 11 11-6 2 i'4 O 0; 3

Pop C 13 12 125 1 °'5 O 0 4
Pop D 13 13 12-7 0 °'3 O 0 5
PGD 13 13 I2-S 0 °'5 O 0 6

88 7i 74"4 13 12*1 4 1 *5

Anouploid linos (Negro): 6 linos
PGMj 6 6 3*8 0 2*0 0 0-2 1

pgm3 6 3 2-4 1 2-8 2 o-8 1

M-GOT 6 6 5-2 0 o-8 0 0 2

ADA 6 6 5'6 0 04 0 0 3

Top A 6 3 5"° 2 i-o 1 0 7

Pop D 6 5 5-8 0 02 it 0 5
PGD 6 6 5*5 0 0-5 0 0 6

42 35 33"3 3 7.7 4 I-o

* Reforencos: (i) Harris (1970); (2) Hackol et at. (1972); (3) Hopkinson et at. (1969); (4) Povey et at. (1972);
(5) Lewis & Harris (1969); (6) Carter et at. (1968); (7) Lowis & Harris (1967).
| Apparent homozygote but not yet seen in population studies.
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Table (j. Comparison of diploid ami ane.uploid lines {all data combined)
Diploid Aneuploid

^ A A

MFH Hot. LFH Total MFH Hot. LFH Total

Observed 127 19 3 149 106 16 8 130
Expected 126 20-4 2-6 149 107-7 19*8 2-5 130

MFH, Most frequent homozygotos; hot., hoterozygote; LFH, less-frequent homozygotos.

-

JIJOYEC JIJOYE B SHA2A SHA, B F137B
(APRTX) (APRTX-1) (APRT-1) (APRT-1) (APRTX-1)

Text-fig. 1. APRT patterns in lymphoblastoid coll lines. (Also see Mowbray et at. 1972.)

if the cells were heterozygous for the common allele and for a variant allele which determined
an electrophoretically slower form of the enzyme. The pattern seen in JIJOYE-C is that which
would be expected if the cells were homozygous or hemizygous for this', variant allele. The
change in JIJOYE from the apparently heterozygous state to the apparently homozygous or

hemizygous state must have occurred after 3 months culture in Edinburgh, when JIJOYE-B
was examined, and before 20 months, when JIJOYE-C was examined.
It is of interest that neither of the phenotypes seen in F 137 or JIJOYE has been observed

in the course of population surveys involving several hundred individuals of both European and
Negro origin (Mowbray et al. 1972). Because of this we have called the phenotype observed in
F 137A, B, C, 13 and JIJOYE-A and B, APRT X-l and that observed in JIJOYE-C, APRT X.

(b) Pep D in F 137
In F 137-D no peptidase D activity was detected using the standard technique. This was

unexpected since all other lines studied had shown Pep D and in red-cell population surveys

covering more than 4000 people and including 500 Negroes, no individual who lacked Pep D had
been seen. F 137 had been in culture in Edinburgh for approximately 2 years when this result
was obtained. At various times it had been laid down in liquid nitrogen and samples from
2 months, 6 months and 12 months were grown up and examined (F 137A, B and C respectively).
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©

Pep D »■ HI

WHE F 137 F 137 F137 Clone

A B D A 28

Text-fig. 2. Photograph of starch gol showing tho loss of Pop D activity in F 137-D and its re¬
appearance in clone A 28. Note the two additional woak fast bands in each of the F 137 lines and in
clone A 28.

All contained Pep IX The apparent loss of Pep P had evidently occurred in the period 12-24
months while in culture in Edinburgh. This line had of course been in culture for several years
prior to this.
To study this peculiarity of the E 137 line further, the Pep D stain was made more sensitive

by increasing the amount of snake venom (amino acid oxidase) fivefold. When this was done
two very weak bands appeared, anodal to the usual band, in E 137-D (sec Text-fig. 2). Similar
weak anodal bands could be detected in the three 'younger' lines of F 137, stained in the same

way, but they have not been seen with certainty in any other line. These additional weak
anodal zones appeared to show the same substrate specificity as Pep D but differed in not being
affected by thiol reagents. Whether they should be regarded as a product of the Pop D locus or
not is at present uncertain.

Mutation experiment
For this pilot experiment an aneuploid line, E 137-D, was used. It was chosen because it

grew well and because it had several distinct enzyme variants, one of them unique. As described
in the Methods section, 'clones' were grown up from an initial inoculum of three or four cells.
I lowcver, for the treated series at least, it is probable that one cell in each well outgrew the
others, since the changes which were, seen were 'all or none' in type. Eighty clones derived
from cells treated with MNNG and 35 elopes derived from u.v.-treated cells were examined. It
was intended to study 90 clones derived from untreated cells as a control, but owing to a
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dimp

Clone wbc Clone CUR2
A 52 PGDAB A 56

Text-fig. 3. Photograph of a starch gel showing PGD in a lymphoblastoid line (CUR2) and in
two clones of F 137, compared with PGD in a samplo of loucocytcs from peripheral blood of
an individual of phenotype PGD AB. Clone A 56 has tho mutant pattern of PGD.

A 56 GOR A 56 GOR
^ / v

Heated at 50° C. Unheated
for 10 min

Text-fig. 4. Photograph of a starch gel stained for PGD, comparing the effect of heating on GOR,
of phonotypo PGD AB, and on tho mutant A 50. GOR is a further lymphoblastoid lino not included
in Table 1. For methods of heating experiment see McAlpine et al. (1970).
I

laboratory mishap only 28 untreated clones became available for analysis. The clones were
examined at all 26 loci, but for technical reasons not every clone was tested at every locus.
Four definite phenotypic changes were seen, all in the treated series.
(a) In clone A 56, treated with MNNG, a triple-banded pattern of PGD appeared (Text-

fig. 3). This pattern is that which would be expected in cells heterozygous for the common
allele (A) and a variant allele determining an electrophoretically slower form of the enzyme.
The variant phenotype of A 56 is clearly different from the phenotype of the commonest
heterozygote seen in population surveys PGD AB, which has a frequency of about 4 % (Parr,
1966). A further difference between the phenotypes is shown in Text-fig. 4. This experiment
demonstrated that the variant band of A 56 is more heat-stable than the variant band of
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A 20 A 21 A 22 A 23 A 24 A 25 A 26 A 28

Text-fig. 5. Photograph of starch gol showing Pop A in troatod clones of F 137-D.
Clone A 24 shows tho plionotypo Pop A 2. The other clonos aro Pop A 2-1.

a lymphoid line with the common PGD AB phenotype. The pattern in clone A 56 is most easily
interpreted as a point mutation at one allele probably involving a single amino acid substitution.
The karyotype of A 56 was indistinguishable from that of all the other clones derived from
F 137 D.

(b) In clone A 24, also treated with MNNG, the Peptidase A phenotype was Pep A 2 instead
of Pep A 2-1 as in all the other clones. It is shown in Text-fig. 5. This might be accounted for
by a mutation of the Pep A1 allele resulting in a new allele which failed to make Pep A at all,
or it could be the result of an actual deletion. A third possibility is that mutation has produced
a new allele determining an enzyme with the same electrophoretic mobility as Pep A 2, so that
clone A 24 is in fact homozygous for Pep A2. Unfortunately this line did not survive long enough
for quantitative assay of Pep A, or for karyotyping, which might have helped to distinguish
between the possibilities.

(c) In clone A 28, treated with MNNG, and clone C 21, treated with u.v. light, a normal
pattern of Pep D appeared in addition to the weak fast bands (see Text-fig. 2). In these cases
there appeared to have been a change causing the reappearance of an enzyme in a line which
had previously lost it (see description of Pep I) in F 137 above). Although this might have been
a case of the persistence of a subpopulation producing 'normal' Pep D, two cells of which
happened to be selected in cloning, evidence from the karyotypes is against this. All the clones
which were used in the experiment and which survived long enough for karyotyping, including
A 28 but not including clone C 21 because it died, contained a marker chromosome which only
arose in F 137 subline D, i.e. after F 137 had lost its Pep D (see Plate 1). It appears therefore
that these are genuine examples of reappearance of an enzyme previously lacking in the cells.
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Tablo 7

Reappear -
Electro- ance

phoretie Deficiency (Pep D only)
alloles x alloles x alloles

Possibilities for seeing mutants clones clones clone:

MNNG clones Autosomal loci (counted x 2) 3018 284 148
X-linked loci (counted x 1) 171 171

- Total 3189 455 148
Mutants seen 1 1 1

U.v. treated clones Autosomal loci (counted x 2) 994 134 7°
X-linked loci (counted x 1) 84 84
Total 1078 218 70
Mutants seen 0 0 1

Untreated clones Autosomal loci (counted x 2) 1288 162 54
A-linked loci (counted x 1) 81 81

Total 1369 243 54
Mutants seen O 0 0

Frequency of mutants in — 1/4267 t/673 2/218
all treatod clones

Frequency of mutants —- 0/1369 0/243 o/54
in controls

Frequency of mutants
In. general, one would expect to find mutants producing electrophoretic variants to be

detectable at any of the loci screened. Such a mutant was present at the PGD locus in clone A 56.
Deficiency mutants involving only a single allele would be picked up at an autosomal locus only
if it were heterozygous, since here the deficiency of the product of one of the alleles would be
readily recognized. However, a mutation resulting in an enzyme deficiency in a heterozj-gote
might be mimicked under certain circumstances by a mutation producing an electrophoretic
variant. This, as pointed out above, is one possible explanation of the change in the pattern
of Peptidase A in clone A 24. Since F 137 is a male-line deficiency mutants should of course also
be readily detectable at any of the A-linked loci (G-6-PD, HGPRT, PGK).'We have attempted
to take these considerations into account in calculating the frequencywith which different types
of mutants have been seen in the clones (see Table 7).
Thus a total of 1369 alleles were screened for electrophoretic mutants in the control series,

and a total of 4267 alleles were screened in the treated series (3189 in theMNNG series, and 1078
in the u.v. series). Out of these one mutant was seen in the treated series (A 56).
In the search for deficiency mutants we only screened 243 alleles in the control series, and

673 alleles in the treated series. The one apparent deficiency mutant that was observed (A 24)
was in the treated series.

The possible mutations involving the appearance of Pep D activity in clones A 28 and C 21
are a special case because this was the only situation in which activation of an apparently
inactive locus in the line could be tested. Twenty-seven untreated and 109 treated clones were
examined for Pep D, and activity was found to have appeared in two cases (one hi the MNNG
series, one in the u.v. series). In none of the other clones was any normal Pep D found, although
the two weak anodal bands already described were consistently seen.
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DISCUSSION

Ono of the first objectives in the present work was to evaluate the lymphoblastoid cell lines
as material for studying inherited enzyme variants. Our results have shown that the majority
of enzymes commonly studied in peripheral blood cells are clearly demonstrable in the
lymphoblastoid lines. Some, such as PGM3 and mitochondrial GOT, can be more conveniently
studied in the cell lines than in peripheral blood, but others - for example, adenylate kinase -
are less satisfactory. The electrophoretic variation seen in these lines reflects that seen in red
cell and tissue surveys. In the 15 cases where it was possible to test peripheral blood directly,
complete agreement of phenotype between the derived lymphoblastoid lines and blood from the
original donor was found. This is in contrast to the HL-A phenotype, which maj' show minor
dilfcrences in expression between freshly drawn peripheral lymphocytes and established
lymphoblastoid linos (Dick & Steel, 1971).
The second objective was to examine the phenotypic stability of the lines in culture. Cyto¬

genetic studies on lines initiated in Edinburgh showed that a large proportion retain their
original diploid chromosome constitution over the first year in culture (see Table 1), but that
few lines maintained their diploid state over longer time intervals. Despite this, no changes of
enzyme phenotype were recorded in the lines initiated in Edinburgh and studied at intervals
over a period ofmore than 12 months. It is perhaps worth noting in this context that 12 months
in culture represents over 100 cell generations, i.e. about double the life-span to be expected
of normal cultures of fibroblasts. That phenotypic changes do occur in culture is indicated by
the findings of a slight excess of the less frequent homozygotes (some of which may be hemi-
zygotes), in the older aneuploid lines, and the detection of two changes, involving APRT and
Pep D, in two aneuploid lines that had been in culture for several years prior to enzyme analysis.
The characterization of the different lymphoblastoid lines using the polymorphic loci should

prove useful in identifying the origin of any particular line. For example, we already have some
doubt about the origins of the line F 89. In the original publication describing the initiation of
this (Table 1), ethnic origin is not stated, but a note in the original case-history, kindly provided
by Dr Jensen, indicates that the patient was white. However, F 89 contains the Pep A'z and
G-ii-PDA alleles - alleles which strongly point to a Negro origin. Another problem is that a

commercially available (Flow Laboratories) line designated as EB3, although definitely ofNegro
origin, was found to differ at two loci from the line that we know as EB3 and which was supplied
to us by its originator, Professor Epstein. The Flow EB3 line is not included in Tables 1 and 4
because it has not yet been fully characterized. Finally, looking at the enzyme phenotypes of
F 137-A and JIJOYE-A (Table 4), it is hard to avoid the suspicion that they might have
originated from the same individual. This situation is reminiscent of the way in which HeLa
cells and mouse L-cells have unwittingly been spread throughout fibroblast cultures to many
laboratories. It is certainly an argument for using a line with some unique combination of
characteristics in any work involving a search for mutations.
Our third objective was to assess the potential usefulness of lymphoblastoid cells for mutation

studies. The mutation experiment described here was purely exploratory and was set up to
examine the feasibility of both the approach and the technique and, from these points of view,
the results arc highly encouraging. Using a line heterozygous at several loci, we might reasonably
expect to find three possible classes of mutants - structural, deficient and regulatory. In this
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pilot experiment we have found apparent examples of all three types, one of which, a mut ant
of PGJL), as far as we are aware, is the lirst structural enzyme variant reported in human cells
following mutagen treatment. The nature of the regulatory mutants involved in the reappear¬
ance of Pep D in two of the clones is not at all clear, but the results are certainly striking. M uta-
tions affecting regulatory systems must comprise a very important category of induced changes.
Moreover, if the generally current notion that a large part of the DNA in eukaryote chromo¬
somes may be involved in the regulation of the expression of structural genes is correct. then
mutations affecting regulatory systems might also be expected to be among the most frequent
of induced changes.
In the present work no attempt was made to achieve an accurate control of the dose of muta¬

gen and in any case the data for the untreated clones is inadequate so that no statement about
frequency of mutants in relation to dose can bo made. Other problems of interpretation lie in
the fact that mutagen-treatod cells were allowed to recover for 2 II weeks before being subjected
to cloning, and that the initial isolates for growing up of clones involved not single cells but an
average of three or four cells. Our early attempts at cloning from single cells immediately after
mutagen treatment were not very successful, but recent improvements in technique suggest
that this may be possible in future experiments. One problem here, however, is that newly
established, and predominantly diploid, cell lines are difficult to clone and this was the reason
for the use of the aneuploid cell line in the present experiment.
Future experiments are planned where it is hoped that refinements of treatment schedules

and cloning will enable us to obtain useful information on the relationship between mutagen
dose and response. These experiments should also yield information on the relative frequency
of mutations at different loci, although for technical reasons the proportion ofmutants actually
detected by electrophoresis may vary from enzyme to enzyme. Furthermore it will be of interest
to see if the mutants produced are of novel kinds or are variants which occur commonly in
human populations. In this context one may note that the mutant PGD variant seen in clone
A 56 is different from the common naturally occurring electrophoretic variant at this locus.

SUMMARY

1. Isozyme studies on long-term lymphoblastoid lines from 41 different individuals have
been carried out by starch-gel electrophoresis. A total of 66 lines and sublines have been
characterized for 26 loci.

2. The distribution of enzyme phenotypes was in general agreement with what would be
expected from previous population studies. However, there was some indication of an excess
of rare homozygotes in these lines which were aneuploid. Some of these may have been
hemizygous.

3. In general the enzyme phenotypes of the individual lines appeared to be stable for at
least a year in continuous culture. However, a change in phenotype at the APRT locus was
detected in the line JIJOYE during culture, and a change at the Pep D locus was detected in
the line F 137. JIJOYE and F 137 are two aneuploid lines which are among those which have
been in continuous culture for several years.

4. A pilot mutation experiment was carried out in which 'clones' derived from one of the
lines (F 137) after treatment with a chemical mutagen or with u.v. light were examined, along
with control clones. Four different apparent mutations were detected. One appeared to represent
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a structural mutation at the PGD locus. Another appeared to represent a deficiency mutant at
(.lie Pop A locus. The other two appeared to represent a change involving the reappearance ol
Pep D in a subline which had previously lost this enzyme in the course of the culture. All these
apparent mutational changes occurred in the mutagen-treated 'clones'.

Wo should liko to thank mombers of both tho MRU Clinical and Population Cy togonotics Unit, Edinburgh,
and tho MRC Human Biochomical Gonotics Unit, London, for thoir help in tho work described in this paper.
We are also most grateful to Professor A. Epstein, Department of Pathology, University of Bristol, who
provided us with the lines, GOR and EB3, needed to check particular points in the work.
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EXPLANATION OP PLATE

Upper figuro, motaphaso coll from lymphoblastoid coll lino F 137-D, boforo tho emergence of tho largo
marker chromosome roforrod to in tho text. The preparation was stained with Quinacrino and photographed
on a fluorescence microscope. The aneuploid nature of the line is clearly evident and some of the major
ehromosomo changos in this line, and illustrated in this figure, are tho additions to tho ends of tho long arms
of one member of chromosome pairs 7, 13 and 14; deletion of a distal region on the long arm of one
ehromosomo 8 and tho presence of an additional 'D-liko' chromosome.
Tho lower figure shows a motaphaso coll from a clone derived from a later subculture of F 137-D. Fn those

later subcultures, and in all tho clonos assayed in tho mutation experiment, all tho colls contained a distinc¬
tive large acrocentric marker chromosome (arrowed) considerably longer than any of the abnormal D chromo¬
somes in this lino. Tho omorgonco of this marker chromosome was accompanied by a loss of one member
of chromosomo pair number 1, and it may bo soon from tho figuro that tho distal two-thirds of tho long
marker chromosome is derived from tho distal half of tho short arm of chromosome 1 (the normal chromo¬
some 1 is to be seen immediately below and to the right of the marker chromosome in the photograph). Tho
other abnormalities characteristic of the parent F 137-D lino are also present in this coll.
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MONONUCLEOSIS

Sir,—Your admirably comprehensive review (Sept. 29,
p. 712) came close to answering " the most intriguing
question still posed by this disease—not so much what
starts it as what stops it but was inhibited from doing so
by an assumption which is probably incorrect—namely,
that the circulating atypical mononuclear cell seen in the
acute stage of the disease is the in-vivo counterpart of the
lymphoblastoid-cell-line (l.c.l.) cell seen in long-term
cultures. As you pointed out, most of the atypical cells in
the peripheral blood have the characteristics of T lympho¬
cytes and there is evidence of T-cell hyperplasia in lymph-
nodes. Conversely, cultured l.c.l. cells, whether derived
from infectious mononucleosis patients or from other
sources, have been shown to synthesise immunoglobulins,
to have C'3 receptors on their surface membranes,4 to
lack receptors for sheep red cells,4-7 and to be devoid of
cytotoxic activity,' in all of which respects they resemble
B rather than T lymphocytes. The majority of tumour
cells in Burkitt's lymphoma biopsy material also have B-cell
rather than T-cell characteristics,so that if one accepts
that E.B. virus is a lymphoproliferative agent in vivo and
in vitro the susceptible cell appears to be a B lymphocyte.
Reference was made to the fact that l.c.l. cells are

altered antigenically and will activate even autochthonous
blood lymphocytes in one-way mixed lymphocyte type
reactions.10-15 What was not made clear is that lympho¬
cytes activated in this way develop cytotoxic potential and
will destroy l.c.l. cells.e.ls-'8 In vitro, then, one can
demonstrate the complete cycle of E.B.-virus-induced
lymphoid-cell proliferation, antigenic alteration in the
affected cells, activation of normal blood lymphocytes by
contact with these altered l.c.l. cells, and subsequent
destruction of the latter.
We have observed a high level of spontaneous cytotoxic

activity, directed against cultured l.c.l. cells, in blood
lymphocytes from a young man who had recovered clinically
and hamatologically from infectious mononucleosis some

weeks earlier. While much work remains to be done in
this field, we would suggest that the clinical and experi¬
mental evidence now available points to the conclusion
that the immunopathological features of infectious mono¬
nucleosis represent a vigorous T-cell-mediated response
to the relatively inconspicuous proliferation of E.B.-virus-
infected B lymphocytes.

M.R.C. Clinical and
Population Cytogenetics Unit,
Western General Hospital, ^ Ctppt
Edinburgh EH4 2XU. ^

Department of
Experimental Pathology,
The Medical School, ^ LlNG

Birmingham.
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A bank ofperipheral blood lymphocytes, frozen in liquid nitrogen, has been estab¬
lished from East African cancer patients and from control donors including healthy
individuals and patients with non-malignant disorders. The techniques of collection,
lymphocyte separation and cell freezing are simple enough to have been applied success¬
fully in an isolated mission hospital. In the first year of operation samples have been
storedfrom over 400 individuals. On recovery, the cells have high viability, will respond to
PHA in culture, are suitable for determination ofHL-A phenotype and react with sheep
red blood cells in the spontaneous rosette test. It is predicted that lymphocyte banks of
this type will have a useful place in the study of immunological factors in cancer, par¬
ticularly in developing countries.
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The preservation of lymphocytes in a viable
ind immunocompetent state serves three main
objectives. (1) It allows material to be retained for
jxamination by new techniques as these become
ivailable. (2) It allows the distribution of cells to
different centres for study without introducing
difficulties caused by the lapse of time between
collection and examination. (3) It enables serial
samples from a given patient to be examined
simultaneously and thus under strictly identical
conditions.

These considerations are highly important in
relation to immunological studies in African
cancer patients since methods of assessing
lymphocyte function in vitro (particularly when
the number of cells available is severely limited)
are still at an early stage of development, since
some specialized techniques are undertaken in
only a few European or American laboratories
and since there is a special interest in examining
the immune status of patients with, for example,

Received: November 20, 1973.

Burkitt's lymphoma at various stages of what
may be a prolonged illness (Klein, 1971).
For these reasons we have established a bank

of deep-frozen blood lymphocytes from cancer

patients and control subjects in East Africa. The
object of this paper is to record the methods
of collection, separation, storage and recovery of
material, all of which are simple enough to have
been used with success even in a small mission

hospital laboratory and which may therefore
prove useful in other parts of the world. Some
preliminary information is included on the
functional state of the lymphocytes after recovery
from frozen storage.

material and methods

Venous blood is defibrinated by stirring with
sterile applicator sticks. The clot is removed on
the sticks and the blood spun down at 500 xg for
20 min on a bench centrifuge. The serum is
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removed and stored in aliquots of 2 ml in a deep
freeze at 50° C. The cells are resuspended in
twice their volume of Ham's F10 medium
buffered with a combination of 20 milliMolar
N - 2 - Hydroxyethylpiperazine - N' - 2ethanesul-
phuric acid (HEPES) and 10 miliiMolar sodium
bicarbonate (Bio-Cult Laboratories Ltd., Paisley,
Scotland) (" F10 HB"). This suspension is
layered carefully onto a sterile Ficoll/Triosil
mixture (Harris and Ukaejiofo, 1969) and centri-
fuged at 500 xg for 15 minutes. The mononuclear
cells are aspirated from the interface, washed
once in F10 HB, resuspended in the same medium
and counted visually in a Neubauer haemocyto-
meter. The percentage of mononuclear cells is
recorded and the proportion of dead cells deter¬
mined by exclusion of 0.45% Nigrosin (Kalten-
bach et al., 1958). Typically, a yield of about 10ft
viable mononuclear cells is obtained from each
millilitre of fresh blood. Fewer than 10% of the
interface cells are polymorphs and viability is
invariably 98-100%.
The cell suspension is adjusted to give a final

concentration of 2.7 xlO6 viable mononuclear
cells per ml in a mixture of equal parts of F10 HB
and foetal calf serum (Bio-Cult). It is cooled in an
ice-water bath and one-third of its volume of
iced 40% Dimethyl Sulphoxide (DMSO) is
added, giving a final concentration of 10%
DMSO. This addition must be done very slowly
with constant mixing. The cells are then distribu¬
ted in 1-ml aliquots (2xl06 cells) in glass
ampoules which are sealed by drawing out the
neck in a Bunsen flame.

The ampoules are cooled at approximately
1° C per min by placing them in a Union-Carbide
BF-6 freezer-plug set in the neck of an LR33
liquid nitrogen tank. When frozen solid the
ampoules are lowered to a position where they
will cool at 4-5° C per min and held there for at
least 10 min before being stored in the liquid
nitrogen tank.
A smaller plug has been made to adapt the

method for use with a 10-litre portable liquid
nitrogen tank which can be taken to outlying
hospitals and dispensaries. This allows cell
collection " safaris " to be made with periods of
absence from the base laboratory of up to 14 days.
When a sample is to be recovered from storage,

the ampoule is identified, removed from the
tank and placed immediately in water at 37°-40° C.
It is agitated until almost completely thawed and

then transferred to an ice bath. The ampoule
opened and the contents transferred to a ster
centrifuge tube on ice. The suspension is diluti
first with 2 ml of an ice-cold mixture of 20
Dextrose in F10 HB and foetal calf serum (equ
parts) and then with a further 3 ml of the dextros
F10 HB. The dilution is carried out very slow
with continuous gentle mixing.
The cells are spun down at approx. 200x^0

10 min and resuspended in 2 ml of F10 HB wi
20% foetal calf or human serum. They a
counted and the viability checked as before.
These techniques have been adapted fro

those described by Stopford et al. (1972) and I
Dr. Vincent Eijsvvogel (personal communication

RESULTS

The great majority of ampoules yield, c

recovery, about 70 to 75% of the cells original
frozen down, with a viability of 85-95%. Facto
which tend to increase the proportion of dea
cells include accidental warming of the ampou
contents during the sealing procedure, over-rapi
dilution of the thawed material or centrifugatio
of the recovered cells at too high a speed.
In the first year of the project, lymphocyte

from over 400 donors have been stored in the ce
" bank ". Details of its composition are given i
Table I. Serum from the corresponding sample
has been stored separately. The serum collectio
is in fact somewhat larger since there were som

specimens from which cells could not be separatee
either because the blood samples were clotted o
because the lymphocyte-processing capacity of th
laboratory had temporarily been exceeded.
These cells, on recovery from frozen storage

have proved to be suitable for HL-A typin
(Dr. Heather Dick, Dept. of Clinical Immuno
logy, Royal Infirmary, Glasgow, Scotland) fo
estimation of the percentage of T-cells by th
formation of non-immune rosettes with sheet
erythrocytes and the inhibition of this phenome
non by anti-lymphocyte globulin using the tech
nique of Brain and Gordon (1971) and Gross et al
(submitted for publication). They are readil;
stimulated by phytohaemagglutinin althougl
when a micro-culture technique is used with onli
2.5 x 10 ' cells per tube the peak level of activatior
(measured by incorporation of 14C-'thymidine
is almost 40% lower for frozen/thawed cells thar
for fresh lymphocytes. This applies both tc
samples from untreated Burkitt lymphoma
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TABLE I

NAIROBI LYMPHOCYTE BANK AFTER ONE YEAR

itai donors—406

itai ampoules—2016 (average 2.0 x 10 6 viable mononuclear cells per ampoule)
onors by diagnostic category:
jrkitt's lymphoma 1 61

ther tumours

Untreated (at time of initial blood sample) 29
Treated—within 1 month of cytotoxic therapy 19
Treated—no therapy for 1-9 months 2 6
Treated—long-term remission
(no treatment for 1-5 years) 7

Untreated
Treated

134

45

By site

Ca post nasal space
Ca oesophagus
Ca maxilla

Ca large bowel
Hepatoma

Hodgkin's disease
Ca breast

Others

Untreated

38

34

9

12

7

2

6

26

Treated

25

4

0

0

0

3

1

12

.frican children with non-malignant disease 73

Diagnoses include: Measles

Tonsillitis

Rheumatic heart disease

Congenital heart disease
Kwashiorkor

Malaria

Schistosomiasis

Epilepsy
Laryngeal polyps

African adults with non-malignant disease 47

Diagnosis include:

Healthy African adults 12
(includes 3 parents of children with B.L.)

Healthy European and Asian adults 15

Peptic ulcer
Cirrhosis

Tonsillitis
Goitre
Haemorrhoids
Anal fissure
Head injury

1 From many patients serial samples have been collected. Only the first sample from each patient is recorded in this list.
2 Includes 3 with untreated recurrence of tumour.
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patients and to those from African or European
control subjects.
The details of the micro-culture technique will

be reported separately. Optimum conditions for
its use have still to be defined and it has not yet
proved satisfactory for assessing the response of
frozen/thawed lymphocytes to PPD, allogeneic
lymphocytes or other antigenic stimuli.
The maximum useful period of storage in

liquid nitrogen has not yet been measured but no
deterioration in viability or PHA-responsiveness
has been observed in samples recovered after
10 months in the frozen state as compared with
those stored for only a few days.

DISCUSSION

There is considerable interest in the role of
cell-mediated immunity in Burkitt's lymphoma
(Zeigler et al., 1970; Klein, 1971; Stjernsward
et al., 1970; Golub et al., 1972), an attractive
hypothesis being that chronic heavy malarial
infestation interferes with the host defences
against the lymphoproliferative action of EB
virus (Kafuko and Burkitt, 1970; Elarris, 1970;
Burkitt, 1970; McGregor, 1972). In the case of
other African tumours, information is less
complete but the differences in the pattern of
malignant disease between Western countries and
Africa south of the Sahara and, even over quite
short distances, within Africa itself, suggest that
environmental factors are involved in their

aetiology (Burkitt, 1973). Among many possible
environmental influences, malnutrition and re¬

curring infections must be considered, either or
both of which might affect the development of
malignant disease by interfering with defensive
immunological surveillance (Smythe et al., 1971;
Chandra, 1972).

The situation would undoubtedly be clarified
an adequate assessment could be made of in
mune competence in African populations. Fc
the reasons outlined in the introduction tl
establishment of lymphocyte (and serum) bank-
could make a major contribution to this end.
If optimum use is to be made of such ce

collections, it is essential to continue the develot
ment and standardization of techniques fc
measuring lymphocyte function in vitro, wit
special emphasis on reducing to a minimum th
number of cells required for each investigatioi
Progress is being made in this direction (Hart;
rnann eta!., 1971; DuBois et al., 1973; Keast an
Bartholomaeus, 1972), and there is good reaso
to expect that within the next few years the fu
potential of lymphocyte banks will be realizec
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CREATION D'UNE BANQUE DE LYMPHOCYTES DU SANG
PER1PHERIQUE CONGELES EN VUE D'ETUDES 1MMUNOLOGIQUES
IN VITRO SUR DES CANCEREUX D'AFRIQUE ORIENTALE

Une banque de lymphocytes da sang peripherique congeles dans Tazote liquide a ete
creee en Afrique orientate grace aux prelevements effectues stir des cancereux et des
donneurs-temoins, notamment des sujets en bonne sante et des malades atteints d'affec¬
tions non malignes. Les techniques de prelevement, de separation des lymphocytes et de
congelation des cellules sont si simples qiTelles ont pu etre utilisees avec succes par

Thopital d'une mission isolee. Ait coin s de la premiere annee, on a stocke des echantillons

492
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provenant de phis de 400 sujets. Les cellules retirees de la bartque sont parfaitement
viables, reagissent a la PHA en culture, se pretent bien it la determination du phenotype
HL-A et reagissent avec les erythrocytes de mouton tors du test de formation spontanee
de rosettes. On pent predire que des banques de ce type seront utiles pour Petude des
facteurs immunologiques qui interviennent dans le cancer, notamment dans les pays en
voie de developpement.
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(Reprinted from Nature, Vol. 247, .

Physiological Variation in Circulating
■i Cell: T Cell Ratio in Man

'

lymphocytes in human peripheral blood may be identified
y their ability to form rosettes in vitro with untreated sheep
rythrocytes1-7. This test has been widely applied to detect
isturbances in the B: T cell ratio in various disease
tates3'57-11, there is, however, no published information on
le stability or otherwise of the blood B:T cell ratio in
ealth. Such studies are required because it is known that
uctuations occur readily in the numbers and proportions
f the different classes of circulating leukocytes12. Diurnal
ariation principally affects the granulocytes but exercise,
motion and the administration of adrenaline are all known
o provoke a rapid and substantial lymphocytosis through
nobilisation of cells normally sequestered in undetermined
ites12"15. Here we report investigations on the effect of
xercise.

Peripheral blood was obtained from six healthy young
aboratory workers. From each sample an aliquot (0.5 ml)
vas mixed with a chelating agent (sequestrine) for determina-
ion of the total white cell count in an electronic counter
ind for making air-dried smears which were stained by May-
Urunwald-Giemsa. The proportion of lymphocytes in the
ample was determined by counting at least 500 cells from
hese smears. The remainder of each sample was de-
ibrinated and lymphocytes were separated from it by centri-
ugation over a Ficoll/Triosil layer16.
The sheep-cell rosette technique used in this study has

teen described in detail elsewhere17. Erythrocytes from a
selected animal were stored in Alsever's solution at 4° C for
jp to 2 weeks before use. Triplicate samples of human
ymphocytes and sheep red cells were mixed in the presence
of 10% foetal calf serum, sedimented at 50 g for 5 min and
-allowed to stand overnight before reading the percentage of
rosettes in a total of at least 200 lymphocytes from each
tube.
Starting at about 0930 h, each subject undertook 10 min

of vigorous exercise (running upstairs). Blood was drawn
immediately before beginning the exercise, 5 min after the
end of it and 45 min, 2 h and 4 h from the start of the experi¬
ment.
In every case there was a marked lymphocytosis after

exercise, most of the increase comprising non-rosette-form-
ing cells (presumptive B cells) (Table la, Fig. 1). By 45 min
the total lymphocyte count and the percentage of rosette-
forming cells had returned to the pre-exercise level. In the
■later samples there was a polymorph leukocytosis of
extremely variable degree.
The finding that the majority of rapidly mobilised

U
i. 5440, pp. 387-389, February 8, 1974)

lymphocytes are presumptive B cells is in keeping with other
evidence that the influx of cells does not occur through the
thoracic duct1518 (the lymphocyte content of which comprises
mainly T cells19'20).
Control experiments, in which blood was drawn at the

same time, intervals but without the period of strenuous
exercise, demonstrated that there is no consistent pattern of
diurnal variation in the blood B:T cell ratio (Table 16).
Comparing the different samples from each subject, how¬
ever, some fluctuation in the proportion of rosette-forming
cells was observed. The largest range recorded was 11 %
(59.3 to 70.3%) and the smallest 5.4% (64.0 to 69.4%). We
have previously noted a similar variation in the percentage
of rosette-forming cells in blood samples collected on dif-

Time(min)

Fig. 1 Changes in total number of circulating RFC (T cells)
(A, A) and Non-RFC (B cells) (•, O) following vigorous
exercise (six experiments; •, A) and in four controls (four
experiments; O, A). Pre-exercise level is taken as zero. Figures
are calculated from electronic total white cell count, differential
count of at least 500 stained leukocytes and mean of triplicate

estimates for percentage of RFC.

ferent days from the same donors17. As the mean coefficient
of variation for triplicate tubes in the rosette test was less
than 5%, these findings seem to reflect a true and un¬
predictable fluctuation in the blood B: T cell ratio of healthy
adults in conditions of normal daily activity.
In view of the demonstrated effect of strenuous exercise it

seemed possible that the fluctuations observed in the control

Table 1 Numbers of B and T cells in circulation

Total Total
Time (min) Total WBC mm-3 Lymphocytes mm-3 % RFC (range) Total RFC mm-3 non-RFC mm"

0 4,088 (1,035) 1,632 (262) 61.8 (53.8 to 63.4)
15 5,547(1,390) 2,757 (690) 46.4 (41.8 to 50.9)
45 4,416(1,718) 1,693 (312) 60.2 (57.7 to 64.6)
120 5,201 (1,824) 1,889 (386) 56.3 (37.2 to 64.6)
240 5,573 (150) 1,754 (70) 60.6 (52.5 to 65.9)

0 4,024 (654) 1,623 (245) 62.0 (55.4 to 67.6)
15 4,032 (626) 1,628 (318) 62.2 (58.1 to 66.9)
45 4,229 (432) 1,716 (262) 62.9 (59.3 to 69.4)
120 5,056 (1,114) 1,689 (119) 61.8 (53.5 to 70.3)
240 5,216 (905) 1,857 (169) 61.4 (57.3 to 66.1)

1,012 (190) 620 (106)
1,273 (310) 1,484 (432)
1,017 (200) 675 (140)
1,050 (260) 840 (323)
1,062 (98) 692 (97)

1,003 (170) 622 (140)
1,004 (139) 624 (182)
1,074 (131) 643 (149)
1,048 (148) 651 (149)
1,131 (31) 724 (143)

a, Response to exercise; b, Control experiments (no exercise).
Figures are mean values for a, Six subjects; b, Four subjects. Standard deviation in parentheses except for % RFC where range is quoted.
WBC=white blood cells. RFC= rosette-forming cells.



Table 2 Percentage of rosette-forming cells among blood lympho¬
cytes of five healthy donors under 'basal' conditions and in random

daytime samples

Random samples * 'Basal' (early morning) samples
Sub- No. of No. of
ject Mean (Range) samples Mean (s.d.) f or (range) samples
A 66.2 (61.8 to 69.4) 7 63.1 (2.3) 1
B 61.1 (53.5 to 67.7) 7 70.9 (3.3) 1
C 62.0 (51.9 to 70.3) 7 62.0 (55.7 to 72.5) 5
D 57.0 (53.8 to 61.0) 6 69.1 (2.2) 1
E 62.8 (54.4 to 68.4) 6 59.6 (1.6) 1

* Blood drawn at different times of day during normal activity, not
involving strenuous exercise.
t Standard deviation of triplicate values for single blood sample.

experiments were also related to physical activity. Samples
were therefore obtained from five of the subjects in near-
basal conditions (before rising after a night's sleep). These
samples were handled as described above and the RFC: non-
RFC ratio compared with the values obtained in random
daytime samples obtained over a period of several weeks
from the same donors (Table 2).
In two cases (subjects B and D) the percentage of pre¬

sumptive T cells in the early morning samples was greater
than in any of their random specimens but in the other three
subjects the figures obtained under near-basal conditions lay
close to the mean values recorded during normal daily
activity. When repeated early morning samples were
examined from subject C, their variation in percentage of
RFC was comparable to the variation observed in random
daytime samples.
It therefore seems that the physical exertion undertaken in

normal non-manual working conditions contributes little to

the physiological fluctuations in the peripheral blood B:'
cell ratio in health. The fluctuation does not follow an

predictable time course and, apart from strenuous exercise
its causes have yet to be defined.
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Summary. Results obtained in the sheep cell-rosette test for identification ofhuman
T lymphocytes are strongly dependant on the origin of the sheep erythrocytes.
Other factors which influence rosette formation are the duration of incubation of
the lymphocyte erythrocyte mixture and the concentration ofserum used. The most
reproducible results, giving a range of 5 $-75% RFC among the peripheral blood
lymphocytes of healthy adults, are obtained by leaving the cell mixture overnight
at room temperature in the presence of 10-25% serum.

he spontaneous sheep-cell rosette test appears to be a useful means of identifying human T
mphocytes (Jondal et al, 1972; Papamichail et al, 1972; Wortis et al, 1973; Yata et al, 1973);
Lere are, however, striking discrepancies in the percentage of rosette-forming cells (RFC)
:ported among the peripheral blood lymphocytes of healthy donors for the figures quoted
nge from under 5% (Bach et al, 1969) to almost 80% (Bentwich et al, 1973). There are many
aints of variation between the techniques employed (Bach et al, 1969; Coombs et al, 1970;
rain et al, 1970; Lay et al, 1971; Jondal et al, 1972; Papamichail et al, 1972; Wybran et al,

)73; Yata et al, 1973; Bentwich et al, 1973) but the importance of such technical variations
largely unknown (Urbaniak et al, 1973). In the present study, several of the points of vari-
lce between published techniques have been analysed.

MATERIALS AND METHODS

he following sheep-cell rosette technique was adopted as standard and variations from it
e indicated in the text.

Human lymphocytes separated from defibrinated venous blood by centrifugation over a
coll/Triosil layer (Harris & Ukaejiofo, 1969) were washed three times in Dulbecco's
lution A and resuspended at a concentration of 2-3 x io6/ml in Ham's Fio medium
pplemented with 20% foetal calf serum.
Fresh erythrocytes were obtained every 2 weeks from defibrinated sheep blood. The cells
ere washed twice in balanced salt solution and stored at 4°C in Alsever's solution. Immedi-

Correspondence: Dr C. M. Steel, M.R.C. Clinical and Population Cytogenetics Unit, Western General Hospital,
inburgh EH4 2XV.
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ately before use they were washed again. The working suspension consisted of three dro
of packed erythrocytes in 10 ml of balanced salt solution.
i ml aliquots of the human lymphocyte and sheep erythrocyte suspensions were mix

in 0.5 inch diameter round-bottomed glass test tubes and centrifuged at 50 g for 5 mi
Immediately before reading, each sample was gently resuspended with a Pasteur pipette ai
a drop placed in a Neubauer haemocytometer under a thin coverslip. The preparation w
examined with a Leitz Ortholux microscope using a x 40 objective. At this magnificatic
lymphocytes, sheep red cells and human red cells could readily be distinguished from ea<
other. Any lymphocyte with three or more adherent red cells was classed as a 'rosette' ai
the percentage ofRFC was calculated from a count-of at least 150 lymphocytes.

RESULTS

Origin of Sheep Red Cells and Influence ofHolding Temperature
Experiments in which erythrocytes from four different sheep were used in parallel to fori

rosettes with lymphocytes from each of five healthy adults (two examined twice) and froi
one cord sample are illustrated in Figs 1 (a-c). After centrifugation, one set of tubes from eac
combination was examined immediately while others were held for periods varying froi
1$ min to overnight (approx. 18 hr) at room temperature (20°C), at 8°C and in crushed ic
before counting rosettes.
At all temperatures erythrocytes from sheep SC] tended to give the highest percentag-

of rosettes. At 8°C very similar results were obtained with BF erythrocytes but for SC! tb
holding temperature seemed to be an unimportant variable.

Pre-incubation at 370C
The effect of pre-incubation of the lymphocyte/erythrocyte mixtures at 37°C (Lay et a

1971; Jondal et al, 1972) was tested in a similar series of experiments. The results (Fig 2
indicate that this step, far from being an essential part of the technique, actually reduces th
percentage of rosettes formed. The difference between SCX and SC2 erythrocytes wa
confirmed.

Handling ofBlood Lymphocytes
B lymphocytes are said to adhere more readily than T cells to glass and other surface

(Thomson et al, 1966; Bianco et al, 1970; Wilson & Nossal, 1971; Greaves & Hogg, 1971
Raff, 1973) the possibility was therefore considered that a selective loss ofB cells might occu
during handling of the lymphocytes. Using parallel samples from the same donor, the stan
dard defibrination procedure described above was compared with anticoagulation by heparii
(25 units/ml) or EDTA (2 mg/ml). A further set of defibrinatcd blood samples was handlec
throughout in siliconized glassware (collection bottles, tubes and pipettes). Erythrocyte
from SC! were used and the mixture held at room temperature for varying periods (as ii
the experiments illustrated in Fig 1). The mean percentage RFC among lymphocytes fron
EDTA-treated blood (four samples) tended to be 3-4% lower and the corresponding value
from heparinized blood (four samples) 3-4% higher than those obtained by the standarc
technique (12 samples) but the differences were not statistically significant. The curve fo
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Time (min)
Fig i. % Rosettes formed with erythrocytes from four sheep after different periods. • and ■, Suffolk
Cross ewes (SCi and SC2); □, Blackface ewe; O, Zetland ewe. Each point is the mean ofobservations
on eight blood samples, (a) Holding at room temperature; (b) holding at 8°C; (c) holding in crushedice.

Lphocytcs handled with siliconized glassware (four samples) lay within 1-2% of that for
standard procedure. Hence, if selective losses of B cells do occur, they are not preventededuced by substituting heparin or EDTA anticoagulation for defibrination nor by hand-
the cells throughout in siliconized glassware.
lurine B cells are slightly less dense than T cells (Bianco et al, 1970). If this applies also to

1, the Ficoll/Triosil separation procedure may produce an artificially B-ccll-enrichcd
phocyte population. To test this possibility lymphocytes separated over a Ficoll/Triosil
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Fig 2. Effect of pre-incubation of lymphocyte/erythrocyte mixture at 37°C for 15 min. Each point
is the mean of observations on seven blood samples. Squares: erythrocytes from SCi; circles: ery¬
throcytes from SC2. Solid symbols: mixtures pre-incubated at 37°C; open symbols: no pre-incuba-
tion.

layer were compared with those from the same donor obtained by gelatin sedimentatio
(Coulson & Chalmers, 1964), on the assumption that under the influence of gravity alon
differences in density would be insufficient to effect any separation of B and T cells. In fot
experiments the latter procedure resulted in rather heavy contamination of the lymphocyte
with human red blood cells which made reading of the rosette preparations difficult. Th
percentage of rosettes in the 'gelatin-sedimented' tubes varied inconsistently with time an
while figures ofover 50% were obtained 011 at least one occasion from each of the four donor;
the mean values were 10-20% lower than those recorded from the Ficoll/Triosil preparation;
This is contrary to what would be expected if in fact the Ficoll/Triosil separation was selectiv
on the basis of lymphocyte density.

Time (min)

Fig 3. Effect of serum concentration on rosette formation. Mean % RFC from five blood samples at
different serum concentrations: ■, no serum; □, 2.5% serum; •, 10% serum; O, 25% serum.
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he Influence of Serum
Using lymphocytes from five adult donors and erythrocytes from SC[ four sets ofparallel

=bes were set up in which the concentration of foetal calf serum was o, 2.5%, 10% or 25%.
le percentage of RFC was counted immediately after centrifugation and after standard
tervals (15 min to overnight) at room temperature. Four near-parallel curves were pro-
iced, the highest proportion of rosettes being found in 25% serum at all time intervals
ig 3). The shorter the time interval after centrifugation, the greater the effect of serum
mcentration. In the overnight samples the range was only 10.2% (from a mean of 56.5%
■FC in the absence of serum to 66.7% RFC in 25% serum).
In two experiments bovine serum was compared directly with foetal calf serum. At serum
mcentrations of 2.5% and 10% the results were identical but in 23% bovine serum the
ythrocytes clumped badly and rosettes could not be counted accurately.
Heat inactivation (6o°C for 30 min) and adsorption with washed sheep red cells did not
ipear to affect the properties of foetal calf serum when used at 10% concentration in a small
umber of rosette tests.

lechanical Fragility ofRosettes
Paired samples of blood lymphocytes from four adults were mixed with erythrocytes
0111 SC, and held overnight at room temperature. All the samples were resuspended by
ipette-mixing and RFC were counted. The contents of one tube from each pair were then
;-mixed by gentle aspiration three times into a Pasteur pipette. The other tube from each
air was rocked gently to maintain dispersal of the cells. The rosettes were counted again
nd process repeated eight times in the course of an hour. The mean percentage of RFC in
ipette-mixed samples fell by about 4% on each successive count, reaching 32% (i.e. half
le original figure) at the end of the experiment while in the control 'rocked' samples the
lean value dropped by only 4.5% overall.
The fragility of rosettes formed overnight in the presence ofdifferent serum concentrations

/as measured by counting rosettes before and after a period ofmechanical mixing (attaching
lie stoppered tubes to an inclined turntable, revolving at 24 rpm for 5 min). The results
Table I) indicate that rosettes formed in the absence of serum were readily disrupted. Those
ornicd in the presence ofserum were more robust but the actual serum concentration (within
lie range 2.5-25%) appeared unimportant.

Table I. Effect of mechanical mixing on rosettes formed in the presence of
different serum concentration

% RFC*
Serum concentration % Fall in

(%) Before mechanical After mechanical RFC

mixing mixing

0 58.1 11-1 20.4
2-5 61.5 56.1 5-4
10 60.5 51-9 8.6

25 64.9 57.0 7-9

* All values are means of four samples.
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80 r

Time (min)

Fig 4. Reproducibility of rosette test on repeated testing of the same donor, m, Subject A (nine
samples); • , Subject B (eight samples); a, Subject C (eight samples).

Reproducibility
Blood lymphocytes from three healthy donors have been re-tested under standard cond

tions eight or nine times each, using erythrocytes from SC, and holding the mixtures at root
temperature. As might be anticipated from Fig 1, the overnight samples regularly had th
highest percentage ofRFC (range 55-75%). The mean values at 15 min and overnight differe
only by 10% but the variation on repeated testing was smallest in the overnight sample
(Fig 4). In most cases tubes were set up in triplicate from each blood sample and for rosette
formed overnight the mean coefficient of variation for these triplicates was less than 5%
Repeat samples from the same donor showed greater variation than could be accounted fo
by experimental error, the percentage of rosettes formed overnight differing by up to 12°/,
in specimens collected over a period of a few weeks.

DISCUSSION

The most important technical variation identified in this study is the source of sheep erythro¬
cytes. The property of rosette-formation with human lymphocytes is evidently not breed-
dependant. The possibility is being investigated that it may be related to the animal's blooc
group.
Under the conditions described, pre-incubation of the erythrocytes lymphocyte mixture

at 37°C inhibits rosette formation but the holding temperature, within the range 0-20°C,
seems irrelevant. Rosettes formed in the presence ofserum are more robust than those formed
in its absence. The importance of this factor will depend on how vigorously the rosettes are
re-suspended before counting but it is likely to be a major consideration when attempting to
separate rosette-forming from non-rosctte-forming cells (Wybran et al, 1973; Dawkins &
Zilko, 1973; Bentwich et al, 1973).
In many contexts the absolute percentage of RFC in a given lymphocyte population is

less important than the reproducibility of the figure obtained. When a suitable sheep has been
identified, formation of rosettes by overnight incubation at room temperature in the presence
of 10% or 25% serum appears to provide sufficiently reliable results for this technique to be
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•plied, for example, to the study of day-to-day variation in the percentage RFC among
rculating lymphocytes of healthy subjects (Steel et al, 1974), the variation in absolute num-
irs and percentage of circulating RFC with age and/or sex and to establish whether charac-
ristic changes occur in particular diseases.
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AGE-RELATED VARIATION IN PROPORTION

OF CIRCULATING T CELLS
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The proportion of mononuclear cells
spontaneously forming rosettes with

sheep erythrocytes (T cells) was estimated in peri¬
pheral-blood samples from healthy infants (cord
blood), healthy adults aged 18—41 years, and ambulant
elderly patients (70-87 years). There was no differ¬
ence between the values in healthy adult males and
females. Samples of cord-blood and blood-samples
from elderly patients contained significantly lower
mean percentages of circulating T cells than those
from young adults. In newborn infants this can be
accounted for by an increase in overall lymphocyte
numbers, especially of non-T cells, but there is evi¬
dence of a reduction in the absolute number of circu¬
lating T cells in the elderly.

Introduction

The changing pattern of disease with age may be
related to variation in immune competence,1"3 and
the increased frequency of malignancy in the elderly
may reflect a decline in cell-mediated immunity.4'5
We have therefore studied the distribution of those

lymphocytes mainly responsible for cell-mediated
immunity (T cells) in the peripheral blood of patients
of different ages, using the spontaneous formation of
rosettes with sheep erythrocytes as a T-cell marker.6"9

Materials and Methods

Cord-blood samples were taken from the placentas of
normal healthy infants within 10 minutes of delivery.
Venous blood (lO ml.) was collected from healthy labora¬
tory workers aged 18-41 years and from ambulant elderly
patients (70-87 years) attending the outpatient department
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of a geriatric hospital. The elderly patients mainly had
degenerative cardiovascular and/or orthopaedic disorders.
Patients known or suspected to have htematological, malig¬
nant, or infectious disease, or rheumatoid arthritis and
associated inflammatory connective-tissue disorders were
excluded, as were those receiving steroids or catecholamine
derivatives.
The technique for identification of rosette-forming cells

(r.f.c.) has been described in detail elsewhere.10 Briefly,
blood was defibrinated under sterile conditions; mono¬
nuclear cells were separated by spinning over a ' Ficoll'/
' Triosil' layer and washed twice with buffered salt solu¬
tion before being counted in a Neubauer htemocytometer.
The cells were resuspended at a concentration of 3 X 106
per ml. in Ham's F10 medium with 20% fetal-calf serum,
and three 0'5 ml. volumes were mixed with equal volumes
of a 1% suspension (in saline solution) of washed ery¬
throcytes from a selected sheep. The cell mixtures were
centrifuged at 50 g and allowed to stand overnight at room
temperature. (During a spell of very warm weather it
was necessary to use a cold room at 6°C.) Before reading,
the cells were gently resuspended with a pasteur pipette
and a drop placed in a hatmocytometer under a thin cover-
slip. The preparations were examined in a Leitz
' Ortholux' microscope using a X 40 objective. At least
200 mononuclear cells were counted from each of the
triplicate samples; those with 3 or more adherent erythro-

75

70

65

_ 60

t} 55
<
* 50

45

40

Cord-blood Males Females 70-87grold
samples Healthy adults 9r0UP

Percentage of R.F.C. among circulating mononuclear cells in
each of 3 groups.

Mean for each group is shown. In 18-41-year-old group
males and females are shown separately.

• Males o Females
i
i

• i
m i

1 O 0
| oo

_ ! °o° •

•

_ o • _
•»• ! 8 o

- °0O*
••

—

• • • 1 o

o°. -
O O o

• • ! °-

• • • ! °
• •
o °

• 1 o o
1

•
•oo

_ m
1
1 o •

O ° • • 1
1

1
1

o«

• • 1

1
1
1
1

•



3

PERCENTAGES OF R.F.C. AMONG CIRCULATING MONONUCLEAR CELLS

R.F.C. (%)
Group No.

Range Mean S.D.

(a) Cord-blood samples 25 40-8-61-3 53-4 6-0
(b) Young male adults 21 51-7-71-8 59-7 4-8

(c) Young female adults .. 21 51-7-690 60-1 5-3
(b+c) 42 51-7-71-8 59-9 5-0

(d) Elderly 22 38-7-68-8 54-6 7-5

b v. c—F test shows no significant difference, implying common popula¬
tion variance. I test shows no significant difference between means,

a v. (b-t-c)—F test shows no significant difference between means;
a r test using pooled variance shows that the means are significantly
different at the 1% level,

d v. (b+c)—F test shows that population variances are unequal. A
2-tailed r test on unpooled variances shows that the means are
significantly different at the 1% level.

cytes were scored as r.f.c. The results for the triplicates
for each blood-sample agreed closely (mean coefficient of
variation <5%).

Results

In the 18-41-year-old group there was no significant
difference between males and females in the mean

percentage of r.f.c., nor in the range of values ob¬
tained (see accompanying figure and table). The
cord-blood samples and those from elderly subjects
had significantly lower mean percentages of r.f.c.
than the samples from young, healthy adults.
Within the group of elderly patients there was

no apparent association between absolute age and
percentage of circulating r.f.c., although the group
was not large enough to exclude such a possibility.
Of the five elderly patients in whom the proportion

of circulating r.f.c. was less than 50%, three were
receiving amitriptyline (in a slow-release form) for
depression, one other was clinically depressed, and
only one was receiving no medication. By contrast,
of the remaining seventeen elderly subjects, six were
on no medication at all, none were taking amitripty¬
line or other tricyclic antidepressants, and only one
was noted to be depressed (while taking methyldopa).
The implication that depression and/or amitriptyline
therapy may be associated with a low proportion of
circulating r.f.c. was examined by testing blood-
samples from six geriatric inpatients (mean age 76
years) who were all taking slow-release amitriptyline
for depression. The mean percentage of r.f.c. for
this group was 56, and in only two of the six were
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values lower than 50% obtained. This implies that
the clustering of amitriptyline-treated patients at the
lower end of the range for percentage of r.f.c. in
the series of elderly subjects was a chance observation.

Discussion

Blood from newborn infants characteristically con¬
tains more than twice as many lymphocytes per unit
volume as that from healthy adults.11 The low pro¬
portion of r.f.c. in this group therefore does not
represent a reduction in absolute numbers of T cells
but rather a disproportionate increase in the number
of non-T cells. This result accords with previous re¬
ports in which B cells in infants' blood have been
positively identified by staining for surface immuno¬
globulin.1213
The situation is quite different in elderly patients.

The yield of mononuclear cells from their blood-
samples was not significantly different from the cor¬
responding values for young adults (0-5-1-5X106
per ml.). In many cases a total and differential white-
blood-cell count was undertaken and values within
the normal range were obtained. The low percentage
of r.f.c. in this population therefore reflects a true
reduction in the numbers of circulating T cells.
Some previous studies have reported a decline in

T-cell numbers with age. Carosella et al.14 observed
a significant reduction in the 50-59-year age-group
and a further fall in those aged 60-69 when compared
with people aged 20-49 years. Augener et al.15 re¬
ported that T-cell numbers declined progressively
from the age of 32. By contrast, Weksler and Hut-
teroth5 found no difference in the percentage of
T cells in blood-samples from a group of patients
aged over 75 years compared with those under 40
years, although as judged by several other criteria
there was a decline in lymphocyte function with age.

Some of the discrepancies between these reports
may be attributable to differences in technique.
Alternatively, the method of selection of elderly sub¬
jects may be an important variable. Weksler and
Hutteroth studied patients who were taking no drugs
other than vitamins, ferrous sulphate, or laxatives.
Corresponding details were not given for the other
series.
We attempted to exclude from the present study

patients in whom there were factors likely to influence
the proportion of circulating T cells—i.e., malignant
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or inflammatory disease, steroid therapy, or treatment
with catecholamine derivatives. Percentage r.f.c.
values were unimodally distributed, with the mode
close to the mean, indicating that the difference
between the elderly and the young subjects is due
to a fairly uniform decline with age in the proportion
of T cells, rather than the presence in the elderly
of a sub-population with a pathological deficiency of
circulating T cells. Any group of elderly subjects
is, by definition, selected for longevity, and inter¬
pretations of differences between young and old
populations must take account of this; however, the
most likely interpretation of the present findings is
that a decline in the number of circulating T cells is
part of the ageing process. Whether this decline is
causally related to the increased frequency of malig¬
nant disease in the elderly, and whether the number
of T cells in peripheral blood is of any predictive
value, can only be determined by a longterm pros¬
pective study. Such a study has been instituted by the
clinical section of this unit.

We thank Dr C. P. Lowther and the staff of the Royal
Victoria Hospital, Edinburgh, and the staff of the maternity
unit, Western General Hospital, for their participation in this
study. Statistical analysis of the results was performed by
Mr J. Davies.
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The Interaction of Normal Lymphocytes and Cells from
Lymphoid Cell Lines (LCL)

V. CYTOTOXIC PROPERTIES OF ACTIVATED LYMPHOCYTES
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Summary. The cytotoxic properties of human lymphocytes activated in mixed
cell cultures with allogeneic lymphocytes or LCL cells have been investigated.
Both activation and cytotoxic reactions could be obtained with almost pure
populations of lymphocytes. No supernatant factors appeared to be involved.
Human thymocytes and blood lymphocytes from pigs, guinea-pigs or rabbits were
ineffective. Fibroblasts from human skin were not effective activators of human
blood lymphocytes. There were marked differences in the susceptibility of various
target cells to the cytotoxic reaction which could not be accounted for by any
known antigenic classification. Various LGL cells were shown to lack cytotoxic
potential under a variety of experimental conditions and, by this criterion, lacked
immunological competence. It is suggested that the growth of abnormal lymphoid
cells in vivo may be prevented by the cytotoxic mechanism described.

INTRODUCTION

Cells from human lymphoid cell lines (LCL) are rapidly killed by lymphocytes from
human blood which have been cultured for several days with X-irradiated LCL cells
(Hardy, Ling, Wallin and Aviet, 1970a; Hardy, Wallin and Ling, 1970b; Hardy, Ling
and Aviet, 1970c; Hardy, Ling and Knight, 1971; Golub, Hewetson, Svedmyr and Singh,
1972). Killing occurs even when autochthonous LCL cells are used both for the activation
stage and as target cells (Steel and Hardy, 1970; Hardy and Steel, 1971). It is considered
that reactions similar to those observed in vitro may occur in vivo and serve to prevent the
growth of abnormal proliferating lymphoid cells.
The investigations reported here have been designed to examine the in vitro phenomenon

with particular reference to the mechanics of the cytotoxic interaction, the relationship
between the activation and the cytotoxic phases of the reaction, and the range of cell types
susceptible to killing by activated lymphocytes.

MATERIALS AND METHODS

Lymphocytes
Lymphocytes were obtained from sterile defibrinated human blood by gelatin sedi¬

mentation (Hardy, Knight and Ling, 1970d). Cord blood, drawn off by syringe and
it 345
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needle from a placental vessel was similarly treated. Rabbits were bled from the marginal
ear vein and guinea-pigs by heart puncture. The blood was defibrinated and sedimented
by gelatin. Pig blood was defibrinated at the slaughter-house.
'Purified' lymphocytes used on some occasions were obtained by the following methods,

(a) Nylon wool: blood was poured into a 50-ml syringe containing 5 grams of brushed nylon
wool. After incubation at 37°C for 30 minutes the blood was expressed and treated with
gelatin, (b) Iron ingestion: defibrinated blood (10 ml) was incubated with carbonyl iron
(100 mg) at 37°C for 1 hour, with occasional mixing. A one-third volume of gelatin was
then added and the blood allowed to settle for 1 hour at 37°. (c) Ficoll-Triosil (Boyum,
1968): The leucocyte-rich supernate from gelatin-sedimented blood was centrifuged, the
cells washed in hepes-buffered Eagle's medium and taken up in this medium; 2 ml of this
suspension was layered over a Ficoll-Triosil mixture and centrifuged for 30 minutes at
1300 rpm (400 g) on a bench centrifuge. Cells from the lymphocyte band were collected
and washed twice in medium (Mackintosh, Wallin, Hardy, Ling and Steel, 1973). Blood
from adults typically yielded 1-2-2-0 x 106 lymphocytes per ml, 0-5-1-0 x 106 other leuco¬
cytes per ml and 5—10 x 106 red cells per ml in the supernates after gelatin sedimentation.
Corresponding figures for cord bloods were 2-0-4-0, 1-0-2 0 and 4-0-6-0. After Ficoll-
Triosil purification almost pure mononuclear cell preparations were obtained from adult
bloods but cord blood preparations were contaminated by approximately 5% red cells
and granulocytes.
Thymus lymphocytes were obtained from human thymus removed from children during

cardiac surgery. The lymphocytes were teased out from the fresh tissue and used either
without further treatment or after Ficoll-Triosil purification to remove dead cells.

Lymphoid cell line cells (LCL cells)
The origin, maintenance, characteristics and HL-A typing of most of the cell lines used

have already been described (Steel and Edmond, 1971; Steel, 1972; Mackintosh et al..
1973). X-irradiation (3000-6000 rads) was used to inhibit DNA synthesis of LCL cells
used as stimulants (Hardy et al., 1970d).

Other cell lines
The mouse lymphoma L5178Y was obtained from the Chester Beatty Institute, Sutton.

It was maintained in DBA/2 mice. The lymphoma cells used in tissue culture experiments
had been maintained for several weeks in culture in RPMI 1640 medium containing
10 per cent foetal calf serum.
Three lines of human fibroblasts were obtained from Professor D. G. Harnden and had

been initiated from explants of skin at the MRC Clinical and Population Cytogenetics
Unit, Edinburgh. These were maintained in Eagle's medium with 10 per cent foetal calf
serum.

Chang liver cells, derived originally from a human hepatoma, were obtained from
Dr I. MacLennan, Nuffield Department of Clinical Medicine, The Radcliffe Infirmary,
Oxford. Chang cells were maintained in a low calcium medium for ease ofremoval from the
glass culture vessel.
For stimulation experiments, cells from these lines were usually prepared in suspension,

washed and resuspended at 1-2 x 106 viable cells per ml before X-irradiation. Fibroblasts
were also grown in small culture vessels, washed and X-irradiated while still attached to
the vessel. Lymphocytes were then added directly to them.
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Media
Media used were Eagle's medium (Glasgow modification) containing 5 or 10 per cent

foetal calf serum (E-FCS), Eagle's medium containing 20 per cent human serum-gelatin
(E-HSG) and RPMI-1640 medium containing 5 or 10 per cent foetal calf serum (RPMI-
FCS).
It was found that the best results were obtained when E-HSG was used in the activation

phase of the reaction and this was the medium used except where otherwise stated. The
type of medium used in the 51Cr-release (cytotoxicity) experiments did not appear to
influence the results.

Lymphocyte stimulation
Triplicate cultures of 1-ml volume in glass tubes were routinely used (Hardy et al.,

1970d). Phytohaemagglutinin (PHA) was the Burroughs Wellcome product; Con A
was obtained from Miles-Yeda. Stimulation was assessed by measuring the incorporation
of [3H]TdR into an acid insoluble fraction (Hardy and Ling, 1969).

Cytotoxicity
Methods used were as follows, (a) Inhibition of growth of an inoculum of LCL cells

using [3H]TdR incorporation as a measure of growth, (b) Chromium-51 release, as de¬
scribed in earlier publications. Usually target LCL cells were incubated for 24 hours at 37°,
at a concentration of 106 viable cells/ml, with 3 /iCi/ml of [51Cr]chromate. They were
washed four times, suspended in growth medium and used immediately. Occasionally the
cells were labelled over a shorter period (1-2 hours) using large amounts (100 /iCi/ml) of
[51Cr]chromate. Similar results were obtained using the two techniques. For the cyto¬
toxicity test 0-5 ml ofcell-free supernatewas removed from the lymphocyte culture tubes and
replaced with 0-5 ml of chromium-labelled target cells (usually 0-5 x 106). The (triplicate)
cultures were then incubated for 5-6 hours at 37°. Tubes were then centrifuged and 51Cr
in supernates and deposits assayed separately in a gammamatic counter. Target lympho¬
cytes used insome experiments were labelled after Ficoll-Triosil purification, (c) Morpho¬
logical observations: phase contrast observations were made ofmixed cell cultures consisting
of fresh LCL cells and lymphocytes which had been previously cultured for 5-8 days with
X-irradiated LCL cells. The culture chambers were approximately 4 mm deep and cells
survived well in them for several days without change of medium. Direct observations
of the living cultures were made via a Prior inverted microscope, the whole apparatus
being maintained at 37°.

RESULTS

DEMONSTRATION OF CYTOTOXICITY

The growth of a small inoculum of LCL cells from the EB-2 line was markedly in¬
hibited by the addition of blood lymphocytes from a normal adult, as shown by the
reduction of [3H]thymidine incorporation by the mixture on days 3-6 (Fig. 1). The
inhibition is greater even than appears from these measurements since the blood lympho¬
cytes become mitotically activated in this situation and contribute to the total
[3H] thymidine incorporation by the mixture. X-irradiated lymphocytes were less inhibi¬
tory than untreated cells.
Results obtained using the chromium release technique show that this growth inhibition
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is due to a direct cytotoxic effect of the activated lymphocytes upon LCL. After pre¬
incubation of blood lymphocytes with X-irradiated LCL cells for 3-6 days, these lympho¬
cytes cause a marked release of 51Cr from labelled (non-irradiated) LCL cells over a
period of a few hours (Fig. 2a). There was little further active release of label when the
period of incubation was extended to 24 hours (Fig. 2b).

Fig. 1. Inhibitory effect of blood lymphocytes on the growth ofEB-2 cells. A, D.H. red cells (0-5 x 107) +
EB-2 cells (0-5 x 104). B, X-irradiated D.H. lymphocytes (0-5 x 106) + EB-2 cells (0-5 x 104). C, D.H.
lymphocytes (0-5 x 106) + EB-2 cells (0-5 x 104). D, D.H. lymphocytes (0-5 x 106) -f X-irradiated EB-2
cells (0*5 x 104). E, X-irradiated D.H. lymphocytes (0-5 x 106) or D.H. red cells -f- X-irradiated EB-2
cells. D.H. = a normal adult donor. [3H] thymidine (0-5 //ci, 150 mCi/mM) was added 24 hours prior to
harvesting.

IDENTIFICATION OF THE LYMPHOCYTE AS THE CELL WITH CYTOTOXIC POTENTIAL

Purification of blood lymphocyte preparations by the iron-filings technique or by Ficoll-
Triosil fractionation did not impair the cytotoxic potential of the cells and in some cases
appeared to enhance it as measured either by [3H] thymidine incorporation in mixed
cultures or by 51Cr-release from labelled LCL cells (Table 1). Lymphocytes purified by a
combination of techniques also retained activity.
Lymphocytes from human thymuses regularly showed enhanced [3H] thymidine

incorporation after culture with LCL-cells but could not be shown to acquire cytotoxic
capacity. The level of activation was only 5—10 per cent of that of an equivalent number of
blood lymphocytes, but even when an attempt was made to allow for this by a ten-fold
increase in the number of thymocytes, thus raising the level of [3H] thymidine incorporation
to about 25 per cent of that normally recorded with peripheral cells, no cytotoxic effect
could be elicited (Table 2). This failure of human thymocytes to develop cytotoxic capa-
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city in vitro cannot be attributed to the fact that these cells were derived from very young
donors since lymphocytes separated from cord blood were regularly found to acquire
marked cytotoxic activity in similar experiments (Tables 1, 2, 4 and 5).

RELATIONSHIP OF CYTOTOXICITY TO PRECEDING ACTIVATION

Using the 51Cr-release technique it was found that cultured unstimulated peripheral
blood lymphocytes of adult donors in general had no cytotoxic capacity. An interesting
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Fig. 2. Cytotoxic effects of lymphocytes on EB-2 cells measured by 51Cr release, (a) Measurement of
51 Cr released from 51Cr-EB-2 cells over a 5-hour period of incubation. A, N. lymphocytes (106)
stimulated with X-irradiated EB-2 cells (105). B, unstimulated N. lymphocytes. C, red cell control.
For the measurement of 51Cr-release 0-5 ml of supernatant medium was removed from each culture
and replaced by fresh medium containing 0-25 x 106 15Cr-EB-2 cells, (b) Effect of varying the period
of incubation of activated lymphocytes with 51Cr-EB-2 cells. D, L. lymphocytes (106) + X-irradiated
EB-2 cells (105). E, unstimulated L. lymphocytes (106). F, red cell control. The cells were cultured
for 6 days before the test was performed.

exception was a high level of cytotoxicity shown by cells freshly isolated from a patient
who was recovering from infectious mononucleosis. On retesting this donor after an
interval of a few months, no cytotoxic activity was found in his unstimulated blood lympho¬
cytes.
Cord blood leucocytes frequently showed a mild cytotoxic reaction against LCL cells

even without prior stimulation. This effect was proportional to the number of unstimulated
lymphocytes used (Fig. 3). It was reduced, but not always eliminated, by purification of
of the lymphocyte preparation on a Ficoll-Triosil layer.
It has already been reported (Hardy et al., 1970a) that the acquisition of cytotoxic

potential by blood lymphocytes cultured with X-irradiated LCL cells follows a very
similar time course to the activation measured by [3H]thymidine incorporation. In a
substantial number of experiments designed to compare the cytotoxic capacity of lympho¬
cytes from the same donor activated to different levels, there was some association between
the level of activation achieved and the potency of cytotoxic activity although the relation-
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Table 1

Comparison of cytotoxic effects of 'pure' and 'impure' cord blood

lymphocytes on LCL cells

Stimulant Purification
procedure

[3H]thymidine
incorporation

dpm

Cytotoxicity
(increment of 31Gr-
release) on day 6.

Target cell:

GS1 EB2

None None 1,204 Nil Nil
None Carbonyl-iron 2,073 Nil Nil
None Ficoll-Triosil 890 Nil Nil
X-irrad.
GS1 (106) None 55,805 30 15-0
X-irrad.
GS1 (106) Garbonyl-iron 58,785 30 19-3
X-irrad.
CLA (2 x 105) None 69,202 — 27-7
X-irrad.
CLA (2 x 10s) Ficoll-Triosil 78,102 — 32-1

All cultures contained 2xl06 cord blood lymphocytes. The
release was measured over a 5-hour incubation period.
Dpm, disintegrations per minute.

'Ci¬

table 2

Properties of human lymphocytes and thymocytes stimulated with allogeneic

lymphocytes, LCL cells, fibroblasts or PHA

Lymphocytes tested Stimulant used [3H]thymidine Cytotoxicity
incorporation (increment of 5'Cr-

dpm release)
51Cr-EB2 cells

Thymocytes (donor No. 4
10 x 106/ml)

Thymocytes (donor No. 6
2 x 106/ml)

Thymocytes (donor No. 7
10 x 106/ml)

Cord blood (donor No. 11
2 x 106/ml)

Cord blood (donor No. 51
2 x 106/ml)

None
PHA (10/ig)
EB2 (2 x 105)

None
EB2 (2x 105)

None
EB2 (2x 105)

None
PHA (10 ^g)
EB2 (2x 105)

Fibroblasts (2 x 105)
EB2 + Fibroblasts

None
Allogeneic cord blood
lymphocytes (106)
PHA (10 //g)

765 Nil
4,779 Nil
17,774 Nil

382 Nil
703 Nil

820 Nil
15,170 Nil

9,856 2-0
36,120 2-4
37,025 11-4
10,114 Nil
31,532

4,124 1-7

38,940 9-7
35,210 1-9

Thymocytes were obtained from thymuses of young children. Cells used as stimulants
were X-irradiated with 6000 rads in the case of fibroblasts and LCL cells and 2000 rads in
the case of blood lymphocytes.
Culture period = 5 days (mixed cell cultures) or 3 days (PHA).

Fig.
stim
cell

ship was
3. Very
Apart

clearly ii
LCL cell

capacity
potential



Interaction of Lymphocytes and Cells from LCL 351

L i i i i I I
0-5 10 1-5 20 2-5 3-0

Number of lymphocytes (xlO6)
Fig. 3. Cytotoxicity of cord blood lymphocytes in relation to cell number. A, cord blood lymphocytes
stimulated with X-irradiated CLA-4 cells (2 x 105). B, unstimulated cord blood lymphocytes. C, red
cell control. The initial culture period was 7 days and 51Cr release was measured over a 5-hour period.

ship was not absolutely linear. Examples of this type of experiment are shown in Table
3. Very low levels of activation never generated appreciable cytotoxicity.
Apart from the level of activation achieved, the nature of the activating stimulus was

clearly important. Lymphocytes activated by PHA had only a slight cytotoxic effect on
LCL cells, but a normal one-way mixed lymphocyte reaction did generate cells with the
capacity to kill LCL cells (Table 2). The most effective stimulus for eliciting this cytotoxic
potential appeared to be X-irradiated LCL cells. Fibroblasts tested under many different

Table 3

Activation mixture
, Percentage increment of 51Gr release from
[3H]Tdr 5

Fresh X-irradiated incorporation 51Cr-DUN! 5lGr-DEW1
lymphocytes LGL cells (dpm)

DH None 699 2-3 2-4
DH DEWia 2,661 61 3-5
DH DEWyb 20,142 7-9 6-7
DH DUNta 1,742 4-1 1-8
DH DUN^ 9,350 5-3 6-4
MS None 430 1-6 3-2
MS DEWta 2,430 2-5 3-5
MS DEW,b 10,454 4-9 4-7
MS DUNta 1,661 2-1 2-8
MS DUN^ 10,585 5-6 4-4

DEWja and DUNia were irradiated 48 hours before setting-up activation mixtures.
DEWtb and DUNLb were irradiated 3 hours before setting-up activation mixtures.
These mixtures contained 106 blood lymphocytes and 5 x 104 X-irradiated LGL cells in
a total volume of 1 ml. The 3H-Tdr incorporation was measured over the period day
7-day 8. Chromium release was measured over a 6-hr interval on day 8 after setting
up the activation mixtures. Spontaneous release of 51Gr from the labelled cells over this
period was 17-4 per cent for DEWX and 24-8 per cent for DUN!. The [3H]Tdr incorpora¬
tion of the irradiated LGL cells was approximately 500 dpm.
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conditions did not activate human lymphocytes but were not inhibitory to mixed lympho¬
cyte reactions.

MECHANICS OF THE CYTOTOXIC INTERACTION

There was no evidence that target cell destruction was mediated through any soluble
agent released in the course of lymphocyte activation since supernatants of activated
lymphocyte cultures had no effect on LCL cells; nor did humoral factors appear to play an
auxiliary role since washed activated lymphocytes had as great a cytotoxic capacity as
cells tested in the medium in which they had been stimulated (Table 4).

Table 4

Failure of serum or culture supernatant factors to affect the cyto¬

toxic reaction

Culture
composition

Medium
Cytotoxicity:

increment of 51Cr
release from

51Cr-EB-4 51Cr-Ed-l

Cord blood cells (2 x 106)
+ X-irrad. Ed-1 (5 x 105) E-HSG 8-5 4-2

E-FCS 11-3 5-3

Cord blood cells (2 x 106)
RPMI-FCS 10-5 5-1

+ X-irrad. EB-4 (2 x 105) Unchanged medium 12-1 —

Washed cells in
E-FCS 12-4 —.

,, Supernate (no cells) nil —

E-HSG = Eagle's medium containing 20 per cent human serum-gelatin.
E-FCS = Eagle's medium containing 10 per cent foetal calf serum.
RPMI-FCS = RPMI-1640 medium containing 10 per cent foetal calf serum.
Chromium release measured over 5 hours.

When mixtures of activated lymphocytes and LCL cells were observed directly under
the conditions described earlier, it was found that the two cell types were very readily
distinguishable. Within minutes of setting up the cultures, the activated lymphocytes
showed vigorous amoeboid activity, moving freely about the culture chamber. LCL cells
were much less motile and there was relatively little active movement of the cell periphery;
over a period of hours they gradually aggregated themselves into clusters.
Within 1 hour of setting up a mixed culture, normal (activated) lymphoblasts could be

seen moving over the surface of LCL cells in intimate contact with them. It was presumed
that the cytotoxic reaction took place during this contact although it was not possible to
pinpoint the lethal event.
By 24 hours, surviving LCL cells were gathered in tight clumps through which small

lymphocytes and lymphoblasts were constantly migrating. The majority of lymphocytes
and lymphoblasts appeared to be in these clumps but a few remained free, migrating over
single dead cells or cell debris.

TARGET CELL SPECIFICITY

The range of human and animal cell types susceptible to killing by human lymphocytes
activated through contact with X-irradiated LCL cells was examined in chromium-



Interaction of Lymphocytes and Cells from LCL 353

release experiments. Cells from three lines of human fibroblasts were not killed, nor were
red cells (chicken, sheep or human) or human small lymphocytes, whereas Chang liver
cells and mouse L5178Y lymphoma cells were readily lysed (Table 5). There was no

'passenger' lysis of red cells.
When cultured in a suitable medium (E-FCS) blood lymphocytes of some animal species

were activated by culture with LCL cells, as determined by [3H]TdR incorporation.

Table 5

Effect on various target cells of human lymphocytes activated by culture with

EB-2 CELLS

Lymphocyte donor Stimulator cell Target cell Increment of 5,Cr-release

H. (adult) EB-2 Fibroblasts Nil
(human skin)

H. (adult) EB-2 EB-2 48

CB44 (cord blood) EB-2 Fibroblasts Nil
(human skin)

GB44 (cord blood) EB-2 Ghang 30
EB-2 EB-2 10

GB54 (cord blood) EB-2 EB-2 36
GB54 (cord blood) EB-2 EB-4 33
CB54 (cord blood) EB-2 L5178Y 34
CB54 (cord blood) EB-2 Chang 14
GB54 (cord blood) EB-2 Jijoye Nil
CB54 (cord blood) EB-2 FLE 5
CB54 (cord blood) EB-2 Ed-3 11
CB54 (cord blood) EB-2 Ed-4 6
CB54 (cord blood) EB-2 BAT-1 19
CB54 (cord blood) EB-2 Cord blood lymphocytes Nil
CB54 (cord blood) EB-2 Chick red cells Nil
GB54 (cord blood) EB-2 Human red cells Nil
CB54 (cord blood) EB-2 Sheep red cell Nil

Lymphocytes were cultured at 2xl06 per ml with 2xl05 X-irradiated (6000 rads)
stimulator cells for 6 days and then tested against 51Cr-labelled target cells. The fibroblasts
used had been suspended before mixing with the lymphocytes. In other experiments (not
shown) the fibroblasts were established on the surface of the culture vessel several days
before labelling and addition of lymphocytes.

Rabbit and guinea-pig lymphocytes responded well but pig lymphocytes less well (Table
6). It is interesting that rabbit lymphocytes were not activated by normal human lympho¬
cytes. In no case could it be shown that activated animal lymphocytes developed cyto¬
toxicity towards LCL cells of the type used to produce the activation or of any other line.
Normal lymphoblasts, produced by culture of blood lymphocytes with allogeneic

lymphocytes or with LCL cells, suffered little or no damage when chromium-labelled and
incubated with lymphocytes from another individual activated in a similar mixed culture.
Lymphocytes activated by PHA were readily killed (Table 7) but the reaction was non¬
specific in that autochthonous cells were killed as easily as allogeneic lymphoblasts.
Also, fresh small lymphocytes labelled with chromium overnight and treated with PHA
just before adding effector cells were killed non-specifically. It was considered that PHA on
the surface of the cells rendered them susceptible to killing. Conditions can evidently be
arranged such that autochthonous killing is less than HL-A-disparate killing (Miggiano,
Bernoco, Lightbody, Trincherier and Ceppellini, 1972) but this phenomenon was not
explored.
The killing of EB-2 cells by LCL-activated lymphocytes was slightly enhanced when the
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Table 6

Lack of cytotoxic potential of animal lymphocytes stimulated with LGL cells

Animal lymphocytes Stimulating cells [3H] thymidine Increment of 51Cr-
incorporated release from

dpm 51Cr-EB-2

Rabbit blood
(2 x 106) None 3,095 Nil

Rabbit blood
(2 x 106) CLA-4 21,477 Nil

Rabbit blood
(2x 106) EB-2 20,340 Nil

Rabbit blood
(2x 106) Human small lymphocytes 4,130 Nil

Guinea-pig blood
(2 x 106) None 284 Nil

Guinea-pig blood
(2 x 106) EB-2 23,943 Nil

Guinea-pig blood
(2 x 106) LIZ-1 30,270 Nil

Guinea-pig blood
(2x 106) CLA-4 17,852 Nil

Pig blood
(2 x 106) None 6,120 Nil

Pig blood
(2x 106) EB-2 14,400 Nil

X-irradiated LGL cells (6000 rads)-were added at a concentration of 2 x 10s per culture.
Human small lymphocytes used as 'stimulator' cells received 2000 rads of X-rays im¬

mediately before use and 106 were added per ml culture.
For all cultures the medium consisted of Eagle's medium plus 10% foetal calf serum.

Culture period = 5 days. Background values have been subtracted.

Table 7

Killing of PHA-treated lymphocytes by activated autochthonous and allogeneic lymphocytes

Target cells—5 ^r-labelled
Effector cells (increment of 51Cr release over background)

Lymphocyte
donor

Stimulant [3H] thymidine E.H.
incorporated £ hour PHA

(dpm)

E.H.
72 hours PHA

G.H.
i hour PHA

G.H.
72 hours PHA

CLA-4

E.H. None 866 2-0 2-7 Nil 2-3 0
E.H. XCLA-4 41,320 10-5 14-3 7-0 10-7 17-7
G.H. None 1,547 1-8 1-5 Nil 0-9 0-1
G.H. XCLA-4 73,964 9-2 12-0 60 9-7 12-7

Lymphocytes from donor E.H. and G.H. were cultured for 6 days with or without X-irradiated (6000 rads)
CLA-4 cells. On day 3 the two donors were bled again and half the Ficoll-Triosil purified lymphocytes were
cultured with PHA (30 /^g/ml) for 3 days, 51 Gr-chromate being added to these cultures for the last 24 hours
before washing the cells and using them as target cells. The other half of the purified lymphocytes was cultured
without stimulant, labelled with 51Gr-chromate and treated with PHA for half an hour just before measuring the
cytotoxicity.

target cells were first treated with PHA. Con A had little effect except at very high con¬
centrations when it partially inhibited chromium release (Table 8).

LACK OF CYTOTOXIC CAPACITY IN LCL CELLS

The LCL cells did not show any evidence of cytotoxicity towards other LCL cells when
tested in many different combinations even after pre-incubation with LCL cells of the type
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Table 8

Effect of PHA and Concanavalin A on the cytotoxic activity of activated cord

blood lymphocytes

Increment of 51Cr released by activated lymphocytes
from 5lCr-EB-2 cells treated with:

Nothing PHA

(2 //g/ml)
Concanavalin A

(200 //g/ml) (100 //g/ml) (50//g/mI) (25//g/ml) (10 //g/ml)

21-9
22-5

25-1
27-1

13-9 14-4 15-0 18-5
15-2 17-2 18-1 20-4

21-8
22-1

The PHA used was a Burroughs Wellcome purified (x 5) preparation. Lymphocytes
of an adult donor were activated by culture for 6 days with X-irradiated EB-2 cells.
Incubation period for 51Cr release = 6 hours. The background 51Cr release in the
absence of added lymphocytes but in the presence of the appropriate concentration
of Con A or PHA was approximately 20 per cent in all cases. The 'background' was
subtracted from 'test' release to obtain increment.

hocytes

1)

CLA-4
'HA

0
17-7
0-1
12-7
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Table 9

Lack of cytotoxicity of LGL cells

Effector Target cell Percentage Maximum51 Cr-release
cell (5ICr-labelled) 51Gr release (freeze-thaw)

CLA-4 EB-4 10-5
CLA-4 EB-4+ PHA 10-6 —

CLA-4 EB-4+ antibody 10-4
None EB-4 10-7 82
CLA-4 EB-2 11-4
None EB-2 11-8
L. lymphocytes CLA-4 31-1 —

(106) activated
with GLA-4
(5 x 104)

In these experiments the effector cells were obtained from a standard
culture. In other experiments (not shown) in which effector cells were pre-
incubated for 5 days with X-irradiated target cells similar negative results
were obtained. The PHA was used at 30 //g/ml. The antiserum was an immune
rabbit antiserum prepared by immunization of a rabbit with EB-4 cells It
was used under complement-free conditions. HL-A typings: CLA-4 = 2, ?3,
12; EB-2 = 1, 8; EB-4 = 1, 8, ?W27.

Table 10

Lack of cytotoxicity of LGL cells towards

cells of the line used for the initiation

Composition of culture Per cent increment of
(5 x 104 of each cell type) 51Cr release

CLA-2 + 51Cr-MAR-1 - 4-5
CLA-4 + 51Cr-MAR-1 - 2-5
CLA-2 + 51Cr-F-137 -0-5
CLA-4 + 5'Cr-F-137 -2-0
F-137+5,Cr-CLA-2 -30
MAR-1 + 51Cr-CLA-2 0
F-137 + 5,Cr-CLA-4 -4-2
MAR-1 + 51Cr-CLA-4 -2-5

The two lines CLA-2 and CLA-4 had been
grown from the same sample of placental blood by
co-cultivation with irradiated MAR-1 and F-137
respectively. The mixtures were incubated for 6
hours. After three cycles of freezing and thawing
84-86 per cent of 51Cr label was released.
Control 51Cr release = 15-22 per cent.
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to be used as the target, or in the presence of anti-LCL antibody or of PHA (Table 9).
This is perhaps not surprising in view of the contrasting behaviour of activated lympho-
blasts and LCL cells observed in the culture chamber. However, some lymphoblastoid
lines have been grown from mixed cell cultures of the type used in this study to generate
cytotoxic cells (Henle, Diehl, Kohn, Hausen and Henle, 1967; Miller, Enders, Lisco and
Kohn, 1969; Steel, 1972). In one experiment it was possible to test for cytotoxic activity
directed specifically against the line from which irradiated cells had been used in the initial
co-cultivation system. Even in this situation the LCL cells could not be shown to have any
cytotoxic capacity (Table 10).

DISCUSSION

The experiments reported here confirm that lymphoblasts with cytotoxic potential are
generated when small lymphocytes from blood are activated by contact with allogeneic
small lymphocytes or with LCL cells, the latter being the more effective stimulus. Cyto¬
toxicity appears to be a property of lymphocytes alone since purification of the lymphocyte
preparations enhances rather than reduces the effect. Cells derived from human thymuses
could not be shown to develop cytotoxic potential which suggests that this is acquired by
T lymphocytes at a late stage of differentiation. The failure of PHA-activated human
thymocytes to kill Chang cells (Holm, 1967) or chicken erythrocytes (Stites, Carr and
Fudenberg, 1971) or of rat thymocytes, activated over mouse embryo monolayer cells to
kill embryo cells is in accord with this view (Berke, Ax, Ginsberg and Feldman, 1969).
There have, however, been reports that mouse thymocytes may be 'matured' in vitro
to a stage when cytotoxic capacity is acquired (Wagner, 1971; Stavy, Treves and Feldman,
1972).
Cytotoxic activity is dependent on an appreciable level of activation having been

achieved but PHA-stimulation does not generate cytotoxic cells. There is marked selectiv¬
ity of effect on different target cells, which is not, however, predictable on any currently
recognized systematic basis. Human lymphocytes activated by LCL cells will kill human
LCL cells, Chang liver cells and mouse lymphoma cells but spare red cells, cultured fibro¬
blasts, small lymphocytes and freshly activated human lymphoblasts. Lymphocytes from
rabbits, pigs and guinea-pigs are activated by human LCL cells but do not subsequently
kill them.
Observation of the cytotoxic interaction in the culture chamber suggests that close

cell-cell contact is required. This is supported by the negative outcome of experiments
designed to detect any humoral factors which might play a part. It seems reasonable to
conclude that lymphocyte-mediated cell killing depends on the recognition of particular
receptors on the surface of the target cell. The nature of the activating influence is impor¬
tant in determining whether or not any cytotoxic capacity is generated but the target cell
range may be an inherent property of the activated lymphocyte. Modification of the
target cell surface by PHA or con A can be seen as altering the receptors presented to the
potentially toxic cell. Other workers have shown that these substances can affect the
susceptibility of target tissues to cell-mediated lysis in a variety of in vitro systems (Perlmann
and Holm, 1969; Perlmann, Nilsson and Leon, 1970; Stavy et al., 1972).
The biological relevance of the findings reported here is, of course, a major question. It

is well recognized that a variety of allogeneic tissue cells such as fibroblasts, thyroid and
kidney cells and cells from certain tumours, such as HeLa (Hardy and Ling, 1969) KB
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cells, melanoma cells and osteogenic sarcoma cells (Han, 1972) are not directly stimulatory
to human lymphocytes. This accords with the observation that in vivo, allogeneic lympho¬
cytes introduced under the renal capsule have not been stimulated by the (non-lymphoid)
cells around them (Elkins, 1971). Lymphocytes which have been activated by autoch¬
thonous or allogeneic LCL cells and which are cytotoxic when offered LCL cells as

targets, do not damage red cells or small lymphocytes even when bearing foreign antigens.
LCL cells, on the other hand, even when autochthonous, provide a potent stimulus to the
host's circulating lymphocytes, and as a consequence, are likely to be promptly eliminated.
Thus there are the components of a cell-mediated defence against abnormal lymphoid
cells, capable of recognizing and destroying these cells if they should arise in the body,
without damaging the normal cells of any tissue.
While the studies reported here demonstrate that there is an inherent selectivity both in

the activation and the cytotoxic phase of lymphocyte-mediated cell-killing, more subtle
questions of quantitative specificity in relation to the genetic identity of the activating and
the target cells are also relevant to the biological significance of the phenomenon.
These will be the subject of a separate report.
Finally, the observation that LCL cells themselves have no demonstrable cytotoxic

capacity, even in experimental situations which should provide optimum conditions for its
expression, suggests that there is a marked functional difference between activated lympho-
blasts and LCL cells. This is in keeping with the clear distinctions which can be made
between the two cell types observed in culture by phase microscopy. Where lympho-
blastoid lines have been grown by a co-cultivation technique which is, in essence, a
continuation of the mixed culture system that has been shown to generate cytotoxic cells,
some fundamental change must have taken place during the transition from short-term
activated lymphocyte to long-term lymphoblastoid line. These findings call into question
the theoretical basis for using infusions of viable LCL cells as an adjunct to anti-tumour
therapy in man (Moore and Gerner, 1970).
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Summary. Human peripheral blood lymphocytes activated by contact with X-
irradiated cells from lymphoblastoid cell lines (LCL cells) acquire cytotoxic capacity
directed against LCL cells as demonstrated by release of 51Cr from the labelled
target. In a large series of cross-over experiments it was possible to demonstrate
an element of specificity in the cytotoxic phase in the sense that lymphocytes
activated by irradiated cells from line 'A' tended to kill target cells of line 'A' more
efficiently than those of an unrelated line. This 'line-directed' specificity was not
absolute and in some experiments could not be demonstrated at all. Several factors
could be identified which tend to obscure line-directed specificity. Both specific
and non-specific cytotoxicity as observed in this in vitro system are probably relevant
to the immunological defence of the intact organism against proliferating aberrant
lymphoid cells.

INTRODUCTION

Lethally irradiated or mitomycin C-treated cells from lymphoblastoid cell lines (LCL
Is) will stimulate normal human peripheral blood lymphocytes when the two cell types
; mixed in vitro (Hardy, Knight and Ling, 1970). This is true even when the LCL cells
d the responding lymphocytes are obtained from the same individual (autochthonous
xtures) (Steel, Hardy, Ling, Dick, Mackintosh and Crichton, 1973). Once stimulated,
; lymphocytes can be shown to have acquired cytotoxic capacity directed against LCL
Is (Hardy, Ling, Wallin and Aviet, 1970; Solliday and Bach, 1970) and this also holds
le when the stimulation and/or cytotoxic reactions involve autochthonous mixtures
'ardy and Steel, 1971).
The in vitro system thus exhibits characteristics which, ifoperative in vivo, would provide
effective surveillance mechanism protecting the organism from the proliferation of
errant lymphoid cells. Further characterization of the in vitro reactions may therefore
'ow light on the mechanisms involved in immunological surveillance (Burnet, 1970).
le question which has to be resolved is the degree of specificity in the reaction between
fivated and target cells (Perlmann and Holm, 1969; Solliday and Bach, 1970). The range
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ofsusceptible cells in terms of species and tissue of origin has been the subject of a previc
paper in this series (Ling, Steel, Wallin and Hardy, 1974). The present studies are cc
cerned with specificity on a more subtle scale, in which the capacity of activated lympl
cytes to discriminate between target cells from different human lymphoblastoid lines 1
been investigated.

MATERIALS AND METHODS

The maintenance of lymphoblastoid cell lines, irradiation procedure, separation
fresh blood lymphocytes, setting-up of mixed cell cultures, assessment of lymphoe
activation by incorporation of titrated thymidine, 51Cr-labelling of target LCL cells a
measurement of cytotoxicity by chromium release from mixed cultures have all be
described in detail in earlier papers of this series (Hardy, Knight and Ling, 1970; Li
et al., 1974).
The basic experimental plan involved stimulating aliquots of blood lymphocytes frc

one or more donors with irradiated LCL cells from lines A or B then testing the cytoto:
potential of each batch of stimulated lymphocytes against 51Cr-labelled A and B cej
analysing the results to determine whether lymphocytes stimulated by irradiated cells o
given line are subsequently more destructive of that line than of other unrelated lines.
In some cases the stimulating and/or target LCL cells were derived from the same dor

as the fresh lymphocytes. Ten donors were included in the study; all were young adu
healthy at the time of these experiments but six had suffered from infectious mononuclec

Table 1

Line-directed cytotoxic specificity

Activation mixture*

Percentage 51Cr release minus control valuef from

FLE, YUD,A SAD, J

KF +Nil 1-9 4-7 0-7
KF + X-KF 2-1 3-9 0-5

KF+ X-FLE, 14-8 0-6 4-2
KF+X-YUDjA 8-2 11-7 6-9
KF+ X-YUD,E 6-6 130 3-8

MS +Nil 6-2 2-0 1-6
MS + X-KF 5-6 3-0 -0-2
MS + X-FLE, 25-7 9-0 3-2
MS + X-YUD, A 19-3 23-9 5-3
MS + X-YUDjE 15-9 24-1 5-3

* KF and MS = fresh blood lymphocytes from these two donors. X-KF =
irradiated blood lymphocytes from donor KF. X-FLEls X-YUDiA and
X-YUD1E = irradiated LGL cells from these lines. YUD1A and YUD^
are sublines from the same source but maintained separately in culture for
several months before this experiment. Autochthonous activation mixtures
are underlined.
t Cytotoxicitywas measured on day 6 after setting up activation mixtures.

The period of incubation of labelled target cells with activated lymphocytes
(or controls) was 6 hours.

J SADjl is a 'neutral' line unrelated to FLEi or YUDj.
Controls consisted of labelled target cells incubated with fresh blood

erythrocytes (lymphocyte-free) from the appropriate donor.
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tween 7 and 18 months earlier. Autochthonous lymphoblastoid lines were available
• these and for one of the other four donors.

RESULTS

In some experiments there was very clear evidence of cytotoxicity directed specifically
ainst the line used in the stimulation phase ('line-directed specificity'). One example is
own in Table 1. Fresh blood lymphocytes from either donor, stimulated with irradiated
jEj cells, were more effective than those stimulated with irradiated YUDt in destroying
Cr-labelled FLEX and vice versa. There was little variation in the toxicity against the
utral line SADj.

Table 2

Variation in susceptibility of target lines

Percentage 51Cr release minus
control valuef from

Activation mixture* ORIj HUN!

DH+Nil 6-2 0-3
DH +X-ORIjH 39-1 2-5
DH+X-ORIjF 35-2 3-2
DH + X-HUN, 28-0 3-3

MS +Nil 15-3 0-7
MS +X-ORI,H 21-8 1-5
MS +X-ORI,F 37-2 2-4
MS+X-HUNi 9-6 6-4

MO +Nil -1-0 -10
MO +OR] ,H 5-0 —0-7
MO +HUNj -2-1 —1-2

* DH and MS = fresh blood lymphocytes from
these donors. MO = fresh blood lymphocytes from
this donor had been stored in liquid nitrogen for 3
weeks before this experiment. ORI-H = line grown
in medium supplemented with 10% AB. Rh-positive
human serum for 6 weeks before the experiment.
ORI-F = line grown continuously in medium sup¬
plemented with 20% foetal bovine serum. Auto¬
chthonous mixtures are underlined.
f Cytotoxicity was measured on day 5 after setting

up activation mixtures. The period of incubation of
51Cr-labelled target cells with activated lympho¬
cytes was 6 hours.

On other occasions specificity was less clear-cut. A number of factors may account for
lis. For example there was considerable variation between cell lines (and even for a
ngle cell line tested at different times) in the susceptibility to killing. Table 2 records an
rperiment in which the level of 5*Cr release from one line (ORl!) was very much higher
lan from the other (HUNX). Thus DH lymphocytes stimulated with irradiated HUNt
:11s release 28 per cent of the 51Cr from labelled ORI t but only 3 -3 per cent from HUN j.

evertheless when an internal comparison is made for each target line it is apparent that
le activation mixture DH +X-HUNj is more effective than DH +X-OR^H or
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DH +X-ORI ,F when tested against HUN, and less effective than the others when test
against ORI,. The same applies to the activation mixtures involving MS fresh lympl
cytes and, at least in part, to the activation mixtures involving frozen and thawed bio
lymphocytes from donor MO.
A second factor tending to obscure the line-directed specificity of the cytotoxic reacti

is the level of stimulation achieved in the activation phase of the experiments. Table
demonstrates this effect since different levels of stimulation were recorded from virtua
identical activation mixtures by using irradiated cells grown with foetal calf or hum
serum supplements and held for varying periods after irradiation. Within each target c
line, the toxic effect of lymphocytes activated by any given irradiated line is cleai
related to the level of stimulation achieved.

Table 3

Relation between level of activation and cytotoxic potency

Percentage 51Cr release minus control value"}" from

Activation mixture*
Activation level
on day 6 (dpm) GOL, DUN, RAJI

DD+Nil 1468 M -0-6 -2-2
DD + X-DUN,Fa 25,291 14-1 8-7 -1-0

DD + X-DUN,Ha 12,660 7-5 4-3 4-1
DD + X-GOL,a 3532 2-0 0 -3-1
DD + X-RAJIa 8339 5-8 1-6 -0-8
DD+X-DUN,Fb 69,881 31-0 17-4 1-5

DD+X-DUN,Hb N.A. 7-9 3-5 -1-5
DD + X-GOL,b 6901 7-5 0-2 -3-6
DD + XRAJIb 21,474 10-6 3-6 5-5

DV+Nil 1860 -3-3 -0-3 -1-6
DV+X-DUN, Fa 36,373 17-0 15-9 -2-6
DV+X-DUN,Ha 31,007 16-1 14-1 -1-9
DV + X-GOL,a 10,365 1-5 0-6 -6-0
DV + X-RAJIa 17,435 5-4 1-6 -0-1
DV + X-DUN,Fb 11,027 13-5 5-4 -6-7
DV + X-DUN,Hb 11,947 14-5 7-6 —8-1
DV+ X-GOL,b 12,782 8-4 3-5 —5-9
DV+ X-RAJIb 28,787 12-3 4-6 5-3

* DD and DV = fresh blood lymphocytes from these donors. Suffix 'F' = Cell line grown
continuously in medium supplemented with 20 per cent foetal calf serum. Suffix 'H' = Cell
line grown for 6 weeks before this experiment in medium supplemented with 10% human AB
Rh positive serum. Suffix 'a' = Cells irradiated and then held for 48 hours at 37° before setting
up the activation mixture. Suffix 'b' = Cells irradiated and then used in activation mixture
within 3 hours. Autochthonous mixtures are underlined.
t Cytotoxicity was measured on day 6 after setting up activation mixtures. The period of

incubation of 51Cr-labelled target cells with activated lymphocytes was 6 hours.

This experiment also illustrates the variation between target lines in susceptibility
killing, GOL[ being the most susceptible and RAJI the least susceptible.
Line-directed specificity is shown in Table 3 for target lines DUN, and RAJI. Irradiat

GOL, cells appeared to generate very little cytotoxic capacity and this line was mo
readily damaged by lymphocytes activated with irradiated RAJI or DUN,, however,
must be noted that cytotoxicity in lymphocytes activated by irradiated GOL, did appe
to be directed specifically against GOL, target cells.
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In addition to the actual level of stimulation recorded, the timing of cytotoxicity testing
i relation to the peak of lymphocyte activation may be important. All cytotoxicity
cperiments were carried out between 5 and 8 days after setting up activation mixtures,
hen cytotoxicity was expected to have reached a plateau (Hardy et al., 1970; Hardy,
/allin and Ling, 1970). In some cases, however, particularly when activation mixtures

Table 4

Cytotoxic potency in relation to timing of activation peak

Percentage 51Cr release minus control valuef from

Activation mixture* LIZjH LIZ,F GOL

DV+Nil 1-9 -2-1 20
DV+X-LIZ.H 120 13-6 11-8
DV+X-LIZiF 9-8 7-5 14-0
DV+ X-GOL, 7-8 6-3 11-9

VB+Nil -0-9 -0-9 1-9
VB +X-LIZ.H 11-5 6-8 14-4

VB +X-LIZ,F 9-6 6-5 15-8

VB + X-GOLi 10-9 7-7 26-9

* DV and VB = fresh blood lymphocytes from these donors. Suffix'II'
= line grown in medium supplemented with 10% per cent AB. Rh positive
human serum for 6 weeks before this experiment. Suffix'F' = line grown
continuously in medium supplemented with 20 per cent foetal bovine
serum. The time course of the activation is shown in Fig. 1. Autochthonous
mixtures are underlined.
f Cytotoxicity was measured on day 5 after setting up activation

mixtures. The period of incubation of 5,Cr-labelled target cells with
activated lymphocytes was 9 hours.
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Fig. 1. Time course of activation of fresh lymphocytes from donors (a) DV and (b) VB mixed with
lethally irradiated cells from lines LIZj and (•) GOLj.
Activation is measured by uptake of tritiated thymidine. One sample of LIZX had been grown for 6

weeks in medium supplemented with (a) 20 per cent human AB Rh positive serum; the other cultures
had been supplemented with (□) 20 per cent foetal calf serum. (• • •) Autochthonous mix. (—) Allo¬
geneic mix. (o) Control (unstimulated) donor lymphocyte cultures.
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are autochthonous, the peak of activation may be reached on days 6, 7 or even lat
(Steel et al., 1973). Table 4 records an experiment in which cytotoxicity was measured c
day 5, coinciding with the peak of activation in allogenic mixtures but preceding by !
hours the corresponding peak for autochthonous mixtures (Fig. 1). For the target lii
LIZt there appears to be line-directed specificity when the donor lymphocytes are fro
an unrelated subject (DV) but not when they are from donor VB (whose blood gave ri
to the LIZX cell line). It is noteworthy that the activation mixture DV + X-GOLj faih
to generate preferential toxicity against GOLI target cells. There is no obvious explanatic
for this and similar instances which seem to be at variance with the concept of line-direct<
specificity and were encountered on a number of occasions in the course of these expei
ments (see Fig. 2).
The cross-over design of the experiments, illustrated by the examples quoted in Tabl

1-4, gives a measure of internal control for variable factors which might tend to obscu
line-directed specificity. Data from all the experiments in this series are presented in Fi
2 and have been subjected to the following statistical analysis: (1) define sA = proportion -

killing of line A by lymphocytes activated with irradiated cells from Line A; (2) dehi
= proportion of killing of line A by lymphocytes activated with irradiated cells froi

line B; (3) define dAB = sA— nsB.
We have sixty-eight values of the afAB ofwhich sixty-four can be paired, i.e. for thirty-tw

of the dAW dBA exists.
Consider the 32 pairs dAW dBA.
Define the random variable d as

d = (1,1) if dAB>Q, dBA>0
d = (1,0) if one dAW dBA> 0, one <0
d = (0,0) if dAB<0, dBA<0

Thus d is a three valued random variable taking the values (1,1), (1,0), (0,0) with re
pective probabilities dependent on the mixture of specific and random killing present.
For purely random killing.

Pr(1,1) = i and expected number out of 32 = 8
Pr(l,0) = j and expected number out of 32 = 16
Pr(0,0) = \ and expected number out of 32 = 8

Now Observed (1,1) = 11
Observed (1,0) =21
Observed (0,0) = 0

The y2 goodness of fit test for the hypothesis of pure randomness has a value wit
significance level <0-005. We can reject this hypothesis almost certainly.
In fact considering the set of all possible probability distributions for d in this case, th

observed results come with maximum likelihood from a distribution which describes line

specific killing in the region of 48-50 per cent of the time. This result implies that ther
may be variation both in specificity between cell lines and within one cell line, e.g. a
target lines may have specific properties 48 per cent of the time, or 48 per cent may hav
specific properties all of the time and 52 per cent never show specificity.
Specificity in a cell line is a function of the number of positive results from the dat

for that cell line. These data can be split into two subgroups: (i) results occurring in a (1,1
pair; (ii) results occurring in a (1,0) pair (Table 5). Type (ii) results give a bette
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dication of specificity in this case. Analysis of the data (Tables 5 and 6) shows that the
lllines DUN,, YUD,, ORI,, LAM,, FLE, and RAJI exhibit properties necessary for
ecificity while the results for the remaining lines are inconclusive. This can explain the
suit that specific killing occurs between 48-50 per cent of the time, since 50 per cent of
1 results come from the cell lines showing the properties of specificity.

32 r

28

24

20

16

12

£ 4

-4

Mean values 88 2 8

DUN,

77 9 0

GOL, DEW,

IO-7 II

YUD,

4 6 3-3

KAT,

-2 2 2 0

MAR, LAM,

20-2 12 5

FLE,

Fig. 2. Cytotoxic effect of stimulated lymphocytes on fourteen target cell lines. Data for 51Cr release
(minus control values) from the fourteen cell lines exposed to activated lymphocytes from ten donors.
For each cell line the 51Cr release figures are plotted in two columns. On the left are points obtained

when the cytotoxic lymphocytes had been activated by exposure to irradiated cells from the target line
and on the right, the activating cells were from an unrelated line. Lines connect points obtained from
the same cross-over experiment. (They have been omitted in the case of DUNj for reasons of space).
Closed symbols represent cases where the activating LCL cells were derived from the same donor as

the responding lymphocytes (autochthonous activation mixtures).
The difference in the mean values of the two columns for each target line gives an indication of the in¬

fluence of line-directed specificity in the cytotoxic phase.
Each point is the mean of triplicate experimental values. The coefficient ofvariation being < 5 per cent

in 79 per cent of cases, and < 10 per cent in 97 per cent of cases.

The results about specificity in each cell line are indicative rather than conclusive since:
l) the number of points available in each case to assess specificity is small; (b) in each
:periment not all other lines are used as controls against a line when testing for specificity.
Further if we assume the dAB all have the same probability distribution with mean n,
iriance a2 then both parametric and non-parametric methods demonstrate that n>0.
he result holds for the complete sample (sixty-eight values) and for the sub-sample of
>cty-four. This suggests that specific killing is present in all cases and is a stronger result,
at it rests on more stringent assumptions.
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Table 5

Breakdown of a by cell line

Number of dAB Number of dAB>0 Number of dAB<0
Cell line in (1,1) pairs in (1,0) pairs in (1,0) pairs

DUN, 3 11 0
YUD[ 4 4 0
ORI, 2 1 0
LAM, 1 1 0
RAJ I 4 0 0
FLE, 2 0 0
cla4 2 2 1
GOL, 2 1 5
DEW, 2 0 6
HUN, 2 0 1
LIZ, 0 1 1
F137 1 0 1
KAT, 1 0 2
MAR, 0 0 4

These assumptions are of the type: (i) no non-random variation in the efficiency <
killing between different combinations of activated and target cells other than that due t
line-directed specificity in the sense defined; (ii) no systematic variation in the expecte
values for specific and non-specific killing either through changes in the cytotoxic capacit
ofactivated cells from the same individual tested on different occasions or from fluctuatio
in the susceptibility of a single cell line.

Table 6

Value of the dAB and dBA classified by person and cross

Fresh cell d ~ (M) Fresh cell d — (1,0)
donor Cross dAB dBA donor Gross dAB dBA

DH YUD x GOL 4-3 2-3 DH DUN x DEW 7-5 -1-6
DH LAM x F137 4-8 2-4 DH DUN x DEW 16-2 -20-3
DH ORI x HUN 9-2 1-5 DH DUN x DEW 1-5 -2-3
MO YUD x FLE 15-0 8-1 DH DUN x DEW 1-1 -2-3
MS DUN x DEW 1-2 0-6 DH DUN x CLA 1-7 -0-6
MS DUN x DEW 11 11 DH YUD x MAR 8-4 -1-4
MS ORI x HUN 19-9 4-5 DH YUD x MAR 2-7 3-5
MS CLA x KAT 6-8 1-8 DH CLA x KAT 4-3 2-4
DD DUN x CLA 3-9 1-2 MS DUN x DEW 7-4 -7-2
KY YUD x GOL 2-7 6-8 MS DUN x DEW 23-8 -22-3
KF YUD x FLE 7-4 11-7 MS YUD x MAR 7-5 -5-7

MS YUD x MAR 5-1 -5-7
MS LAM x F137 2-9 -0-4
DD DUN x GOL 3-8 -7-1
DD DUN x GOL 7-6 -9-0
DV DUN x GOL 8-7 -11-3
DV DUN x GOL 7-3 -5-0
DV LIZ x GOL 3-1 -10
MO ORI x HUN 7-1 -0-5
EB CLA x KAT 8-9 -2-0
VB GOL x LIZ 11-8 -0-3
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From Table 6 the distribution of d for each fresh cell donor does not differ signifi-
rtly from that expected for specific killing when tested against the six lines already
■ntioned. This gives at least a qualitative indication that assumption (i) may hold. As
cussed earlier, it is clear that the susceptibility to killing for a given cell line alters with
re. This type of change could amount to systematic variation rendering assumption
I invalid. It is not possible to investigate the assumptions rigorously on the scale of
oeriment presented here, and it is therefore reasonable to opt for the more conservative
imate of specific killing in between 48 and 50 per cent of all cases present. This result
ndependent of the exact distributions of differences.

DISCUSSION

Demonstration of line-directed cytotoxic specificity in this system is important for two
isons. First it suggests that the efficiency of in vivo immunological surveillance may be
hanced by an element of target cell specificity in the cytotoxic phase and secondly it
Dports the view that the activation of peripheral blood lymphocytes in vitro by auto-
thonous LCL cells is not an artefact due to the absorption of antigens from the culture
;dium but is caused by some change in the LCL antigens at least partially specific for
ch cell line (Steel et al., 1973).
Using very similar techniques Solliday and Bach (1970) found evidence for line-directed
totoxic specificity in a small number of experiments which did not include any auto-
thonous activation mixtures. Their observations on the relation between level of activa-
n achieved and subsequent cytotoxic potential and on variation in cell-line susceptibility
killing are in agreement with the present findings. Golub and his colleagues (Golub,
;wetson, Svedmyr and Singh, 1972; Golub, Svedmyr, Hewetson and Klein, 1972)
/estigated the same topic using a colony-inhibition assay to detect cytotoxicity. They
:re able to demonstrate a measure of line-directed cytotoxicity in lymphocytes activated
autochthonous or allogeneic LCL cells although there was rather strong cross-reactivity
rong four Burkitt lymphoma-derived target lines. They speculate that an antigen
mmon to Burkitt lymphoma-derived lines may be responsible for this cross-reactivity,
rr own findings suggest that cross-reactivity between target lines is the rule rather than
e exception.
It is noteworthy that the six target lines showing consistent and unequivocal evidence of
e-directed specificity include one from a Burkitt lymphoma biopsy (RAJI), three from
bctious mononucleosis patients (DUN1; YUD! and FLE,), one from a healthy adult
>RIt) and one from a placental blood sample (LAMJ. The lines in which specificity
is less readily demonstrated represent a similar spectrum of origins so that no correlation
n be established between specificity in this sense and source of the line. From the data
Table 6 it is also clear that there is no variation between donors of fresh lymphocytes in
s pattern of line-directed specificity against the full range of lymphoblastoid lines.
There is evidence, from tissue typing studies for the existence of surface determinants
mmon to many lymphoblastoid lines ofvaried origin (Bernoco, Glade, Broder, Miggiano,
irschhorn and Ceppellini, 1969; Dick, Steel and Crichton, 1971; Mackintosh, Wallin,
rrdy, Ling and Steel, 1973; Dick, Steel, Crichton and Hutton, 1973) but in view of the
;t that cytotoxicity in this system can cross both species and tissue barriers (Ling et al.,
73) shared susceptibility to the cytotoxic effect ofactivated lymphocytes is unlikely to be a
lid test of antigenic identity.
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It is not suggested that the non-specific killing observed in this system is an artef
without relevance in the context of in vivo immunological surveillance. On theoreti
grounds it seems unlikely that any mechanism of cell-mediated defence could exist wh
combines the capacity for prompt response on an effective scale with a high degree
specificity for the target antigens. The emergence of a small population of aberrant c<
may activate, in the first instance, those lymphocytes which carry the appropriate surfc
determinants for recognition of the altered antigens. On any selective theory of immun
these specifically activated lymphocytes will form only a small fraction of the immui
competent cell population. For an effective response to the potential threat more lympl
cytes must be recruited by a less specific activating mechanism, probably involving
humoral mediator (Powles, Balchin, Currie and Alexander, 1971). It would be inco
patible with present concepts to suggest that lymphocytes activated by 'recruitment' of t
type, could display a very high degree of target cell specificity.
The destruction ofaberrant cells in vivo could be rendered more effective and the dama

to normal tissues minimized by mechanisms which do not involve highly specific recog
tion of particular antigenic determinants on the part of the cytotoxic lymphocytes. Fir
by the concentration of activated cells in particular anatomical sites, chiefly in lym
nodes and secondly by limitation of the target cell type; for example, activated lympl
cytes which are cytotoxic to LCL cells in vitro do not appear to damage human red eel
fibroblasts or small lymphocytes (Ling et al., 1974). As an extension of the latter mecha
ism it is conceivable that one of the characteristics by which aberrant cells differ from th
tissue of origin is in susceptibility to killing by cytotoxic lymphocytes.
It remains to be shown whether the line-directed cytotoxic specificity demonstrable

vitro is a function of the minor population of lymphocytes activated through direct contj
with the appropriate LCL antigens or whether other mechanisms, as yet undefint
permit lymphocytes activated by recruitment to express some measure of selectivity in t
destruction of cells from different lines.
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HUMAN MTXED CF.T.L REACTIONS IN RELATION TO SURVEILLANCE
OF LYMPHOID TISSUE.

N.R. Ling and D.A. Hardy,
Department of Experimental Pathology, University of

Birmingham, Birmingham B15 2TJ, England.

C.M. Steel,
M.R.C. Clinical and Population Cytogenetics Unit,

Edinburgh EM4 2XU, Scotland.

Anyone who has followed the very considerable develop¬
ment of interest in the mixed lymphocyte reaction since
the phenomenon was first recognised ten years ago cannot
fail to be struck by the fact that nearly all the research
has centred around the potentialities of the reaction as a
histocompatibility test and hardly anybody has given any
serious consideration to what might be the biological role
of mixed cell reactions of this type. We have approached
this problem by culturing lymphocytes with syngeneic and
allogeneic cells of various types. We have looked at
lymphocyte activation as measured by ^H-TdR incorporation
and at the cytotoxic properties of the activated lympho¬
cyte.

Workers in this field are now agreed that 'stimulator'
lymphocytes must be viable. DNA synthesis may be inhibited
with x-irradiation or mitomycin but if the 'stimulator'
lymphocytes are all dead at the time the culture is set up
even if they are morphologically intact, e.g. lymphocytes
killed by ultra violet light (1), no stimulation is
obtained (1,2). This in itself contradicts the simple pro¬
position which dominates the literature, that the 'stimu¬
lator' lymphocyte is merely a carrier particle on which
the appropriate transplantation antigens are expressed.
There is clearly also a 'metabolic' or 'presentation' fac¬
tor. As we reported at the IVth Leukocyte Culture Confer¬
ence we have obtained negative results with soluble pre¬
parations of HL-A antigens. We tested several purified '
papain-treated or autolysed preparations of human spleen
kindly supplied by Dr. D.A.L. Davies. These were tested
against lymphocytes of a panel of normal donors at a range
of concentrations (50,100,200 and AOOpg/ml) in Eagle's
medium supplemented with 20% human serum and the cultures
were harvested on days 3,4 and 5. There was no stimulation
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at 50 or lOOpg/ml and at concentrations of 200 or 400pg/ml
^H-TdR incorporation was below background (Fig 1). A well
characterised soluble preparation from a human spleen
kindly supplied by Dr. A.R. Sanderson was also tested
against lymphocytes of HL-A typed donors. It had been shown
by Dr. Sanderson to inhibit an HL-A isoantiserum to a dilu¬
tion of 1 in 3000. When tested in cultures of lymphocytes
from an HL-A2 negative donor at dilutions of 1 in 50, 1 in
100, 1 in 200 and 1 in 400 the %-TdR incorporation was
slightly less than background (Fig 1). Tests on these val¬
uable materials cannot be exhaustive but supplementary
tests with crude extracts of fresh and cultured lymphocytes
were also negative (2,3 and Fig 1) and this led us to con¬
clude that no stimulation comparable to that obtained in a
normal MLR could ever be obtained. Those who have had posi¬
tive results with spleen extracts, we feel, may well have
been working with lymphocytes of donors immunised by trans¬
fusions or other means and may therefore have been measu¬
ring acquired immunity which we think to be a quite differ¬
ent phenomenon. Since these experiments were done it has
been recognised that the MLR locus is distinct from the
HL-A locus and that antigens distinct from HL-A antigens
are involved in MLR activation. Considered in this light
the absence of stimulation with intact non-viable lympho¬
cytes may indicate a requirement for continuous synthesis
of a labile surface MLR antigen and/or a special mode of
presentation.

The special nature of the MLR is also evident from the
failure of most fresh or cultured tissue or tumour cells to

stimulate. We have already reported clear-cut negative
results with x-irradiated HeLa cells (2 and Fig 2) and we
have confirmed the failure of human fibroblasts to stimu¬
late, first reported by Schellekens and Eijsvoogel (4). We
used fibroblasts from three cell lines derived from explants
of human skin (Fig 2). Inactivity was not due to the pro¬
duction of inhibitory substances by the fibroblasts as we\
could obtain a perfectly good MLR from lymphocytes cultured
over the fibroblasts. We also failed to obtain stimulation
with fresh tumour cells obtained by trypsinisation of
breast carcinomas (Fig 2). Several other types of cells
from non-lymphoid tumours viz. KB cells, melanoma cells and
osteogenic sarcoma cells have also been shown not to stimu¬
late allogeneic lymphocytes (5). My colleague John Lane,
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using a rat system, has shown that stimulation is not ob¬
tained with kidney, thyroid or brain cells (abstract no. ).
Epidermal cells are an interesting exception being the only
non-lymphoid cells convincingly shown to have stimulatory
capacity (see abstract no. for references and Fig 2).Mono¬
layers grown from dispersions of whole rat embryos (mis-
leadingly called 'fibroblasts') also give positive results
but only certain tissues of the embryo are effective (John
Lane, unpublished).

We have looked in more detail at the properties of a

lymphocyte which make it a good 'stimulator' cell (2,3,6,7).
Cells from human lymphoid cell lines (LCL) originating from
patients with Burkitt's lymphoma, infectious mononucleosis
or from normal individuals were potent stimulators of the
lymphocytes of all individuals tested (Fig 2). This cannot
be due, in any important degree, to the greater expression
of HL-A antigens on LCL cells because a very good stimula¬
tion is also obtained with cells from an autochthonous line

(Fig 2). The high metabolic activity of LCL cells compared
with small lymphocytes is undoubtedly a factor. If normal
blood lymphocytes, pre-stiraulated with PHA or staphylococci
filtrate, washed and x-irradiated, are used as 'stimulator'
cells they are much more effective than equivalent numbers
of unstimulated lymphocytes (7 and Fig 2). Although the most
striking thing about these experiments was the enhanced
allogeneic stimulation, pre-stimulation also caused a mild
autochthonous stimulation, interpreted by others as evi¬
dence for a 'recruitment' effect. Because this might have
been caused by carry-over of stimulant similar experiments
were performed using rabbit lymphocytes pre-stimulated with
a specific anti-allotype serum (8). A remarkable enhancemert
of the MLR, normally of a low grade with rabbit peripheral
lymphocytes, was obtained. The general conclusion reached
was that metabolic activation markedly enhanced the stimu¬
latory capacity of allogeneic lymphocytes. Stimulation by
non-activated allogeneic lymphocytes or activated autochth-.
onous normal lymphocytes was much less. These effects re-
quired direct cell-cell contact and could not be obtained
with cell-free supernates. The very much higher level of
stimulation produced by autochthonous LCL cells compared
with autochthonous normal lymphoblasts may be explained in
two ways: (a) activated normal lymphocytes spontaneously
return to a resting state whereas LCL cells divide contin¬
uously. Hence the expression of a 'cell-division' antigen

237



N. R. LING and O. A. HARDY

would be greater and more prolonged on LCL cells, (b) LCL
cells are abnormal 'transformed' lymphocytes and contain
new determinants on their surface. These, combined with
the high metabolic activity and the capacity for effective
'presentation' of antigen (because of their lymphoblast
character) provide a potent lymphocyte stimulus.

We have confirmed the observation that lymphocytes acti¬
vated in a MLR acquire cytotoxicity towards certain types
of target cells (9). Lymphoblasts generated when human
blood lymphocytes are cultured with LCL cells are cytotoxic
to LCL and some other cells (9). This cytotoxic reaction
can be obtained in a completely autochthonous situation
i.e. lymphocytes activated by autochthonous LCL cells will
kill autochthonous LCL cells. It is not principally a spe¬
cific killing reaction since cells quite unrelated antigen-
ically to the 'stimulator' cells are killed e.g. mouse

lymphoma cells (10), but it is misleading to call it'non¬
specific' killing although I shall call it that. As shown
by Holm (11) the direct cellular cytotoxic effect is a
property only of activated normal lymphocytes and is not
shown, for example, by LCL cells of any line tested. Re¬
moval of most of the phagocytic cells improved both the
mixed cell activation and the killing reactions. Super-
nates were inactive. Most of our tests for specificity
using a variety of LCL as target cells were performed after
an activation phase of 5-8 days. There appeared to be a
small antigen-induced specific component and a major 'non¬
specific' component. Various types of target cells are in¬
herently susceptible or insusceptible to this mode of
killing, regardless of the cell donor and the LCL used to
produce the activation. Red cells, fibroblasts, small
lymphocytes and MLR-generated-lymphoblasts were insuscept¬
ible to killing whereas most LCL cells were killed. The
ease with which_fchey were killed was not related to their
HL-A type (Fig 3).

In our view this could be regarded as an immunological-
defence mechanism which in inbuilt and quite distinct from
acquired immunity. It is shown by lymphocytes from cord
blood (Fig 3) although they are not as active as cells from
blood of adults. The effector cell is probably a T lympho¬
cyte but lymphocytes obtained directly from the thymus are
not active (Fig 3). Despite the low degree of specificity
of the killing reaction one can see signs of an activation
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and killing mechanism of sufficient potency and selectivity
to be useful as a defence mechanism. The LCL cells now pro¬
pagated so readily from the blood of normal donors could
reasonably be presumed to be generated occasionally in vivo.
They are different from normal lymphocytes in many ways but
closely resemble them in others. They are lymphoblast-like
in morphology and do not stick to glass. They are much less
motile than normal lymphoblasts. They divide continuously
whereas normal lymphoblasts spontaneously return to a res¬
ting phase after stimulation. They retain the HL-A anti¬
genic constitution of the original donor but express some
'extra' antigens. They have no cytotoxic capacity but are
readily killed by normal lymphoblasts which are themselves
resistant to such killing. The killing appears to be a
direct cell to cell event which does not involve the kill¬

ing of bystander cells (12). The course of events which
could arise in vivo would be the formation of a small clone
of proliferating abnormal lymphocytes, perhaps initiated by
the EB virus. Small lymphocytes in the vicinity would be
activated to cytotoxic blast cells which would rapidly eli¬
minate the abnormal cells without damaging normal lympho¬
cytes or red cells.
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pared with EB-2 cells is shown. Top right: thymocytes are
stimulated into DNA synthesis by x-irradiated LCL cells but
do not acquire cytotoxicity. Bottom: the specificity of
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Fig.2. Top: Failure to stimulate lymphocytes from human
donors with x-irradiated (6000 rads) HeLa cells (left), fi¬
broblasts (from human skin explants)(center) or freshly
isolated Breast Carcinoma cells (right).Bottom: definite
but erratic stimulation with freshly isolated epidermal
cells; typical levels of stimulation with optimal concen¬
trations of x-irradiated (6000 rads) LCL cells of lines
LIZ-1,KAT-1,CLA-1+,EE-2,EB-1+ and CLA-I4 and using LCL cells '
autochthonous to the LCL donor; MLRs with normal lympho¬
cytes -as 'stimulators' using allo-unstimulated or pre-
stimulated alio- or autolymphocytes, the 'stimulator' cells
having been irradiated with 2000 rads in all cases.
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Summary

The production of immunoglobulins into spent cul¬
ture medium has been examined in fifty four human
lymphoblastoid cell lines. A modified hemagglutin¬
ation inhibition technique has been used, provid¬
ing a sensitive semiquantitative assay system for
immunoglobulins. Most well established cell lines
produce a single class of heavy chain and light
chain into the medium, the heavy chain generally
being of Class M. Aberrant patterns of immunoglo¬
bulin production are detected in very young or very
old cell lines.

Introduction

Human lymphoblastoid cells in culture synthesize
immunoglobulins. In supernatants of a newly estab¬
lished line, all classes of heavy and light chain may
be detected (Glade and Papeorgiou, 1973; Stites
et al., 1971; Bechet, Nilsson, and Klein, 1972), but
with the passage of time a single clone tends to
outgrow the mass culture (Steel, McBeath, and
O'Riordan, 1971; Fialkow et al., 1971), and older
cell lines characteristically synthesize only a single
class of heavy chain and/or light chain (Fahey et
al., 1966; Matusuoka, 1973). These cloned lines
have considerable potential for studies on the con¬
trol of immunoglobulin synthesis, but widely used
methods for identification of immunoglobulins—
radial immunodiffusion, immunoelectrophoresis,
and radioimmunoelectrophoresis—fail to make full
use of this potential. None is sufficiently sensitive
to be applied to culture supernatants without prior
concentration (usually 20-40 fold). Relatively large
volumes of supernatant are therefore required for
analysis which means, for example, that small iso¬
lates of a mutagen-treated mass culture must be
grown for several weeks before sufficient material
becomes available for immunoglobulin assay. With¬
in this period the pattern of immunoglobulin pro¬
duction may undergo considerable change.
A highly sensitive hemagglutination inhibition

assay for immunoglobulin has been described by
Avrameas, Taudo, and Chuilon (1969). We have
adapted this principle for use with spent medium
from human lymphoblastoid cell lines and have
found it to be simpler and more reproducible than

immunoelectrophoresis. Its greatest advantage lies
in the fact that it can be undertaken with only a
few drops of supernatant, which does not require
to be concentrated.

In this report we present results obtained using
the modified technique on a series of 54 human
lymphoblastoid cell lines. Most of the well estab¬
lished lines produce a single class of heavy chain
and light chain. The majority of these cell lines pro¬
ducing presumed "monoclonal" immunoglobulin
secrete heavy chains of class M, while aberrant pat¬
terns of immunoglobulin production are obtained
from very young or very old cell lines.

Results

Hemagglutination Inhibition Assay
Fifty-four lymphoblastoid cell lines have been tested
for immunoglobulin production using the hemag¬
glutination inhibition technique. The findings are
summarized in Tables 1 and 2. Thirty seven cell
lines consistently produce 1 heavy chain and 1 light
chain only. In twenty six of these the heavy chain
is of class M. The proportion of K to L light chains
in Table 1 is approximately 7:5. Details of the cell
lines giving more variable patterns of immunoglobu¬
lin synthesis are recorded in Table 2. Only two of
the cell lines could not be shown to produce any
immunoglobulin, the other fifteen lines synthesize
either more or less than 1 heavy chain and 1 light
chain.
Four cell lines were identified which produce sub¬

stances into the medium capable of agglutinating
the sheep red cells. This agglutination is not depen¬
dent on the immunoglobulin coating of the sheep
erythrocytes, and its significance will be discussed
elsewhere (Steel and Evans, in preparation).

Comparison with Immunoelectrophoresis
Selected cell lines were used to compare the tech¬
nique of immunoelectrophoresis with that of hem¬
agglutination inhibition, and the results are sum¬
marized in Table 3. Fresh culture medium, after a

50 fold concentration, produces a precipitation re¬
action with Hoechst rabbit antihuman IgG, but not
with Technicon Goat antihuman IgG. This cross re¬
action is also observed with the spent culture medi¬
um from cell lines; the precipitation line does not
however coincide with that produced by IgG. In
supernatants from two cell lines, TAY3 and TON|,
no immunoglobulin could be detected by immuno¬
electrophoresis, though it was recognized in un-
concentrated spent medium by hemagglutination
inhibition. When the concentrated samples were re-
diluted with saline, immunoglobulins were still de¬
tected by hemagglutination inhibition. Light chains
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Table 1. Pattern of Immunoglobulin Synthesis in Lines Producing a Single Class Heavy Chain and Single Class Light Chain

Donor Pattern of Immunoglobulin Production

Time in

Culture Number of

Cell Line Sex Condition (Months) G A M K L Times

DEW, 9369 F Infectious

Mononucleosis 32 + _ + . 5

TIL, M Healthy XXXXY 18 + - + - 5

8866 3852A F Acute Myelogenous
Leukemia >60 + _ + _ 5

ORI, F Healthy Adult 37 + - - + 5

EB4 F Burkitt Lymphoma >60 + " - + 4

ART, 9340 F Chronic Myeloid
Leukemia 18 + _ _ + 2

rus2 M Leukemia

(?Acute Myeloblasts) 19 + - + _ 5

MAR, 1872A M Infectious

Mononucleosis 32 + _ + _ 6

FLE, 9426 M Infectious

Mononucleosis 39 + _ _ + 6

ODY, M Waldenstoms Macro-

globulinaemia 38 + _ _ + 6

DUN, 6517 M Infectious

Mononucleosis 8 + _ _ + 5

BLA, 9387 M Acute Leukemia 31 - + + - 5

COA, 9388 F ?Myelofibrosis 45 - - + + - 3

TAY2 709A M Acute Myeloblasts
Leukemia 7 _ _ + + _ 3

TAY3 M Acute Myeloblasts
Leukemia 19 _ _ + + _ 4

TAY4 777A M Acute Myeloblasts
Leukemia 9 _ + + _ 4

G-S, 365A F Chronic Lymphatic
Leukemia 44 _ _ + + _ 6

WAS, M Healthy XXY 14 - + + - 2

LAS, M Healthy XXY 17 - + + - 5

GUI, M Acute Leukemia 9 - + + - 4

rus3 M Leukemia

(?Acute Myeloblasts) 19 _ + + _ 2

BONj F Healthy Cord Blood 17 - + + - 3

GOL, 2 954A F Infectious
Mononucleosis 51 _ + + _ 4

SMI, F Healthy Cord Blood 4 + + - 3

smi2 F Healthy Cord Blood 4 - + + - 3

DOU, 1878A F Healthy Cord Blood 12 - + + - 2

DOU2 F Healthy Cord Blood 43 - + + - 3

LAM2 9324 F Healthy Cord Blood 43 - + - + 4

WHE, 6305 m Healthy Cord Blood 40 - + - + 4

cla4 F Healthy Cord Blood 48 - + - + 4

YAK, M Healthy Cord Blood 38 - + - + 2

CUR2 787A M Healthy Cord Blood 25 - + - + 2

MON, 660A m Cystic Fibrosis 27 - + - + 2

smi4 F Healthy Cord Blood 4 - + - + 2

GIL, M Healthy XYY 3.5 - - + - + 1
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Table 2. Cell Lines with Aberrant Patterns of Immunoglobulin Production

Donor Pattern of Immunoglobulin Production

Cell Line Sex Condition

Time in

Culture

(Months)
Number of

Times Tested

A

RUS,

HUN, 6174

TON,

BAR, 1448A

YUD, 6384

SMIj

ANA2

JIM,

GOR 6384

S

EB3 584A

JIJOYE 3311A

RAJ I

F137

F89 9489

FAL, 8440

M

F

F

M

M

M

M

M

M

M

Acute Myeloblasts
Leukemia

Acute Lymphatic
Leukemia

Infectious

Mononucleosis

Healthy XXY

Infectious

Mononucleosis

Healthy Cord Blood

Healthy Cord Blood

Healthy Adult

Burkitt Lymphoma

Burkitt Lymphoma

Burkitt Lymphoma

Burkitt Lymphoma

Chronic Lymphatic
Leukemia

Subacute Lymphatic
Leukemia

Healthy Cord Blood

19

17

5

9

12

4

4

4

>60

>60

>60

>60

>60

>60

22

+

+

+ +

+ + +

+ + +

+ +

+ + +

Table 3. Comparison of Immunoelectrophoresis with Hemagglutination Inhibition

Immunoelectrophoresis Hemagglutination Inhibition

Cell Line

Concentration
Factor

Cross-Reactivity
between Anti-IgG
and Fetal Calf Serum Ig Identified

Ig in Original
Supernatant

Ig in Supernatant
Reconstituted After

Concentration

TIL, 52 + G K G K G K

TAY3 24 + None M K M K

rus2 33 + A K A K A k

MON, 660A 43 + M L Not Tested M L

TON, 36 - None G M A K L G M A K L

f89 9489 67 + None None None

LAM2 9324 60 + M M L M L

FLE, 9426 48 + A A L A L

Unused Medium 50 + None None None

are always difficult to detect with this immunoelec-
trophoresis technique, producing at best only faint
precipitation lines.

Discussion

The technique of hemagglutination inhibition has
many advantages over other methods currently

used for estimating immunoglobulin production by
lymphoblastoidcelllines; itiseasyand reproducible-
samples can be collected and assayed during 1 day,
and tests repeated up to 6 times on selected cell
lines over a 6 month period gave consistent results.
The technique is highly sensitive: the level of de¬

tection is in the region of 1-10 ng (10-8-10_,g) for
IgG, IgM, and IgA chains. This precludes the re-



Cell
156

quirement for concentrating spent medium, and
consequently eliminates the problems of cross
reactivity observed between concentrated medium
and Hoechst rabbit antihuman IgG. The sensitivity
for detecting light chains is particularly good, as
these are seldom detected with confidence by the
immunoelectrophoresis test. A small aliquot of me¬
dium (2.5 ml) provides sufficient material to test for
5 immunoglobulin determinants (IgG, IgM, IgA, K,
and L). It is thus particularly suitable for estimating
immunoglobulin production in cloned sublines at
early stages of growth. The antisera are used over
a range of eleven doubling dilutions, and the
position of the agglutinating end-point provides a
semiquantitative assay for each class of immuno¬
globulin.
The relative preponderance of M heavy chains in

our material does not appear to have been reported
previously. As the lines established in this laborato¬
ry have been derived from a wide variety of sources,
this result may indicate a general tendency for de-
differentiation of the cell line in vitro, IgM being
considered the most primitive immunoglobulin in
evolutionary terms (Stanworth and Turner, 1973).
Alternatively there could be some advantage for
IgM-producing clones under the conditions of cul¬
ture in the authors' laboratory.
The 3:2 ratio of K to L light chains for the 54 cell

lines may simply reflect the ratio of K:L chain im¬
munoglobulins in normal serum (Natvig and Kunkel,
1973).

In confirmation of reports cited earlier, we have
found that relatively young cell lines tend to synthe¬
size more than one class of heavy and light chain,
but an aberrant pattern of immunoglobulin synthe¬
sis seems to be a characteristic of older cell lines
also. Of the lines which produce less than 1 light
chain and 1 heavy chain, only FAL, 8440 was a rela¬
tively young culture (22 months). Other old lines
were donated to the laboratory and have been in
culture for many years. JIJOYE, RAJI, and EB3 are
all derived from Burkitt's Lymphoma patients, while
F89 and F137 came from patients with lymphatic
leukemia. Since newly established cultures from
Burkitt's Lymphoma do not always synthesize im¬
munoglobulin (Klein et al., 1972; van Furth et al.,
1972; Bechet et al., 1972), it is not surprising to find
aberrant patterns in these cases.
van Furth et al. (1972) found that JIJOYE secret¬

ed IgG, IgM, and K chains into culture medium,
whereas EB3 was negative for all immunoglobulin
markers. In our hands both these lines produce K
chains only. The line 8866 (Shevach et al., 1972)
secreted IgG and K chains with a low level of IgM,
whereas RAJI was negative for all immunoglobu¬
lins. Continued testing in this laboratory has re¬

vealed only IgG and K chain production by the line
8866, whereas RAJI synthesizes M heavy chains.
Analysis of the nine lines synthesizing more than

a single heavy chain plus a single light chain (Table
2A) reveals that four have been in culture for a total
of less than 6 months, and of the five older lines,
four had been recovered from liquid nitrogen less
than two months before the first immunoglobulin
assay (HUN, 6174, BAR, 1448A, YUD, 6384, GOR
9483). Only six out of thirty one older lines synthe¬
sizing presumptive monoclonal immunoglobulin
(Table 1) had been recovered from storage within
a comparable period. HUN, 6174 and GOR 9483
were retested during a 9 week period. A reduction
in the number of immunoglobulin classes in the
supernatants was recognized from 3 weeks on¬
wards, and by 6-9 weeks each line appeared to syn¬
thesize a single class of heavy chain and a single
class of light chain (G, K in the case of HUN, 6174;
G, L in the case of GOR 9483). Since the freezing
procedure arrests all metabolic activity, it seems
possible that the normal process of genie exclusion
(whereby transcription of DNA coding for most of
the immunoglobulin chains is suppressed) is not im¬
mediately operative on thawing the cells but has to
be acquired during the course of the first few weeks
in culture.
The hemagglutination inhibition technique de¬

scribed here is likely to prove extremely useful in
further exploration of this phenomenon. It is hoped
that the method may be developed to the point
where it can be used to identify immunoglobulin
subclasses, and possibly also the Gm and Inv idioty¬
pic determinants on human G and K chains, thus
considerably extending its value for studies on the
regulation of immunoglobulin production at both
cellular and molecular level.

Experimental Procedures

Cell Lines

The establishment and maintenance of lymphoblastoid cell lines
in this laboratory have been described in detail elsewhere (Steel,
1972; Arthur et al., in preparation). Cultures are maintained in
Ham's F10 medium supplemented with 20% Fetal Calf Serum (Bio-
cult), 10% tryptose phosphate Broth (Difco), penicillin (100,000 fi/l)
and Streptomycin (100 mg/l). The cells are fed twice weekly and
subculture is carried out each week to maintain a viable cell density
of 2-5 x 105/ml. The spent culture medium has been used for
immunoglobulin assay by one, or both, of the following procedures.

Immunoelectrophoresis
Spent culture medium from individual cell lines is freed of any cellu¬
lar material by centrifugation (2000 x g for 10 min) and concen¬
trated by pressure dialysis overnight at 4°C to approximately one
fortieth of the original volume. Concentrates are stored at 4°C be¬
fore use. Electrophoresis is carried out on cellulose acetate strips
(Shandon Cellogram 90 x 25 mm) impregnated with 0.07 M barbi-
tone buffer (pH 8.6). Two samples (each 2 jtl) are applied 10 mm
apart at the anode, and separation is permitted for 1 hr using a
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maximum threshold of 25 mA and 200 V on a bridge gap of 55
mm. Normally eight replicate strips are run simultaneously. After
separation, the strips are placed on glass slides, and 20-30 jul of
antiserum (Hoechst rabbit antihuman IgG, IgM, IgA, K, or L; Tech-
nicon Goat antihuman IgG, IgM, or IgA) is introduced between
the samples on a strip of filter paper (Whatman 3 mm). Immunodif¬
fusion is permitted in humid Petri dishes for 40-46 hr, after which
time the strips are washed in buffer for 4 hr and stained overnight
in 0.002% nigrosin in 2% acetic acid. The precipitation lines are
compared with standards obtained by separating normal human
serum in the same way (Figure 1).

Hemagglutination Inhibition
Immunoglobulin Coating ol Sheep Erythrocytes
Erythrocytes from defibrinated sheep blood are washed three times
with saline and stored in Alsevers solution for up to 1 month at
4°C before use. In order-to coat erythrocytes with immunoglobulin,
0.4 ml of 3 times washed packed red cells, 9 ml Dulbecco B, and
1 ml of human serum (or 3-4 mg of purified human immunogobulin)
are stirred gently at room temperature. One ml of 2.5% glutaralde-
hyde(E. M. grade) is added slowly over a 15 min period. The reac¬
tion mixture is stirred for a further 45 min before washing the
erythrocytes 3 times with saline. Coated cells are stored at 4°C
in saline for up to 6 months without a decline in agglutinating titre.
The angtigens employed in coating sheep erythrocytes include nor¬
mal human serum, purified human IgG (Miles Seravac), and serum
from myeloma patients containing elevated levels of monoclonal
IgG, IgM, or IgA. Only 1 antigen is used for each aliquot of erythro¬
cytes. Different batches of coated cells thus are obtained that are
highly sensitized for each particular immunoglobulin.
Hemagglutination Inhibition Assay
Doubling dilutions of specific antisera (Technicon Goat antihuman
IgG, IgM, IgA; Hoechst rabbit antihuman K or L) are prepared
in saline containing 1% fetal calf serum. One drop of antiserum

2 O
Figure 1. Immunoelectrophoresis of Concentrated Supernatant
Medium from Lymphoblastoid Cell Lines

(1) DEW, 9369 concentrated 40 times.
(2) FLE, 9426 concentrated 45 times.

(a) The central strip contained 20 fil of antihuman IgG (Hoechst).
There is a cross reaction with both samples close to the central
strip and a positive arc against the supernatant from DEW, 9369.
(b) The central strip contained 20 fil of antihuman IgA (Hoechst),
giving a positive arc against supernatant from FLE, 9426.

is mixed with 1 drop of spent culture medium in each round-bot¬
tomed well of a microtest plate (Linbro Plastics). After 30 min at
room temperature, 1 drop of a suspension of washed immuno-
globulin-coated sheep red cells (108/ml) is added to each well,
and the plate is left at room temperature for at least 2 hr before
reading. Each supernatant is tested against serial dilutions of anti-
IgM and anti-lgA over the range 1:4000-1:4000,000. For anti-IgG
the range is 1:32,000-1:32,000,000. Antisera against K and L light
chains are less sensitive, giving end points in the region
of 1:128000-1:256000.

On each test plate supernatants from 7 different cultures can
be assayed; the eighth row of wells always contains fresh culture
medium to establish the end point for the uninhibited agglutination
reaction. The presence of a particular immunoglobulin is recog¬
nized when the test sample inhibits agglutination by more than
2 wells—that is, greater than a 4 fold difference in end point com¬
pared with the control row (Figure 2).
When normal human serum, diluted with fresh growth medium,

is substituted for culture supernatant, the technique can detect
IgG at a dilution of 1:1000,000 (equivalent to 8.8 X 10-'g), IgM
at 1:64000 (1.4 x 10-'g) and IgA at 1:64000 (9.3 x 10-'g). K light
chains can be detected in serum at a dilution of 1:256,000, and
L at 1:64,000.
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Figure 2. Hemagglutination Inhibition Assay for IgM in Unconcentrated Supernatant Medium from Seven Lymphoblastoid Cell Lines
Goat antihuman IgM (Technicon) tested from 1:400,000-1:4,000,000 gives an end point with unused medium between 1:512,000 and
1:1,000,000. Inhibition of the end point showing the presence of IgM in the medium is obtained with supernatants from ANA2, SMI4, GIL,
LAS, and LAM2 9324. There is no inhibition by supernatant from HUN, 6174, and supernatant from ANA, contains a sheep red cell agglutinating
factor.



(Reprinted from Nature, Vol. 252, No. 5483, pp. 604— 605, December 13, 1974)

\ntibody activity associated with
immunoglobulins synthesised by
numan lymphoblastoid cell lines
\ntibody activity has not previously been detected in
ssociation with immunoglobulins synthesised spontaneously
)y human lymphoblastoid cell lines in vitro. One reviewer has
:ommented "if some antibody activity was to be found, the
:stablished cell lines would be a fascinating tool for the study of
tomogenous antibodies"1. We here report such a finding.
In the course of studies on immunoglobulin (Ig) production

n vitro, by means of a haemagglutination-inhibition assay2,
upernatants from four human lymphoblastoid lines (of more
han 60 tested) were found to agglutinate glutaraldehyde-fixed
g-coated sheep erythrocytes in the absence of anti-Ig serum.
Details of the four lines are given in Table 1. It was established
hat the Ig coating is irrelevant to the agglutination reaction
ind that supernatants from these four lines (but not from
ithers) will agglutinate sheep or human erythrocytes fixed with
;lutaraldehyde or formaldehyde. There is no detectable activity
against fresh erythrocytes of either species, nor against glutar-
ildehyde or formalin-fixed calf erythrocytes. Tanned or
;lutaraldehyde-fixed horse erythrocytes agglutinate sponta-
leously in the presence of unused culture medium (Ham's F10
vith 10% tryptose phosphate broth and 20% foetal calf serum),
fhe agglutinating activity against glutaraldehyde-fixed sheep
ed cells seems to be independent of temperature over the range
r° C to 37° C.
The kinetics of agglutinin production have been studied in

ell line PEN,. Some activity is detectable within 24 h of
esuspending the cells at 105 ml-1 in fresh medium. The titre
hen rises steadily to reach a plateau by about day 5 although
he cells continue in log phase growth for a further 5-6 d.
Inhibition of agglutinating activity was attempted with

nonospecific antisera directed against each of the major classes
)f human Ig heavy and light chains, in experiments of the type
hown in Fig. 1. The results with three of the lines were clear cut
Table 1), indicating that the activity is associated with Ig of
lass IgMX. in the supernatants of HIL^ ANAi and PEN2.
n the case of BRI8 the agglutinating titre of the supernatant is
ow and the findings less easy to interpret. Anti-K serum consis-
ently inhibits agglutination, but both anti-A and anti-M (and
iccasionally anti-G) also seem to have some inhibitory effect.
Attempts to identify Igs by immunoelectrophoresis of concen-
rated supernatants from cell lines ANAl5 PEN, and BRI8 were
inly partially successful. The presence of X light chains in
naterial from ANAt and PEN, was confirmed but no other
leavy or light chains could be demonstrated. Failure to detect

Igs, when their initial concentration in culture supernatant is
low, is common with this technique2.

Dilutions of antiserum

Ami IgiVi Ami'-IgG Ami IgA

| 32 64 128 256 512 IK 132 64 128 1.32 64 128
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00 G0O0C )<)(>(■)(xXTO
medium 0000000000(30
Fig. 1 Haemagglutination carried out in round-bottomed wells
of microtest II plate (Linbro plastics). Reciprocal dilutions of
PEN, supernatant (in fresh culture medium containing 20%
foetal calf serum) are recorded on the left; reciprocal dilutions of
monospecific anti-human Ig chain sera (in physiological saline)
are recorded above. One drop of diluted supernatant was mixed
with 1 drop of diluted antiserum in each well and 30 min later
1 drop of a 1 % suspension (in saline) of sheep red cells, previously
fixed in 2.5% glutaraldehyde, was added. The cells were allowed
to settle overnight at room temperature. Agglutination is shown
by the absence of a dark central pellet of erythrocytes. Inhibition
of the agglutination reaction becomes more marked with
increasing concentrations of anti-IgM serum. There is no
inhibition demonstrable with anti-IgG or anti-IgA sera.

Preliminary studies on the physical properties of the erythro-
cyte-agglutinating factor from PEN, supernatants show that it
is precipitated by 10-40% saturated ammonium sulphate. It
can be isolated as a single sharp peak from a Sephadex G200
column and the major fraction bands with a human IgM
marker on a 10^10% sucrose gradient. There is a minor peak
of agglutinating activity in the lower molecular weight range,
possibly representing depolymerised IgM.
There seems to be no common factor in the lines or in their

origins which distinguishes these four cultures from others
established and maintained in identical conditions. The four

Table 1 Cell lines producing agglutinin against fixed sheep or human erythrocytes
Donor Shell cell agglutinin in supernatant

:11
ie

MA,
Sex
M

Diagnosis
Healthy infant

Laboratory of Maximum
origin* titref
MRC 1 : 32

Anti-G
Inhibited byj

Anti-A Anti-M Anti-K Anti-L GPK OxRBC
+

1L, F Healthy infant MRC 1 : 32 - - + - + _1_

:N2 M

M

Klinefelter's syndrome
(47.XXY)

Healthy adult

MRC

Searle

1 ; 32

1 : 8 ±

+ - +

-

* MRC is the authors' laboratory; Searle, G. D. Searle and Company, Research Division, High Wycombe, UK.
t Maximum dilution of supernatant giving positive result against 1 % suspension of glutaraldehyde-fixed sheep erythrocytes. Titres against
man cells or against formalin-fixed sheep erythrocytes are usually lower. Recently, using an 0.25% suspension of glutaraldehyde-fixed sheep
'throcytes, titres of up to 1 : 256 have been observed in PEN2 supcrnatants.
t Anti-G, Anti-A and Anti-M, Monospecific goat anti-human heavy chain sera (Technicon); Anti-K and Anti-L, monospecific rabbit anti-
man light chain sera (Hoechst); GPK, OxRBC, guinea pig kidney and ox erythrocyte stroma extracts for infectious mononucleosis

('Monospot') tests (Ortho diagnostics).
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Fig. 2 Haemagglutination test set up as in Fig. 1. Reciprocal
dilutions of ANAX supernatant are recorded on the left. One
drop of the diluted supernatant was mixed with one drop of
guinea pig kidney or ox erythrocyte stroma extracts (Ortho
Diagnostics) in saline (reciprocal dilutions shown above) in
each well of the test plate. One drop of glutaraldehyde-fixed
sheep erythrocytes (1 % suspension in saline) was added 20 min
later and the plate left overnight at room temperature. Pro¬
gressive inhibition of agglutination with increasing concentrations
of ox erythrocyte stroma is clearly demonstrated. Guinea pig
kidney extract has no apparent effect on the agglutination

reaction.

lished from most of these control donors. The sera were tested
for agglutinating activity against glutaraldehyde-ftxed sheep
red cells. More than half (including those from the donors of
PEN2 and HILX) gave weak reactions at dilutions of 1 : 5 or
1 : 10. These were considered non-specific. Four Paul-Bunnel
positive samples from patients with infectious mononucleosis
agglutinated the fixed sheep cells at titres of 1 : 160 to > 1 : 640.
As in the Paul-Bunnel reaction, this agglutination was inhibited
by adsorption with ox erythrocyte stroma but not with guinea
pig kidney extract3. Similar tests on the four cell line super-
natants show that those from ANAX and HILX consistently
behave like infectious mononucleosis sera (Fig. 2), but agglu¬
tinating activity in PEN2 or BRI„ supernatants seems not to be
inhibited by ox erythrocyte or by guinea pig kidney extracts.
These preliminary data suggest that EB virus, which is

implicated both in infectious mononucleosis4 and in the
proliferation of human lymphoblastoid cell lines in vitro5,s,
may be responsible for the production of agglutinins directed
against fixed sheep erythrocytes by at least some of these lines.
Further work is in progress to isolate and compare the agglu¬
tinins synthesised by the four cell lines under study.

C. M. Steel
Judith Evans
A. W. L. Joss
Elizabeth Arthur

Medical Research Council,
Clinical and Population Cytogenetics Unit,
Western General Hospital,
Crewe Road, Edinburgh EH4 2XU, UK

lines are readily distinguished from each other by cytogenetic
and isoenzyme analysis. A second line, ANA2, was established
from the same blood sample which gave rise to ANAX. No
erythrocyte agglutinating activity is detectable in its super¬
natant.

The original sera from the donors of PEN2, ANAX and HILX
were recovered from storage at — 20° C along with samples
from 20 other donors including three cord bloods and nine
from patients with Klinefelter's Syndrome (karyotype 47,XXY
or 49,XXXXY). Lymphoblastoid cell lines had been estab¬
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CONTINUOUS LYMPHOID CLLL LINES

Chairman: N.R.Lin<j, Co-Chairman: C.M.ELool, ;•
Department of Exp.Pathology, MRC Clinical and Population
The Medical School, Cytogcnics Unit,
Birmingham, Western General Hospital,
United Kingdom. Edinburgh,• United Kingdom. j":
Cell bine Identity

To obviate the risk of cross-con Lamination or mislabelling of 1

cultures, which is particularly important where immunological studies
are concerned, reliable markers are required for positive identifi¬
cation of every line. No single method of identification seems to

j j
be entirely satisfactory but a combination of cytogenetic, iso- J,
enzyme, surface antigen and immunoglobulin analyses may be employed.
This permits variation and/or mutation in one marker system to be
studied while the identity of the line is established by the other
markers (Steel).

A computer-based system lor recording cell line characteristics I
was described(Arthur). Detailed comparisons can be made between !<
different lymphoid cell lines and the changes, with time in culture,
in single lines can bo analysed by means of appropriate programmes.

There was general agreement that lymphoblastoid cell lines have ;

principally 'B' cell rather than 'T' cell characteristics. By

isolating enriched B and T lymphocyte populations from cord blood
or from foetal tissues it can be shown that the ease of establish- t

ment of new lymphoid cell lines (by infection in vitro with EB virus)
is a function of the number of 'B' cells in the original population

(Loibold). ; |

The existence of human cell linen of rotieulo-ondoLholial origin
(usually from tumours or leukaemia, and in one case from Burkitt's

lymphoma which lack many of the morphological, cultural, bio¬
chemical and immunological characteristics of the "typical" long ,

term lymphoid cell lines described above was discussed. In parti-
cular, these 'atypical' lines show no evidence of harbouring EB
virus even in an occult form.

I;nmunoglobulin production is normally found. The class of cell
surface Ig does not necessarily correspond to that of secreted Ig
in a given culture and the quantitative ratio of secreted to surface

Ig varies widely in different lines. The consensus view was that
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IgM predominates on the cell surface and in one largo series the
major class oi secre Led heavy chain wan also jx. Kappa light chains
are more commonly found than lambda (Litwin, Nilsson, Williamson,
Evans).

There may be marked differences in the turnover rates of surface

and secreted Ig (lluLLoroth). Rarely, cell lines are found which are

LoLally nugutlvu lot* both surface and noorot~o<i Tg.

There is general interest in the production of multiple classes
of heavy and/or light chains by long-established (presumptive mono¬

clonal) cell lines but no agreement on whether this is a rare or a

common phenomenon. Cell homogenates (including membranes) may show

evidence of multiple-class ig synthesis more commonly than culture
supernatants which contain only secreted Ig (Litwin, Nilsson,

Williamson, Evans). bong established lines stored in liquid nitrogen
may transiently secrete multiple classes of Ig on thawing (Evans).

It lias proved more difficult to establish lines from patients

with Rrilton type aqammaglohulinnemia than from normal subjects but
two such lines which have been grown appear quantitatively normal
in respect of both surface and secreted Ig (Hoskins).

The sensitivity of the technique applied for immunoglobulin

detection represents an important variable to be considered when
comparing the findings of different groups. Radio-immunoprecipi-

tation (Litwin, Williamson) and hacmagglutination inhibition (Evans)
appear to be the most sensitive methods in current use.

Lymphokinc Production. Little information on this topic was offered
fb|- () I fieilfifl I on . A MTF.is found in di al ysi s-concentrates of a minor¬

ity of lines. The properties of this factor(s) may depend on the
isolation and concentration procedures employed. Similar restric¬

tions apply to a chemotactic factor produced by some lines (Flanagan,
den Hollander). A growth-promoting (colony stimulating) factor in
the spent medium of a single line examined seemed to affect LCL cells
specifically and to be superior in its effects to the products of
fibroblast feeder layers (Kubagawa).

There is some evidence LliaL lymphokino production may ho induced
or enhanced by virus super-infocLlon of LCL colls (Flanagan).
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Cell Surface Antigens. Some antigens expressed only during S,

and M are found on cells of all tissue types whereas 'Others are

tissue specific. The latter include a 'B' blast antigen on LCL cells

(Thomas). The detailed analysis of LCL surface antigens is hampered
by the absence of a good source of mitotically activated normal
human 1) lymphocytes for comparison.

The IIL-A antigens of LCL. colls correlate well with the major
determinants on fresh lymphocytes from the original donor. Extra

reactions are, however, commonly detected (by a microcytotoxicity

test) on LCL cells, their frequency tending to increase with the age

of the line in culture. These reactions appear to fall into two

categories: a) Progressive broadening of antigen expression so that
cross-reactivity occurs with sera directed against closely related

determinants. Such cross reactions develop in a sequence which is
now recognised as logical in terms of what is known of HL-A antigen

structure (e.g. HL-A 7 - HL—A 7 + - HL-A 7 + + W27 ~ HL-A 7
+ W1Q + W27 + W22) b) the occurrence of 'anomalous' reactivity -
non-HL-A cytotoxic activity in a minority (about 10%) of HL-A typing
sera; the corresponding antigen is present on the majority of cell

lines and may involve two (possible allelic) determinants (Dick).

It is not known at present whether the antigens of the latter

system correspond to 'B' blast antigen or, for example, to a human
equivalent of the mouse 'la' antigens. Extra reactions are evidently
not encountered on HL-A typing of EB-negative 'atypical' reticulo¬
endothelial lines (Nilsson).

Mixed Cell Reactions There was general agreement that autochthonous
small lymphocytes are stimulated by LCL cells in vitro, that the
stimulation required direct cell-cell contact and that LCL cells
are most potent as antigens in this system when they are growing
rapidly.

The identity of the responder lymphocytes in this type of mixed
cell reaction, and of the colls which subsequently show unti-I,CL

cytotoxicity was-discussed.

When B or T-cell rich fractions are prepared from peripheral
blood lymphocytes (by separation on an anti-Ig column) the responding
cells are in the T-rich fraction but after stimulation fewer than 50%
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of the blast cells may show affinity for sheep erythrocytes. They
are negative for surface Ig also. Two possibilities were considered
to account for the presence of these "null" blast cells: a) activa¬

ted T cells lose the surface receptors for sheep erythrocytes or

b) a sub-population ol non-U, non-T cells (as defined by suit.ice

markers) is selectively stimulated in the autochthonous MLC-typo
reaction (Svedmyr).
It was noted that in allogeneic combinations some EB virus-

negative 'atypical* human reticulo-endothelial cell lines have

proved ineffective as stimulants of fresh blood lymphocytes. This

evidently applies particularly to those lines with 'T' cell charac¬

teristics; at least one 'atypical* line with 'B' cell properties
is an effective stimulant in such a combination (Weksler).

The target cell type susceptible to the cytotoxic elloot of

lymphocytes stimulated by autochthonous or allogeneic LCL cells is
not confined to 'typical' lymphoid cell lines but among the tissues
which have proved resistant to killing by these activated lymphocytes
are fresh biopsy cells from Burkitt's lymphoma, circulating lymphoid
cells from the acute phase of infectious mononucleosis and some EB

virus-negative 'atypical' reticulo-endothelial cell lines.

C.M. Steel



(Reprinted from Nature, Vol. 257, No. 5524, pp. 308—310, September 25, 1975)

/Ocalisation of human peptidase-A
-ructural locus from studies
■n a cultured lymphoblastoid line
ong term genetic analysis of lymphoblastoid cell lines provides
practical means of studying the types of spontaneous and
iduced mutation that can occur in human somatic cells1,2 and
f following the evolution of distinct populations of cells within
bulk culture3,4. Occasionally, data may be expected to emerge
hich facilitate the localisation of human structural genes. We
ow report the first such application of this technique.
The human lymphoblastoid cell line F137 (ref. 5) has been
laintained in Edinburgh since 1969 and more than 200 clones
ave been grown (sometimes after treatment of the bulk culture

Fig. 1 Chromosome pairs 4, 9 and 18 from quinacrine-stained
metaphase spreads representative of the parent line F137 (a),
clone H 5 (6), clones with a 9/18 translocation (c) and those with a
4/18 translocation (d). Clones with the aberrations shown in b
and c have lost activity of the pep-A-1 allele. The 4/18 trans¬
location (d) is not associated with any change in pep-A pheno-

type.

Table 1 Pep-A phenotype and aberrations involving chromosome 18
in one hundred clones of F137*

Aberrations involving chromosome 18
Pep-A No 4/18 9/18 18q-

phenotype abnormality translocation translocation

2-1 59 25 0 0
20 0 15f 1

* One isolate with an asymmetrical pep-A-2-1 pattern is excluded
as not being a true clone but a mixture of cells with a 9/18 trans¬
location and those with the F137 modal karyotype.
t Includes clone J28 with 10% pep-A-1 activity.

with mutagen) from single cells plated out in individual wells of
plastic culture plates1,4. The parent line has been examined at
intervals for the electrophoretic pattern of more than 30 isoen¬
zymes and each clone, when it has reached a sufficient cell
number (usually within 2 months of isolation) has been analysed
in the same way1. Chromosome preparations have been made
from both parent line and clones and analysed after staining
with quinacrine dihydrochloride6"8.
The original F137 line was heterozygous at the pep-A locus1

with the phenotype pep-A-2-1. In an early series of experiments
(May 1971), one clone, A56 (ref. 1), seemed to be hemizygous
for pep-A-2. Over the next three years, a further 133 clones
were isolated from the original line; 14 had the pep-A-2 pheno¬
type, two had an asymmetrical electrophoretic pattern with
partial loss of the pep-A-1 band, and the remainder had the
original symmetrical pep-A-2-1 pattern4. Quantitative assay of
peptidase-A confirmed that loss of the pep-A-1 electrophoretic
band was associated with a 50% reduction in enzyme activity4.
Human lymphoblastoid cell lines are not entirely stable with

respect to chromosome constitution, and various rearrange¬
ments can be detected when cultures are re-examined at intervals
over a period of years1'3. The modal karyotype of the F137 line

•

• • •
m

deleted 9 9/18 18

9

* •

*
»

\ m
5»

Fig. 2 C-banded preparation18 of cell from a pep-A-2 clone.
The intercalary heterochromatin on the 18/9-derived chromo¬
some is readily seen. There is some reduction in the amount of
centromeric heterochromatin on the deleted chromosome 9.
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Fig. 3 Diagrammatic representation of the rearrangements
involving chromosome 18 in the series of clones described in text.
The break point on chromosome 18 involves the q23 region in
both cases. The origin of the long arm material distal to the
centromeric heterochromatin on the deleted chromosome 9 is

uncertain.

during the period of this study was 47, XY, the extra chromo¬
some being a small submetacentric marker about the size of a
chromosome 17/18 but distinguishable from them on quinacrine
fluorescence.
The original pep-A-2 clone (A56; ref. 1) was lost before it

could be examined cytogenetically. Chromosome analysis has
been carried out on all subsequent clones showing alterations in
the expression of the pep-A gene and on 84 of the 116 clones
isolated over the same period which have retained the symmet¬
rical pep-A-2-1 phenotype. From 4-30 metaphase spreads have
been photographed and fully analysed from each clone.
Table 1 and Fig. 1 demonstrate the complete relationship

between certain chromosome rearrangements involving chromo¬
some 18 and changes in the pep-A phenotype of individual
clones. One pep-A-2 clone (H5) differed from the modal karyo¬
type of the parent line only in having a deletion at the mid¬
point of the long arm of one chromosome 18 (Fig. lb), a finding
which supports the previous assignment of the human pep-A
structural locus to the distal half of the long arm of chromosome
18 (refs 9-12).
The other 13 pep-A-2 clones all had an identical translocation

(Fig. lc) in which almost the whole of the long arm of one
chromosome 9 was fused with the long arm of an 18, the point
of fusion being marked by an intercalary band of heterochro¬
matin from the centromere region of the 9 (Figs lc and 3).
None of the 84 pep-A-2-1 clones examined contained any

cells with the 9/1S translocation. Thirty-one had a karyotype
identical to that of the modal cells of the parent line and 38
showed minor variations, most of which had been recognised
in the parent line4. A further 25 had the rearrangement shown
in Fig. Id (cells of this type were also represented in the parent
line in February/March 1973). In this case there was a break at
the distal end of the long arm of a number 18 with a translo¬
cation on to it of approximately half the long arm of a number 4.

As Fig. 2 demonstrates, the break points on the long arm of
chromosome 18 are indistinguishable in the 9/18 and the 4/18
translocations described above, yet in one case activity of the
pep-A gene is lost, whereas in the other it is retained. Attention
is therefore directed to the possible role of the translocated
centromeric heterochromatin from chromosome 9.
In Drosophila, inactivation of a structural locus as a result of

autosome-autosome translocation has been attributed to the
suppressive effect of adjacent heterochromatin'3,14. (Similar
gene suppression occurs when material from an autosome is
translocated on to the inactive X chromosome in the mouse15.)
It is usually varied in its incidence in individual cells, resulting
in a variegated phenotype; further evidence that the locus in
question is inactivated rather than deleted is provided if there
is frequent reversion to give mosaicism or if reversions occur
after recombination in which the affected locus and the adjacent
heterochromatin become separated16.
One of the clones included in this study (J28) showed a very

weak band in the pep-A-1 region, corresponding to approxi¬
mately 10% of the normal pep-A-1 activity. On chromosome
analysis every one of 30 cells examined had the 9/18 translo¬
cation shown in Fig. lc. It is possible that this was an example
of partial reactivation of the suppressed locus, although con¬
tamination with a few cells lacking the 9/18 translocation has
not been completely ruled out. A second sample of this clone
examined 1 month after recovery from storage in liquid nitrogen
showed no detectable pep-A-1 activity.
Further studies are in progress with the aim of detecting

revertants, with or without further chromosome change, in this
and other pep-A-2 clones. If found, they will establish that a
'position effect' on human gene expression has been demon¬
strated for the first time.
Two other possible explanations for the present findings must

be considered. First, since the distal fragment of the broken
18 is too small to be identified, it is possible that there has been
reciprocal translocation, with retention of this fragment, in the
4/18 rearrangement but not in cells with the 9/18 translocation.
Second, the break points of the 18 long arm may not be
identical, being proximal to the pep-A-lccus in one case but
distal to it in the other. All three interpretations place the human
pep-A structural locus, with some precision, in the q23 region
of chromosome 18 (Fig. 2).
By virtue of their indefinite lifespan in vitro and their re¬

lative genetic (including cytogenetic) stability, cultures of human
lymphoblastoid cell lines offer considerable scope for further
mapping of the human karyotype, particularly if data can be
accumulated centrally from a number of laboratories over a

prolonged period17.
Elizabeth Arthur
C. M. Steel
H. J. Evans

Medical Research Council,
Clinical and Population Cytogenetics Unit,
Western General Hospital, Edinburgh, UK

Susan Povey
B. Watson
Harry Harris

Medical Research Council,
Human Biochemical Genetics Unit,
Galton Laboratory,
University College London, UK

Received May 27; accepted August 19, 1975.

1 Povey, S., et al., Ann. Hum. Genet., 36, 247-266(1973).
2 Pious, D., Hawley, P., and Forrest, G., Proc. natn. Acad. Sci. U.S.A., 70, 1397—

1400(1973).
3 Steel, C. M., McBeath, S., and O'Riordan, M. L., J. natn. Cancer Inst., 47, 1203-

1214(1971).
4 Arthur, E., et al., Ann. Hum. Genet., 39, 33-42 (1975).
5 Jensen, E. M., Korol, W., Dittmar, S. L., and Medrek, T. J., J. natn. Cancer Inst.,

39,745-754(1967).
6 Evans, H. J., Buckton, K. E., and Sumner, A. T., Chromosoma, 35, 310-325

(1971).
2 Steel, C. M., Nature, 233, 555-556 (1971).
8 Davidson, N. R.,J. med. Genet., 10, 122-126(1973).



gan, R. P., et al., Cytogenet. Cell Genet., 12,187-198 (1973).
dcAlpine, P. J., Gee, P. A., Douglas, G. R., and Hamerton, J. L., Birth Defects:
Original Article Series X3, 128-129 (The National Foundation, New York,
1974).

McAlpine, P. J., Chudley, A. E., Bauder, F., Pay, M., and Hamerton, J. L.,
Birth Defects: Original Article Series X3, 126-127 (The National Foundation,
New York, 1974).

12 Chudley, A. E., et al.,J. med. Genet., 11, 353-363 (1974).
13 Schulz, J., ColdSpring Harb. Symp. quant. Biol., 12,179-191 (1947).
14 Baker, W. K., Adv. Genet., 14, 133-169(1968).
15 Cattanach, B. M., and Isaacson, H. J., Genetics, 57,331-346(1967).
16 Catcheside, D.G.,7. Genet., 48, 31-42(1947).
17 Arthur, E., Warner, P., and Steel, C. M., Ann. Hum. Genet., 38, 309-320 (1975).
is Sumner, A. T., Expl Cell Res., 75, 304-306(1972).



Ann. Hum. Genet., Lond. (1975), 39, 33
With 4 plates
Printed in Great Britain

33

Genetic studies on human lymphoblastoid cell lines:
isozyme and cytogenetic heterogeneity in a cell line, with evidence

for localization of the Pep A locus in man

BY ELIZABETH ARTHUR, C. M. STEEL AND H. J. EVANS
Medical Research Council, Clinical and Population Cytogenetics Unit,

Western General Hospital, Edinburgh

SUSAN POVEY, B. WATSON AND HARRY HARRIS
Medical Research Council, Human Biochemical Genetics Unit,

Galton Laboratory, University College London

In a series of experiments previously described (Povey et al. 1973) four possible mutations
were found among the cloned progeny of a human male lymphoblastoid cell line (F137) after
exposure to the chemical mutagen MNNG. We now present data from a further 133 clones (60
mutagen-treated, 73 controls) from the same line. On both cytogenetic and isozyme analysis
there is evidence for genetic heterogeneity in the parent line due to the spontaneous emergence
ofmutant clones under normal culture conditions. This has important implications for the use of
such lines in genetic experiments. Examination of the data with particular reference to the
enzyme Peptidase A provides strong evidence for localization of the human Pep A structural
locus on the qter region of chromosome 18 and gives the first indication of a possible 'position
effect' influencing the expression of a human gene.

MATERIALS AND METHODS

Cell culture and cloning
The human lymphoblastoid cell line F137 (Jensen et al. 1967) was maintained in Ham's F10

medium (Bio-cult) supplemented with 10% tryptose phosphate broth (Difco) and 10-20%
foetal calf serum (Bio-cult). All cultures were grown at 37° C. in a humidified atmosphere of 7 %
CO 2 in air. Cell counts were carried out visually in a Neubauer haemocytometer and viability
was assessed by exclusion of 0-45% Nigrosin (Kaltenbach, Kaltenbach & Lyons, 1958).
Cloned sublines were isolated by distributing single drops of a dilute cell suspension (102

viable cells/ml.) in alternate wells of plastic tissue culture plates ('Microtest II', Falcon Plastics;
'Microtitre', Cooke; or 'Disposo', Linbro Plastics). These wells were filled with 0-2 ml. of
RPMI 1640 medium (Bio-cult) containing 10% tryptose phosphate broth and 30% foetal calf
serum. In one experiment (from which series 'O' clones were derived), 'conditioned' medium
was used, i.e. medium in which a lymphoblastoid line had grown for 24 hr. before removal of the
cells by filtration. This material was supplemented with 10% fresh foetal calf serum, before use
in cloning experiments.
The unused wells were filled with sterile distilled water to maintain humidity. Plates were

covered with sterile clear plastic lids, and then examined on a Nikon inverted microscope in
order to identify and mark those wells which contained only a single cell. Medium in the marked
wells was changed every 5 days, care being taken to avoid disturbing the cells. Within a few
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Table 1. Pep A phenotypes of clones isolated from line F13 7 treated with different
doses of mutagen: the clones were obtained in February!March 1973

No. of clones

Designation. Mutagen *

of clones treatment Pep 2-1 Pep A 2 Total

F MNNG for ± hr. 26 1 27
(1 /tg./ml.)

G MNNG for 1 hr. 24 2 26
(1 /tg./ml.)

H MNNG for 1 hr. 5 2 7
(2/tg./ml.)

J No treatment 56* 1 57

* One of these clones (j28) had an asymmetrical Pep A 2-1 phenotype (for discussion see text).

weeks approximately 70 % of the single cells from the control cultures, and many fewer (5-10%)
from the mutagen-treated, had given rise to clumps comprising several hundred cells which were
then transferred to J in. diameter flat-bottomed glass tubes in 1 ml. of medium. After further
periods of growth the clones were transferred to progressively larger tubes and to conical flasks
from which aliquots were removed for cytogenetic and biochemical analysis.

Mutagen treatment
The chemical mutagen MNNG (iV-methyl-A1-nitro-iV-nitrosoguanidine) was added to 100 ml.

aliquots of F 10 medium (pH 7-2) each containing 108 viable F 137 cells. The final concentration
of MNNG was 1 /tg./ml. or 2 /tg./ml. and the cells remained in contact with mutagen for 30 or
60 min. at 37° C. (Table 1) before washing once and resuspending in fresh medium. Isolation of
single cells for cloning was carried out, as described above, immediately after mutagen treat¬
ment. In the main experiment three sets of clones, designated F, G and H, were derived after
different mutagen treatments, and control clones (J) were derived from untreated cells (see
Table 1). At a later stage in the investigation, after the parent line had been in culture a further
18 months, an additional 16 clones were obtained from cells not treated with mutagen. These
will be referred to as the '0' clones.

Karyotyping
To a 5 ml. suspension of growing lymphoblastoid cells (5 x 105/ml.) was added 0-05 jug. of

dimethyl colchicine ('Colcemid', CIBA). The cells were harvested 30-90 min. later, treated with
0-075 m-KCI for 6 min. at room temperature then fixed with three changes of methanol:glacial
acetic acid 3:1.

Drops of the fixed cell suspension were allowed to dry on clean slides, stained with 0-5%
Quinacrine dihydrochloride (Sigma), mounted in distilled water and examined by tt.v. micro¬
scopy using Ploem's incident illumination (see Evans, Buckton & Sumner, 1971). Metaphase
spreads were photographed on Kodak Panatomic-X film (Davidson, 1973) and analysis was
carried out on prints. Four to twenty cells were fully analysed in this way from each clone.

Biochemical investigations
Clones were examined by starch-gel electrophoresis for enzymes determined by 34 autosomal

and 4 X-linked loci. For technical reasons, not every clone was tested for each enzyme but on
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average about 30 loci were studied in each clone. Most of the methods have been described
previously (Povey et al. 1973; Swallow el al. 1974). Peptidase A bands were identified by the
staining method of Lewis & Harris (1967), after electrophoresis in Tris/phosphate buffer at
pH 7-4 (Povey et al. 1972) using leucyl alanine as substrate.
The quantitative assay of Peptidase A was by the method of Sinha et al. (1970) using valyl

leucine as substrate. Cell extracts were prepared from pellets of 50 x 106 cells and stored in
liquid nitrogen until assayed. The cells were lysed by freezing and thawing (2 cycles) in 0-5 ml.
of distilled water. The lysate was centrifuged at 2000 g for 10 min. and the supernatants used
for assays and protein estimation. Protein was measured by the method of Lowry (Lowry et al.
1951). Results were expressed as units of Peptidase A activity per mg. protein.

RESULTS

It was anticipated that mutations resulting in loss of a specific enzyme activity would be
detected only at the X-linked or heterozygous autosomal loci tested. The sex-linked loci
examined were Gd (G6PD), HGPRT, oc-GAL and PGK; the heterozygous autosomal loci
tested were Pep-A and APRT (Povey et al. 1973). In the main experiment involving 60 muta-
gen-treated and 57 control clones (see Table 1) 9 examples of this type of loss were found; no
new electrophoretic variant of any enzyme (implying a structural mutation) was detected.
Of the loss mutations, one involved a-galactosidase activity (S. E. Gardiner, personal com¬

munication) and another APRT (clones G3 and G9). These will be described in detail elsewhere.
In the remaining seven there was loss of activity of the product of the Pep A1 allele, producing
the phenotype Pep A 2.
Table 1 shows the frequency of the Pep A 2-1 and the Pep A 2 phenotypes among clones

derived from cultures exposed to different amounts of MNNG. All the clones maintained the
same phenotype over several weeks in culture.
The parent F 137 line had a symmetrical Pep A 2-1 phenotype at the time of this cloning

experiment (Feb./Mar. 1973) and retained it for at least a further year in continuous culture. By
mixing known numbers of cells from selected clones it was found that Pep A 2 cells mixed into a

Pep A 2-1 culture did not result in visible appearance of asymmetry in the electrophoretic
pattern until the Pep A 2 cells comprised about 40% of the total. However, less than 10% of
Pep A 2-1 cells in a predominantly Pep A 2 culture were detectable since this only required
recognition of the additional heterodimeric isozyme not present in Pep A 2 clones (Fig. 1).
The results of quantitative assay for Pep A activity in a series of Pep A 2 and Pep A 2-1

clones, and in the parent F 137 line are given in Table 2. The mean total Pep A activity in the
Pep A 2-1 parent line and Pep A 2-1 clones was about twice that of the Pep A 2 clones, and
this difference was highly significant (t = 6-42, d.f. 27, P < 0-001). This result implies that
there has been loss or inactivation of the Pep A1 allele in the clones of phenotype Pep A 2.

Chromosome analysis
Over 100 metaphase spreads have been photographed and fully analysed from samples of the

parent line F 137 taken during the period of establishment of the F, G, H and J clones. More
than half the cells from every sample had the karyotype shown in Fig. 2 (Plate 1), the ab¬
normalities being an extra small submetacentric marker (possibly derived from the centromere
and short arms of a chromosome number 4), additional material on the long arms of both

3-2
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Pep A 2-1% 100 75 50 25 12 6 0

Pep A 2 % 0 25 50 75 88 94 100

Fig. 1. Isozyme patterns of Peptidase A obtained after mixing cells of clones
on phenotype Pep A 2—1 and Pep A 2 in known proportions.

Table 2. Quantitative estimation of Pep A activity
Pep A activity

(units/mg. protein)
No. of f 1

Material tested estimations Mean S.D.

Parent F 137 6 5'4 1*70
Pep A 2-1 clones 10 6-88 1-32

(3 different clones)
Combined Pep A 2-1 clones and 16 6-32 i-6o
F 137 parent line
Pep A 2 clones 13 303 o-88

(4 different clones)

One unit of Pep A activity is defined as that liberating i /tmole of leucine in i hr. at 37 ° C. (Sinha et at.
1970).

members of the 13 pair and one of the 14's and a prominent subterminal secondary constriction
on the long arm of one number 7. Cells with the karyotype shown in Fig. 3 (Plate 2) were also
present. They comprised 25% of one sample, and a smaller proportion of two others but were
not seen at all in some. These cells differ from the modal strain in having a translocation between
the long arm of a chromosome number 4 and the distal end of the long arm of one of the 18
pair. Some ten per cent of cells had trisomy 9 in addition to the abnormalities shown in Fig. 2
and in a few this was associated with a 21/21 Robertsonian translocation (plus a normal chromo¬
some 21). Other apparently random observations were noted in occasional cells, including a

single cell with a 9/18 translocation as shown in Fig. 4 (Plate 3).
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Fig. 4. F 1.47 coll with the abnormalities shown in Fig. 2 plus a translocation between the long arms of
chromosomes ft and 18. The band of heterochromatin (from the centromere region of the ft) marking the point
of fusion of the ftq and the 18q— is arrowed. The deleted ft (also arrowed) shows some reduplication of the
long arm although loss of part of the ceritromeric heterochromatin is evident from the reduced size of its
non-fluorescent band when compared with that on the normal number ft.

KUZABKTH ARTHl'K and otheus



I nmils of I///waii (.reu-ciici, I 01. 39, Purt I Plate 4

Fig. 5. Cell from F I'M clone H ;> with the abnormalities shown in Fig. 2 plus
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When the line was analysed again 18 months later, at the time of isolation of the '0' clones,

10 of 30 metaphase spreads examined included the 9/18 translocation. The other 20 had the
modal karyotype shown in Fig. 2. At this time there was detectable asymmetry of the Pep A
electrophoretic pattern from the parent line.
Chromosome analysis has been completed for 100 clones, including all the 'O' series and those

of the earlier series in which an isozyme change had been detected. The remainder were chosen
at random from the appropriate series. The results are summarized in Tables 3 and 4.
The distribution of karyotypes among the F, G, H and J clones does not quite correspond to

the distribution among individual cells of the parent line at the relevant time. The modal
karyotype (Fig. 2) is relatively under-represented while the proportion of clones showing the
4/18 translocation and particularly the 9/18 translocation is unexpectedly high, even allowing
for the element of selection in the latter case, as discussed below. Among the 17 clones listed as

having ' other' karyotypes, four appeared to he mixtures of two of the specified cell types and
hence not true clones; two others had trisomy 9 and the 21/21 translocation described above; a
5/7 translocation was observed in two clones and a 3/10 translocation in another two, implying
that both of these aberrations had arisen before isolation of the clones. Each of the remaining
seven clones appeared to have a unique karyotype, including near-tetraploidy in one case. Two
belonged to each of the F, G and J series and one to the smaller set of H clones.
The 16 0 clones (Table 4) included six with the karyotype shown in Fig. 2, eight with the

9/18 translocation (Fig. 4), one which was a mixture of these two types and one with additional
material on the short arm of a 13, plus the abnormalities shown in Fig. 2.
Taking all the clones together there is a striking correlation between the presence of the 9/18

translocation and change to the Pep A 2 phenotype (Tables 3, 4). Of 99 apparently single-cell
clones which were both karyotyped and examined for Pep A, 13 had the 9/18 translocation and
the phenotype Pep A 2, and 84 did not contain the translocation and were phenotype Pep
A 2-1. Of the remaining two clones one (H 5) had a deletion at the mid-point of the long arm of
one of the 18 pair (Fig. 5). The other, J 28, showed an asymmetrical Pep A 2-1 isozyme pattern,
indicating definite activity of the product of the Pep A1 allele, amounting perhaps to about
10% of the total activity, and yet the 9/18 translocation was present in all 30 metaphase
spreads examined.

DISCUSSION

The karyotype and isozyme data presented here illustrate the heterogeneity of the F 137 cell
line and together with earlier cytogenetic studies (Steel, McBeath & O'Riordan, 1971; Steel,
1971, 1972) they throw light on changes occurring with time in the relative proportions of
different subpopulations within the bulk culture. The presence of the small submetacentric
marker and the enlarged D chromosomes in virtually every cell, regardless of what other
abnormalities were present, establishes the common origin of the various subpopulations making
up the F 137 line at the time of isolating the F, G, H and J clones (Feb./Mar. 1973). The karyo¬
type shown in Fig. 2 was first identified in this line some two years earlier. Before that time, the
modal karyotype had included trisomy 7 and the small submetacentric marker was not present.
Cells with trisomy 9 first appeared in the line during the transition from the earlier to the later
modal karyotype. The 9/18 translocation was seen in only one cell (of over 100 examined) in
March 1973 and it might well have gone unrecognized at this stage though its presence in the
parent line could have been inferred from karyotypic analysis of the clones.
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Table3.Dataon84clonesisolatedfromlineF137inFebruary/March1973,whichwereexaminedbothforisozymesandkaryotype
Karyotype

No.of

r

A

\

lesignation

clones

PepA

47,ZYAbn+
47,ZYAbn+48,ZY9+

Total

ofclones

tested

Mutagentreatment
phenotype

47,ZYAbn+

9/18tr

4/18tr

Abn+

Other

F

24

MNNG1/£g./m1.x30min.
2-1

7

0

10

1

5

23

2

0

1

0

0

0

1

G

23

MNNG1fig./ml.x60min.
2-1

7

0

4

5

5

21

2

0

2

0

0

0

2

H

6

MNNG2fig./ml.x60min.
2-1

2

0

2 .

0

0

4

2

0

1

0

0

1*

2

J

3i

Nil

2-1

9

it

9

5

6

30

2

0

1

0

0

0

1

Total

84

2-1

25

1

25

11

16

78

2

0

5

0

0

1

6

*CloneH547,XYAbn+i8q-(deletionatmid-pointoflongarm,seoFig.4(Plate3)). fIncloneJ28anasymmetricalPepA2-1patternwasseen(fordiscussionseetext). Table4.Dataon16'0'clonesisolatedinAugust1974 Karyotypo
47,ZFAbn+ 47,XYAbn+,t(9/i8) Mixtureofabove 47,XYAbn+i3p+

No. 6

PepA* phonotypo
2-1(all) 2(all) 2-1(asymmetric) 2-1

*Atthetimeofisolationofthe'0'clonesasymmetryofthePepA2-1patternwasjustdetectableinthe parentlineF137.Of30cellsexamined20hadkaryotype47Abn+andxohadthe9/18translocation.
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Change of the Pep A 2-1 phenotype to Pep A 2 was previously observed in one of a series of
clones isolated from F 137 in August 1972 (Povey et al. 1973). Unfortunately the clone was lost
before chromosome studies could be undertaken, but it seems possible that the mutation giving
rise to the 9/18 translocation had occurred in F 137 at least 6 months before it was detected on

cytogenetic analysis of the line, and hence that some 2 years elapsed before the new variant came
to represent over 30 % of the cells in the bulk culture. Only at this late stage could the hetero¬
geneity be recognized by isozyme analysis of the line.
By contrast, the 4/18 translocation variant seems to have been a relatively transient feature

of the parent F 137 line. It was not found in samples analysed before February 1973 nor in
others examined in October of that year, although it was represented in 25 of the 84 F, G, H and
J clones analysed. It was not seen in the parent line at the time of isolation of the 'O' clones,
nor in any of the latter. Its fate is now being followed in more detail in a fresh culture of F 137
stored in liquid nitrogen in March 1973, and recently re-established in culture.
Evolution by the emergence of successive 'waves' of clones has previously been demonstrated

in another human lymphoid cell line by sequential chromosome analysis (Steel, McBeath &
O'Riordan, 1971) and is probably a general characteristic of this type of long-term culture
(Steel, 1972). The selective pressures favouring the emergence of a new variant within the bulk
culture are poorly understood, though subtle changes in culture conditions, such as the intro¬
duction of a new batch of foetal calf serum, may be important (Lindsay & Steel, unpublished
observations). In this context the isolation of single cells for cloning purposes may well represent
a major change in selective pressures, favouring the growth of variant cells not particularly well
adapted to compete in the bulk culture situation. This Avould explain the discrepancies, recorded
above, between the composition of the parent line and the distribution of karyotypes among
clones derived from it. In general, the mutagen treatment of the bulk culture did not appear to
have had a major effect either on selection of a particular karyotype or on the frequency of
unique karyotypes ('new mutations') among the cloned survivors. If the Pep A phenotypes are
considered independently of the karyotypes, however (Table 1), there is some suggestion of
increased frequency of the Pep A 2 phenotype in clones derived from cells treated with high
doses of mutagen.
It is clear that lymphoblastoid lines are likely to be genetically heterogeneous due to the

spontaneous emergence of mutant cells and that shifts in the proportions of different sub-
populations can occur in vitro over a period of many months or even years. Allowance must
therefore be made for this in the design and interpretation of genetic experiments involving
these lines. On the one hand, the presence of even small numbers ofmutant cells in the parent
culture increases the chances of detecting changes at specific loci in studies of the type described
here (which may be regarded as an advantage), but on the other, the suspicion that cloning
procedures select for particular subpopulations from the original line introduces complications
if the data are to be used, for example, to compare mutation frequencies at different loci or to
assess the mutagenic effect of a particular treatment.
A recently isolated clone will, in many cases, be more appropriate than the bulk culture of a

given cell line as starting material for genetic experiments. The time-scale of months or years
over which one can follow shifts in the heterogeneous populations within a mass culture should
not, however, be taken to imply that a cloned subline will remain genetically homogeneous for a
similarly prolonged period. If a mutant cell arises at an early stage in the growth of a clone, it
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will immediately comprise an appreciable proportion of the new subline. Although there is no
direct evidence that this has occurred in any of the present series of clones, it must also be
emphasized that mutants identifiable on chromosome and/or limited isozyme analysis probably
represent only a small proportion of the total arising.
The clear-cut association of loss of the activity of the product of the Pep A1 allele in clones

with the 9/18 translocation seems unequivocal and has been demonstrated even in mixed cell
populations by asymmetry of the isozyme electrophoretic pattern. The karyotypic data from
all 14 Pep A 2 clones (Tables 3, 4) establishes this link beyond any reasonable doubt. Of
particular interest, however, is the single clone (H 5) showing loss of the activity of the product
of the Pep A1 allele but without a 9/18 translocation. In this case, half of the long arm of one
number 18 is deleted (Fig. 5, Plate 4). There is already evidence from family studies and from
inter-species cell hybrids, assigning the Pep A locus to the distal segment of the 18 long arm

(Creagan et al. 1973; McAlpine, Chandley et al. 1974; McAlpine, Gee et al. 1974) and the data
from clone H 5 provides independent confirmation of this assignment.
The 9/18 translocation in the six other Pep A 2 clones involved a reciprocal exchange between

the heterochromatic C-band region of the long arm of chromosome 9 (9ql2) and the distal tip
region of the long arm of chromosome 18 (18q23). The translocation and its products are there¬
fore t(9; 18) (9pter ->■ 9ql2:: 18q23 -> 18qter; 18 pter -> 18q23::9ql2 -» 9qter). Since the break
in the 9q region involved the centromeric heterochromatin, the der (18) chromosome is charac¬
terized by an intercalary band of heterochromatin marking the point of exchange on the long
arm. The der (9) chromosome consists largely of material from chromosome 9 and contains a

rearrangement additional to the translocation, which has resulted in a reduplication of part of
9q. The 4/18 translocation also resulted from an exchange near the tip of chromosome 18
(18q23) at a site indistinguishable from that involved in the 9/18 translocation (see Fig. 3,
Plate II). However, cells containing the 4/18 translocation have the Pep A 2-1 phenotype,
whereas those with the 9/18 have the Pep A 2 phenotype.
The loss of the activity of the product of the Pep A1 allele in the 9/18 translocation clones and

its retention in those with a 4/18 translocation can be explained in two ways. Either there is a

slight difference in the 18 break point in the two cases or else the 9/18 translocation results in in-
activation of the locus without actual deletion. Both interpretations imply that the Pep A
structural locus must lie very close to the tip of the 18 long arm. Complete suppression of a locus
due to its transposition close to a region of heterochromatin is a well-known phenomenon in
Drosophila (Schulz, 1948; Baker, 1968) and evidence for suppression of autosomal genes trans¬
located to the heterochromatic X-chromosome is also well documented for the mouse (e.g.
Cattanach & Isaacson, 1967). In these cases suppression is varied in its incidence in somatic cells,
resulting in a variegated phenotype and further evidence that the locus in question is inactivated
rather than deleted is provided if there is frequent reversion to give mosaicism or if reversions
occur following recombination (Catcheside, 1947) and transfer of the suppressed locus to a
different chromosome or region.
J 28 contained detectable activity attributable to the product of the Pep A1 allele, even

though all 30 cells examined had the 9/18 translocation. The isozyme pattern was consistent
with that expected from a mixture of about 90% cells of Pep A 2 phenotype with 10% cells of
Pep A 2-1 phenotype. It is possible that the failure to observe cells without the 9/18 transloca¬
tion may have been due to a sampling effect. This would imply that J 28 was not originally a
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true clone. However, the pattern would also be consistent with the reactivation of the Pep A1
allele in a proportion of the cells, i.e. variegation or a similar phenomenon. To test this interest¬
ing possibility further studies of J 28 are in progress, as well as a long-term follow-up study of
the Pep A 2 clones, with the aim of detecting revertants with or without further spontaneous or
induced karyotypic change. If such evidence could be obtained it would establish, for the first
time, that gene suppression can occur as a 'position effect' in human cells.

SUMMARY

One hundred and thirty-three clones (60 mutagen treated, 73 controls) of the human male
lymphoblastoid cell line F 137 have been examined for the electrophoretic pattern ofmore than
30 enzymes. In nine instances there was loss of activity of one allele of an A-linked or hetero¬
zygous autosomal locus. Seven of these involved the Pep A locus, and in every case the change
was from the Pep A 2-1 phenotype to Pep A 2.
Cytogenetic analysis of the parent line revealed a number of variants on the modal karyotype.

On cloning, there appeared to be some selection for survival of non-modal cells. The proportions
of the cytogenetically distinct populations within the bulk culture varied over a period ofmany
months.

There was a strong correlation in individual clones between loss of activity of the product of
the Pep A1 allele and the presence in the cells of a 9/18 translocation. In addition there was one
clone of phenotype Pep A 2 with a deletion of part of the long arm of chromosome 18. The data
confirms the assignment of the Pep A structural locus to the distal half of the long arm of
chromosome 18 and localizes it with some precision to the qter region.
The Pep A 2 phenotype of the clones containing the 9/18 translocation could be the result of a

small deletion eliminating the Pep A1 allele but not large enough to be detected cytogenetically.
Alternatively inactivation of the Pep A1 allele may have occurred as a position effect resulting
from the close association of heterochromatin from the centromere of 9 with the qter region of 18.

We should like to thank Mrs Christine Blenkinsop and Miss Marilyn Smith (MRC Clinical and Population
Cytogenetics Unit, Edinburgh) for their able technical assistance, and Mr Norman Davidson (Edinburgh) for
preparing the photographs.
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Summary.—The cytolethal response to treatment with prednisolone was investi¬
gated in vitro in eight human lymphoblastoid cell lines containing varying concen¬
trations of specific cytoplasmic glucocorticoid receptors. A similar response was
observed in seven of the lines irrespective of their concentration of cytoplasmic
receptors, and pharmacological doses of steroid, well above those required to saturate
receptors in cell-free extracts, were required for a massive lethal response. One
cell line derived from Burkitt's lymphoma was refractory to lethal effects even with
pharmacological doses of steroid.

A similar unresponsiveness to the cytolethal effect of prednisolone in vitro was
observed in fresh lymphoblasts derived from patients with acute lymphoblastic
leukaemia despite evidence of a satisfactory clinical response to therapy which in¬
cluded steroid. The resistance of human lymphoblastoid cells to treatment with
glucocorticoids in vitro may result from a defect in activation subsequent to the
binding of steroid to cytoplasmic receptors.

Title cytoiethal effects ol gluco¬
corticoid hormones on normal unci neo¬

plastic lymphoid cells are well established
(Dougherty, 1952; Harris, 1970; liosenau
el al., 1972). Moreover, in combination
with other drugs, glucocorticoid hormones
are highly effective in the treatment of
acute lymphoblastic leukaemia (ALL) of
man (Simone, 1974). At the molecular
level, however', the precise mode of
action of glucocorticoid hormones on
lymphoid cells has still to be resolved.
It is generally held that binding of
steroid to specilic protein receptor mole¬
cules in the cytoplasm is the first step
in the cytolytic process in sensitive ceils.
Subsequently, steroid-receptor complexes
are believed to undergo a temperature-
dependent conformational change and
migrate to the nucleus, where they
influence transcriptional activity in such
a way that cell lysis results (Munch e.t
a.l., 1972; lliggins rial., 1975; Thompson
and Lippman, 1974).

However, much ol the current slate
of knowledge concerning the mechanism
of glucocorticoid hormone action is based
on experiments with rodent tissues, in¬
cluding thymocytes and various cultured
cell lines. Little is known of these
events in human lymphoid cells and, in
particular, the role of cytoplasmic re¬
ceptors in the initiation of hormone
effects appears uncertain. In one study
(Lippman el al., 197,'i) with freshly isolated
lymphoblasts from patients with ALL, a
close correlation was found between hor¬
mone responsiveness in rim and (lie
concentration of cytoplasmic receptors.
However, other studies (Gailani el al..
197.'!; Lippman, Perry and Thompson,
I 074) with 5 lymphoblastoid cell lines in
ril.r<>, failed to reveal such an association
and the role of cytoplasmic receptors in
the initiation of cytolcthal effects by
glucocorticoids in human cells remains to
he established.

To investigate this problem, we have
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studied the relationship of cytoplasmic
receptor levels and glucocorticoid cyto-
lethal effects in a series of human lynipho-
blastoid coll lines derived from patients
with leukaemia or lymphoma, or without
malignant disease.

MATERIALS AND METHODS

Cell lines.—The cell lines were derived
from freshly isolated human lymphoid cells
of lymph glands, lymphoid tumours or
peripheral blood. They were established as
permanent cell lines in suspension culture,
either spontaneously or by a process of
co-cultivation with lethally irradiated cells
containing Epstein-Ban- virus (EBV) as
described previously (l'ulvertali, 1965; Jen¬
sen et al., 1907; Steel and Edmond, 1971:
Steel, 1972). Previous studies have shown
llieso cells to have, the chara-eleristics ol 1!

lymphocytes by their ability to synthesize
immunoglobulins (Evans, Steel and Arthur.
1974), to have C'3 receptors on their surface
membranes (Moore and Minowada, 1972),
to lack receptors for sheep red blood cells
(Evans, Smith and Steel, 1975) and to be
devoid of cytotoxic activity (Steel el id.,
1974).

Cell culture.—Cells were grown in suspen¬
sion in conical glass flasks or roller culture
bottles in Eagle's minimum essential medium
(MEM, Gibeo Bioeult), or flam's Kit)
medium with 10% tryptose phosphate broth
(Gibco Biooult), supplemented with 20%
heat-inactivated (56°C for 1 h) foetal calf
scrum (ECS, Cibc.o Piocult), at .'S7°C in a
humidified atmosphere of 5% C()2 in air.
They were maintained at. densities between

and 10 X 10s/ml by feeding with fresh
medium every 3-4 days.

Chromosome. analysis.—Approximately
2 X 106 viable cells were resuspc.ndcd in
5 ml of fresh growth medium. After 24 h,
a drop of 0-02% dimothylcolehieine was
added to the culture and the incubation
continued at 37°C for a further 60-90 min.
The cells were harvested by centrifugal ion.
exposed to 0-0075 mol/1 KC1 for 10 min
and fixed in 3 changes of methanol : glacial
acetic acid (3 : I, v/v). Drops of flu- lixed
suspension were allowed to dry on clean
slides, stained for 8 min in 0-5% quinaerinc
dihydrochloride, washed for 5 min in running
water, mounted in distilled water under a
sealed coverslip and examined with a Lcitz

Orlliolux inieroseope willi 1'loem s \erlieal
illumination using an .HBO 200 u.v. source.
Most cell lines have been examined repeatedly
a! mlervals ol a lew months, and from
(i to 30 inetaplia.se spreads photographed and
fully analysed on each occasion.

tSlrrtiitl hinil i ihj hi/ cell extracts.—The.
binding of glucocorticoid hormones to specific
high affinity cytoplasmic receptors was
studied by the competitive binding assay
developed by Baxter and Tomkins (1971)
using radioactively labelled and unlabe.llcd
dexametliasone. 3-5 X 10" cells weix: har¬
vested by centrifugation (800 rj for 10 min),
washed twice in phosphate buffered saline
(PBS; 0-025 mol/1 KID.PO,, ()•] mol/1
XaCI, pll 7-4) al 0-PO, recent rifuged and
homogenized in ice-cold trieinc Imiler (0-02
mol/1 tricine, 0-002 mol/1 CaCl2, 0-001 mol/1
MgCl». pH 7-4). Rat thymuses were excised
asepl ieall v. rinsed in ice-cold PBS. blotted
dry and chopped finely with scissors in
I vol of ice-cold tricine buffer and homo¬

genized. The cell and thymic homogenaies
were cent rifuged at 105,000 <j at 4°C for
1 h and duplicate aliquots of eytosol (0-4 ml)
incubated at 0°C with varying concentrations
of | I, 2(n)-:!l! |-dexamel iiasone (19-29 Ci /
mmol; Radiochemical Centre, Amersham) in
the presence or absence of a 1000-fold excess
of non-radioactive dexamethasone (Sigma).
Unbound steroid was removed after 2 h
by addition of 50 100 /tl activated charcoal
(200 mg/ml; BDH Chemicals), which was
vigorously agitated for 5 sec and centrifuged
(600 </ for I min). The supernatant was
recent rifuged (10,000 </ for 5 min) and aliquots
(200 nI) of supernatant assayed for radio¬
activity in a toluene-based scintillant con¬
taining Triton X-100 (.33% v/v; lntcr-
tcclmique) and butyl-PBl) (5 g/l; Inlerleeh-
nique) in a Becknum LS-250 liquid scintilla-
lion spectrometer (efficiency ~30%). Speci¬
fically bound dexamet liasone represents the
difference in amount- of -Mf-dexamel hasone
bound to eytosol in the absence and presence
of 1000-fold excess of non-radioactive steroid.
Protein eoiiceiil rat ion was measured bv the

technique of Dowry et al. (1951) using bovine
serum albumin as standard.

('i/lnliiliiil tests. Duplicate cultures of
cells (3-5 x 10"/ml) were grown in MEM
supplemented with 20% heat-inactivated
ECS at 37"(1 in a humidified atmosphere
of 5% CO., in air. After 4S h when cells
were in log phase of growth, methyl prcdni-
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solo lie. sodium succinate (Soliimcdrouc, I' | >-
john) Mas added in aqueous solution at
concentrations liot.ween 10 7 and 10 :l mol/i
(final volume 1%). After incubation for n
further 48 h, the total number of cells was
enumerated with a haemacytometer and the
viability assessed by exclusion of nigrosinc
(0-25%). Per cent lysis was calculated bv
comparison with control cultures which
received no steroid.

UNA ni/nlhe-sif!.—The effect, of predni¬
solone on the incorporation of (5-aH)-uridine
(3HU; 27 Ci/mmol; Radiochemical Centre,
Amersham) into the acid-insoluble fraction
of cells was estimated. Duplicate cultures
of cells (3-5 X 105/ml) were grown as
described above. Solumcdrone was added
at concent rations between 1(1 " and 1(1 :!

mol/1 to duplicate 1-0 ml aliquots of cells
and after 1 h these, were pulsed with 1-0
/i(!i/m! '11U for 20 nun. The cells were
collected in microtibre glass lilters in a
sampling manifold (Millipore), precipitated
with ice-cold 5% trichloroacetic acid (3 Ml
ml) and washed with ice-cold 70% ethanol
(3 X 10 ml). Filters were dried at 37"0
and assayed for radioactivity in a toluene-
based scintillant containing butyl-FBI) (5-0
g/1) in a Beckman LS-250 liquid scintillation
spectrometer (efficiency ~ 30%). Results
are expressed as incorporation of "41IJ into
the acid insoluble fraction/10° viable cells.

results

Origin and karyotype, of IyiiipliMa.<t„;,l
i'< lI It in *

The origin, karyotype and age b.
vitro of the 8 cell lines used in nui

studies are shown in Table I. Wherc.n
there was some variation in chromosome
constitution within each line, there wn-

,always a clear modal karyotype. Pun;-
lines—RUS,, RUS.,, PRAT and VAK.
had only minor alterations to the norma!
diploid human coinj)lemeiit. but t In-
others had multiple breakages and recom¬
binations, including fragments and ab¬
normal chromosomes the precise origin
of which could not be established.

(IIili'iit'in'lii niil r///a/i/i/.vwir rec< plot's m

li/niphoblrtnloul cell line..'}
In steroid binding studies .-perilir

receptors in the cytoplasmic extraeis
(cvtosol) of lymphoblastoid cells h(-eaitm
saturated with de.xamet hasone at eon

cent-rations above 5-8 X 10 s mold as

illustrated in Fig. 1. Scatchard (MiTq
analysis of the data, shown in the insert
of Fig. I, yields a straight line consistent
with a single class of receptor molecules

Table I.—Origin, Karyotype, Aye in. Cull hit. and OyttvplaxHiic Jtece.ptor (,'onee.hlrolinn
of IIitiiimi LyinpliolihiAoid Cell Linen

Specilically boiunl
Age in dexainofhasone
cult ure (pmol •»»

(VII lino ( )ri>.'in Modal k.'iryolvjio put It) JUOt.Mn)
KUSi Aoulo niyeloblasiie 4(1 XV iSp ■21

, <>*K2
leukaemia

llUSo Acule myeloblaxl.io -Mi XV 4/.S Translocation ' '21 i>• (it;
leukaemia

BLAX Acute lymphoblastic 4(i XV Multiple breakages and 44 0 • (52
leukaemia recoml)inai i<>ns

F89 Subacute lymphatic 4S XV ?\1 oh ipl»" breakages and 04 0- Hi
leukaemia rccombinut ions

OS, Chronic lymphatic 4S XX Multiple breakages and 7.4 (>•71
le.ukjiemia recombinations

J1JOYE Burkitt's lymphoma Near 1( •traploid. Multiple. 0t> 0-44
brea kaiies and
iff*iinbiiial nms

J'EN., Adull blood* IS XX V II ■ 24 O-OO

YAK", <Wd blot id 4 7 XV i 'jtrl in. 1 1 risoni v 1 17 0-47

Erosh thymus liftt+ — 0-44

Tlu\ results shown are the mean of 2 sepnrnh • delorminai ions.
* Klinefolte:r's syndrome. + Female PVd/C irats ayed SS days.
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of uniform steroid affinity. The. equi¬
librium (dissociation) constants for the
2 examples shown, calculated from the
intercepts of the reciprocal plots, were
1-0 X 10~8 mol/1 (RUS.,) and 2-3 x 10-8
mol/I (GSj). For comparison, Fig. 1
shows also the binding of dexamethasone
to cytoplasmic receptors of fresh rat
thymus, a tissue of known high sensitivity
to the cytolytic effects' of glucocorticoid
hormones in vivo (Dougherty and White,
1(J45); saturation occurred at similar con¬
centrations of steroid, and the dissocia¬
tion constant (3-7 x 10~8 mol/1) was of
similar magnitude.

Further characterization of lynipho-
blastoid cell receptors revealed that they
were thermolabile and completely in¬
activated by 30 min pre-incubation at
37 T). Similarly, incubation for 10 min
at 20r'(J with trypsin (I mg/ml) and
protease (1 mg/ml) destroyed the binding
capacity of cytosol. Incubation with
dcoxj'ribonuclease (bovine pancreas, 100
//g/ml) and ribonuclease (bovine pancreas,

100 /(g/ml) had no significant effect on
the liiuding characteristics. Thus, (he
cytoplasmic glucocorticoid receptors of
human 1 vmphoblastoid cells appear to
be of a protein nature similar to those
described in other glucocorticoid sensitive
tissues (Hackney et nl., 1970; Munck
and Wira, 1971; Baxter and Tomkins,
1971).

Using the competitive binding assay
at sal ural ing conccnl ra( ions o! drxa
methasone (S X 10 8 mol/1), the relative
concentration of receptors in the cvtosols
of the various cell lines was determined.
As shown in Table I a gradation in
receptor concentration was found. The
highest levels (0-02-0-S2 pmol/mg protein)
occurred in cell lines derived from patients
with acute leukaemia and from one case

of chronic lymphatic leukaemia, whilst
intermediate concentrat ions (0-37-0-43
pmol/mg protein) were found in lines
derived from a Burkitt's lymphoma and
a healthy placental cord blood. The
lowest levels (0-09-0-10 pmol/mg protein)
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Prednisolone concentration (M)
FlfJ. 2. -Cytolytic uffocl. of pnulnisolouo on human lviii|»li<)l>la.s(<>i<! cell linos. IVr ooni lysis was
calculated by comparison wilh c.onirol (alliums wlnc.li received no steroid. Kacli point represents
the mean of 2 separate experiments.

were found in the lines derived from a

patient with subacute lymphatic leukaemia
and from the peripheral blood of a non-
leukaemic adult patient. The concentra¬
tion of receptors (0-TJ pmol/mg protein)
in the fresh rat thymus corresponded
to the intermediate values obtained in the
cell lines.

Glucocorticoid cylolethal response
The lethal response was assessed mor¬

phologically by the ability of cells to
exclude the dye nigrosinc, following in¬
cubation with aqueous preparations of
steroid for 48 h. As shown in Fig. 2, a
mild lethal response. (10 15% of cells)
was observed with prednisolone at con¬
centrations of 10_7-10_1 mol/1 although
these effects were apparently not in
direct proportion to absolute concentra¬
tions of steroid. A marked increase in
the cytolethal effect was observed, how¬
ever, when the steroid concentration was

increased to 10-3 mol/1 and in some
instances more (ban S5% of cells were
lulled. The magnitude of this enhanced
lethal response, however, did not corre¬
late with the measured levels of specific
cytoplasmic hormone receptors, and some
of the cell lines with low receptor con¬
centration appeared to be as sensitive as
those with high receptor levels (compare
Fig. 2 and Table 1). The cell line derived
from Burkitt's lymphoma-, however, was
notably resistant to lethal effects even
with high doses of steroid. Table 1 and
Big. 2 show also that no correlation
could be established between steroid

receptor levels or sensitivity to cytolytic
effcels and criteria which may be related
to the malignant " potential " of lytnpho-
blastoid cells in vivo, namely the origin
of t he. cells (from malignant- or non-malig¬
nant conditions), the degree of abnor¬
mality of modal karyotype or the age
of cells in, vitro.

The concentration of prednisolone
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(10 mol/l) required to achieve severe;
lethal effects exceeds physiological plasma
levels of steroid (I0~"-IfW mol/l) by
several orders of magnitude. Moreover,
as (am be seen in Kig. I, it is considerably
in excess of steroid eoneentrations rc-

(|iiired to saturate receptors in cytoplasmic
extracts. However, when other gluco¬
corticoid hormones such as Cortisol and
dcxamethasone were tested over the same

concentration range virtually the same,
or in some cases somewhat reduced,
lethal effects were obtained, and no

significant differences were observed when
steroids soluble in ethanol or dimethvl-
i-nilphoxidc were substituted for aqueous
preparations. Furthermore, destruction
of transeortin binding activity of scrum
Until heat (/><» '(I lor I h) did not reduce
the lethal response obtained with Cortisol
or prednisolone.

Ultrastructuial studies of cultures
treated with 10-3 mol/l prednisolone
showed that less than .'1% of steroid-
treated cells contained EBV particles and
the cytolethal effects could not be attri¬
buted to induction of virus lytic cycle.

Cytolethal tests were also performed
with lvmphoblasts isolated from the
peripheral blood of (i patients with ALL
before commencement of therapy. De¬
spite an apparent satisfactory clinical
response to chemotherapy which included
prednisolone, these cells did not show-
any greater sensitivity to the lethal
effects of glucocorticoids in vitro than the
cultured iyiuphoblasts. Insufficient ma¬
terial was available, however, to estimate
the receptor levels in these cells.

divajrjjrticoid effect on UNA nynlh.e.'dfi
The effect of prednisolone on the

incorporation of 3HU into the cold acid-
insoluble fraction of lymplioblasfoid cells
was studied as an earlier and more

sensitive index of cell damage than
nigrosine. Preliminary investigations
showed that significant inhibition of 3HU
incorporation could be detected within
I h of addition of prednisolone. Similar
results were observed in all the cell lines

Taui.K II. "/ I'l'rdiiifoloiii' on
Incorporation of :i 11-uridine into llnman
Lymphohlanloid Cell Linen

< '--III1*1.1

ineiH'|i(irul it.n
Cell (el /mill/ III'1
I iin- viiilile eell.s)

Kl'S, 2!l7f)
li t 'S„ 7:!a 1
in .A ; I :i 1 r.2
F89 1774:1

US, ,ri5:tii
■1 I.IOY E ■ir. )

REX.. J2(>:i0
YAK, 1 r>r>71

fractional incorporation
of con! rol

Prednisolone
eoneonl nil ion (niol 1)

10 « 10 r> 10 •' lo

ooo o-so o-72 oir:{
O OO 0 S1 0 •;"»(» 0- ir>
0 • 87 0-70 0-17 0-00
102 0-80 0-58 0-1.T
0-87 0-84 0-08 0-10
0 • 88 0-8.4 0-08 0- 10
0•80 0-88 0-00 0-11
0 • 01 0 • 80 0 • 04 0 • 1 f>

The results shown are- the mean of two separate
determinations and represent- incorporation of
•' 11 11ridino mlo I he .uf id in:uiltihl<> fraei ion /10(> viable
cells.

studied, i i ml ml im- I lie Ihirkit I 'm I ym pi it mm
cell line., as shown in Tallin II, irrespective
of their specific cytoplasmic receptor
concentration: Ihus, I h alter addiiion
of 10—' and I0-<1 mol/l steroid there was
a. slighi reduct ion (- V2()0) in 3IdTTT incor¬
poration; with 10 ' mol/l prednisolone
moderate reductions (50-50%) were ob¬
served whilst addition of 10~3 mold
steroid produced a marked inhibition
(>75%) of 3HU incorporation in all
cell lines.

DISCUSSION

In contrast, to the findings in vivo
wit h Ivmphoblastoid c<dls of ALL patients
(Lippnian ii at., 1075), our results rleai'R
show that the level of specific cytoplasmic
receptors in human I vmphoblastoid cells
cannot be used to predict, their responsive¬
ness to glucocorticoid treatment in vitro.
Similar responses to steroid treatment
were obtained with all but one of the
cell lines despite widely varying levels
of cytoplasmic receptors: the exception
was a cell line derived from Biirkilt's

lymphoma, although it showed a similar
response to inhibition of RXA synthesis
as (lie other cell lines. II is noteworihy
that in our studies significant lethal
effects were observed only with doses
of steroid which produced a severe re¬
duction (>75%,) in incorporation of RXA
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precursors. Other workers (Rosen cl id.,
1972; Stevens, Stevens and Hollander,
1974) have claimed that smaller reductions
in RNA synthesis are associated with
impending lethal effects, although their
experiments did not include morpho¬
logical observations of cell death.

Although failure to exclude nigroxine
is a rather insensitive test of cyfoletlial
damage since it occurs lab* in the process
of cell death, other techniques which
employ release of specific radiolahels
from damaged cells measure similar laic
phenomena and are associated with in¬
herent interpretative difficulties due to
"spontaneous " release of label (31 chro¬
mium) or internal radiation effects
(125 iododcoxyuridine).

When compared with rodent lymph¬
oma cell lines, human ly in plioblastoid
cells appear relatively insensitive* to (la*
lethal effects of glucocorticoids in vitro.
Rodent lymphoma cell lines (Harris,
1970; Rosenau cl a]., 1972; Turiiell,
Clarke and Burton, 197.4; Kendo, Kikuta
and Nournura, 1975), nearly always show
marked lethal responses to concentrations
of glucocorticoids in the physiological
range (10~°—10~7 mol/1) and thus may
differ fundamentally in their biological
responsiveness to steroid hormones.

The failure to correlate cytoplasmic
receptor levels with glucocorticoid re¬
sponses, and the requirement of pharmaco¬
logical doses of steroid for substantial
cvtolcthal effects-, suggest that cyto¬
plasmic receptors may not be responsible
for initiation of the lethal glucocorticoid
effects we have observed in human

lymphoblastoid cells. Alternatively,
some form of steroid resistance may have
developed during the long period of
cultivation of cells in vitro. However,
in our hands freshly isolated lymphoblasts
from ALL patients showed a similar
resistance to lethal glucocorticoid effects in
vitro. It is possible, therefore, that de¬
fects in activation of glucocorticoid cyto
lethal methanisms may occur in lympho¬
blastoid ceils cultured in vitro for short
or long periods of time, rendering cells

insensitive to all but massive doses of
steroid.

Until recently, the emergence of re¬
sistance to steroid effects has been attri¬
buted to quantitative reductions in cyto¬
plasmic receptor levels (Rosenau cl al.,
1972: l.ippmau cl id., 1974). ('loarlv. in
our cell lines this cannot account for
steroid resistance if present. However,
Sibley ami Tomkins (1971) have recently
shown in studies with steroid-resistant
clones of mouse lymphoma cells that
whilst resistance to steroid effects results

predominantly from quantitative defi¬
ciencies in steroid receptors, other more
subtle defects in hormone activation may

occur. Thus, resistance may result from
qualitative defects in cytoplasmic re¬
ceptor molecules or reduction in the
capacity for transfer of formed steroid
receptor complexes to the nucleus. Rare¬
ly, delects in the specific localization
of complexes within the nucleus appear
to occur since nuclear binding of steroid
receptor complexes did not provoke a
lethal response in some clones.
It is evident, therefore, that the

binding of steroids to cytoplasmic re¬
ceptors represents only one stage of a
complex series of events leading to ex¬
pression of hormone effects. It remains
to lie seen whether the activation of
steroids in human lymphoblastoid cells in
vitro differs fundamentally from that
occurring iii vivo. ll seems likely, how¬
ever, that analysis of each step in the
activation process will be required before
the potential responsiveness of Cells to
glucocorticoid hormones can be predicted
accurately.

This work was supported by a grant
from the Cancer Research Campaign to
A.R.C. and by a grant from the Medical
Research Council.
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The Ir genetic region of the mouse, which lies between the H-2D

and H-2K loci, has recently been shown to contain genes controlling a
new set of serological specificities,called la for immune associated
(see Shreffler and David 1975). In contrast to the H-2K and H-2D
antigens, the la antigens have a tissue distribution that is restricted
predominantly to lymphocytes (mostly B lymphocytes), monocytes and
spermatozoa (Hammerling et al 1975). Various approaches to defining
la type antigens in man have been described, including especially
inhibition of the MLC reaction (Ceppellini et al 1971, Van Leeuwen et
al 1973). Recently we have described some new approaches to the ready
identification of sera against la type antigens in man that make use
of lymphoid cell lines (Bodmer 1975, Jones et al 1975) which are known
to be B cell derived (Patengale et al 1973). A similar approach has
been followed simultaneously by Winchester et al (1975).

The accompanying paper by Dick et al (1975) discusses the inter¬
pretation of anomalous cytotoxicity reactions of HL-A typing sera on
lymphoid lines. These reactions, which were first reported by
Bernocco et al (1969),seem to fall into two categories (Dick et al 1972,
Pious et al 1974). The first, as emphasised in the accompanying paper,
represents an apparent increase in cross-reactivity following the known
patterns of cross-reactions amongst the antigens of the LA and four
loci. The second category represents reactions, thought at first to be
specific to lymphoid lines, but not related to the presence of the EB
virus genome in most of these lines. Similar reactions with cells from
patients with chronic lymphocytic leukaemia (CLL), thought perhaps to
be connected with tumour specific antigens have been described by
Jeannet et al (1972),Walford et al (1973,1975) and Cullen and Mason
(1974). It is, however, known that CLL cells are mostly B lymphocyte
derived. The fact that these anomalous reactions on lymphoid cell
lines (LYL) and CLL cells are with cells presumed to be derived from
B lymphocytes, suggested that they might be directed against poly¬
morphic antigens specific to B lymphocytes and so, perhaps, analogous
to la in the mouse. With this possibility in mind, HL-A typing sera
have been screened on lymphoid lines in various ways to detect react¬
ivity against human la type antigens. In this paper we shall first
describe the approaches to screening which have been used, and their
validation. We shall then discuss the application of these approaches
to an analysis of the 6th Workshop sera.

Materials and Methods
The cytotoxicity assay was carried out using our standard micro-

fluorochromatic procedure (Bodmer et al 1967, 1973). The normal
rabbit serum used as a source of complement was selected to be non¬
toxic on LYL cells. Residual toxicity could often be removed by
absorption with an equal volume of human red blood cells, though
occasionally for some lines, absorption with LYL cells was needed.

Cell lines were grown routinely in SPMI 1640 medium with 10%
foetal calf serum and antibiotics. Many of the cell lines used are
described in the accompanying paper by Dick et al (1975). Additional
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lines used in this work included T51 (Orkin et al 1973), DAUDI (Klein
et al 1968), RPMI 8866 (G.E. Moore) and its HL-A2 negative variant 1-2
(Pious et al 1974) , and Brel, TF52, TF6, Des 3, Ba 13 and H0M2 which
were all lines grown out in our laboratory from normal peripheral
blood lymphocytes (W. Sly et al 1975). In all, lines from 30 different
individuals were studied.

Indirect immunofluorescence, using a fluorescein labelled sheep
anti-human IgG (Wellcome), was carried out following standard
procedures as described by Goodfellow et al (1975). Stripping of
cells using rabbit anti-human 62m (Dakopatts) followed by purified
horse anti-rabbit IgG (a gift from A. Williams) was done essentially
as described by Bernoco et al (1972).

Detection and validation of la type reactions
in initial systematic screen for extra reactions on lymphoid

lines not related to the usual LA and 4 locus cross-reactivity made
use of two variant lines. The first is DAUDI, which does not express
the usual LA and 4 locus determinants,nor does it have 82 microglobulin
(82m - Nilsson et al 1974, Goodfellow et al 1975). Any sera reacting
with DAUDI may, therefore, be presumed to have antibodies against the
la type antigens. The second variant was an HL-A2 negative line (1-2)
derived from 8866 which is HL-A2 positive, by Pious and co-workers
(Pious et al 1974). The variant was selected by repeated growth of
8866 in the presence of anti HL-A2 serum and complement. This variant
has previously been shown still to react with certain anti HL-A2 sera
even though it clearly does not express HL-A2 (Pious et al 1974).
Such reactions are also presumed to be against la type antigens. The
reactions of a series of HL-A2 antisera with DAUDI, 8866, its HL-A2
negative variant 1-2 and two other HL-A2 lines (Bri8 and T51) are
shown in Table I (first five columns). All seven sera react with Bri8,
T51 and 8866 as expected because of their HL-A2 specificity. Only two
of the sera (7155A, 50O5 (CLB11)), however, react with DAUDI and these
also react with the HL-A2 negative variant 1-2. These two sera are
thus presumed to have antibodies against la type antigens, in addition
to their HL-A2 antibodies.

TABLE I

Reactions of HL-A2 on lymphoid lines before and after 82m stripping

Cq -r3
Cell lines (not stripped) Cells stripped with anti-B2m

Oci.a
Bri8 T51 8866 1-2 DAUDI Bri8 T51 8866

4025C 3 4 2 1 1 1 1 1
7086A 4 4 4 1 1 1 1 1
P3098B 4 4 4 1 1 1 1 1
P3229B 4 4 4 1 1 1 1 1

715 5A 4 4 4 3 4 3 4 4
5005 4 4 4 3 4 4 4 4
3002X 4 4 4 1 1 1 1 1

4025 = Pinquette; 7086 = EYR18573, 7155 = CIC1115C14 both from
Sheffield; P3098, P3229 are from Oxford; 5005 is CLB11 from Engelfriet;
3002X is Caminiti (Bodmer/Payne)

1-2 is an HL-A2 negative variant of 8866

Scores: 4 = very strong positive 3 = strong positive
2 = weak positive 1 = negative
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The fact that DAUDI lacked 82m, together with the obvious value
of using HL-A negative variants to screen for la type activity suggest¬
ed another approach to the problem of screening. This is based on the
phenomenon called 'stripping' by Bernoco et al 1973, by which cell
surface antigens can be specifically removed from living cells by the
use of appropriate specific antisera and anti-immunoglobulin reagents.
Thus Poulik et al (1974), and others, have shown that treatment of
peripheral blood lymphocytes with anti-82m, followed by anti-immuno¬
globulin to strip off 82m, also removes the LA and 4 locus antigens,
which have 82m as one of their molecular sub units. This stripping
with anti-B2m is, therefore, a simple way to remove the usual
serologically detected HL-A antigens from the surface of cells and so
turn any line, effectively, into a completely HL-A negative variant
analogous to DAUDI. We have found that stripped LYL cells can be
stored frozen in liquid nitrogen and then used in a standard cytotoxic¬
ity assay in the presence of lOmM sodium azide to prevent resynthesis
of the usual HL-A antigenic determinants. The LYL cells can be
stripped in bulk and then aliquotted which means that sera can be
screened routinely on stripped LYL cells for identification of la type
activity (Jones et al 1975). The reactions of the seven HL-A2 sera
with stripped Bri8, T51 and 8866 cells are shown in Table I, together
with the reactions on the unstripped cells. The same two sera (7155,
5005) which reacted with 1-2 and DAUDI, are also the only ones which
react with the stripped LYL cells, clearly suggesting that all these
reactions are directed against the same types of determinants.

Immunofluorescence techniques with a few selected sera were used
to show that these reactions also occurred with peripheral blood B
lymphocytes. Immunofluorescence reactions on LYL cells parallelled
exactly the results obtained by cytotoxicity. When tested on peripher¬
al blood lymphocytes, separated in the usual way on a Ficoll-Triosil
gradient, positive reactions involved only a minority of 20-30% of
cells. The proportion reacting agreed closely with the proportion
reacting with an anti-human IgM serum. Furthermore, addition of anti-
human IgM with a putative anti la serum did not noticeably increase the
number of fluorescing cells, showing that both antisera were reacting
with essentially the same cell population. The immunofluorescence
reactions could not be absorbed out with platelets from donors whose
HL-A type matched the HL-A antibody present in the putative la anti¬
serum. The reactions also did not occur on the skin fibroblasts grown
out from donors of known HL-A type or on the Hela derivative D98.
Preliminary evidence does, however, indicate la type reactions with
monocytes, isolated as an adherent cell population from peripheral
blood cells separated on a Ficoll-Triosil gradient (unpublished
observations from Oxford in collaboration with S. Gordon). These
reactions on monocytes can be detected either by immunofluorescence
or cytotoxicity using our standard assay on frozen and thawed cells.
In at least one case it has been shown that the reactions on monocytes
are not absorbed out by platelets, but are absorbed out by DAUDI,
suggesting as expected from observations in the mouse (Hammerling et
al 1975), that the la determinants are present on monocytes and so
presumably also on the mature macrophages, which have many cell surface
markers in common with B lymphocytes.

Further evidence for B cell specificity of these la type
reactions comes from the fact that, in at least one case, no immuno-
fluorescent reactions were seen with rosette separated peripheral blood
T lymphocytes (Frjz)land 1974), while B lymphocytes from the same
preparation showed reactivity which parallelled closely that revealed
by an anti-human IgM serum. The available T lymphoid lines (MOLT4
(G.E. Moore), CCRF/CEM and 8402 - obtained from Dr. I. Royston -
(Kaplan et al 1974)) were also negative with a wide range of sera
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showing la type reactivity.

Evidence that these reactions are against antigens which are
polymorphic comes from the fact that there are both negative lymphoid
lines and peripheral blood lymphocytes (including in at least one
case the serum donor) for most of the relevant sera. Two lines of
evidence support the possibility that the la type antigens are control¬
led by genes in the HL-A region. The first is the fact that out of
a series of six somatic cell hybrids derived from a cross between the
mouse L-cell derivative A9 and DAUDI (Allerdice et al 1973, Goodfellow
et al 1975),the only clone showing specific immunofluorescence
reactions to presumed la antisera is also the only one containing
human chromosome 6, which carries the HL-A region. Preliminary data
on subclones of this hybrid support the cosegregation of chromosome 6
and la reactivity. The second line of evidence comes from some
preliminary family studies, which show no recombination with HL-A among
a total of 8 sibs appropriately tested. The fact that the immuno¬
fluorescence assay on peripheral blood lymphocytes is relatively
cumbersome has so far limited the number of families we have been able
to study. Clearly more family data on these reactions is needed.
Preliminary data also suggests the possibility of linkage disequil¬
ibrium between some of the la reactions and alleles of the 4 locus,
which would, of course, only be expected if the relevant antigens were
controlled by genes closely linked to the 4 locus.

Screening of 6th Workshop antisera for la type reactivity
The workshop sera were screened in Glasgow and Oxford on a panel

of LYL cells from at least 30 different donors (including DAUDI) and
including several duplicates as described in the accompanying paper by
Dick et al .(1975). They were also screened on 8 62m stripped lines
(T51, Brel, TF5-2, TF6, 8866, Sha, Bri8, Bri7) chosen either because
of their established patterns of reaction with the workshop antisera
or because they were from donors of known HL-A types. When the
frequencies of reaction of individual sera on LYL cells were compared
with those on a large random panel of English donors, 64 showed an
increased frequency of reaction at a 5% or lower significance level.
As already discussed, this extra reactivity on LYL cells could be due
either to cross-reaction or to the presence of la type antibodfc. 52
sera reacted with at least one of the 8 82m stripped lines tested. Of
these, 14 reacted with DAUDI, and all of the sera reacting with DAUDI
also reacted with at least one of the stripped lines. These 52 sera
are presumed to have antibodies directed against la specificities. As
shown in Table II, there is a highly significant association (x2=28.3)
between increased frequency of reaction on LYL cells and reaction with
stripped LYL. The 35 sera which exhibit both phenomena are presumably
reacting more with the LYL cells than with normal peripheral blood
lymphocytes because of the presence of la antibodies. It is interest¬
ing to note that, as might be expected, many of the 29 sera which show
an increased frequency of reaction on LYL, but no evidence of la
activity contain antibodies against relatively uncommon antigens, such
as the W19 series (5 sera) and W22 (6 sera) which cross-react with
commoner antigens such as HL-A1 and HL-A7 respectively. Thus, nearly
all LYL which are, for example, HL-A1 or HL-AIO, will also show
reactions with W19 sera and similarly nearly all lines which are HL-A7
will react with W22 sera (Dick et al, in this volume).

A 2x2 comparison of the reactions of the putative la antisera on
the LYL cells was carried out using our Tail analysis programme in
order to try and identify specific la antigens. This programme
restricts the 2x2 comparisons to cells which do not have LA, 4 or 3rd
locus antigens corresponding to the known antibodies present in two
sera that are being compared. In this way, a cluster of 8 sera
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TABLE II
Association between extra reactions on lymphoid lines (LYL) and
residual reactions after g,m stripping

Workshop serum numbers Increased frequency Reaction on 62m No. of
of reaction on LYL1 'stripped' LYL Sera

+ +35

+ 29

+ 17

94

Total 175

Sera 140,141,145 not tested in cytotoxicity x2 = 28.3
1

at a significance level of 5 per cent or less

6,8,12,13,18,31,35,38
41,42,57,58,62,66,91
92,99,101,106,107,111
112,114,116,120,132,142
148,155,156,159,161,163
170,175

15,26,32,33,34,37,46
60,72,73,80,85,93,100
102,103,104,105,113,117
123,127,130,136,138,139
157,158,160

3,5,27,39,52,64,68,69
94,110,126,146,147,
149,150,152,164

table hi
Reaction distribution for sera defining the putative I- 1 antigen on

lymphoid lines

Number of sera reacting
(out of 8)

8 7 6 5 4 3 2 1 0

Number of lines reacting
with given number of
sera (Total 29)

10 6 6 3 2 0 O 1 1

The workshop numbers of the 8 sera are: 12,13 ,41,6 6,106 ,107, 111 and 114

The 4 lines reacting with 4, 1 or none of the sera are assumed to be

negative for 1-1. One or two of the lines reacting with 5 of the 8
antisera may also be 1-1 negative.
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(workshop numbers 12, 13, 41, 66, 106, 107, 111, 114) was identified
which showed significant pairwise associations of their tails and so
seem to define an la antigen, which we have provisionally called 1-1.
The reaction distribution (distribution of the number of cells react¬

ing with a given number of the 8 sera) for these sera is shown in
Table III. There is a clear dichotomy in the reaction patterns, with
2 cells (Bri7, EB4) definitely being 1-1 negative and 2 or 3 more
(those reacting with only 4 or 5 of the antisera) also perhaps being
negative.

Because of the small amount of sera available, only limited tests
on B lymphocytes (by immunofluorescence) and on monocytes (by cyto¬
toxicity and immunofluorescence) were carried out. The two 1-1 sera
(workshop numbers 12 and 111) that were tested by immunofluorescence
on peripheral blood lymphocytes both showed clear cut reactions with
the B lymphocyte sub population from at least one donor. Serum 141,
submitted by Walford because it inhibits MLC reactions, also showed
clear cut strong immunofluorescence on B lymphocytes from several
donors. This serum, in addition, reacted in a cytotoxicity assay with
the monocytes, but not the peripheral blood lymphocytes, from 1 donor
thus adding to the evidence that the serum contains la activity. The
workshop sera were also tested in a cytotoxicity assay on the monocytes
prepared from the peripheral blood of three different donors whose
lymphocytes had earlier been tested in the usual way. Out of 14 sera
which showed extra reactions on the monocytes, that were not observed
with the usual peripheral blood lymphocyte preparations, only 4 were
not sera that had la type activity, giving ax =8.7 for association
between extra monocyte and LYL reaction. This'lends further weight
to the evidence for the presence of these la antigens on monocytes.
The monocytes seem to react more or less like lymphocytes to the usual
HL-A antibodies, though their reactions are perhaps a little weaker.
Certainly, their LA and 4 locus antigen types match those found with
peripheral blood lymphocytes with no evidence for increased cross-
reactivity as is found on LYL cells.

A preliminary analysis of the reactions of the workshop sera on
CLL cells, as described in the accompanying paper by Lawler et al (this
volume), indicates a very significant association between increased
reactivity on CLL cells and the presence of la activity as defined by
extra reactions on LYL cells. This analysis also indicates the
presence of the antigen we have called 1-1 on CLL cells, though at a
significantly lower frequency. These results clearly support the
suggestion that extra reactivity on CLL cells may in most cases be due
to la activity.

Discussion and Conclusions
It appears from our results that la antibodies occur quite

frequently in the usual HL-A typing antisera obtained from multiparous
women. Both lymphoid lines and monocytes proved to be useful cells for
the ready detection of serological activity against these determinants,
especially after stripping with anti-82m to remove LA, 4 and 3rd locus
antigens. The la reactions so far described are reminiscent of the
early days of HL-A typing with unselected pregnancy sera before many of
the antigens on the La and 4 loci had been properly defined. It seems
likely, therefore, that most of the la sera identified so far are
analogous to broadly cross-reactive LA and 4 antisera which may account
for the apparently high frequency of reaction of these la sera on LYL
and normal peripheral blood B lymphocytes. As the definition of the
human la antigens unfolds, it will clearly be of great interest to
examine their role in transplant rejection and disease associations.
There is some indication, that these antigens will be more valuable mar¬
kers for such studies than the classical LA, 4 and 3rd locus antigens.
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HL-A antigen expression by cultured lymphoblastoid cell lines

has been intensively studied (Rogentine and Gerber 1969, Bernoco et al
1969, Ferrone et al 1971, Dick et al 1972, Pious et al 1974) by
several techniques. These long term suspension cultures are derived
from the peripheral blood lymphocytes of patients with infectious
mononucleosis, Burkitt's lymphoma, leukaemia or occasionally from
healthy donors or foetal cord blood (Nilsson et al 1971, Steel 1972).
Characteristically, EB virus (Epstein et al 1965, Steel and Edmond
1971) infection is a prerequisite for the establishment of long term
cultures, but the virus is not necessarily expressed or even readily
detectable in the cell lines (Epstein and Achong 1973). Production of
EB capsid antigen usually ceases shortly before the establishment of
the culture. The cell suspensions vary markedly in appearance and
rate of growth, and special care in technique is required when tissue
typing. The cells are unduly susceptible to the natural lymphotoxins
in rabbit complement, which must therefore be specially selected for
this particular purpose or absorbed before use with cell cultures. We
have previously described some of the difficulties encountered in
tissue typing these lines, and discussed the reproducibility of the
technique (Crichton et al 1973). We also made some suggestions about
the nature of cytotoxic antibodies in human sera which reacted with
the lines, and which were clearly not of HL-A specificity (Dick et al
1973). Further extended studies over long periods of growth in
culture have now been made, and we would like to suggest that there is
a detectable difference between HL-A and other cell membrane antigens
when using lymphocytotoxic antibodies.

Materials and Methods
The techniques for the establishment and handling of lympho¬

blastoid cell lines have been previously described (Steel 1972,
Crichton et al 1973, Pious et al 1974). HL-A antigen identification
was carried out by microcytotoxicity testing using a large panel of
HL-A antisera. Two methods were employed: in Oxford, fluorochromasia
(Bodmer et al 1967) and in Glasgow, trypan blue exclusion (Dick et al
1972). Some cell lines were grown in both centres and were tested
independently. There was general agreement between the centres on the
major HL-A antigen profiles of these lines. The 6th Histocompatibility
Workshop sera were used to type a total of 45 lines of which six were
tested in parallel in both Glasgow and Oxford.

Results
The cell lines, with their origins (where known) and the basic

HL-A phenotypes detected are listed in Table I. The lines BRI7,
BRI8, ORI., 8866, MICH and BEC11 were the six typed in both centres.
The major antigen definitions were the same.in the two centres, which
in fact agreed very closely in the overall reactions obtained with
individual sera, clearly validating the reproducibility of the assay.
The lines G32151A, 027183A and J25 4315A were all clones derived from
the original line F137 1671A. The line BRI8A is actually of the same
origin as BRI8 but has been in continuous culture for a longer period
(approximately 12 months longer).
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TABLE I
HL-A Antigens defined by 6th Workshop Sera

Name Source 1st locus 2nd locus W4/W6 3rd locus

EB3 Negroid Burkitt W28 W19 W10 W17 W4/W6 T2 T5

EB4 Cauc.? Burkitt 1 8 W6 Blank

BAR^ Male XXY Cauc. 3 W19 5 W18 W14 W6 T12,3 ,4)5
F137 1671A Male? Negro CLL 3 W32 W17 W4/W6 2 4

G32151A Clone F137 3 W32 W17 W4/W6 2 4

027183A W •• 3 W32 W17 W4/W6 2 4

J25 4315A ft II 3 W32 W17 W4/W6 2 4

HIL^ Female Cord Blood Cauc 1 2 8 W5 W6 2 4

tay3 Male Leuk. Cauc. 2 12 W27 W4/W6 2 4 5

TAY4 Male " " 2 12 W27 W4/W6 2 4 5

RUSX Male " 2 10 W5 W17 W4/W6 2 4

RUS2 Male " " 2 lO W5 W17 W4/W6 2 4

pen2 Male XXY Cauc. 1 9 7 W5 W6 2 4

mon1 Male Cys.Fibr.Cauc. 1 lO 8 12 W4/W6 4 5

FAL], Female Cauc.Cord Blood 2 9 W14 W6 2 4

DEW1 Female Cauc.Inf,Mono. 3 W2 8 7 8 W4/W6 T3

ORI^ Female Cauc. Healthy 1 2 8 12 W4/W6 T5

KAT Female Cauc.Inf.Mono. 1 2 8 W18 W6 2

8866 Female Leuk. Cauc. 2 3 7 W6 (1) 2

BRI(8A) Same as BRI8 I 2 8 13 W4/W6 2

BRI7 Male ? Healthy 2 9 12 W17 W4/W6 1 5

BRI8 Male Healthy 1 2 8 13 W4/W6 2

BEC11 Female 1 W19 W17 W4/W6 2 4

MICH Female 2 W32 7 W15
' W4/W6 2

RPMI Unknown 2 9 7 W5 W4/W6 2 3 5

It is clear that a basic HL-A profile may be deduced for each
cell line, and that these antigens can be consistently detected whenever
the line is typed. Two principal difficulties arise in the interpret¬
ation of individual serological results: the most confusing pattern
involves cross-reactivity between the various HL-A antigens, which may
give rise to the illusion that a cell line carried many more antigens
than the "full-house" of two 1st series and two 2nd series antigens
recognised on healthy peripheral blood lymphocytes. The second inter¬
pretative problem is due to the presence in some typing sera of
lymphocytotoxic antibodies which are reactive with non-HL-A antigens on
cultured lymphoblastoid cells (Bernoco et al 1969, Crichton et al 1973,
Dick et al 1973, Pious et al 1974, Bodmer et al this publication).
These antibodies are also reactive with a small proportion of normal
healthy peripheral blood lymphocytes (Jones et al 1975, Bodmer et al
this publication) probably B cells. They may also detect antigens on
certain leukaemic cells, notably from patients with chronic lymphocytic
leukaemia (Evans and Pegrum 1973, Walford et al 1975).

Repeated observations on the HL-A antigen profile of cultured
lines over many months in culture, using both lines of unknown and
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known HL-A origin (e.g. from healthy donors) or clones of one line,
have enabled us to distinguish these two forms of reactivity. In
addition, analysis of the frequencies of reaction of the 6th Inter¬
national Workshop sera with cell lines in comparison to their
behaviour with normal peripheral blood lymphocytes shows that certain
of the Workshop sera can be distinguished as having anomalous reaction
patterns, in addition to their expected HL-A antibody activity.

Cross reactivity expressed by cell lines
An examination of the HL-A antigen profile of those lines where

the HL-A phenotype of the original cell donor is not in doubt, shows
early expression on cultured lymphoblastoid cells of "extra" HL-A
antigens, which are almost all explicable on the basis of cross react¬
ing groups (Svejgaard and Kissmeyer-Nielsen 1968, Dausset 1972). A
simplified version of the results obtained with a few selected cell
lines is outlined in Table II. With lymphoblastoid lines, the HL-A
specificity of a given cross-reacting group will determine multiple
reactions with HL-A typing sera chosen originally on the basis of their
reaction pattern with normal lymphocytes. It is sometimes possible to
distinguish a time scale for the emergence of successive broadening of
the cross reactivity. A cell line which derives from a peripheral
blood lymphocyte with HL-A7 as a principal specificity will, once in
culture, rapidly develop susceptibility to antisera defining W27, W10
and W22, in that order, depending upon the length of time in culture,
and probably also to some extent upon the growth rate of the individual
culture. This may be a reflection of the rate of turnover of cell-
membrane antigens (Gotze et al 1972). Another suggestion made is that
it may be due to variation in susceptibility to the lytic action of
complement and weak HL-A antibodies (Ferrone et al 1974) but neither of
these suggestions seems wholly convincing. Whatever the mechanism, it
is possible to distinguish this form of extra reactivity either by
correlation with the known HL-A antigens of the original cell, or by
observing the reaction frequency of a given set of antisera on repli¬
cate typing of the continuously growing line and comparing it with the
known (HL-A) reactivity with peripheral blood lymphocytes.

The four lines selected for illustration, RUS-^, ORI^, KAT^ and
EB, all give extra reactions with a normal group of HL-A typing sera,
but the majority of these reactions can be related to antibody
specificities which are known to be grouped together in serological
reactivity with those recognising the HL-A antigens of the originating
cell. The lines ORI-^ from a healthy donor, and KAT^ from a case of
infectious mononucleosis, give clear and consistent antigen definitions
which are identical with those of the healthy peripheral blood lympho¬
cytes from these donors. None of the extra reactivity found with the
continuous lines derived from these cells is observed with the healthy
donor peripheral blood lymphocytes. The other two cell lines RUS. and
EB., are not derived from healthy donors but do give consistent patterns
enabling us to recognise the basic phenotype. In the case of RUS. ,

leukaemic cells and remission cells gave almost identical HL-A typing
results. In addition, a second separate line, RUS2, derived from the
same leukaemic patient, now gives results in culture which are
virtually identical with those obtained with RUS. , including the
anomolous (non-HL-A) reactivity.

The results from typing these lines have been arranged in Table
II to indicate the apparent "extra" specificities appearing on each
lymphoblastoid line, for 1st and 2nd series antigens. It can be seen
in each case that these HL-A specificities relate serologically to
those of the original cell. RUS , for example, exhibits reactions
suggesting the presence of several antigens on the W19 group, which are
known to have strong serological cross reactivity with the original
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TABLE XI

Appearance of Cross Reactivity
Name Original Phenotype Origin "Extra" Specificities

1st 2nd 1st 2nd

RUS 2 10 W5 W17 Acute myeloblastic
leukaemia

W19 5

ORI1 1 2 8 12 Healthy donor 10 W19 9 W14 (1.3,WIO)

KAT^ 1 2 8 W18 Infectious
mononucleosis

11,10
W19

9 W14 W5
(W17)

EB3 W19 W2 8 W10 W17 Burkitt's lymphoma
(Negro)

1,10,
3,11

2 13
(W2 2 ,

W27)

5 ,W5

Note: Antigens in parentheses were not consistently detected each time
the line was typed

leukaemic donor's HL-A10. EB-, has developed patterns of cross-
reactivity from the original W19 specificity of the 1st Series to
HL-A10, 1, 3 and 11, as well as broader reactions for the two 2nd
Series antigens W10 and W17. Reactivity has developed with sera
defining HL-A13 and for some of the HL-A7 related antigens, and also
with the HL-A 5/W5 group of antisera, reflecting the serological
patterns of the "4c" complex of antigens. Similarly, ORI^ derivedfrom a donor with HL-A1 and 2 now appears to type not only for these
antigens but for HL-A10/W19 and HL-A9, again reflecting known serolog¬
ical cross reactions.

The principal technical and interpretative difficulties arise
from inability to distinguish HL-A reactivity or cross reactivity from
the second form of cytotoxic antibody which we believe occurs in some
antisera. Using the standard lymphocytotoxic techniques, we can only
recognise this second form of antibody by retrospective analysis of
cytotoxicity patterns. If a serum consistently reacts with cell lines
with a higher frequency than would be expected from the known HL-A
antibody specificity of this serum, then it may be suspected to contain
another (non HL-A) cytotoxic antibody. By a process of exclusion, it
is also possible to analyse these reaction patterns to remove known
cross reactivities which might also be responsible for a positive
reaction, still leaving an unexplained antibody. HL-A antibodies can
be absorbed out of typing sera, and the reactivity with cell lines
analysed, excluding the interference of the HL-A system; this technique
is only feasible where sera are available in reasonable quantities and
for specificities for which it is easy to find absorbing material.
Jones et al (1975) have now suggested that these anomalous reactions
are due to the presence of antibodies directed against the human
equivalents of the mouse H-2 linked la antigens (see also Bodmer et al
this publication) by using non HL-A bearing lymphoblastoid lines. They
have also related the presence of the antigens to normal peripheral
blood B lymphocytes and used a method of stripping off HL-A antigens
by rabbit anti human 62m. Cells thus treated may be used to screen
sera for the presence of putative anti la antibodies without the
troublesome background of HL-A cytotoxicity.

Summary
HL-A antigens have been defined on over 40 cultured lympho¬

blastoid lines using sera from the 6th International Histocompatibility
Workshop, and other sera. The antigen patterns detected on these lines
are consistent, and apparent extra reactivity with HL-A typing sera is
due to two separate forms of cytotoxic reactivity. Many extra
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reactions are related to recognised cross reactivity of known HL-A
antigen groups. There is a definable second form of extra reactivity
which can be recognised, separate from HL-A. This appears to define
a polymorphic system of antigens, expressed on B cells or lines
derived from B cells, and closely resembling the H-2 linked la antigens
of mice.
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Recent interest in the association between

histocompatibility antigens, immune re¬
sponse genes and certain diseases has stim¬
ulated the study of the frequency of HL-A
antigens in patients suffering from a vari¬
ety of diseases. Attention has been concen¬
trated largely on diseases with probable
immunological basis. The rationale for
these studies derives from work on the his¬

tocompatibility antigens and disease sus¬

ceptibility in the mouse (Lilly 1968,
McDevitt & Landy 1972). The genes for
mouse H-2 histocompatibility antigens ap¬

pear to be closely linked to a series of im¬
mune response genes, some of which de¬
termine susceptibility to leukaemogenic vi¬
ruses. At least one other gene, very closely
linked to those responsible for the antigens

of the H-2 system, is involved in the quan¬
titation of antibody response (McDevitt &
Chinitz 1969). The mouse H-2 system is
probably the homologue of the HL-A sys¬
tem in man (Klein & Shreffler 1971) and
hence, the search for associations between
HL-A antigens and human disease.
Simple association between the posses¬

sion of particular HL—A antigen or anti¬
gens is not easy to demonstrate with such a
polymorphic system in an outbred popula¬
tion (Bodmer 1972). In particular, the
search for associations between HL-A an¬

tigens and malignant disease has not yet
proved very fruitful. Walford et al. (1971)
have reviewed the position, commenting
on differences between mouse strains in
their response to tumour viruses and also
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emphasizing the marked heterogeneity of
human malignancies, such as the leukae¬
mias, which make accurate analyses of
HL-A frequencies difficult. Burkitt's lym¬
phoma would seem to offer an opportunity
to study a human tumour with postulated
viral aetiology (Burkitt & Wright 1963)
which is being extensively investigated
from an immunological standpoint (Klein
1971) both for the role played by antibody
and cell-mediated immune responses. We
have studied the frequency of HL-A anti¬
gens in Burkitt's lymphoma in Africans,
and a comparable group of controls.

Materials and Methods

Patients and Controls

Samples were obtained from patients with
histologically proven Burkitt's lymphoma
in the Department of Head and Neck
Surgery, Kenyatta National Hospital, Nai¬
robi and in the Mennonite Mission Hospi¬
tal, Shirati, Northern Tanzania. The clin¬
ical status of the patients ranged from un¬
treated newly diagnosed cases to those in
long-term remission (> 18 months off
treatment). A few had received cytotoxic
drugs, usually cyclophosphamide, within 3
weeks of obtaining the blood sample but
where possible this was avoided, because
of low yields of lymphocytes after chemo¬
therapy.
Control patients included children in the

paediatric wards of the two hospitals and
a few who were attending the out-patient
departments. Coastal tribes (Swahili, Mdi-
go, Mduruma, Mgoni) are over-represen¬
ted among the tumour patients since Bur¬
kitt's lymphoma occurs relatively frequent¬
ly at the coast and patients are normally
transferred to the specialized unit in Nai¬
robi. In other respects there is close match¬
ing of the control and lymphoma patients
by tribe.

Two ml blood samples were used for
most of the studies. The blood was mixed
with 2 ml of tissue culture medium (Bod-
mer & Gerbrandt 1968) containing hepa¬
rin, penicillin and streptomycin and sent
by airmail post to the U.K. Most spec¬
imens arrived within 72 h. The samples
were separated over Ficoll-Hypaque (Har¬
ris & Ukaejiofo 1969). Some difficulty
arose with several control samples as the
patients were suffering from sickle-cell di¬
sease. In these samples, the red cells re¬
mained at the interface between the plas¬
ma and the Ficoll-Hypaque in small ag¬
glutinates and were very difficult to' sepa¬
rate from the lymphocytes. In several cases,
typing was very difficult because of an un¬
usual degree of susceptibility of the se¬
parated lymphocytes to the effects of rab¬
bit complement. Initial viability of the cell
suspensions for typing was generally high,
but in some of the samples there were very
high background counts of dead cells after
incubation in the test system.
HL-A antigens were identified using a

microcytotoxicity technique in glass plates,
with 1 /j\ HL—A antiserum and 1 /A cell
suspension made up in a mixture of rabbit
and human complement (9:1) (Dick et al.
1973). Incubation was carried out for 30-
40 min at 37° C before the addition of

trypan blue. The antisera used were ob¬
tained from a number of sources, including
our own laboratory screening programme,
and from generous donations from the
N.I.H. serum bank, Dr. F. Kissmeyer-Niel-
sen, Mr. K. Gelsthorpe, Dr. G. B. Ferrara,
Dr. L. Sandberg and others. Many of the
sera had been evaluated by comparison
with sera used in the Fourth and Fifth In¬
ternational Histocompatibility Workshops.
The following HL—A antigens were sought:
at the first locus HL-A1, 2, 3, 9, 10, 11,
W28 and "W19" (including W29, 30, 31
and 32) and at the second locus HL-A5,
7, 8, 12, 13, W5, W10, W14, W15, W16,
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W17, W18, W21, W22 and W27. The
identification of subdivisions of HL-A9
and 10 was not possible, and we were un¬
able to recognise the antigen MO* (Festen-
stein et al. 1973) because we lacked the
appropriate antiserum. Subdivisions of
W19 (W29, 30, 31 and 32) were also dif¬
ficult to deduce in some cases, largely be¬
cause of weak or complex reactions with
key antisera, e.g. Thompson (Walford
1969) and Caminitti (Bodmer et al. 1970).
It is well recognised that difficulties are
encountered in the recognition of these
antigens (Bodmer et al. 1973) particularly
because of cross-reactivity of many anti-
sera with HL-A 10.
A total of thirty-three patients with Bur-

kitt's lymphomawas tested, their ages rang¬
ing from 3-32 yrs. There were 14 female
patients and 19 males. Fourteen of the
cases were members of the Luo tribe, and
the others included Kikuyu and Mluhya.
Thirty-seven controls were studied, mainly
children, with ages ranging from 1 month
to 18 years and suffering from a variety of
non-malignant complaints, including rheu¬
matic fever, mesenteric adenitis, tonsillitis,
etc. Fifteen of the controls were female

and 22 male. The tribal origins were very
similar to those of the patients with Bur-
kitt's lymphoma, and included 11 Luo and
13 Mluhya children.
We also ascertained the reliability of our

HL—A typing under the conditions of col¬
lection and transport employed in Nairobi,
by sending similar samples by exactly the
same method from 20 healthy adult con¬
trols, mainly Europeans, who were also
tissue typed on fresh samples taken in the
United Kingdom. In no case was there any
discrepancy between the results of HL-A
typing on fresh and transported samples.

Results

The frequencies of HL-A antigens of the
first and second series are listed in Tables
1 and 2, and show no evidence for any dif¬
ferences in HL-A antigen frequency be¬
tween Burkitt's and the control groups (see
also accompanying paper by Bodmer et
al.). The data for the tribal groups have
been pooled for this purpose, which may
give a false perspective to the analysis.
However, very little information is avail¬
able on the distribution of HL—A antigen

Table 1

Frequency of HL-A antigens of first series

Burkitt's (33) Controls (37)

No. °//o No. °//o

HL-A1 5 15 3 8
HL-A2 14 42 14 38
HL-A3 3 9 4 11
HL-A9 2 6 2 5
HL-A10 4 12 4 11
HL-A11 2 6 - -

W28 8 24 11 30
"W19" 15 42 17 46

W29 2 13 5 29

W19 W3°
W31

5 33 3 18
4 27 3 18

W32 1 7 - -

Unclassified 3 20 6 16
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Table 2

Frequency of HL-A antigens of second series

Burkitt's (33) Controls (37)

No. 0//o No. %

HL-A5 8 24 5 14
HL-A7 10 30 7 19
HL-A8 3 9 3 8
HL-A12 4 12 12 32
HL-A13 5 15 1 3
W5 3 9 8 22
W10 2 6 3 8
W14 3 - 3 8
W15 1 3 1 3
W16 - - - -

W17 4 12 12 32
W18 4 12 1 3
W21 2 6 1 3
W22 3 9 2 5

*"W27" 7 21 12 32

* See text for discussion.

frequencies in this population generally
and we are clearly unable to make ac¬
curate comparisons with control popula¬
tions on a tribal basis. There are some in¬

teresting differences to be noted between
our results and those of Professor Dausset
and his colleagues (this issue), whose tribal
sample was drawn in part from a geo¬

graphically different area of Kenya. In
particular, we have noted the occurrence
of the antigen W27 in both patients and
controls. This antigen is reported to be
very rare in Africans (Histocompatibility
Testing 1972). It may be that the sera
which we employed in this study for the
identification of HL-A7 and W27 in¬
cluded antibodies directed against the anti¬
gen MWA described in Zambians by Fes-
tenstein et al. (1973). In addition, we did
not find positive reactions with serum FJH
(supplied by Dr. Erik Thorsby) in 5/8
African control cells characterized with

this serum, although two other sera be¬
lieved to recognise W27 in Caucasoids gave

strongly positive reactions with these Afri¬
can samples. Three of the cells also expres¬

sed antigens of the IIL -A7 cross reacting
group or HL-A7 as well as the positive
W27 antigen, which makes exact identifi¬
cation difficult. This was the case in two

control cells and one of the Burkitt's lym¬
phoma cases. It would seem likely from
what is known of HL-A antigen frequen¬
cies in other African populations, even if
the available data is limited in scope, that
the antigen we are detecting with our anti-
sera is either one which cross reacts with
the HL-A7, W27 group of antigens, or one
where the antibody is frequently found in
association with other antibodies directed

against this group. We would hesitate to
describe this antigen as being the same as
the Zambian MWA until we have had the

opportunity to compare the behaviour of
our antisera with those used to characterize
"MWA".
We have arranged the patients and con¬

trols into their tribes and the antigen fre¬
quencies for the predominant tribes are in¬
dicated in Table 3. It is clear that the dif¬

ficulty encountered with the definition of
the "W27-like" antigen was present in all



56 DICK ET AL.

Table 3

HL-A antigens (tribal)

Luo 1 2 3 9 10 11 W28 "W19"

Patients (15) 4 3 1 _ 3 2 2 7

Controls (11) 3 3 - 1 1 - 4 5

5 7 8 12 13 W5 W10 W14 W15

Patients (15) 3 5 2 1 3 _ _ _ 1
Controls (11) 1 2 1 - - 2 - 1 -

W16 W17 W18 W21 W22 "W27"

Patients (15) _ 1 3 2 4

Controls (11) - 3 - - ! 5

Mluhya 1 2 3 9 10 11 W28 "W19"

Patients (3) 1 2 _ _ _ _ 1

Controls (12) - 4 i - 3 - 4 4

5 7 8 12 13 W5 W10 W14 W15

Patients (3) 1 _ _ 1 1 1 _ _ _

Controls (12) 1 3 1 3 1 3 1 1 -

W16 W17 W18 W21 W22 "W27"

Patients (3) _ _ _ _ _ 1
Controls (12) - 4 - - - 4

Kikuyu 1 2 3 9 10 11 W28 W19

Patients (5) _ 4 1 _ 1 _ 1 1

Controls (4) - 2 1 - - - 2 1

5 7 8 12 13 W5 W10 W14 W15

Patients (5) 2 2 _ 1 1 _ _ _ _

Controls (4) 2 - - 2 - - - 1 -

W16 W17 W18 W21 W22 "W27"

Patients (5) _ 1 _ _ _ 2
Controls (4) - 2 - - - 1

the major tribal groups examined and was
not confined to one population. We also
found considerable difficulty with the sub¬
divisions of "W19" previously described for
Caucasian populations, since these did not
fit clearly into the reaction patterns we ob¬
served in Africans. We also note that the

frequency of blank alleles is high in both
patient and control groups. Seventeen out

of 37 of the controls have only one first
locus antigen identifiable (46 %) and 6/37
have only one second locus antigen (16
%). The appropriate figures for the Bur-
kitt's lymphoma patients are 13/33 (39 %)
for the first locus and 10/33 (30 %) for
the second locus. This suggests that there
is either a very high frequency of homo-
zygotes for first locus antigens, or that
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there are undetected antigens which are

peculiar to Africans and which will re¬
quire the analysis of HL-A antibodies pre¬
sent in African sera. The use of a pre¬
dominantly Gaucasoid serum panel, char¬
acterized using Caucasoid cells, does not
permit firm conclusions about the behav¬
iour of such sera with African lymphocytes,
nor can we be certain of detecting the
whole range of HL-A antigens in another
racial group. The predominantly African
antigens MWA and MO* were detected
using Caucasoid antisera (Festenstein et al.
1973) but this does not necessarily mean
that such reagents would detect "new" an¬

tigens which are expressed mainly by Afri¬
can populations. The dearth of first locus
antigens makes the chance of detecting any
alterations of HL-A antigen frequencies in
Burkitt's lymphoma patients even more
uncertain. It would obviously help if we
were able to study the inheritance of HL-
A antigens in the families of patients, and
this we hope to do in the future. The or¬
ganizational problems of such studies are
great, because the children are frequently
referred from areas at a great distance
from Nairobi, and without easy access to
enable blood to be collected from family
members. It is also clear that we must

study the behaviour of African as well as
Gaucasoid sera containing HL-A anti¬
bodies from different racial groups.
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Spontaneous Rosette and Rosette-Inhibition Tests on Fresh
and Cryopreserved Lymphocytes
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A proportion of human peripheral blood
lymphocytes will form spontaneous rosettes
with sheep red blood cells (SRBC) (4, 6).
This characteristic is generally accepted
as a marker for thymus-dependent (T)
lymphocytes (10, 14, 15, 18).
The formation of nonimmune SRBC

rosettes by human or animal lymphocytes
in vitro is inhibited by anti-lymphocytic
globulin (ALG) and the ability of a given
preparation of ALG to inhibit rosette for¬
mation correlates well with its potency in
preventing rejection of an organ transplant
(1, 3). In human renal transplant recip¬
ients, variation in the titre of ALG re¬

quired to inhibit rosette formation by the
human lymphocytes in vitro has been used
as a measure of the effectiveness of in vivo

immunosuppression by injected ALG (2,
13).
The full potential of the in vitro rosette

and rosette-inhibition tests for assessing
immunocompetence in a given subject has
still to be defined, but the indications are
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that they may provide a sensitive measure
of 'T'-cell function and may therefore be
relevant in the context of host defence

against tumors (19).
As part of a broadly based survey of

the immune status of East African cancer

patients and control subjects, we have re¬

cently described the establishment of a
bank of peripheral blood lymphocytes
stored in liquid nitrogen (16). In order
to validate any conclusions drawn from
studies of this material it is necessary to
determine what effect, if any, the freezing
and thawing procedure may have on the
experimental techniques employed.
The only published data on rosette for¬

mation by frozen-thawed blood lympho¬
cytes (6) does not include a quantitative
comparison with fresh material nor does
it cover the rosette-inhibition test. The

following study has therefore been carried
out.

MATERIALS AND METHODS

Lymphocytes were studied from 13
healthy adult subjects (age, 24-53 years),
8 male and 5 female; Africans, Asians and
Europeans were represented.
Mononuclear cells were separated from

defibrinated venous blood by spinning over
a layer of Ficoll/Triosil (9). An aliquot of
1-2 X 106 cells was retained for testing in
the fresh state; the remainder were frozen
and stored in liquid nitrogen. Some speci¬
mens were thawed on the same day and
tested simultaneously with the correspond¬
ing fresh cells by the spontaneous rosette
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and rosette-inhibition techniques. Others
were stored for 1-7 days in liquid nitrogen
before testing.
We could not detect any difference be¬

tween samples thawed within hours of
freezing and those which had been stored
for several days either in terms of the
preservation of the original proportions of
rosette-forming and nonrosette-forming
cells or in the rosette-inhibition curves.

Freezing and thawing procedures. Mono¬
nuclear cells were recovered from the
interface layer above the Ficoll/Triosil and
washed twice in physiological saline. The
cells were then resuspended in a mixture
of equal parts of Ham's F 10 medium
buffered with 20 mM HEPES (N-2-hy-
droxyethylpiperazine-jV'-2 ethanesulfonic
acid; FIOHB) and foetal calf serum at a
concentration of 2.7 X 106 viable cells/ml,
and viability was assessed by exclusion of
0.45% nigrosin (11). The suspension was
cooled in iced water and one-third of its
volume of iced 40% dimethylsulphoxide
(DMSO) was added very slowly with
constant mixing. The cells were then dis¬
tributed in 1 ml aliquots (2 X 106 cells)
in glass ampoules which were sealed by
drawing out the necks in a Bunsen flame.
The ampoules were cooled at approxi¬

mately 1° C/min by placing them in a
Union Carbide BF-6 freezer plug set in
the neck of an LR33 liquid-nitrogen tank.
When frozen solid, the ampoules were
lowered to a position where they cooled
at 4—5°C/min and held there for at least
10 min before being stored in liquid
nitrogen.
Cells were recovered from frozen stor¬

age by rapid thawing of the ampoule in
water at 40°C. As soon as the contents

were liquified the ampoule was opened
and the cells transferred to a sterile cen¬

trifuge tube on ice. The suspension was
diluted very slowly (over about 15 min),
first with 2 ml of an ice-cold mixture of

20% dextrose in FIOHB and foetal calf
serum (equal parts) then with a further
3 ml of the dextrose/FlOHB.
The cells were spun down gently (200g

for 10 min) and resuspended in FIOHB
with 20% foetal calf serum. They were
then counted and the viability checked as
before. The great majority of ampoules
handled in this way yield, on recovery,
70-75% of the cells originally frozen down,
with a viability of 85-95%
Rosette tests. SRBC were obtained from

defibrinated blood and stored in Alsever's
solution at 4°C for up to 10 days. SRBC
to be used on a given day were washed
three times in isotonic saline then adjusted
to a 1-2% suspension of packed cells in
isotonic saline. Foetal calf serum (FCS)
(Biocult) was inactivated by heating at
56°C for 30 min and adsorbed with an

equal volume of packed SRBC for 1 hi¬
nt 4°C. A fresh batch of serum was

prepared in this way with each new supply
of SRBC. It was stored at 4°C until used.
Mononuclear cells, freshly separated on

a Ficoll/Triosil layer or recovered from
liquid-nitrogen storage, were washed twice
in isotonic saline and resuspended to give
a concentration of approximately 105 viable
cells/drop (0.03 ml). One drop of this
suspension was mixed with eight drops of
the adsorbed inactivated FCS and two

drops of this mixture added to an equal
volume of the SRBC suspension in a 3-mrn
diameter glass test tube. The cells were
sedimented at about lOOg for 5-10 min
and the button then resuspended by gently
tapping the side of the tube. An aliquot of
the resuspended mixture was placed in a
Neubauer white-cell counting chamber
and examined on a Leitz SM-Lux bi¬
nocular microscope with a X40 objective.
At least 200 mononuclear cells were

counted. Any cell with three or more ad¬
hering SRBC was classed as a rosette and
the percentage of rosette-forming cells
calculated as follows:

100 X

number of lymphocytes forming rosettes
total number of lymphocytes

100
X

% viability of lymphocytes
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TABLE 1

Spontaneous Rosette Formation : Fresh and Frozen-Thawed
Lymphocytes prom 13 Individuals

Subject Age Sex Viability0 of % Spontaneous rosettes
(years) frozen/thawed

cells (%) Fresh cells Frozen cells

1 45 M 70 56 58
2 25 M 85 45 54

3 30 F 90 49 54

4 24 M 80 50 55
5 34 M 85 53 61

6 53 M 80 39 39

7 35 F 80 52 73
8 47 M 80 66 61

9 25 F 90 56 50
10 25 F 90 44 53
11 28 M 85 46 56
12 33 M 85 60 58

13 27 F SO 64 68

Mean 52 57

° Judged by exclusion of 0.45% nigrosin [Kaltenbach ct al. (11)].

The correction for lymphocyte viability
was introduced after confirming that dead
cells (which stain with 0.45% nigrosin)
never form rosettes with SRBC. This was

done simply by adding nigrosin to rep¬
resentative rosette preparations immedi¬
ately before counting.
Rosette inhibition tests. ALG was ob¬

tained through the courtesy of Dr. P. Brain,
Natal Institute of Immunology. Its prep¬
aration has been fully described elsewhere
(3). It was stored in aliquots at —20°C
until used. Fresh dilutions of ALG were

prepared on each test day. ALG, 0.01 ml,
was added to 4 ml of isotonic saline

(1:400) and doubling dilutions to 1:12,800
were made. One drop of each dilution was
dispensed into an appropriately labeled
test tube. Two control tubes with saline
alone were included for each sample
tested. One drop of a lymphocyte suspen¬
sion in FCS, prepared as described above,
was added to each tube and allowed to

stand at room temperature (24-26°C) for
1 hr. At the end of this period one drop
of 1-2% SRBC suspension was added to
each tube, the mixtures sedimented and
gently resuspended as described above.

A direct comparison of the different
dilutions of ALG was made by placing an
aliquot from each tube in a Neubauer
haemocytometer and counting the total
number of rosettes within the grid area.
The percentage rosette-inhibition

achieved by a given concentration of ALG
was calculated as

100 - 100 X

number of rosettes in ALG

number of rosettes in saline control.

RESULTS

The percentages of rosette-forming cells
(RFC) in fresh as compared with frozen
samples from 13 donors are recorded in
Table 1. The mean values, 52 and 57%,
respectively, are not significantly different
(t — 1.44, 0.2 > P > 0.1). There is, how¬
ever, a tendency for the proportion of RFC
to be greater in the frozen-thawed than in
the fresh preparations and on paired com¬
parisons the difference reaches a low level
of significance (t = 2.53, 0.05 > F > 0.02).
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Fig. 1. Mean rosette-inhibition curves for fresh
and frozen lymphocyte samples from 13 healthy
donors. O—O, Fresh cells; • •, frozen cells.

The raw data for rosette inhibition tests

are presented in Table 2. Figure 1 illus¬
trates the mean percentage of rosette in¬
hibition at each dilution of ALG for fresh
and frozen cells for the eight subject stud¬
ied. The reversed S-shaped curves ob¬
tained by plotting percentage inhibition
of rosette formation against a logarithmic
function of the dilution are typical of an
all-or-none (quantal) response. Such data
can be transformed into straight lines for
statistical evaluation by the use of prob¬
ability-logarithm graphs (Fig. 2). The in¬
dividual results have been plotted on such
graph paper, the best straight line fitted
by eye, and the dilution for 50% inhibition
of rosette formation has been read off; the
reciprocals of these 50%-inhibition dilu¬
tions are recorded in the last column of
Table 2.

Comparing the means of these 50%-in-
hibition values for the fresh (1:2,584) and

the frozen lymphocytes (1:2,397) for the
same individuals, we find no significant
difference (t = 0.61 for 14 df).
The data was analysed in another way

by excluding the results at ALG dilutions
of 1:400 and 1:12,800 where the percent¬
age inhibition is usually 100 and 0%, re¬
spectively. This allows the data to be
analysed more completely by comparing
the variation between the percentage
rosette-inhibition for each subject at each
intermediate dilution. This type of anal¬
ysis yielded mean 50%-inhibition points
of 1:2480 for the fresh lymphocytes and
1:2372 for the frozen lymphocytes. These
values are not significantly different from
each other or from the 50%-inhibition
titres derived by the first method.

.3!
a
o
U)

>.

1 2 3 4 5 6
(7oc) (Tgoo) (f)60o) (h20o) %.Oo] (fl2800)

Log (function of ALG dilution).
Fig. 2. Transposition of data from figure 1 to

probability-logarithm scale. Straight lines fitted
by eye. O—O. Fresh cells; • •, frozen cells.



K.3

■3,=:cn93w re°c s3
a.o

CD

r

Ql8 §f
r—§

•£—

o
CL

1̂5£
oo '3

CD

S'OCD ZiCD£Poo
CD̂ CD

rfCD

CD

£>P*

*8-8I
»»2-E?pPPM

£"3 J~£PL®
95 h-i°12 rf\5® ô3
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TABLE2

InhibitionofSpontaneousRosette-Formation:FreshandFrozen-ThawedLymphocytes
Subject

Dilutionofanti-lymphocyteglobulin

No.ofrosettesincontrol preparation
(a)(b)Mean

50% inhibition6 level

1:400

1:800

1:1600

1:3200

1:6400

1:12800

1

Fresh

o

o

o

1(96.4)

4(85.4)

12(56.4)

22(20)

25(9.1)

26

29

27.5

3,430

Frozen

0(100)

0(100)

9(73.9)

27(39.7)

34(1.4)

40(0)

37

32

34.5

2,310

2

Fresh

0(100)

2(91.0)

7(68.8)

15(33.3)

22(2.2)

24(0)

23

22

22.5

2,262

Frozen

0(100)

2(93.9)

5(84.8)

13(60.6)

28(15.2)

29(12.1)

34

32

33

3,200

3

Fresh

7(96.9)

31(86.2)

77(65.8)

156(30.7)

199(11.6)

228(0)

219

231

225

2,156

Frozen

0(100)

3(96.9)

32(67.3)

59(39.8)

96(2.0)

104(0)

103

93

98

2,200

4

Fresh

8(95.0)

20(87.4)

59(62.9)

114(28.3)

144(9.4)

102(0)

166

152

159

1,970

Frozen

9(88.2)

21(72.4)

41(46.1)

56(26.3)

72(5.3)

73(3.0)

80

72

76

1,578

5

Fresh

0(100)

1(96.4)

6(78.6)

15(46.4)

22(21.4)

26(7.1)

26

30

28

3,156

Frozen

0(100)

1(94.6)

5(73.0)

12(35.1)

16(13.5)

18(2.7)

18

19

18.5

2,600

6

Fresh

0(100)

4(89.1)

10(72.6)

21(42.5)

33(9.6)

38(0)

35

38

36.5

2,342

Frozen

0(100)

3(96.7)

13(85.9)

42(54.4)

76(17.4)

98(0)

97

87

92

3,268

7

Fresh

0(100)

1(97.6)

20(51.2)

32(22.0)

36(12.2)

43(0)

44

38

41

2,310

Frozen

23(93.0)

93(71.9)

205(38.1)

258(22.1)

326(1.5)

349(0)

342

320

331

1,422

8

Fresh

0(100)

3(96.6)

22(75.0)

39(55.7)

76(13.6)

91(0)

90

86

88

3,048

Frozen

1(96.9)

4(87.7)

10(69.2)

11(66.2)

28(13.8)

34(0)

35

30

32.5

2,600

Mean

Fresh

(99.0)

(92.5)

(70.0)

(39.4)

(12.5)

(2.0)

2,584

Frozen

(97.3)

(89.3)

(67.3)

(43.0)

(8.8)

(2.2)

2,397
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DISCUSSION

The method of forming spontaneous
rosettes used in this study is a slight modi¬
fication of that described by Brain et al.
(4) in that FCS has been substituted for
human AB serum. Comparing the effect
of FCS and human AB serum on rosette

formation by frozen-thawed lymphocytes
from six individuals, we found that the
use of FCS yielded a consistently higher
percentage of rosettes, the mean values
differing by 13%. This and other, largely
unexplored, differences in technique pre¬

sumably account for the variation in the
mean percentage of rosette-forming cells
among the peripheral blood lymphocytes
of healthy subjects as reported by different
workers. Our figures lie between those re¬
corded by Brain's group (up to 40%) and
the higher percentages recently found by
Jondal et al. (10).
Rosette formation has proved to be a

relatively stable phenomenon. Several
preparations were read within 10 min of
resuspending the cell button then re¬
examined up to 24 hr later. In no case was
a significant change in the percentage of
rosette-forming cells noted over this period.
Knight et al. (12) have reported differ¬

ential survival of human T and B lympho¬
cytes depending on the rate of cooling
during the early stage of the freezing
process; however these authors were study¬
ing cells that had been activated by mito¬
gens in vitro before freezing, and at the
freezing rate used for the samples in¬
cluded in the present study (l°C/min)
they found little or no selective effect.
Since our figures are based on counts of
total mononuclear cells with no attempt to
distinguish lymphocytes and monocytes,
the trend toward higher values in the
preserved samples may readily be ac¬
counted for by selective loss of monocytes
on freezing. On only one occasion (Sub¬
ject 7) was there a marked change in the
percentage of rosette-forming cells after
freezing and thawing. The high value in

the latter case (73%) suggests that there
may have been selective loss of B cells.
The place of the rosette-inhibition test

in assessing the functional capacity of T
cells remains to be established. It has been
claimed to have a predictive value in
recognised incipient rejection of an organ
transplant (2, 7, 13). Others have disputed
this claim while agreeing that the test does
distinguish between immunosuppressed
and control patients (17), but Chapel and
Batchelor (5) failed to detect by this
means any consistent difference between
severely burned (hence immunosup¬
pressed) patients, control patients and
healthy subjects.
A number of technical factors may need

to be modified and standardised before the

precise value of the rosette-inhibition assay
can be determined. In all of the studies
cited above, the percentage of RFC in con¬
trol samples, where quoted, was less than
20%. This low value clearly restricts the
discriminating power of a rosette-inhibi¬
tion test and the sensitivity of the method
is further reduced by the convention of
taking a single arbitrary "minimum inhibi¬
tory concentration" of ALG as the basis
upon which all comparisons and calcula¬
tions have been made.
A minimum inhibitory concentration

(MIC), defined as the reciprocal of the
dilution of ALG reducing by at least 25%
the number of rosettes formed, is an

imprecise measurement since it is rare for
exactly 25% inhibition to be recorded and
the 25% level is not necessarily on the
linear portion of the sigmoid curve ob¬
tained in this type of test.
A plot of percentage inhibition against

a logarithmic function of ALG concentra¬
tion allows straight lines to be fitted
reasonably well on probability graph paper

(Fig. 2). With data of this type the dilu¬
tion of ALG producing a 50% reduction in
the number of rosettes as compared with
the control value can be estimated more

precisely than those for more extreme per-
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IN VITRO IMMUNOLOGICAL STUDIES ON EAST AFRICAN
CANCER PATIENTS. II. INCREASED SENSITIVITY

OF BLOOD LYMPHOCYTES FROM UNTREATED BURKITT
LYMPHOMA PATIENTS TO INHIBITION OF SPONTANEOUS

ROSETTE FORMATION

by

R. L. Gross 4- 7>8 A. G. Levin 2, C. M. Steel 3, S. Singh 4, G. Brubaker 5
and F. G. Peers 6

1 Harvard University Medical School, Cambridge, Massachusetts, USA,
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Frozen aliquots ofperipheral blood mononuclear cells from patients with BurkitCs
lymphoma (BL) at various stages of the disease have been compared with samples from
East African children who were healthy or who suffered from non-malignant disorders.
Using the sheep-cell rosette test (which is believed to identify T-lymphocytes), we

found a significant reduction in the proportion of rosette-forming cells ( RFC) in the
samples from untreated BL patients. After induction of remission the difference between
BL patients and controls was abolished. Rosette formation was more readily inhibited
by anti-lymphocyte globulin (ALG) in samples from untreated BL patients than in
controls. On induction of remission the rosette inhibition curve shifted towards the
control values. The findings are compatible with the presence, in untreated BL, of a
circulating factor which impairs the capacity of T-lymphocytes to form rosettes with
sheep erythrocytes. It remains to be established whether the functional capacity of
T-cells to protect the host against tumour proliferation is also impaired.

Blood lymphocytes from East African cancer

patients and control subjects have been preserved
in a liquid nitrogen " bank " (Steel et al., 1974).
One advantage of storing material in this way is
that serial samples from a given patient, collected
at different stages in his illness, can be examined
simultaneously under strictly identical conditions.
We have shown, in an earlier paper, that lympho¬
cytes recovered from this bank do not differ

substantially from fresh cells in terms of thei
performance in the spontaneous rosette-test witl
sheep red blood cells (SRBC) or in the rosette
inhibition test in which they are pre-incubatec
with anti-lymphocyte globulin (ALG) (Gross e

a!., submitted for publication).
Non-immune rosette formation is regarded a

a marker for thymus-dependent lymphocyte;
(T-cells) (Brain and Gordon, 1971; Papamichai
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7 Present address: New England Deaconess Hospital, Boston, USA.
8 Address for reprints of this and the succeeding paper: MRC Clinical and Population Cytogenetics Unit

Western General Hospital, Crewe Road, Edinburgh, EH4 2XU, UK.
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t al., 1972; Jondal et al., 1972; Wortis el al.,
973). The rosette-inhibition test correlates with
he immunosuppressive effect of the ALG sample
inder examination (Bach et al., 1969; Brain and
lordon, 1971) and has been used to assess the
ffective level of suppression of cell-mediated
mmunity in human renal transplant recipients
Munro et al., 1971; Bewick et al., 1972).
There are many lines of evidence to suggest

hat a relative failure of cell-mediated immunity
nay be involved in the aetiology of Burkitt's
ymphoma (see review by Klein, 1971) but there
re no previous published studies on the rosette-
orming capacity of peripheral blood lymphocytes
rom patients with this tumour.

Using cells recovered from the lymphocyte
tank referred to above, we have applied these
echniques to material from 14 children with
3urkitt's lymphoma (five of them examined
>efore and after cytotoxic therapy) and from
2 control children of comparable age, either
tealthy or suffering from a non-malignant
lisorder.

material and methods

Details of the patients included in this study
ire given in Tables I and II. The diagnosis of
-lurkitt's lymphoma (BL) was confirmed in all
:ases by histological examination of fresh tumour
mprint preparations and of fixed sections from
tiopsy material (Wright, 1970).
Lymphocytes were separated from defibrinated

'enous blood by centrifugation over a ficoll/
riosil layer (Harris and Ukaejiofo, 1969). They
vere frozen in aliquots of 2xl06 viable cells in
0% dimethyl sulphoxide at 1° C per min and
tored in liquid nitrogen for periods of up to
i months before being recovered for use in these
ixperiments. Within this period no deterioration
n the condition of the cells has been detected.

The rosette and rosette-inhibition tests were

:arried out by a minor modification of the method
)f Brain and Gordon (1971). Full details of the
echniques employed have been reported in
trevious papers (Steel et al., 1974; Gross et al.,
ubmitted for publication).

results

Percentage rosette-forming cells ( RFC)
For the 12 control children (Table I) the mean

tercentage of RFC among peripheral blood

mononuclear cells was 51.8 (range 42% to 61 %).
This is identical to the mean value obtained for
the 5 BL patients tested in remission (Table II,
Patients 4, 8, 12, 13, 14) the range in that case
being 47% to 62%. Neither mean value differs
significantly from that previously recorded for
frozen peripheral blood mononuclear cells from
13 healthy adults (Gross et al., submitted for
publication). For the 11 BL patients tested before
treatment the mean percentage of RFC was

34.6% (range 14-50), a figure which differs
significantly from the mean for the 12 control
children (p <0.001).

Rosette-inhibition test

The rosette-inhibition curves for the three
groups of patients (Fig. 1) demonstrate that at
all dilutions of ALG, peripheral blood lympho¬
cytes from those with untreated BL are abnor¬
mally sensitive to inhibition of rosette formation.
Samples from BL patients in remission (including
three long-term survivors) were indistinguishable
from the controls in this respect. The curves for
the two latter groups coincide with that previously
recorded for blood lymphocytes from 13 healthy
adults (Gross et al., submitted for publication).
When rosette-inhibition curves were obtained

simultaneously on thawed samples taken before

Figure 1

Mean rosette-inhibition curves for three groups of
patients. • • BL patients, untreated (11); a a
BL patients on treatment or in remission (8); O O
control patients with non-malignant disease (12).
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TABLE I

ROSETTE AND ROSETTE-INHIBITION TESTS ON CONTROL PATIENTS

a o/ 50% inhibition
Patient 1 , •, Sex Diagnosis % P e u level for(yrs) ® rosettes ^ 2

1 3 M Kwashiorkor (30 days high-protein diet,
no signs or symptoms
of disease) 42 1:3,804

2 <1 M Kwashiorkor (2 days high-protein diet,
signs and symptoms of
disease present) 58 1:2,326

3 8 F Healthy 44 1:3,244
4 6 M Healthy 54 1:5,648
5 3 F Post-measles 50 1:1,906
6 4 F Healthy 53 1:3,312
7 2 M Anaemia/gastroenteritis 57 1:2,528
8 1 M Measles 56 1:2,824
9 7 M Schistosomiasis+ amoebiasis 61 1:2,710
10 3 M Fever + gastroenteritis 44 1:2,110
11 3 M Kwashiorkor (Duration of treatment

not recorded. Signs and
symptoms of disease
present) 51 1:3,478

12 6 M Kwashiorkor (30 days high-protein diet,
anaemia still present) 52 1:2,458

Mean 51.83 1:2,944 3

1 Control sick children were in-patients or out-patients at Kenyatta National Hospital, Nairobi and at Shirati Mission Hospital
Tanzania. Healthy children were from the Shirati area.

2 Dilution of ALG reducing rosette formation to 50% of control value, read off from plot of each patient's data on probability
logarithm paper.

8 50% inhibition intercept from line fitted by eye to series of points representing mean % inhibition at each dilution of ALG
plotted on probability-logarithm paper.

and after treatment for each of four BL patients
(Table II, patients 2, 4, 8 and 10), the later sample
from three of the individuals showed a marked
shift towards values in the control subjects. An
example is shown in Figure 2. In one case

(patient 10) there was no significant change in
the 50% inhibition value. It may be relevant that
in this instance, while the jaw and abdominal
tumour masses had responded to chemotherapy,
the disease had spread to involve the central
nervous system (see Table II).
By convention the susceptibility of a lympho¬

cyte preparation to inhibition of sheep-cell
rosette formation by ALG has been expressed
as the " minimum inhibitory concentration"
(MIC)—i.e. that concentration of ALG which
will reduce the number of rosettes by at least 25%

compared with the control value. For reason:

previously discussed (Gross et al., submitted fo
publication) the MIC is a very inadequatf
expression of the information contained in ;
rosette-inhibition curve. A better measure is th(

50% inhibition level read off from a straight lint
fitted to the points plotted on probability
logarithm paper. These figures have been insertec
in Tables I and II and the mean values calculated

DISCUSSION

The data presented here indicate that thi
percentage of lymphocytes with surface marker
characteristic of T-cells present in the periphera
blood of these untreated Burkitt lymphom;
patients was reduced when compared with contro
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TABLEII

ROSETTEANDROSETTE-INHIBITIONTESTSONBLOODCELLSFROMBURKITTLYMPHOMAPATIENTS
Patient

Age (yrs)

Sex

Extentofdiseaseattimeoftest3

Currentorrecenttreatment attimeoftest

Intervalsince previoustest (weeks)

%spontaneous rosettes

50%inhibition levelfor ALG

I1

—

F

Largeabdominalmass

Nil

—

32

1:11,298

2

3

F

ExtensivejawandovariantumoursCSF4-ve
Nil

—

25

1

3,572

Regressioninsizeoftumourmasses.CSF—ve
Orthomelphelan

4

Notdone

1

3,244

Furthershrinkageoftumourmasses.CSF—ve
—

14

Notdone

1

2,726

3

7

M

Extensivejawandabdominaltumours, paraplegia.CSF+ve

Nil

—

38

1:

9,766

4

6

M

Jawtumour+tumouronL.humerus. CSF+BM-ve Completeregressionoftumourmasses. Generalconditiongood.CSF—ve
Nil Orthomelphelan+vincristine

8

34
62

1 1

3,600 2,652

5

10

F

Largetumourconfinedtojaw.CSF—ve
Nil

—

14

1

5,234

6

5

F

—

Nil

—

48

1

6,400

7

7

F

Jawandpelvictumour

Nil

—

26

1

3,752

8

3

F

Widespreadjaw+pelvictumours. CSF—veBM-ve

Nil

_

31

1:4,718

Markedregressionoftumourmasses
Orthomelphelan+vincristine
18

48

1

2,170

9

9

M

Widespreadabdominal+lymph-nodetumour. CSF—ve,BM-ve

Nil

36

1:6,488

10

6

M

Bilateraljawtumours+hepatosplenomegaly. CSF—veBM—ve

Nil

_

47

1:4,718

TumourmassesdisappearedbutCSF+ve. Facialpalsy

Orthomelphelan+vincristine, intrathecalmethotrexate
16

Notdone

1

4,556

11

7

F

Abdominalmass+jawtumour

Nil

—

50

1

4,884

12

6

M

1yrfreeofdiseasesincestoppingtreatment
Nil

—

54

1

2,986

13

11

F

3yrsfreeofdiseasesincestoppingtreatment
Nil

—

47

1

3,674

14

13

F

3yrsfreeofdiseasesincestoppingtreatment
Nil

—

48

1

3,026

H O Z o
T1 73 T1

o

CO

C
73

H H
T3
X o >

1PatientN).IhadbeentreatedbysurgeryplusintravenouscyclophosphamideforabdominalBurkitt'stumour6monthsearlierinanotherhospital.Themasshadregressedcompletely
buthadnowrecurred. 2̂CSF=Cerebrospinalfluid;BM=Bonemarrow;+or—referstopresenceorabsenceofrecognizabletumourcellsinthesetissues.

L/i



GROSS ET AL.

12000 6.400 3.200

A.LG. Dilutions.

Figure 2

Shift of rosette-inhibition curve following treatment
of Burkitt's lymphoma. Results from BL patient
No. 1, before and after therapy, compared with values
from two control children.

subjects and that spontaneous rosette-formation
was more readily inhibited by ALG in the
untreated BL patients than in the control group.
The deviation from control values became less
marked as the patients responded to treatment
and three long-term survivors of the disease could
not be distinguished from control patients in
these respects.
The percentage of RFC among peripheral

blood mononuclear cells cannot be related

directly to the absolute numbers of circulating
rosette-forming and non-rosette-forming lympho¬
cytes since total and differential white cell counts
were not carried out on the blood samples used
in the rosette tests. However, these counts were

undertaken at twice-weekly intervals in the case
of BL patients before and during treatment and
similar data were available from almost all of the
control subjects. The total white cell count and
the numbers of circulating lymphocytes were
rarely raised above normal values in either
Burkitt or control patients. The decrease in
percentage of RFC in the former group is,
therefore, unlikely to be due to an absolute
increase in the number of circulating B-cells or

monocytes. The increased sensitivity of their RFC
to inhibition of rosette-formation is independent

of absolute numbers and supports the conclusioi
that there is an abnormality of the circulatin;
T-cells in untreated BL patients.
The reduction of percentage of RFC and th

increased sensitivity of the untreated Burkit
patients' lymphocytes to inhibition of rosetb
formation is unlikely to be a non-specific con

sequence of their poor general condition o
nutritional status for, if this were the case, t
similar effect should have been observed in thi
control patients. In several cases the contro
children appeared to be more severely ill thai
the BL patients.
By analogy with the findings in renal transplan

recipients (Munro et al., 1971; Bewick et al.
1972) one possible explanation of the presen
observations is that the untreated Burkitt patient!
have a circulating factor which, in vitro, i:
additive with ALG in its effect on inhibition oi

spontaneous rosette formation. This would implj
that the reduction in percentage of RFC amonj
peripheral blood lymphocytes of untreated BL
patients does not reflect a true deficiency oi
T-cells but is merely an extrapolation of the w
vitro rosette-inhibition curve so that a proportior
of the T-lymphocytes have already lost theii
rosette-forming capacity in vivo through exposure
to a circulating inhibitor.
Lymphoid cells examined fresh from Burkitt

tumour biopsies often have an antibody coatinj
which does not persist in culture and which if
presumed to be adsorbed from the patients
serum (Klein et ah, 1968; Nadkarni et a!., 1969:
Povlsen et al., 1973). It has been suggested that
this antibody activity may block the access
of immunocompetent cells to tumour-specific
antigens (Klein, 1971; Stjernsward et al., 1970).
Since the tumour cells are of lymphoid origin it
is not unreasonable to postulate that anti-turnout
antibody may cross-react with normal circulating
lymphocytes. Such a situation would explain the
present findings.
Sera from a high proportion of Burkitt lym¬

phoma patients have recently been shown to
inhibit the in vitro migration of fresh BL tumour
cells and of cells from a lymphoid cell line or
from a variety of leukaemias (Cochran et a!.,
1973), suggesting that a factor (possibly a macro-
globulin) in the BL sera interacts with some
members of the target-cell population in a manner
which may have important consequences in vivo.
Some activity was detected in sera from patients
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n remission and in a proportion of samples from
elatives and neighbours of BL patients. In this
espect the migration-inhibiting factor differs
rom the rosette-inhibiting factor; but in the
ense that both seem to cross-react with cells of
he reticulo-endothelial system other than Burkitt
umour cells, the two phenomena may be related.
It has been claimed that antibody eluted from

Jurkitt tumour biopsy material has a specificity
lirected against EB virus-induced membrane
mtigen (MA) (Povlsen et al., 1973). Antibody
vith this specificity is unlikely to account for our
>bservations, first because normal circulating
ymphocytes from BL patients do not express
EB virus membrane antigen (Klein et al., 1966)
end secondly because the titre of this antibody
ends to be high in Burkitt lymphoma patients in
emission (Klein, 1971). However, it has not been
hown that all of the tumour-coating antibody is
VlA-specific and if there is an anti-lymphoma-
:ell component in addition, its circulating level
■Ould be expected to decline as the size of the
umour mass is reduced.

There are several examples of " blocking
ictivity " in the serum of tumour-bearing animals
tnd human subjects which appear to inhibit
:ell-mediated ifnmunological attack upon the
umour. Characteristically, on removal of the
umour, the titre of blocking activity falls more

apidly than would be predicted if it were

irimarily an immunoglobulin with a normal
liological half-life. There is evidence that
irculating antigen-antibody complexes (in which
he antigen is a soluble derivative of the tumour)
ire responsible for the blocking phenomenon
Baldwin et al., 1973).

The relationship between the present observa¬
tions and those discussed by Baldwin et al.
remains to be explored. Since the Burkitt patients
"

on treatment " were receiving cytotoxic drugs
(cyclophosphamide, orthomelphelan or vincris¬
tine) and since most had also been given one or
more blood transfusions, one cannot at this stage
attribute the apparently rapid loss of rosette-
inhibiting activity solely to regression of the
tumour mass.

Follow-up studies are clearly required to
characterize the factor(s) responsible for the
increased sensitivity of BL patients' lymphocytes
to inhibition of rosette formation and to establish
the pattern of rosette-inhibition titre longitu¬
dinally with the course of the disease in a larger
series of patients. A major objective in future
work on material from the Nairobi cell bank will
be the development of in vitro tests of T-cell
function which should help to determine the
relevance of the above observations to the

aetiology and progression of Burkitt's lymphoma.
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ETUDES IMMUNOLOGIQUES IN VITRO SUR DES CANCEREUX
D'AFRIQUE ORIENTALE.

II. ACCROISSEMENT DE LA SENSIBILITE DES LYMPHOCYTES SANGUINS
A L'INHIBITION DE LA FORMATION SPONTANEE DE ROSETTES

DANS LES CAS DE LYMPHOME DE BURKITT NON TRAITE

Des prises aliquotes congelees de cellules mononucleaires du sang peripherique
de maktdes atteints de lymphome de Burkitt (BL) a divers stades out etc comparees a
des echantillons provenant d'enfants est-africains en bonne sante on souffrant d'affections
non malignes. En utilisant le test des rosettes formees avec des erythrocytes de mouton
(qui est cense permettre d'identifier les lymphocytes T), on a observe une reduction
sensible de la proportion de cellules formant des rosettes ( RFC) dans les echantillons
provenant de cas de BL non traite. Apres induction de la remission, la difference entre
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les cas de BL et les temoins a disparu. La formation de rosettes a etc inhibee plus
facilement par la globuline anti-lymphocytes (ALG) dans les echantillons provenant
de cas de BL non traite que dans ceux qui avaient etc preleves sur des temoins. Apres
rinduction de la remission, la courbe d'inhibition des rosettes tend nettement a rejoindre
les valeurs re/evees chez les temoins. Ces observations sont compatibles avec la presence,
dans les BL non traites, d'un facteur circulant qui diminue Vaptitude des lymphocytes T
a former des rosettes avec les erythrocytes de mouton. II reste a etablir si la capacite
fonctionnelle des cellules T de proteger I'hote contre la proliferation tumorale est aussi
affectee.
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Spontaneous rosette formation was observed in eight out of nine Burkitt lymphoma
biopsies. These were examined fresh andlor after culture in vitro for up to 48 h. The
percentage ofrosettes variedfrom 3.7/ to 38/. There was a tendencyfor the percentage
of rosettes to increase with time in tissue culture. It is suggested that the rosette-forming
cells are T-lymphocytes infiltrating the tumour and functioning as a host defence
mechanism against the proliferating tumour cells.
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The recognitition of two distinct classes of
lymphoid cells in the higher vertebrate species
(see review by Raff, 1973; has led, inter alia, to a
re-examination of reticulo-endothelial neoplasms
with the object of defining the role of B- and
T-cells in individual tumours. Thus, for example,
chronic lymphatic leukaemia in man is associated
with a vast preponderance of circulating B-cells
(Wilson and Nossal, 1971; Wybran et al., 1973).
In mice, experimentally induced lymphatic
leukaemias involve B-cells in some cases and
T-cells in others (Haran-Ghera and Peled, 1973).
Patients with Hodgkin's disease often show a
reduction in the proportion of T-cells in the
peripheral blood (Aiuti and Wigzell, 1973) and
Marek's disease of chickens involves a distur¬
bance in the distribution of both classes of

lymphoid cell (Hudson and Payne, 1973).
Burkitt's lymphoma has been the subject of a

number of studies of this type. In the preceding
paper (Gross et al., 1975) it was reported that
the mean proportion of rosette-forming (T) cells

in the circulation appears to be reduced and the
sensitivity of peripheral blood lymphocytes to
inhibition of spontaneous rosette-formation with
sheep red blood cells is increased in untreated
patients.
Tumour cells teased out from Burkitt lym¬

phoma biopsies have been tested for the capacity
to form spontaneous rosettes with sheep cells,
with negative results (Jondal et al., 1972). The
same is true of long-term lymphoblastoid cell
lines derived from Burkitt tumour material (Lay
et al., 1971; Jondal et al., 1972). Both fresh
biopsy cells and long-term lines established from
them have immunoglobulin surface markers
(Klein et al., 1968). The published evidence thus
suggests strongly that Burkitt's lymphoma is
purely a B-cell tumour.
From studies recently carried out in Nairobi

it appears that the situation may be more com¬

plex than previous reports have indicated. The
findings are presented and discussed below.

Received: October 18, 1974.
6 Present Address: New England Deaconess Hospital, Boston, USA.
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MATERIAL AND METHODS

Biopsy specimens

Fragments of tumour (0.2-0.5 g) were taken
during the course of open biopsy (undertaken for
diagnostic purposes) from nine children with
Burkitt's lymphoma subsequently confirmed
histologically. The patients, five males and four
females, were between 3 and 9 years old. They
were receiving no treatment at the time of the
procedure.
The tissue was placed in a sterile bottle with

5-10 ml of Ham's F10 medium (Biocult, Paisley,
Scotland) buffered with 20 mM N-2-hydroxy-
ethylpiberazine-N'-2 ethanesulphuric acid and
10 mM sodium bicarbonate and containing peni¬
cillin 100 IU/ml and streptomycin 100 ^g/ml
(" F10 HB"). Material obtained in this way from
the Kenyatta National Hospital was processed
immediately; samples from Shirati reached the
Nairobi laboratory within 10 h of collection and
were then treated as follows. A single-cell
suspension was produced from the biopsy tissue
by teasing it out with sterile applicator sticks.
The cells were counted visually in a Neubauer
haemocytometer and the viability assessed by
exclusion of 0.45% Nigrosin (Kaltenback et al.,
1958). In this way 2xl07 to 10" mononuclear
cells were obtained, with a viability of 80-95 %.
The concentration of viable cells was adjusted to
2-3 X 106/ml by adding fresh F10 HB and pooled
human serum from five healthy European donors
to a final serum concentration of 20%.
The cell suspension was incubated at 37° C in

aliquots of 5 ml in sealed glass universal bottles.
In some cases a sample of the cells was taken for
rosette-testing before the addition of human
serum. Later samples were taken after varying
periods in culture, washed with serum-free
culture medium, counted, assessed for viability
as before and subjected to the rosette test.

Rosette test

This test was undertaken on suspended biopsy
cells exactly as described for peripheral blood
lymphocytes (Gross et al., 1975), 3xl05 to
2xl06 washed viable biopsy cells being resus-

pended in one drop of foetal calf serum and one

drop of F10 HB. One drop of a 2% suspension
of washed sheep red blood cells (SRBC) in normal
saline was added and the mixture spun down
gently on a bench centrifuge (lOOxg- for 5 min).

The cell-button was resuspended by tapping
iightly on the side of the tube. An aliquot wai
Inserted in a white-cell counting chamber anc
the percentage of rosette-forming cells estimate!
after counting at least 200 cells. Any cell wit!
three or more adherent SRBC was classed as a

rosette. The following calculation was made:

% rosette-forming cells =
total no. of lymphoid cells 100

100 x —- x
total no. of rosettes % viable cells

The correction for cell viability is necessary
since dead cells do not form rosettes (Coombs ei

al., 1970; Brain et a!., 1970; Gross et al., 1975).

RESULTS

Table I records the percentage of rosette-
forming cells identified in biopsy material from
nine Burkitt lymphoma patients. In only one
instance (patient 9) was the result completely
negative. From the other eight tumours (nine
biopsies (3.7 to 38 % of the cells formed rosettes
with large numbers of adherent erythrocytes
(Fig. 1). The higher values were recorded from
material which had been cultured in vitro for up
to 48 h and where samples were examined at
intervals (patients 3, 6 and 7) there was a ten¬
dency for the percentage of rosette-forming cells
to increase.

TABLE I

SPONTANEOUS ROSETTE FORMATION

BY BURKITT TUMOUR CELLS

Po I i,»n I
Time post % viability % rosette-

r Clllcllt
biopsy of cells forming cells

1 48 h 90 38

2 48 h 50 30

3 12 h 90 11
36 h 90 18

4 12 h 70 10

5 12 h 70 13.5

6 (jaw) 1 h 85 4.7
24 h 75 12
48 h 70 24

(shoulder) ■ 1 h 95 4.9
24 h 70 11
48 h 60 5

7 1 h 80 3.7
24 h 75 7.8

8 1 h 95 14.1

9 1 h 95 0
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figure 1

Spontaneous rosettes formed round Burkitt lymphoma biopsy cells (patient
6, jaw tumour after 24 h in tissue culture).

Wet preparation photographed in diffuse transmitted light (x 1,000).

discussion

Jt is not clear why the present findings are at
variance with those of Jondal et al. (1972) though
the fact that material in this study was not
subjected to a delay of more than a few hours in
transit to the laboratory may be relevant.
It might be argued that rosette-forming cells

were derived from blood which is inevitably
present in biopsy material. However, the tissue
in every case was virtually a solid mass of
lymphoid cells, yielding about 10s cells per gram.
Even if 50% of a biopsy had consisted of blood
the total yield of blood lymphocytes from 1 g of
tissue would have been only about I06 cells—
i.e. 1 % of the total. If 50% of these blood
lymphocytes were RFC they could account for
an overall yield of only 0.5% RFC in the final
cell suspension. The conclusion therefore is that
rosette-forming cells are present within the
majority of Burkitt tumours.
The apparent tendency for an increase in

percentage of RFC with time in culture has three
possible explanations: (1) there is selective loss
(death) of non-RFC in culture; (2) there is
selective proliferation of RFC; or (3) " potential"
RFC are progressively " unmasked " in culture.
The first explanation is unlikely since the rise

in 1 % RFC was evident even when the cell

viability was well maintained. There is no direct
evidence from which to choose between (2) and
(3) but it is known that rosette formation is
inhibited by anti-lymphocyte globulin (Bach et
al., 1969; Brain and Gordon, 1971) or by a

specific anti-T-cell antibody (Wortis et al.,
1973). The tumour cells from Burkitt lymphoma
biopsies have been shown to be coated, in many
instances, with an immunoglobulin, the specificity
of which has not yet been established, and which
is lost within the first few days of culture (Klein
et al., 1968; Nadkarni et al., 1969; Povlsen et al.,
1973). Such an immunoglobulin coating could
be expected to act as an inhibitor of rosette
formation in the same way as AFG, and in the
previous paper in this series (Gross et al., 1975)
it was argued that cross-reactivity may occur
between this antibody and the peripheral blood
lymphocytes of Burkitt lymphoma patients. It
may be relevant that the only tumour in this
series in which RFC could not be demonstrated
came from a child (patient 9, Table I) whose
peripheral blood lymphocytes appeared to
include only 10% RFC, the lowest value recorded
by the authors.
Further studies are in progress to examine, in

parallel, the characteristics of surface immuno¬
globulins on tumour cells and their performance
in the spontaneous rosette test, also to establish
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the effect of pre-incubation with sera from
Burkitt lymphoma patients on the percentage of
RFC in a cultured tumour-cell suspension.
The question arises: what is the relationship

of the RFC in Burkitt lymphoma tissue to the
tumour as a whole? As mentioned in the intro¬

duction, long-term lymphoblastoid lines derived
from Burkitt lymphoma biopsies are reported to
have the characteristics of B-cells. We have

repeatedly tested one such line derived from
patient I in this series and have found it to be
consistently negative in the rosette-test. Many
lymphoblastoid lines from other sources, induced
to proliferate by the presence of EB virus, have
been examined and appear to contain no RFC
(Moore and Minowada, 1973). Of more than
30 lymphoid cell lines examined at the MRC
Clinical and Population Cytogenetics Unit in
Edinburgh (Smith, Evans and Steel, unpublished
observations) only one was found to contain
cells which formed rosettes with fresh sheep
erythrocytes. These RFC represented a minor
population in a line which, on cytogenetic
evidence, could be regarded as a clone and which
actively synthesized immunoglobulin light chains
(*0 in vitro. In this case, therefore, the rosettes
appeared to be formed by " B " lymphoid cells,
an occurrence which has been recognized by
others (Dickler et a/., 1974) but which is evidently
rare. If, as seems probable, the proliferating
tumour cells in Burkitt's lymphoma are in vivo
counterparts of cultured lymphoblastoid cell
lines, then the former also should be B-cell-
derived.

On the other hand, the cumulative evidence is
strong that rosette-forming lymphocytes are
almost always T-ceils (Brain and Gordon, 19 7i;
Papamichail et al., 1972; Jondal et al., i972;
Wortis et al., 1973). We would suggest that

T-lymphocytcs present in the tumour represent
a cell-mediated host defence against the pro¬

liferating B cells. Evidence that host defences are

operative in Burkitt's lymphoma has been
reviewed by Klein (1971) and it has been shown
that cells from lymphoblastoid lines will stimulate
autochthonous lymphocytes in vitro, leading to
the development of a cell-mediated cytotoxic
reaction (Steel et al., 1973; 1974).
From patient 6 biopsy fragments of both the

primary jaw tumour and of a solitary metastatic
deposit on the left shoulder were available. They
were tested simultaneously with virtually iden¬
tical results at I h and after 24 h in culture

(Table I). At 48 h, however, the jaw tumour
suspension had 24% RFC and the shoulder
biopsy only 5 %. This was the only occasion when
the percentage of RFC was found to decline in
culture. Both samples were growing rap aly in
vitro at this stage as judged by the number of
mitoses observed and by the acid pH of the
culture medium. It appears that in the secondary
deposit, but not in the primary, T-cells were being
outstripped by proliferating non-RFC. Further
studies are required to determine whether this is
a general characteristic of metastatic BL.
It also remains to be established whether the

cytotoxic function of T-cells in the tumours is
impaired by antibody which masks their rosette-
forming capacity or whether the clinical course
of the disease can be related to the proportion
of T-cells in a given tumour.
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ETUDES IMMUNOLOGIQUES IN VITRO SUR DES CANCEREUX
D'AFRIQUE ORIENTALE. III. FORMATION SPONTANEE DE ROSETTES

PAR DES CELLULES DE BIOPSIES DE LYMPHOME DE BURKITT

La formation spontanee de rosettes a etc observee dans 8 biopsies de lymphomes
de Burkitt sur 9. Les biopsies out ete examinees alors qu'elles etaient fraiches et/ou
apres culture in vitro pendant 48 h au maximum. Le pourcentage de rosettes variait
entre 3.7 et 38%. II avait tendance a s'accroitre avec le temps dans les cultures de tissus.
Les auteurs pensent cpte les cellules qui forment des rosettes sont des lymphocytes T qui
infiltrent la tumeur et constituent un mecanisme de defense de Thote contre les cellules
tumorales en cows de proliferation.
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SUMMARY

Haemagglutinins in the supernatants of four human lymphoblastoid lines have
been partially purified by ammonium sulphate precipitation, centrifugation on a
sucrose gradient or passage through a Sephadex G-200 column. Haemagglutinating
activity in all cases appears to be associated with a high molecular weight fraction
with the characteristics of IgM and activity can be recovered by elution of material
adsorbed onto an anti-IgM column. On iso-electric focusing, a very small number
of molecular species seems to be involved. It is likely that these lines constitute the
first in vitro human systems in which the synthesis ofhomogenous immunoglobulins
with known antibody specificity can be studied.

INTRODUCTION

We have previously reported that four human lymphoblastoid cell lines, of more than sixty
tested, have agglutinating activity in their supernatants directed against sheep or human
erythrocytes fixed in glutaraldehyde or formaldehyde (Evans et al., 1974). Preliminary data
have suggested that the agglutinating activity is associated with immunoglobulins secreted by
the cells. If so, the lines may constitute the first human tissue culture system in which the
synthesis of monoclonal Ig with known antibody specificity can be studied (Steel et al.,
1974).
This paper reports progress in purification and physico-chemical characterization of the

haemagglutinins secreted by each of the four lines.

MATERIALS AND METHODS

Cell culture

Details of the four lymphoblastoid cell lines, ANAX, BRI8, HILi and PEN2 and their
culture conditions have been recorded previously (Steel et al., 1974). Haemagglutinating
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activity was assayed in the spent culture medium rendered cell-free by low-speed centrifuga-
tion (Steel et al., 1974).

Purification
Haemagglutinin was concentrated by ammonium sulphate precipitation (Eskeland et al.,

1971). On occasions the material was further concentrated on a Minicon B15 ultrafilter
(Amicon, High Wycombe). Filtration on Sephadex G-200 and sucrose gradient centrifuga-
tion were carried out as described by Eskeland & Klein (1971).
A column of macroporous polyacrylamide gel, containing rabbit anti-human IgM (Miles

Labs, Kankakee, Illinois) at a concentration of 8-4 mg antibody/g acrylamide/bis-acrylamide
(3:1), was prepared according to the method of Carrel et al., (1969). Before use, the gel was
thoroughly washed with the buffers used under experimental conditions, PBS and 2 m
sodium iodide in 0 05 m Tris-HCL (pH 9-0)/0-85 % saline.

Iso-electric focusing
Slab gels (7-2 x 7-6 x 0-3 cm) containing 4%(w/v)acrylamide, 0-11 % (w^NNF-methylene

bis acrylamide, 2% (v/v) ampholine pH 3-5-10 (LKB, Stockholm), 3 m urea and 0-05%
(v/v) TEMED, were polymerized by the addition of 0-1 % (w/v) ammonium persulphate.
Gels were pre-electrophoresed in a Uniscil-Gradipore 4-cell unit (US1, London) at
150-200 V for 30 min, followed by 300 V for 30 rnin. The tray buffers were 0-2% (v/v)
sulphuric acid in the lower well (anode) and 0-4% (v/v) diethylamine in the upper well
(cathode). The upper part of the gel and the samples, in preformed wells cast in the gel, were
protected from the cathodic buffer by a layer of ampholine pH 3-5-10 in 3 m urea. Thirty
microlitre samples, in 2% ampholine pH 3-5-10, 5 m urea, plus a trace of bromophenol blue,
were applied. After iso-electric focusing for 16 hr at 300 V, the gels were fixed in 5% (w/v)
trichloroacetic acid for 24 hr, to leach out the ampholines (Carrel et al., 1969) and stained in
0-02% (w/v) Coomassie brilliant blue, 5% trichloracetic acid, 5% sulphosalicylic acid, 18%
(v/v) methanol at 37°C for at least 2 hr (Wellner & Hayes, 1973). They were stored in 7%
(v/v) acetic acid.
The pis of the focused bands were determined by one of two methods. In the first, a strip

from the edge of the gel was removed (immediately after focusing) frozen and sectioned. Each
2 mm slice was suspended in 5 ml water and the ampholines allowed to elute for 16 hr before
measuring the pH. In the second method, advantage was taken of the fact that focused bands
could be visualized without fixing or staining. The bands themselves were cut out and the
ampholines eluted for pH measurement as described above.

RESULTS

The haemagglutination reaction
The various parameters of the HA reaction were varied independently. The presence of

1 % ± 0-5% fetal calf serum (FCS) was essential to allow settling of non-agglutinated red
cells but bovine albumin at a concentration equivalent to that in FCS (50 mg ± 25 mg/ml)
could be substituted. The reaction was unaffected by pH change over the range 5-0-8-0 but
below pH 4-4 haemagglutinating activity was irreversibly lost. Although formaldehyde-
fixed erythrocytes were as effective as glutaraldehyde-fixed cells at absorbing haemagglutinins,
they were not used in the HA tests as they did not yield stable end points. Unfixed erythrocytes
did not adsorb haemagglutinating activity from culture supernatants.
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Purification
On the basis of HA: protein estimations eight to ten-fold purification of haemagglutinins,

with 100% recovery of agglutinating was achieved simply by precipitation from culture
supernatants with 15-40% saturated ammonium sulphate. An exception was the haemag-
glutinin from line HIL^ whose recovery at this stage was only 30-60%. When extraneous
protein was minimized by omitting FCS from the cells' growth medium for 3-4 days
before collecting supernatants, recovery of haemagglutinating activity after concentration
was usually less than 50% and could be as low as 11%. Loss of agglutinating activity is a

persistent problem as the purity of supernatant fractions increases. It seems to be attributable
to decreased solubility of the haemagglutinins under these conditions.
All of the haemagglutinating activity from PEN2 supernatant was eluted in the leading

peak from a SephadexG-200 column (Fig. 1). Identical results were obtained with the haemag¬
glutinins of the other three lines, indicating that very high molecular weight material is
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Fig. 1. Sephadex G-200 filtration ofhaemagglutinin from PEN2 supernatant. (0-66 ml; 2 x 105
HA units/ml). Fraction size 1 ml; flow rate 12 ml/hr. Protein (mg/ml) (a a) estimated from
the E28onm of each fraction. HA units/ml,—•.

involved. The sedimentation characteristics of PEN2 haemagglutinin on a 10-40% sucrose
gradient are shown in Fig. 2, which demonstrates its similarity to a marker human IgM.
The same observation was made with BRIg supernatant; those from ANAX and HIL2 were
not tested.
It was possible to absorb the haemagglutinating activity completely from a supernatant

by passing it through an anti-human IgM column. After thorough washing with PBS a
small peak ofHA could be recovered from the column (Fig. 3) by elution with a buffer con¬
taining 2 m sodium iodide (Fuchs & Sela, 1973). This procedure was successfully applied to
supernatants from PEN2 and ANA^ In both cases, however, material tended to crystallize
out ofsolution, with a resultant loss ofhaemagglutinating activity, which could not be restored
even on a resolubilization with 5 M urea. (Urea at this concentration did not affect the haemag-
glutination reaction.)
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Fig. 2. Sucrose gradient centrifugation of PEN2 haemagglutinin. Samples, 0-5 ml, centrifuged
on 4-4 ml linear 10-40% sucrose gradients at 110,000g/17 hr. Fractions collected from the
bottom of the gradients.
Top panel. Serum from IgA myeloma patient; IgA (mg%) measured by fluoroephelometry

(Technicon instruments Corp.)
Middle panel. Serum from IgM myeloma patient; IgM (mg%) measured by radial immuno¬

diffusion.
Lower panel. PEN2 haemagglutinin (9 x 103 HA units/mffpurified on Sephadex G-200.
Each IgA and IgM fraction was diluted in 1 ml nephalometric saline prior to assay. Each

PEN2 haemagglutinin fraction was dialysed against PBS before assay.

Fig. 3. Immunosorption on anti-human IgM. A, Concentrated PEN2 haemagglutinin (4 ml;
8 x 103 HA units/ml) was applied to the anti-IgM column and washed through with PBS (10
ml/hr) 25 fractions, (3 ml each) were collected. HA titre (—•—) B, 1 ml fractions (90) were
then eluted with 2 m sodium iodide buffer (which absorbs at E280). HA titre, in pooled fractions,
dialysed against PBS (|—«H ), E280„m (-«_■■_).
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Iso-electric focusing
Samples of varying degrees ofpurity were focused as described. Similar band patterns were

obtained from Sephadex G-200 eluates of PEN2, BRI8 and HILX haemagglutinins. ANAj
supernatant was not tested. Compared to the number of bands evident in samples at this
stage of purification (Fig. 4, samples 4 and 6), the number seen after purification on an anti-
IgM column (samples 3 and 5) was greatly reduced. In the latter only four prominent bands
appear, at pH 5-1, 5-0, 4-9 and 4-8 respectively. From a comparison of the bands in samples
from the anti-IgM column with thosepurified on SephadexG-200, it was felt that the most likely
pi of PEN2 haemagglutinin was 4-9. (arrowed, Fig. 4). Only the bands ofpi 4-9 and 5-0 were
seen when PEN2 haemagglutinin accumulated in serum free medium, and was subsequently
purified on Sephadex G-200 (Fig. 4, sample 2).

DISCUSSION

The present findings provide strong support for the suggestion (Steel et al., 1974) that the
haemagglutinins from all four lines are immunoglobulin molecules of class IgM. In view of

Top (cathode)

Bottom (anode)

Fig. 4. Iso-electric focusing on polyacrylamidepH 3-5-10. Six samples ofPEN haemagglutinin:
(1) Concentrated from serum-free culture supernatant; (2) from serum-free culture super¬
natant, purified on Sephadex G-200; (3) from supernatant with 20% FCS, purified on
Sephadex G-200 followed by anti-IgM column; (4) from supernatant with 20% FCS purified
on Sephadex G-200 only; (5) from supernatant with 20% FCS concentrated and purified on
anti-IgM column; (6) from supernatant with 20% FCS, concentrated by ammonium sulphate
precipitation only. All samples were focused at 300 V/16 hr.
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other evidence that the lines have undergone clonal evolution, these immunoglobulins are

likely to be homogeneous (Evans et al., 1974). The antibody specificity of the IgMs from the
four lines appears the same and preliminary experiments involving adsorption of mixed
samples of supernatants from PEN2 and BR18, PEN2 and ANAj or ANAj and BRI8 onto
formaldehyde-fixed erythrocytes suggests that their IgM products occupy the same attach¬
ment site on the erythrocyte membrane. Nevertheless, they seem to differ with respect to the
blocking effect of ox red cells (Steel et al., 1974) and the lines themselves are easily distin¬
guished from each other on cytogenetic, iso-enzyme and surface antigen analysis.
Our intention is to look for common features of the antigen-binding sites on the IgMs of

these four lines which are not found on IgMs secreted by other cultures and it will be of
particular interest to compare the haemagglutinins with immunoglobulins secreted by
'variant' sublines of the same culture. For example we have samples of PEN2 which now
secrete light chains (A) only and of BRI8 which secrete IgMz without haemagglutinating
activity, the BRIg haemagglutinin having kappa light chains (Steel et al., 1974).
The observation that haemagglutinins are produced by cultures grown in serum-free

medium provides a basis for preparing substantial quantities of material relatively free from
high molecular weight contaminants. This will be the first step in future work directed towards
isolation and full characterization of the haemagglutinin molecules.
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Abstract

4
A micro culture system is described in which 2.5 x 10 human blood

lymphocytes in aliquots of 100 pi are stimulated by PHA, Pokeweed,
"Varidase" antigen, allogeneic small lymphocytes or mitomycin-C-treated
allogeneic LCL cells. Careful regulation of the pH by a combination
of bicarbonate and MOPS buffers seems to be important for detecting
a response to weak stimuli. High and reproducible levels of acti¬
vation by powerful stimuli (PHA and LCL cells) can be recorded from
even smaller cultures (10 responding cells in 40 pi aliquots). The
technique allows large numbers of replicate cultures to be set up from
a single blood sample so that the time course and/or dose-response
relationships can be examined for a range of differen mitogens.

One important objective in attempts to assess cell-mediated immune

competence by means of in vitro techniques is miniaturisation of the

culture system so that a wide spectrum of tests can be applied to blood

or tissue samples of such a size that they may readily be obtained from

patients (including children) in whom some disturbance of immune func¬

tion is suspected. Methods have been described for the measurement

of in vitro responses to a variety of specific and non-specific mitogens
5 5

which require aliquots of only 3 x 10 or 2 x 10 blood lymphocytes (1,2)

The number of responding lymphocytes has been further reduced to 5 x 10^
in studies involving only a single mitogen, either phytohaemagglutinin

(PHA) or mitomycin-C-treated allogeneic lymphocytes (3,4,5).

669
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We now report a technique allowing measurement of the mitogenic

response to PHA, pokeweed mitogen ('PWM') "Varidase" antigen (Strepto-

kimase-Streptodornase) Mitomycin-C-treated allogeneic lymphoblastoid

cell line cells (LCL cells) and allogeneic small lymphocytes (in a two-

way mixed leukocyte culture). The number of responding blood lymphocytes
4

is 2.5 x 10 and in the case of PHA or LCL stimulation, satisfactory
4

results can be obtained from cultures containing only 10 responding

lymphocytes.

"Material and Methods"

Mononuclear cells are separated from defibrinated whole blood by centri-

fugation over a layer of Ficol1/Hypaque of S.G. 1.078 (6). The cells

are collected from the interface, washed twice in culture medium con¬

taining 5-10% Foetal calf serum and counted in a Neubauer haemocytometer.

An additional aliquot is counted after dilution 1:20 with 2% Acetic acid

to determine the proportion of contaminating polymorphs (usually less

than 5%). They are spun down and resuspended at a concentration of
5

2.5 x 10 mononuclear cells/ml in Ham's F10 culture medium (Gibco Biocult,

Glasgow, Scotland) with added fresh glutamine, and 20% Human serum (Pooled

from 6 healthy donors, passed through a millipore filter and stored in

20 ml aliquots at -30°C until required). In some experiments Strepto¬

mycin (100 pg/ml) and Penicillin (100 u/ml) were added. (The presence

or absence of antibiotics had no discernible effect on the response to

any mitogen). The medium is buffered with 0.8 g/litre sodium bicarbonate

and 12.5mM /3-(N-Morpholine_)7 propane sulphonic acid ("MOPS", Hopkin and

Williams, Chadwell Heath, England).

Micro cultures

5The cell suspension, at 2.5 x 10 mononuclears/ml, is divided into

aliquots, one as a control and the others for the addition of mitogens as
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detailed below. The cells are then distributed among the flat-bottomed

wells of sterile plastic Cooke Microtiter plates (Type R, M220-290ARTL,
4

C.A. Greiner and Sons, Nurtingen, Germany), 100 pi (2.5 x 10 mononuclear
4

cells) per well. In a number of experiments aliquots of 40 pi (10 cells)

were distributed to additional wells. The plates are covered with the

lids provided and sealed with adhesive tape. They are incubated at 37°C
at an angle of 20° to the horizontal so that the cells tend to settle in

a crescent at one edge of the wells. For labelling, lids are removed

and 0.1 pCi of Thymidine-2-C^, Specific activity 60 mCi/mmol (CFA 219,

Radiochemical Centre, Amersham, England) in 20 pi of culture medium is

added to each well (0.05 pCi in 10 p.1 to the wells containing only 40 pi
of cell suspension). The plates are re-sealed and incubated for a

further 20 hours before harvesting. Within each experiment, triplicate

samples are harvested after 48, 72, 96, 120, 144 and 168 hours at 37°C.
Harvesting

Thymidine incorporation is stopped by placing the plates in a

refrigerator at 4°C or by harvesting the cells immediately. The cells

are transferred to 11 mm diameter glass fibre filter discs by means of an

automated multiple culture harvester (MCH-1, Skatron Lierbyen, Norway).

Each disc is washed through for at least 20 seconds with filtered water

and then dried thoroughly in a hot air oven.

14
C-Thymidine uptake is measured by placing each disc in a vial con¬

taining 10 ml of scintillation fluid (Toluene 2 litres, PP0 10 gm, P0P0P

0.6 gm). The vials are counted for 10 minutes in a liquid scintillation

spectrophotometer and the counting efficiency assessed by the addition of

a series of internal standards. Filter discs can be removed from the

vials after counting and the scintillation fluid re-used several times

before discarding.
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Mitogens

After pilot studies to establish optimal concentrations, mitogens

were added to aliquots of cell suspension as follows;

PHA A non-purified preparation with a wide effective concentration range

is used (HA15, Wellcome Research Labs., Beckenham, England) 10 pi of

stock solution are added to 1 ml of cell suspension.

Pokeweed Mitogen (PWM) Preparation no. 536 (Grant Island Biological Co.,

Grand Island, U.S.A.) 20 pi of stock solution are added to each ml of

cell suspension.

'Varidase' antigen (Streptokinase-Streptodornase, Lederle Labs., Pearl

River, U.S.A.) 10 u of Streptokinase in 2 pi stock solution are added to

each ml. of cell suspension.

Allogeneic LCL cells Human lymphoblastoid cell lines maintained in long-

term culture in this laboratory (7) are prepared for mitomycin-C treat¬

ment by allowing clumps (containing mainly viable cells) to settle under

gravity for 2-3 minutes in a sterile centrifuge tube. The supernatant

is discarded and the clumps resuspended in fresh culture medium by vigor¬

ous aspiration with a Pasteur pipette. Viability (invariably 85-95%) is

checked by exclusion of 0.45% Nigrosin (8). Mitomycin-C (Kyowa, Tokyo,

Japan) is added at a concentration of 50 pg/ml for 30 minutes at 37°C.
The cells are then washed four times and resuspended in a small volume of

medium to a concentration of 3-6 x 10®/ml. This is checked by visual

counting in a Neubauer haemocytometer. They are added to appropriate

aliquots of blood lymphocytes to give a ratio of 2.5 blood lymphocytes:!

LCL cell.

Two-way mixed leukocyte culture Aliquots of blood mononuclear cells from

two donors are mixed in equal proportions. 100 pi of this suspension
4

thus contains 1.25 x 10 cells from each donor, 40 pi aliquots contain
3

5 x 10 cells from each.
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Results

PHA stimulation

The response to PHA of 100 yl cultures (2.5 x 10^ cells) from 11

healthy subjects (5 male, 6 female) aged 18-40 years is shown in Fig. la.

There is considerable variation between donors and between different

samples taken on separate occasions from the same donor (Fig. lb).

Nevertheless the latter experiments do show a consistently greater

response from the lymphocytes of subject A than from those of subject B.
4

Fig. 1c illustrates the results obtained from 40 yl cultures (10 cells)

from six of these donors. Although the counts are lower than those in

Fig. la, the patterns of response of the different donors' cells bear the

same relation to each other in the 100 yl and the 40 yl cultures.

Pokeweed mitogen

Results of Pokeweed stimulation of 100 yl cultures from nine healthy

donors are shown in Fig. 2. There are marked differences in reactivity

between subjects; the overall level of response is much lower than in

PHA-stimulated samples and the mean coefficient of variation is almost

three times higher. Even the poorest responses however, give counts

which are some ten times greater than in unstimulated control cultures.

Stimulation was recorded in a number of 40 yl cultures with Pokeweed but

the results were inconsistantly variable from day to day.

'Varidase' (Streptokinase-Streptodornase)

Of seven subjects tested (Fig. 3) only four gave measurable responses

in 100 yl cultures. The time course of lymphocyte activation is slower

than in the case of PHA or PWM and the mean coefficient of variation is

high (0.34). Nevertheless the distinction between responders and non-

responders seems clear and in the former group, counts were 10 to 20-fold

higher than in control cultures without antigen. Furthermore in the

seven subjects there is a clear correlation between this in vitro measure
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Hours incubation

FIGURE la

Response of lymphocytes from 11 healthy adults, A-l, to PHA 1% v/v. Dis¬
integrations per minute,(dpm) against period in culture. Cultures
labelled with 0.1 pCi C Thymidine for final 20 hours before harvesting,
Each point is mean of triplicates. Mean coefficient of variation (one^
standard deviation divided by mean) 0.06. Cultures each have 2.5 x 10
mononuclear cells in 100 pi. Control cultures without PHA always <50 dpm.
Lymphocyte donors A-L are identified by the same letter in all subsequent
figures.
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Hours incubation

FIGURE lb

Response of lymphocytes from 2 healthy adults, A - (• •) and B - (o o)
4 separate samples from each tested on different occasions. Other
details as for fig. la.
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Hours incubation

FIGURE 1c

Response of lymphocytes from 6 adults to PHA 1% v/v. 40 yl cultures,
each with 10 mononuclear cells. Control cultures, without PHA, always
<25 dprn. Mean coefficient of variation for triplicate stimulated cul¬
tures 0.12.

of response to Varidase and the delayed-hypersensitivity skin reaction to

the same antigen. Increased thymidine incorporation was only occasionally

recorded in 40 yl Varidase-stimulated cultures.

LCL cells

The responses of lymphocytes from nine subjects to mitomycin-C-

treated cells from Line ODY-j are shown in Fig. 4a (100 yl cultures).
In every case there was very marked activation, peak counts ranging from

100 to 600-fold increases over the control level. Reproducibility within



HUMAN BLOOD LYMPHOCYTE ACTIVATION 677

Hours in culture

FIGURE 2

Response of lymphocytes from 9 healthy adults to PWM 2% v/v. 100 pi
cultures each with 2.5 x 10 blood lymphocytes. All points are means
of triplicate counts. Mean coefficient of variation 0.17. Horizontal
bars at 50 dpm represent upper limit of control, unstimulated, counts.

triplicates was good. Similar results were obtained with a number of

other cell lines as stimulants, some being on average more potent, others

less potent than ODY^. In 40 pi cultures (Fig. 4b) lymphocytes from
five of six donors responded vigorously and one weakly (the peak in that

case was TOx control level).



678 STEEL AND CREASEY

Hours in culture

FIGURE 3

Response of blood lymphocytes from 7 healthy adults to 'Varidase' antigen
(Streptokinase-Streptodornase) 10 u/ml. 100 pi cultures with 2.5 x 10
mononuclear cells each. Mean coefficient of variation for triplicates
0.34. Figure in brackets at the end of each curve is mean diameter (mm)
of forearm skin induration 48 hours after intradermal injection of Vari¬
dase 2.5u, except for subject L in whom intradernal dose was reduced to
1.25u Varidase. Skin tests were carried out after in vitro experiments.

Two-way MLC
4

Seven combinations of 1.25 x 10 lymphocytes from each of 2 donors

have been tested in 100 pi cultures (fig. 5). In six of these the level
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Hours in culture

FIGURE 4a

Response of lymphocytes from 9 healthy adults to Mitomycin-C-treated LCL
cells of line ODY, derived from peripheral blood lymphocytes of 77 year
old man with Waldenstrom's macroglobulinaemia (Steel, 1972). 100 pi
cultures with 2.5 x 10 blood lymphocytes and 10 ODY. cells. Mean co¬
efficient of variation for triplicates 0.13. Control cultures of blood
lymphocytes alone <50 dpm. Control cultures of 10 mitomycin-C-treated
ODY-j cells alone <800 dpm at 48 hours, <400 dpm at 72 hours and <100 dpm
thereafter.
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Hours in culture

FIGURE 4b

As fig. 4a but 40 1 cultures (10^ blood lymphocytes + 4 x 10^ ODY,
cells), labelled with 0.05 Ci C-Thymidine for last 20 hours before
harvesting. Note change of scale on dpm axis. Compared with fig. 4a.
Mean coefficient of variation for triplicate cultures 0.18. Control cul¬
tures of 10 blood lymphocytes alone <25 dpm. Control cultures 4 x 10
mitomycin-C-treated 0DY-, cells alone <200 dpm at 48 hours, <100 dpm at
72 hours <25 dpm thereafter.

of activation showed a 6 to 30-fold increase over the control values

(control = mean of counts from separate unstimulated cultures of cells

from each donor). The remaining combination (donor A + donor B) showed

only a weak response (2-3x control counts). This was confirmed on re-
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Hours in culture

FIGURE 5

4
Two-way mixed leukocyte cultures 1.25 x 10 blood mononuclears from each
of 2 donors in 100 yl cultures. Mean coefficient of variation for tri¬
plicates 0.4. Horizontal bars represent upper limit of response in con¬
trol cultures containing 2.5 x 10 cells from each donor separately.
Note very weak activation in combination A + B, tested on 2 occasions with
fresh blood samples. A + B are unrelated healthy adults.
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peating the experiment,

recorded.

STEEL AND CREASEY

In 40 yl MLC's only occasional activation was

Discussion and Conclusions

We have demonstrated that when using a powerful mitogen such as phy-

tohaemagglutinin, high and reproducible levels of activation can be recor-

4
ded from as few as 10 human lymphocytes. X-irradiated or mitomycin-C-

treated LCL cells are known to evoke a much greater mitogenic response

than allogeneic small lymphocytes (9) and this has been confirmed in our

4microculture system. Using 2.5 x 10 blood lymphocytes we have recorded

unequivocal activation in response to Pokeweed mitogen, 'Varidase' antigen

and in two-way mixed lymphocyte cultures from unrelated donors. As the

level of response decreases, the variability within triplicates increases

but even in weakly stimulated cultures sequential daily counts can be

plotted to give smooth time-course curves which tends to confirm the

validity of the technique.

Maintaining the culture pH within strict limits seems to be an

important factor in recording the response of small numbers of cells to

weak mitogens. Using the buffer-system described, the medium when

freshly made-up is very acid (pH 6.5-6.9). This subsequently shifts, on

exposure to air, reaching a stable value of pH 7.3. The rate at which

the stable pH is attained depends on the volume of medium and the area

exposed to air. In the 100 pi aliquots in the wells of microtitre plates

it takes some 6-12 hours (as judged by the colour change in phenol red

indicator).

A similar stable pH can be achieved with 30mM HEPES buffer and

0.8 g/litre sodium bicarbonate. In our hands, this has proved less

satisfactory than the bicarbonate/MOPS buffer combination for recording

a response to weak stimuli although HEPES, at lower concentrations, is a
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suitable buffer for stimulation tests employing larger numbers of cells

(3, 10, 11).

PHA and LCL-cell-stimulated cultures become visibly acid within 72-

120 hours and in the former case the acidity may have some inhibitory

effect on thymidine incorporation since in medium with a starting pH of

7.5-8.0 (achieved by increasing the bicarbonate or reducing the MOPS con¬

centration) the response to PHA tends to have an earlier and higher peak

than those shown in Fig. 1. The more alkaline medium, however, greatly

reduces the microculture response to LCL cells, abolishes that to varidase

or to allogeneic lymphocytes and causes unpredictable effects in pokeweed-

stimulated cultures with some very high levels of thymidine incorporation

occurring apparently at random.

The present study is not primarily concerned with the nature of the

activation process nor with the identity of the lymphocyte population(s)

responding to a given mitogen stimulus. The advantage of the micro-

culture assay described above is that time course and/or dose-response

kinetics can be studied for a range of powerful, weak, antigen-specific

mitogens acting on blood lymphocytes from a single sample. This may

require several hundred individual cultures. While the introduction of

plastic multi-well trays and of automated cell harvesting techniques (10,

11) have made experiments on this scale technically feasible, standard

procedures using 10® lymphocytes per culture (12) would require very

large volumes of blood rendering such studies unacceptable in clinical

practice. Using the present microculture assay, on average, forty 100 pi

cultures or one hundred 40 pi cultures can be set up from one millitre of

blood. It therefore represents a useful practical step on the way to

defining a standard battery of tests by which all aspects of cell-mediated

immune function may be assayed in vitro.
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Lysosomal enzymes in human lymphoblastoid lines: unusual
characteristics of RAJI and DAUDI
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General Hospital, Crewe Road, Edinburgh ELI4: 21(7

During the course of an investigation of a wide range of enzymes in human lymphoblastoid
(lymphoid) cell lines (Povey et al. 1973) a large number of the lines available to us were
examined electrophoretically for the lysosomal enzymes a-galactosidase, a-mannosidase and
V-acetyl hexosaminidase. Several features of interest have emerged from this study and are
the subject of the present report. Considerable variation in enzyme pattern, both quantitative
and qualitative, can be seen in the different lines. The patterns seem to be relatively stable
characteristics of each line. Two of the lines, RAJI and DAUDI, had a markedly greater
anodal electrophoretic mobility for these three enzymes and also one or two other lysosomal
enzymes tested. DAUDI was also relatively deficient in W-acetyl hexosaminidase. The relative
mobilities of any one of these enzymes in the lines appears to correlate well with the relative
mobilities of the other enzymes but the levels of activity present show no such relationship.

methods

Cultured cells

Lymphoblastoid lines were grown as described previously (Povey et al. 1973) in the Edinburgh
laboratory. In London the cells were grown using medium composed ofRPMI and 12 % foetal
calf serum and the cells fed three times a week and subcultured approximately every 7 days.
The cultures were tested at intervals for the presence of mycoplasma by a cultivation method
by Bill Christie (Edinburgh). Infected lines were discarded. Cells were washed with 0-9%
saline and the pellets after centrifugation were lysed by freezing and thawing a suspension
in distilled water (100 p\ to 107 cells).

Electrophoresis and enzyme detection
Horizontal starch-gel electrophoresis was carried out as described previously (Swallow et al.

1976), using the Tris/citrate/lithium/borate (TCLB) and phosphate systems as well as a Tris/
maleic anhydride/EDTA/magnesium chloride (TEMM) system at pH 7-0 consisting of 0-1 m
* Present address: M.R.C. Clinical and Population Cytogenetics Unit.
f Present address: Department of Human Genetics, University of Pennsylvania, Richards Bldg/G4,

School ofMedicine, Philadelphia, PA 19174.
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Tris, 0-1 m maleic anhydride, 0-01 m EDTA and 0-01 M magnesium chloride for the bridge
buffer and this diluted 1 in 10 for the gel buffer.
A-acetyl hexosaminidase was located after electrophoresis using 0-5 mg/ml 4-methylumbelli-

feryl 2-acetamide 2-deoxy-/?-D-glucopyranoside (Koch-Light) as substrate in 0-1 m citrate
buffer at pH 4-5 or pH 6-0. a-Galactosidase was detected using 0-5 mg/ml 4-methylumbelliferyl
a-d-galactopyranoside dissolved in 0-2 m citrate/phosphate buffer, pH 4-5. a-Mannosidase was
detected using 0-5 mg/ml 4-methylumbelliferyl a-d-mannopyranoside dissolved in 0-1 m citrate
buffer at pH 3-5 or 6-5. a-Glucosidase was detected using 0-5 mg/ml 4-methylumbelliferyl
a-T>-glucopyranoside dissolved in 0-2 m citrate buffer at pH 3-5 or pH 6-0. /?-Galactosidase
was detected using 0-5 mg/ml 4-methylumbelliferyl /?-d-galactopyranoside dissolved in 0-1 m
citrate buffer at pH 4-5. All the methylumbelliferyl substrate solutions were applied directly
to the cut surface of the gel using a filter paper overlay (Whatman no. 3). The gels with their
paper overlays were wrapped around with Saran (Dow Chemical Co., Midland, Michigan,
U.S.A.) and incubated at 37 °C for from 30 min to 4 h, as necessary. The 4-methylumbelliferone
product was visualized under UV light. Fluorescence could be enhanced by spraying the gels
with ammonia after removal of the filter paper.

Aryl sulphatase electrophoresis was carried out using cellogel and a 0-036 M sodium barbital/
0-0366 m sodium acetate buffer at pH 7-0. Electrophoresis and detection were performed as
described by Rattazzi, Marks & Davidson (1974). a-Fucosidase gel isoelectric focusing and
detection were done as by Turner et al. (1975).

Neuraminidase treatment

One to four volumes of the sample under test were incubated together with one volume of
the neuraminidase preparation for 10-30 min at 37 °C. Two sources of neuraminidase were
tested: Vibrio cholerae neuraminidase (B.D.H.) and Clostridium perfingens (type VI) (Sigma).
The Vibrio cholerae neuraminidase is purchased as a solution. When this neuraminidase was
used one volume of 0-05 m citrate buffer containing 0-02 m-CaCl2 (pH 5-6) was also added.
The Clostridium neuraminidase was made up at a concentration of 1 unit/ml in citrate/phosphate
buffer (0-05 m phosphate adjusted to pH 5-0 with 0-2 m citric acid).

Enzyme assays

Assays were carried out as described by Gardiner et al. (1977).

results

Electrophoresis of lysosomal enzymes in the lines
(1) oc-Galactosidase
Forty-two lymphoblastoid lines were examined using two different electrophoretic systems

(phosphate and TCLB). There was considerable variation in the electrophoretic pattern of
a-galactosidase in the different lines. The TCLB system gave relatively sharper patterns than
the phosphate system but the differences in electrophoretic migration were more obvious on
the phosphate gels. A single band, a long smear or a two banded pattern was observed in
different lines. The isozymes present were judged by electrophoretic and thermostability
studies, and their response to neuraminidase, to be most closely equivalent to the sialated
a-GAL A seen in other tissues (Harris & Hopkinson, 1976; Gardiner, 1976). a-GAL B could
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RAJ I F137 ANA, DAUDI

RAJ I F137 ANA, DAUDI

},

Origin

HEXA

■+- — + — + — +/— neuraminidase
J Li I ll I L_ I

RAJI F137 ANA, DAUDI

Fig. 1. Photograph of three starch gels showing the variation in electrophoretic mobility in
different lymphoid lines, before and after neuraminidase treatment, of the enzymes (a) a-galacto-
sidase, (6) a-mannosidase and (c) IV-acetyl hexosaminidase. Notes: (b) the faster isozyme detectable
in F137 and ANA1; after neuraminidase treatment, is neutral a-mannosidase; (c) TCLB electro¬
phoretic system.
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not be detected on the gels, although quantitative studies suggested that very low levels of
this thermostable component were present in a few of the lines.
In general the a-galactosidase patterns remained stable in culture (for a period of up to

3 years). The line F137, for example, and also more than 180 clones (Gardiner et al. 1977)
always showed a single relatively slow zone of a-galactosidase activity which was converted
into an even slower migrating band by treatment with neuraminidase as described in the
Methods section (Fig. la). In contrast, the lines DAUDI and RAJI and also 47 clones of
RAJI had an unusually fast isozyme (Fig. la) which was well separated from that of F137
on both electrophoretic systems both before and after neuraminidase treatment. More pro¬

longed neuraminidase treatment (up to 6 h), use of greater concentrations of neuraminidase
and use of neuraminidases from different sources (see Methods section) failed to achieve a
further reduction in mobility of the RAJI, DAUDI or F137 a-galactosidases. The other lines
tested had enzyme bands or smears which ranged between that of F137 (after neuraminidase
treatment) and RAJI, but in no other lines were the isozymes as fast as in RAJI and DAUDI.

(2) a-Mannosidase
a-Mannosidase electrophoresis was carried out using the TEMM system. Two major a-

mannosidases occur in human tissues, an acid hydrolase which is presumably lysosomal and
a neutral hydrolase (Poenaru & Dreyfus, 1973; Chester, Lundblad & Masson, 1975; Swallow &
Evans, unpublished results). The acid hydrolase has a variable electrophoretic mobility in
different human tissues but is converted into a single slow mobility isozyme by the action
of neuraminidase. Neutral a-mannosidase is detected as a sharp band which is unaffected in
its electrophoretic mobility by neuraminidase and has a faster anodal migration than the
desialated acid a-mannosidase. The lymphoid lines tested were found to express both the
acid and neutral a-mannosidases. The acid a-mannosidase was very variable in electrophoretic
mobility in the 21 different lines tested but neuraminidase treatment usually converted the
isozymes to the same electrophoretic mobility as the treated tissue enzyme.
The acid a-mannosidase isozymes of both RAJI and DAUDI were shown to have unusually

fast electrophoretic mobility both before and after neuraminidase treatment (Fig. 16). The
mobility of the neutral a-mannosidase in these lines was the same as that of the other lymphoid
lines and other tissues.

(3) N-acetyl hexosaminidase
Both the TCLB and phosphate systems were used for the electrophoresis of X-acetyl hexos¬

aminidase. The three major isozymes of A-acetyl hexosaminidase (HEXA, HEXB and HEXC)
all occur in lymphoid lines. The identity of the isozymes was established by assessing the
various biochemical properties described previously (Swallow et al. 1976).
Twenty-six different lines were tested. HEXA which was usually seen as a diffuse zone of

enzyme activity as compared with the sharper band seen in placenta and most other tissues,
varied considerably in electrophoretic mobility from line to line. Using the phosphate system
and a placental sample as a reference the HEXA zone in the lines was shown to vary between
the positions of placental HEXA and HEXC.
The line RAJI showed a pattern that was strikingly different from the other lines on both

electrophoretic systems (Figs, lc, 2) but the difference was more marked on the phosphate
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+/— neuraminidase + _ _|_ _

I 1 I . 1
RAJ I BJAB

Fig. 2. Photograph of a starch gel showing the electrophoretic mobility of RAJI hexosaminidase,
before and after neuraminidase treatment, on the phosphate system as compared with a lymphoid
line with slow to intermediate mobility.

system. The main zone of activity in RA.JI, HEX<A> overlaps HEXC on the phosphate gel
but is much more diffuse than HEXC, and has a lower pH optimum (pH 4-5). RAJI also has
a zone of hexosaminidase activity intermediate between HEXA and HEXB but no activity in
the HEXb region. Therefore this intermediate zone has been designated HEX.B.. Using the
TCLB electrophoretic system it was possible to ascertain that HEXC with the normal electro¬
phoretic mobility is present in RAJI.
The line DAUDI also showed an unusual hexosaminidase pattern. When samples were

tested using the standard phosphate system the line appeared to be totally deficient in the
acid A-acetyl hexosaminidases HEXA and HEXB whilst HEXC was present as normal. Using
the TCLB system, however, a weak isozyme with the same electrophoretic mobility as the
HEX<a> ofRAJI could be seen in addition to HEXC (Fig. lc). This component stained optimally
at pH 4-5. It also corresponded in mobility to HEXg, the residual acid A-acetyl hexosaminidase
present in tissues of patients with Sandhoff's disease.
The electrophoretic patterns of A-acetyl hexosaminidase in RAJI and I)AUDI are unique

to these two lines and have remained the same over a period of years in culture (four years
RAJI, two years DAUDI). The patterns seen in the other lines tested have also remained
fairly stable over periods of months or years. The F137 pattern, for example, has remained
the same for over 4 years.
Neuraminidase treatment of the lymphoid lines resulted in a very slight cathodal shift in
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the electrophoretic migration of HEXA both in RAJI and most of the other lines tested.
However, the differences between the lines were still evident after treatment.

Comparative mobilities of the three enzymes

When extracts of a number of lines were tested in parallel for a-galactosidase, a-mannosidase
and iV-acetyl hexosaminidase, and their relative mobilities compared, it was clear that a
correlation existed. For example, in addition to the characteristic fast electrophoretic mobilities
of the acid iY-acetyl hexosaminidase, acid a-mannosidase and a-galactosidase A in RAJI and
DAUDI the electrophoretic mobilities of all three enzymes were consistently slow in F137,
and intermediate in ANAX (see Fig. 1). The enzyme mobilities did not relate to the length
of time the cell lines had been in culture, nor to the disease state of the donor.

Other enzymes

Four other lysosomal enzymes were also investigated, though in less detail, but with
particular emphasis on the electrophoretic properties of the isozymes present in RA.JI and
DAUDI. The acid a-glucosidase and /?-galactosidase displayed an unusually fast migration
in RAJI and DAUDI as compared with the other lines tested. The aryl sulphatase pattern
was also unusual. In most lines ARSa, ARSb and ARSC can be clearly distinguished. In RAJI
and DAUDI an unusually diffuse zone was seen in the ARSa region and ARSB could not be
distinguished, whilst ARS0 was present as itsual. The a-fucosidase pattern in RAJI and
DAUDI was in contrast not different from the usual pattern seen in lymphoid lines of aFUC 1
phenotype.
None of the soluble and mitochondrial enzymes tested (Povey et al. 1973) in a range of

lines showed comparable mobility variation, though variations in quantity and mobility of
alkaline phosphatase, a membrane-associated enzyme, were observed (F. Benham, personal
communication). These latter variations do not correlate with those of the lysosomal enzymes.

Quantitative variation
The level of activity of iV-acetyl hexosaminidase, a-mannosidase, a-galactosidase and a-

glucosidase as assessed by the appearance on the gels and by quantitative estimations was
also found to be very variable from line to line. Quantitative assays of these enzymes demon¬
strated that great variation also occurs within a single line. It was particularly noticeable
that when cells were harvested after intervals of weeks or months the levels of activity had
often changed. However, this variation appears at least in part to be due to the culture
conditions. When different cell lines were tested in parallel under controlled conditions, they
showed differences in activity that were greater than the within line differences. Furthermore,
the relative activities over periods of up to 2 years appeared to be stable characteristics of
the lines. The level of activity of any one particular enzyme did not, however, appear to cor¬
relate with the activities of any other enzymes tested. In'Fl37, for example, acid a-mannos¬
idase and acid a-glucosidase are weak whilst N-acetyl hexosaminidase A and B and a-

galactosidase show 'normal' levels of activity (Fig. 1). The line 8866, on the other hand, has
weak a-galactosidase and 'normal' levels of Ar-acetyl hexosaminidase.



Lysosomal enzymes in lymphoid lines 15

DISCUSSION

The variation in electrophoretic mobility that was seen in the acid hydrolases, a-galactos-
idase, A-acetyl hexosaminidase A, acid a-mannosidase and some other lysosomal enzymes is
of particular interest because the relative mobilities show a correlation from enzyme to enzyme.
The mobilities seen appear to be fairly stable characteristics of each line though occasionally
shifts in mobility in one or other of the enzymes have been observed. It is, however, of interest
that in all the cases tested, where this has happened, the mobilities of the other enzymes have
shifted in parallel.
No comparable variation was seen in a wide range of other enzymes including the neutral

hydrolases iV-acetyl hexosaminidase C, neutral a-mannosidases, neutral a-glucosidase and aryl
sulphatase C, all of which are thought not to be lysosomal.

These observations provide suggestive evidence that many of the lysosomal enzymes have
mechanisms in common in some part of their synthesis which are not shared by other enzymes.
As biochemical and genetic evidence suggests that all these enzymes are coded by separate
gene loci it seems probable that the common factor lies in post-translational events. One
possible candidate could be the glycosylation reactions which are involved in the synthesis
of the carbohydrate moieties of these enzymes, which are thought to be glycoproteins. The
differences in mobility could be due to differences in numbers of sialic acid residues, but, if so,
these sialic acids cannot all be equally accessible to neuraminidase treatment.
Differences in the electrophoretic mobility of these enzymes also occur in different tissues

(Gardiner, 1976; Swallow & Evans, unpublished results) and it seems possible that the
characteristic patterns seen in the lines reflect normal differences in post-translational changes
which also vary from tissue to tissue.
The very fast anodal electrophoretic mobility of RAJI and DAUDI appears to represent

the extreme end of the spectrum of mobilities. The mobilities seen in these two lines, however,
are much faster than the main zones seen in any other tissues, and it seems possible that
a mutation may have occurred during the life of these cell lines in culture, before they were
first tested by us, which is responsible for their unusual mobility.
Thus the lymphoid lines appear to provide a model system for the investigation of post-

translational modifications of the lysosomal enzymes, and may in the future be useful in the
analysis of the biochemical genetics of the enzymes involved in glycosylation.

SUMMARY

The lysosomal enzymes iV-acetyl hexosaminidase, a-galactosidase and a-mannosidase vary
in electrophoretic mobility in different human lymphoblastoid (lymphoid) lines. The relative
mobilities of these three enzymes and three out of four other lysosomal enzymes tested cor¬
relate well with each other. The patterns appear to be relatively stable characteristics of each
line. The lines RAJI and DAUDI show a strikingly fast electrophoretic mobility for all of
these enzymes. A-acetyl hexosaminidase is also markedly deficient in DAUDI.
We would like to thank Dr B. Watson, Ms A. Cooke, Ms G. Bulsara and Dr J. Evans for growing and

providing us with many of the lines, also Professor W. Bodmer for providing us with DAUDI (Klein et al.
1968), Dr G. Clements for BJAB (Klein et al. 1974) and Dr Pious for 8866 (Pious, Hawley & Forrest, 1973).
We are also grateful to members of the MRC Human Biochemical Genetics Unit, in particular Ms L. Evans,
for testing some of the enzymes.
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Non-random chromosome gains
in human lymphoblastoid cell lines
Human lymphoblastoid cell lines derived from the peripheral
blood lymphocytes of healthy donors are commonly diploid
when examined in the early months after establishment but
acquire chromosome abnormalities on prolonged culture.
Other lines, notably those derived from Burkitt's lymphoma
tissue, may display chromosome aberrations from the out¬
set1"5. A partial translocation 8q-14q + has been demon¬
strated in the majority of Burkitt lymphoma-derived lines5,6
and data on the karyotypes of some human tumours suggest
that non-random gains and/or losses of chromosomes may
be a feature, in particular, of certain leukaemias and
lymphomas7"". As the emergence of an aneuploid clone
from a previously diploid lymphoblastoid line may be
associated with other changes suggesting the development
of a more 'malignant' phenotype", it is relevant to compare
the chromosome aberrations detected in such lines with the
human tumour data. We have therefore undertaken a study
of banded karyotypes of eighty EB virus-carrying human
lymphoblastoid lines. The first stage of this analysis is con¬
cerned only with gains and losses of whole chromosomes or
chromosome arms and the data presented here establish
that, considering all the lines together, there have been non-
random gains of five autosomes (numbers 3, 7, 8, 9 and 12)
and of the sex chromosomes.
Most of the cell lines studied were originally established

in this laboratory and all had been maintained in this
laboratory for at least 6 months. The derivation of the lines
and their 'age' in vitro are set out in Table 1. Chromosome
analysis was carried out on photographs from quinacrine-
stained metaphase spreads15. (A more detailed examination
of chromosome breaks and translocations in these lines is
in progress making use of G and R banded, in addition to
quinacrine stained, preparations.) In most instances, serial
studies have been made on the lines and the emergence of
new chromosomally marked clones has been traced over a
period of up to 6 yr3. Aberrations detected in only a single
cell from a given preparation were ignored while any which
recurred in successive clones (identified by additional chro¬
mosome markers) from a given line were scored only once
for that line. Where a lymphocyte donor had a constitu¬
tional chromosome abnormality (Trisomy 21 or XXY. for
example) the corresponding abnormality in the derived
lymphoblastoid line was not scored as an aberration. There
was rarely any difficulty in recognising duplication or defi¬
ciency of a whole chromosome or chromosome arm and in

Extra Missing
oi i 0

2
v ©@oo3

04 ®
5 •

06
^•••0o 0007
@@®OOOOO8®0

•@@00090
o10*

Qo11
•@@ooooooo12@»

O O 013®
O 014*
@15o ®

016*
17o 0

@18o»
19
20

• @ @21 •
022

- @ o o X •
• @ o Y o @

Fig. 1 Cumulative chromosome gains and losses in 36 lympho¬
blastoid lines. Each line trisomic for a given chromosome is
recorded as a full circle to the left of that chromosome number;
monosomy is indicated by a full circle to the right. Lines are
grouped as in Table 1. Open symbols, lines from patients with
no lymphoreticular malignancy; cross-hatched symbols, lines
from patients with lymphoreticular malignancy, not Burkitt's
lymphoma; filled symbols, Burkitt's lymphoma-derived lines.
Partial trisomy or monosomy indicated by upper semicircle
(short arm) or lower semicircle (long arm). In addition to gains
or losses indicated, there were 19 unidentifiable abnormal
chromosomes in the total sample, nine from four Burkitt's
lymphoma-derived lines, six among three lines from patients
with non-Burkitt's lymphoma lymphoreticular malignancy and

one each in four other lines.

establishing that such a marker characterised at least a

significant proportion of the cells of a given line. The
number of photographs in which a particular aberration
could be identified was usually between 6 and 20.

Table 1 Lymphoblastoid cell lines studied

Derivation

No lympho-reticular malignancy!
Lympho-reticular malignancy §
Burkitt's lymphoma

Total

No.
of

Age < 1 yr Age > 1 yr

lines Diploidf Aneuploid Diploid Aneuploid
55 23 2 5 25
17 1 0 2 14
8 0 0 0 8
80 24 2 5 49

*In vitro 'age' at latest karyotype analysis. Most lines have been followed serially since establishment.
•[•Status at latest karyotype analysis.
JIncludes lines established from cord bloods, healthy adults, patients with infectious mononucleosis, carriers of constitutional chromosome

aberrations (see text), and patients with cancer of bladder or gastrointestinal tract.
§Includes lines from patients with acute and chronic leukaemias, myelofibrosis, and Waldenstrom's macroglobulinaemia. Excludes

Burkitt's lymphoma.



The findings are presented in Fig. 1: 36 lines contribute
to these data since eight lines listed as 'aneuploid' in Table 1
had internal rearrangements without substantial gains or
losses and a further seven (including three from Burkitt's
lymphoma) were near-tetraploid.
It is evident that gains occur much more frequently than

losses. In fact apparent absence of a chromosome has always
been associated with the presence of one or more unidenti¬
fiable abnormal chromosome whose total length is at least
equal to that of the material otherwise unaccounted for.
The only exception to this rule is the Y chromosome which
was lost from two lines. The residual stemline in one is
45,X. The other was derived from a 47,XXY Klinefelter
syndrome patient and the two X chromosomes remain. In
the same line there were gains of chromosomes 3, 8, 11
and 12.

Analysis of the total data shows that trisomy or partial
trisomy for five autosomes and the sex chromosome pair
occurs with remarkable frequency. Out of a total of 66
additional chromosomes or chromosome arms, more than
two-thirds (47) are accounted for by only 6 of the 23 pairs,
numbers 3, 7, 8, 9, 12 and X+Y (treating the sex chromo¬
somes as one pair). On the null hypothesis that all pairs
contribute equally to the additional chromosomes or chromo¬
some arms, it can be shown that the probability that six
pairs account for at least two-thirds of them is less than
10"6. No single line is trisomic for all of these chromosomes
but in four cases trisomy 12 is associated with an extra
number 3, 8 or 9 and in one other line (mentioned above)
there is trisomy for three of the five autosomes.
The cultures examined include multiple (two to four)

lines derived from the blood lymphocytes of each of seven
donors. Given that the distribution of extra chromosomes
in the total series of cultures is non-random, there seems

to be no particular tendency for identical aberrations to
recur in multiple lines from a single donor. Eight other
lines were grown from the blood lymphocytes of patients
with constitutional chromosome aberrations (45,X,
47.XXY, 49.XXXXY, 47.XYY, trisomy 21 and balanced
autosomal translocations). As a group they have shown no
greater or lesser tendency to develop further aneuploidy
in vitro than lines from chromosomally normal donors.
Trisomy 7 has been noted in at least two fresh Burkitt

lymphoma biopsies and in previously-described Burkitt lym¬
phoma cell lines'. Our data support the view that this
aberration has a particular association with Burkitt's
lymphoma since trisomy 7 (in one case partial) was found
in four of the five Burkitt lines which could be scored,
Daudi, Namalva, Jijoye and RAJI. Three other lines, EBi,
EB2 and EB:1 are near tetraploid and rather variable in
chromosome complement while EB( has four large abnormal
chromosomes any of which may include a substantial part
of an additional number 7. Our results show, however, that

trisomy 7 is not restricted to Burkitt-derived lines and the
same aberration has also been reported in two lymphosar¬
coma biopsies, in lymphoblastoid lines from lymphosar¬
coma and Hodgkin's disease and in cultures of melanoma
tissue6"'.
Trisomy 8 has been observed with striking frequency in

the acute phase of chronic myeloid leukaemia, in acute non-
lymphatic leukaemia, in polycythaemia vera and in other
myeloproliferative disorders. In all of these conditions except
myeloid leukaemia, trisomy 9 also occurs more often than
would be expected if extra chromosomes were distributed at
random9"12. There is thus some suggestion of concordance
between specific chromosomes gains observed in cultured
human lymphoblastoid lines and in malignancy, particularly
when it affects the lympho-reticular system. On the other
hand, trisomy 3 or 12 do not seem to be characteristics of
any human neoplasms reported so far and in acute leukae¬
mias loss rather than gain of one chromosome seems to be
the norm"12. Furthermore, there are several examples of
non-random chromosome gains or losses in particular human
tumours which do not correspond to the changes observed
in our material10"13.
The phenomenon of non-random chromosome gains in

cultured human lymphoblastoid lines is established by this
study. Its significance may be tested by planned experiments
in xenotransplantation involving diploid and aneuploid cells
from the same lines.
We thank Professor M. A. Epstein (Bristol) for provision
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Possibility of EB virus preferentially
transforming a subpopulation
of human B lymphocytes

Permanent lymphoblastoid cell lines can be established by
'transformation' of human lymphocytes with EB virus1'2. The
lines secrete immunoglobulin (Ig) in vitroiA and represent,
morphologically, an intermediate stage between the resting lym¬
phocyte and the fully developed plasma cell5'6. It has been
suggested that the EB virus stimulates inactive B lymphocytes to
secrete immunoglobulin and that the virus is behaving, in this
respect, like a polyclonal B cell mitogen. The evidence comes from
observations that most (possibly all) human B lymphocytes carry
surface receptors for EB virus8, that an increase in Ig secretion is
detectable within a few days of adding the virus to a culture of
lymphocytes7, and that in the early stages of growth, lymphoblas¬
toid lines established in this way secrete multiple classes of Ig
heavy and light chain4,9'1 °. It seems, however, that only a fraction
of 1% of lymphocytes in an EB virus-infected culture respond
either by Ig synthesis or by proliferation and furthermore that the
two events occur simultaneously7'11,12. The possibility therefore
remains that EB virus does not stimulate Ig synthesis de novo but
selectively 'transforms' (that is, induces to proliferate) that minor
population of B cells which has already begun to secrete Ig. This
alternative is supported by our analysis of the major classes of Ig
heavy and light chains secreted by lymphoblastoid cell lines
(derived from peripheral blood lymphocytes) in relation to the age
and clinical status of the donors.
The data are set out in Table 1. The most striking finding is that,

of fifty unselected lines derived from cord bloods, forty-nine
secrete only IgM. This is at variance with the expected outcome of
polyclonal stimulation of resting B cells, since the ability to
synthesise cytoplasmic Ig of differing heavy chain classes in
response to a polyclonal B cell mitogen seems to be acquired
earlier in ontogeny than the class and subclass segregation of cell

surface immunoglobulin determinants that is already well estab¬
lished among the circulating lymphocytes of the human foetus
many weeks before birth13,14. Although IgM-secreting cells have
been shown to predominate among pokeweed-stimulated human
cord lymphocytes, IgG secretors form a substantial proportion in
most samples and, in some cases at least, IgA-producing cells are
also readily found15. It therefore seems incompatable with this
mode of action of EB virus that no y or a heavy chains could be
detected in the supernatants of any of our cord blood lines even
when tested repeatedly during the early weeks following their
establishment in vitro and even though polyclonal composition
could still be demonstrated by the presence of both kappa and
lambda light chains. Conversely, our findings are in keeping with
the view that EB virus induces proliferation in those rare cells
which are actively secreting immunoglobulin since, for the first
few weeks after birth, the healthy human infant synthesises Ig
exclusively of class M (ref. 16).
Adult blood lymphocytes stimulated with pokeweed mitogen

typically contain populations of B cells secreting IgM, IgG and
IgA respectively, in the approximate proportions of 2:2:1 (refs 15
and 17). By comparison, IgM secretors seem to be relatively over-
represented among the monoclonal lines derived from healthy
adults and under-represented among those from infectious mono¬
nucleosis patients (Table 1). The difference between the two
groups is difficult to explain if the lines are derived from resting
blood B cells, but since infectious mononucleosis is characterised
by a substantial increase in serum Ig of all three major classes18,
the population of Ig-secreting cells in the circulation is likely to be
markedly disturbed. If this is the population which gives rise to
lymphoblastoid lines, a deviation from the normal distribution of
G,M and A secretors would not be unexpected. It would also
provide a rational explanation for the observation that lympho¬
blastoid lines can be established exceptionally easily from the
blood of patients in the acute or early convalescent phase of
infectious mononucleosis19-21 and other virus infections22'23,
when the absolute number of Ig-secreting cells in the circulation is
abnormally high.

Table 1 Patterns of Ig secretion by human lymphoblastoid cell lines

Source of
blood
Lymphocytes*

Cords

No. of cell lines
(no. of different donors)

Total 50(25)
Monoclonal Ig secretors 39(20) 49

39

Ig secretedf

Heavy chain
A M NoneJ

Light chain
K L None

30

20

29

19

Adults
(no recent
infection)§

Total 79(62)
Monoclonal Ig secretors 66(59) 31

20

10 49

3811

54

39

40

27

Adults
(infectious

mononucleosis)

Total 19(16)
Monoclonal Igsecretos 17(15) 14

12

*A11 cord blood lines, all infectious mononucleosis-derived lines and all but two of the lines from other adult donors were established in our laboratory,
tig secretion was detected by a highly sensitive and reproducible haemagglutination-inhibition technique4. In most cases supernatants had been tested

on several occasions.
JOne cord-derived line (FALi) has consistently failed to secrete any detectible Ig (ref. 4). Morphologically it is indistinguishable from other

lymphoblastoid lines, and complete EB virus particles were seen in electron microscope preparations. The cells have surface Ig MK determinants (by
indirect immunofluorescence) and react strongly with a rabbit antiserum specific for human B lymphoid cells.
§Although described as 'adults', three of these donors were below the age of 16 yr. The group comprised healthy individuals and those suffering from

genetic (including cytogenetic) disorders or from malignant disease not affecting the lymphoreticular system.
ULines were considered monoclonal when only a single class of Ig heavy chain and single class of light chain could be detected in the supernatant.
|j The difference between these two groups in the proportion ofmonoclonal lines secreting M heavy chain is significant (y2 =4.3 \ P <0.05). There are

no significant differences between any group in the proportion of lines secreting K or L light chains.



Arguments based on the study of Ig secretion by monoclonal
lymphoblastoid lines would, of course, be invalid if there was any
suspicion of a selective advantage for the growth of cells produc¬
ing Ig of a particular class, or if the commitment of a given cell and
its progeny to secrete a particular class of heavy chain were
unstable in the conditions of culture. On the first point, our
experience has been that when multiple aliquots of 10-100 cells
are taken, at an early stage of growth, from a line which is
secreting comparable amounts of two immunoglobulin molecules
(distinguished by heavy and/or light chain class), the subcultures
ultimately give rise to approximately equal numbers of clones
secreting each of the parental Ig species. Selection of the dominant
clone from a newly established line therefore seems to be a
random process with respect to class of Ig secreted. On the second
point, in spite of one contradictory report24, it seems that
lymphoblastoid cell clones secreting more than one class of heavy
and /or light chain are exceptionally rare4,25, while stability of the
commitment to secrete a particular class of Ig is one of the most
striking features of human lymphoblastoid lines26. We have been
unable to detect any change in the pattern of Ig synthesis among
several hundred clones derived from lines exposed to a variety of
physical and chemical mutagens, although a considerable number
of other biochemical changes have been induced27-28.
The distribution of monoclonal heavy and light chains ul¬

timately produced by lines from a particular set of donors is
therefore likely to be a valid index of the relative proportions of
their blood lymphocytes secreting (or committed to secrete) each
class of Ig and susceptible to EB virus 'transformation'.
It is important to an understanding of the mechanism of EB

virus transformation to know whether the stage of differentiation
of the host B lymphocyte is a critical factor. Our conclusion, that
there is preferential, if not exclusive, transformation of those cells
already secreting Ig in vivo (though mature plasma cells are
evidently insusceptible25), seems to be more compatible with the
available data than the proposition that EB virus acts as a
polyclonal B cell mitogen. If the subpopulation of Ig-secreting
blood lymphocytes can be isolated—for example, by velocity
gradient sedimentation29—the question may be resolved.
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INTRODUCTION

Lymphoblastoid cell lines established from human peripheral blood B cells or
from Burkitt's Lymphoma tissue possess new or altered surface antigens, as
can be demonstrated by the powerful activation of allogeneic or autochthonous
T lymphocytes in one way mixed-leukocyte type cultures (1-4) . This in vitro
phenomenon probably has its in vivo counterpart in infectious mononucleosis,
where the proliferation of EB-virus-infected B lymphocytes is arrested by
activated T cells (2,5,6). Failure of this cell-mediated immune surveillance
mechanism may be relevant to the pathogenesis of Burkitt's Lymphoma. The
identity of the altered antigens on cultured B lymphoblastoid cells is there¬
fore a question of more than academic interest.

Identification of Cells Bearing Altered Surface Antigens

For the experiments reported here, we have used a miniaturised mixed leuko¬
cyte culture test which has been described in detail elsewhere (7).

We have confirmed the findings of others (8,9) that human T cell lines do
not stimulate in mixed leukocyte culture. On the other hand, potent stimu¬
lation does not appear to be directly related to the presence of EB virus
genome in the B cell line. We have examined two continuous lines of immuno-
globulin-secreting cells, U266B1 (10) and RPMI 8226 (11), both from patients
with myeloma. They are not EB-virus transformed and remain negative when
tested for EB nuclear antigen in our laboratory. Nevertheless, both are

powerful activators of allogeneic blood lymphocytes.

Serological Characterisation of Cell Surface Antigens

The extensive literature on typing of human lymphoblastoid lines for HLA A,
B and C locus antigens has been reviewed and discussed elsewhere (12).
Briefly, lymphoblastoid cells express the same antigens as the original donor's
lymphocytes but two categories of extra reaction are observed. One is
explicable on the basis of broadening of the expression of HLA antigens within
known cross-reactive groups while the other appears to define a polymorphic
system of antigens, expressed on B cells or lines derived from B cells, and
closely resembling the H-2-linked la antigens of mice.

Typing of the cell lines in a complement-dependent microcytotoxicity assay
is now proceeding, using a panel of human putative 'la' antisera prepared in

697
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connection with the 7th International Workshop of Histocompatibility Testing.
Our results on the first twenty-four lines studied in detail have been
included in a preliminary report of the British region workshop (13). In
agreement with others (14), we detect only one or two presumptive 'la' alleles
on any given line. There appears to be close linkage between these serolo¬
gically defined specificities and particular HLA D groups identified by mixed
leukocyte reactions (13,14). The precise conditions of the microcytotoxicitj
assay differ for peripheral blood B lymphocytes and lymphoblastoid lines
presumably because the latter have a greater concentration of histocompati¬
bility antigens on their surface and because they are highly sensitive to the
toxic effect of rabbit complement. Nevertheless the findings to date
suggest that the expression of serologically defined 'la' antigens is not
qualitatively altered when lymphocytes are 'transformed' to become lympho¬
blastoid lines. Typing of cell lines in parallel with the original donors'
blood lymphocytes appears to support this conclusion (Table 1).

TABLE 1 Serotyping of two lymphoblastoid lines compared
with original donors' blood B lymphocytes

HLA A B W C •la'*

Cell Line 0RI1 1 2 8 12 W4 W6 cw - 3,5
Donor's B lymphocytes 1 2 8 12 W„4 6 CW5CT7 3

Cell Line TON1 1 28 14 18 W4 W6 CW5?CW4 5,7
Donor's B lymphocytes 1 28 14 18 W. Wc4 6 cw5 5?7?3

+ B cells separated from whole blood mononuclear cells by sedi¬
mentation of rosette-forming T lymphocytes (13).

* Assignment of numbers to specificities tentative at present.
Based on cluster analysis of serological reactions (13).

We have, however encountered a small number of sera from parous women whicl
give anomalous reactions with virtually all B lymphoblastoid lines in the
absence of definable reactivity with peripheral blood B cells. In some
instances this can be interpreted as a broadening of cross-reactivity between
'la' alleles but in others the activity seems to be directed against a common
non-la determinant, possibly a 'B blast' antigen. This situation is remini¬
scent of the early days of HLA A and B locus typing of cell lines and clearly
warrants further study.

Immunisation of rabbits with the cell membrane fractions of disrupted B
lymphoblastoid cells (using a pool of 20-30 different lines) results in the
production of antisera which, after extensive absorption with pooled cells
from four human T lymphoid lines, react in a microcytotoxicity assay with all
B lymphoblastoid lines and with peripheral blood B lymphocytes from all donor:
tested so far. The titre of anti-B cell activity (>50% kill) in this assay
has varied from 1:40 to >1:80 for different batches of rabbit antiserum.
Residual activity against T lymphoid lines or peripheral blood T lymphocytes
is reduced to a titre of <1:10. It has not been possible to render such
sera specific for individual 'la' determinants by absorption with single
cell lines. This procedure invariably removes cytotoxic activity against alJ
B cells.

Effects of rabbit anti-B-cell sera on lymphocyte stimulation in vitro

The response of blood lymphocytes to allogeneic and autochthonous lympho-
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blastoid cells is markedly inhibited by rabbit anti-B cell serum (Fig. 1)
This is not surprising in view of the evidence that human pregnancy sera with
anti-'Ia' activity interfere with in vitro immune responses to a number of
antigens, including allogeneic cells (14). The fact that the response to
phytohaemagglutinin (PHA) is also depressed (Fig. 1) means that no conclusions
can be drawn from this type of experiment about the relationship between the
antibody specificity of the rabbit antiserum and the new or altered antigens
on lymphoblastoid cells responsible for stimulation in autochthonous mixed
leukocyte type cultures.

80-

60-

cn 20-

3% Rabbit Anti-B serum DODOT b

Q3% NRS

m
PHA [yj, ODY, TON,

80-

m yfr-1

Donor T

7fi7\

PHA BET, ODY, TON,

Fig. 1 Effect of rabbit anti-B cell serum on stimulation of blood
lymphocytes.

Blood ^ymphocytes from two healthy donors,
1 and 1t' stimulated with 1%

PHA or 10" mitomycin-C-treated lymphoblastoid cells from lines BET^, ODY^ and
TON . Underlining denotes autochthonous combination. Blocks represent cum¬
ulative disintegrations (+S.D. for triplicates) from 10 min. counts in cul¬
tures harvested at successive 24 hour intervals 48-144 hours frorj start of
experiment. Cultures, in microtest II plates, contain 2.5 x lO blood
lymphocytes in lOOyl of Ham's F10 medium with MOPS buffer, supplemented with

pooled human serum (7) plus rabbit serum as indicated. Label (O.lyCi
C-Thymidine) added 20 hrs. before harvesting. Counts in control cultures

of mitomycin-C-treated lymphoblastoid cells alone have been substracted in
each case. Cumulative disintegrations in cultures of unstimulated blood
lymphocytes <3 x 10

In the course of these studies, however, we observed that one lymphoblas¬
toid line, EB , consistently evoked very low levels of stimulation when mixed
with allogeneic blood lymphocytes. When tested against ten different donors
(including samples from adult and cord blood, from Africans and Europeans)
and compared directly with a total of seven other lymphoblastoid lines, the
mean level of stimulation recorded in response to EB^ was only 10% of the mean
level for the other lines.

In the past, we and others (1-4) have tested an estimated fifty lympho¬
blastoid cell lines for their ability to stimulate allogeneic lymphocytes
and we are unaware of any other which has been so consistently ineffective
as EB^ in this respect. EBj is derived from a Burkitt lymphoma biopsy (15)
and retains EB nuclear antigen. It secretes immunoglobulin and, though
interpretation of serotyping data is incomplete, it clearly has HLA and 'la'
surface antigens.



700 SURFACE ANTIGENS AND RECEPTORS

X (a) (b)
1

(c)

1 X

1
I

X

nri
CIA 4 8226 DAUOI U266 EB, OAUOI CIA4 U266 EB, 8866 U266 EB,

Fig. 2 Impaired stimulatory capacity of EB cells in mixed leukocyte
type cultures.

Representative experiments in which lymphocytes from healthy donors 'a',

'b'^and 'c' were mixed with mitomycin-C-treated cells from different ljnes
myto-(10* lymphoblastoid cells per culture) and, in one case, with 2.5 x 10

mycin-C-treated blood lymphocytes from unrelated donor 'e1. EB^ consistently
evokes lowest level of activation. Technical details as in Fig. 1.

After extensive absorption with EB^ cells, the rabbit anti-B cell serum no
longer shows measurable complement-dependent cytotoxicity against cell lines
or blood lymphocytes. As illustrated in Fig. 3, however, it does inhibit
mixed leukocyte reactions.

Fig. 3 Effect of rabbit anti-B cell serum absorbed with EB and
further absorbed with Daudi, on lymphocyte stimulation.

Representative experiments in which lymphocytes from healthy donors,
'p' and 'x', were stimulated with 1% PHA, 2% Pokeweed mitogen (PWM) , 2%
Concanavalin A (gON-A), mitomycin-C-treated allogeneic blood lymphocytes r
and y (2.5 x 10 ^ells per culture) or mitomycin-C-treated allogeneic lympho¬
blastoid cells (10 cells per culture) from lines DEW^, U266BL and DAUDI.
Rabbit sera added as indicated. Technical details as in fig. 1 except that
cultures were set up in duplicate rather than triplicate. Rabbit anti-B cell
serum has no effect on response to PHA but inhibits all mixed leukocyte
reactions. This inhibition is abrogated by further absorption with Daudi.
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In the small series of experiments completed so far, the EB^-absorbed anti¬
serum (at a concentration of 1 or 2%) has always reduced the cumulative
:ounts in mixed leukocyte cultures to levels between 15% and 77% of those
recorded in control cultures supplemented with the same concentration of ab¬
sorbed normal rabbit serum, irrespective of whether the stimulating cells
sere allogeneic blood lymphocytes or from lymphoblastoid lines (autochthonous
>r allogeneic). At the same time, the response to PHA has been unaffected.
?he same was true for stimulation with PWM and CON-A in the experiments
.llustrated though we have very little data, as yet, on these mitogens and
some of the results have been inconsistent. After a single further absorp-
;ion with Daudi cells, the rabbit antiserum no longer inhibits mixed leuko-
:yte type reactions. Daudi is a lymphoblastoid line from Burkitt's Lym-
>homa tissue, which expresses no HLA A or B antigens but does have 'la'
leterminants (16) and is a powerful activator of allogeneic lymphocytes.

CONCLUSIONS

These preliminary observations appear to distinguish between 'la' antigens
>n lymphoblastoid cells, identified serologically in a microcytotoxicity
issay, and the determinants responsible for stimulation in mixed leukocyte
rulture tests. This need not conflict with the evidence cited earlier that
;he genes coding for these antigens are closely linked but suggests that the
jroducts are expressed independently on the cell surface.

The range of inhibitory activity of EB^-absorbed rabbit anti-B cell serum
md the effect of further absorption with Daudi cells may indicate that very
similar antigenic determinants are involved in the 'true'mixed leukocyte
reaction (between allogeneic blood lymphocytes) and in the activation of blood
.ymphocytes by allogeneic or autochthonous lymphoblastoid cells; the impli-
ration being that the product of the HLA D locus is modified when a B lympho-
:yte is 'transformed' to become a lymphoblastoid cell. This conclusion must
lowever be regarded as tentative at present since the rabbit antiserum is
ikely to be multispecific even after extensive absorption.

The demonstration of a non-cytotoxic antibody activity which blocks the
ictivation of autochthonous lymphocytes by 'transformed' lymphoblastoid cells
las obvious clinical implications and in extending the observations presented
lere, priority will be given to a search for comparable activity in the sera
if patients with Burkitt's lymphoma and other lymphoproliferative disorders.
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RESPONSIBLE FOR STIMULATION IN MIXED LEUKOCYTE CULTURE

C.M. STEEL, VERONICA VAN-HEYNINGEN, D.L. DEANE, B.B. COHEN
MEDICAL RESEARCH COUNCIL, CLINICAL AND POPULATION CYTOGENETICS UNIT, WESTERN

GENERAL HOSPITAL, CREWE ROAD, EDINBURGH, EH4 2XU

INTRODUCTION

The cells of human B lymphoblastoid lines display an exceptional capacity to
stimulate allogeneic or autochthonous blood T lymphocytes in mixed leukocyte

1 -4
cultures (MLC). This may be relevant to normal immunological defences

5-7
against the proliferation of 'transformed' B cells in vivo. The identity of

antigens responsible for the phenomenon remains unknown. Although it is some-
O

times assumed that they are determined by EB virus genes, this is called in
question by the observation that EBV-negative cultures derived from myeloma
cells have MLC stimulating properties comparable to those of the great majority

g
of EBV-carrying lymphoblastoid lines.

Analysis of the HLA antigens of these lines is an obvious approach and while
this has yielded a great deal of interesting information including the earliest
demonstrations of serologically definable D-locus-related (DRW) alleles in man,

the conclusion has been that, when compared with the peripheral blood B cells of
the donors from whom the lines are derived, there is insufficient evidence of

qualitative change in the products of the HLA, A, B, C and DRW loci to account
for the ability of lymphoblastoid lines to induce proliteration in autochthonous

9-13
T lymphocytes.

g
We have recently reported that one human lymphoblastoid line, EB-j, which

carries the EB virus genome, synthesises and secretes immunoglobulin, bears sur¬

face HLA A, B, C and DRW antigens and reacts with rabbit anti-B cell serum in a

complement-dependent microcytotoxicity assay, nevertheless is markedly deficient
in the capacity to stimulate allogeneic blood lymphocytes in MLC. A rabbit
antiserum raised against pooled B lymphoblastoid cell membranes then absorbed
with T cell lines and with EB-|, was shown to inhibit one-way mixed lymphocyte
reactions (MLR) at dilutions which did not appear to be toxic to the stimulating
or to the responding cell populations. The effect was abrogated by a single
cycle of absorption of the antiserum with a cell line which expressed MLR
stimulating antigens. Since MLR inhibition was observed with either lympho¬
blastoid lines (autochthonous or allogeneic) or allogeneic blood lymphocytes as
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the stimulators, the possibility was raised that the relevant antigens on lym-

phoblastoid cells are altered products of the MLR (HLA-D) locus. If so, it
must be inferred that the serologically defined 'DRW' antigens and the MLR anti¬
gens are expressed separately on the cell surface. This conclusion, was,

however, a tentative one in view of the probable multispecificity of our anti¬
serum.

METHODS AND RESULTS

In an effort to raise a more selective antiserum to the MLR antigen(s), we

have carried out the following procedure. Plasma membranes were collected, by
sucrose gradient fractionation, from a lysate of the Burkitt lymphoma-derived B
cell line "DAUDI" which lacks Microglobulin and hence does not express HLA A
or B antigens on its surface. DAUDI does express DRW antigens and is highly
effective as a stimulator in mixed leukocyte cultures. A similar membrane pre¬

paration was obtained from EB-| cells. A rabbit was immunised with the EB-|
material by repeated injections (initially with Freund's complete adjuvant) over

a period of two months. In theory one might hope that anti-EB-j serum would
mask all DAUDI antigens except those responsible for MLR stimulation. Anti-EB^
serum from this animal was therefore used to resuspend the DAUDI membrane pellet
for injection (again initially with Freund's complete adjuvant) into a second
rabbit. Booster injections of the DAUDI membranes plus anti-EB^ serum have
been given at intervals of one or two weeks for more than 10 months.

In practice, as Welsh and Turner have shown,B cell membrane extracts com-

plexed with anti-B cell immunoglobulin will, on inoculation into rabbits, evoke
efficient production of more anti-B cell antibody. It is therefore not sur¬

prising that, after absorption with T cell lines, our antiserum from the second
animal reacts very strongly, in complement-dependent microcytotoxicity assay,

with all B cell lines tested so far and with peripheral blood B lymphocytes,

though only weakly with T lymphocytes or T cell lines.
After five cycles of absorption with EB^, the toxicity to B cell lines and B

lymphocytes, in this assay, is markedly reduced though not abolished. Toxicity
to T cells and to EB-j is virtually abolished (Table 1).

Added to culture medium at a concentration of 1%, this absorbed antiserum has

a slight inhibitory effect on the growth rate of several B cell lines (including
DAUDI and EB-|) and on that of the T cell line MOLT^ (Fig. 1).

Its effect, at one tenth of the above concentration, on the response of
blood lymphocytes to a variety of mitogens, including allogeneic lymphocytes and
lymphoblastoid cell line cells, is illustrated in Fig. 2. There is little
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TABLE 1

COMPLEMENT-DEPENDENT CYTOTOXICITY OF RABBIT ANTISERUM RAISED AGAINST DAUDI

MEMBRANES IN PRESENCE OF ANTI-EB^ SERUM.

Target Cells
T cell line

(M0LT4) DAUDI EBi
Peripheral

B
Blood

T

Absorption of Antiserum with:-
T cell lines *20 160-320 160 160 40

T cell lines + EB-| <10 40 <10 10-20 <10

T cell lines + EB] + DAUDI <2 <2 <2 <2 <2

* Figures are reciprocals of maximum dilution of antiserum giving 50% kill
(after subtraction of background in control wells with rabbit complement alone).
Cytotoxicity determined by modification of microfluorochromatic method (17).

Figure 1. Effect of EBn-absorbed anti-B-cell serum (#52) on growth of cell lines.
4 1 — ~~~

Initially 10 viable cells per lOOpl aliquot cultured in MOPS-buffered F10 with
10% foetal calf serum in V-bottomed wells of microtest II plates. Ipl of anti-
DAUDI serum from rabbit #52, absorbed with T cells and EB, , added to half the
cultures. Label, O.lpCi of C-Thymidine, added 20hrs. before harvesting at
the intervals shown. Each point is the mean of duplicate cultures counted for
10 minutes by liquid scintillation spectrophotometry. MOLT^ is a T cell line,
the others are B lymphoid lines.
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change in the cumulative response to PHA, some reduction (9% and 25%) in the
level of activation by Concanavalin A (CON-A) and, in most instances, inhibition
of the MLR response by between 20% and 80% of the control value. There are

exceptions in the case of stimulation by the cell line JIM-| and in one of the
mixtures of allogeneic blood lymphocytes, where the antiserum h^s had no

appreciable effect. From other experiments we suspect that this is a con¬

sequence of the high dilution of the antiserum rather than a specific lack of
reactivity with the stimulating cells in these combinations.

Allogeneic
CON-A lymphocytes

300 -

200 -

'o 100 - 11
C/3
1— fill

ORI, U266 Bl

SUBJECT HB

0.1% NRS

0.1% Absorbed #52

300

200

100

I

i
Figure 2. Effect of EB,-absorbed anti-B-cell serum on lymphocyte responses to

mitogenic stimuli.
4

Cultures contained 2.5 x 10 blood lymphocytes from healthy donors HB or JC, in
lOOpl aliquots, in MOPS-buffered F10 with 15% human serum pooled from adult
males. Mitogens were phytohaemagglutinin (PHA), Concanavalin A (CON-A), 2.5 x
10 mitomycin-C-treated allogeneic blood lymphocytes or 10 mitomycin-C-treated
cells from lymphoblastoid lines DEW,, JIM,, or ORI, or human myeloma line
U266B1. Normal rabbit serum, absorbed with human T and B cell lines was added
to half the cultures and anti-DAUDI serum (#52) absorbed with T cell lines and
EB, was ad<jl^d to the rest. Final concentration of rabbit serum 0.1%. Label,
O.lyCi of C-Thymidine, was added for the final 20 hours in culture. Dupli¬
cate cultures were harvested every 24 hours, from 48 to 144 hours after setting-
up the experiment. They were counted for 10 minutes by liquid scintillation
spectrophotometry. Histograms represent cumulative counts over five-day period
after subtraction of counts in control cultures with stimulating or responding
cells alone. Further technical details are given in ref. 18.

We have attempted to distinguish between effects of the antiserum on stimu¬
lator and responder cells by pre-incubation of either population followed by
extensive washing. An example of the type of result obtained is shown in
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Fig. 3. It is clear that responder lymphocytes from at least some donors can

be stimulated by exposure to the antiserum so that responses to PHA, PWM and
CON-A and to allogeneic cells may be enhanced though the effect is far from
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Figure 3. Effect of pre-incubating responding or stimulating cell population
with EB-j-absorbed anti-B-cell serum —

Blood lymphocytes from healthy donors DD and ET. Conditions of culture, har¬
vesting and counting for experiment shown in fig. 2. Mitogens are as indicated
above each set of cumulative counts (PWM= Pokeweed mitogen). Column 1= cumu¬
lative counts in absence of any rabbit serum. Column 2= cumulative counts in
presence of 0.1% rabbit anti-DAUDI serum (#52) absorbed with T cell lines and
EB 1 •

Column 3= cumulative counts from cultures where the responding blood lym¬
phocytes had been incubated for 2 hours at room temperature in medium containing
10%#52 serum absorbed as above. Cells were then washed four times before
setting up cultures. Column 4= cumulative counts from cultures in which the
mitomycin-C-treated stimulating cells had been pre-incubated and washed as
above. Column 5= cumulative counts from cultures in which both stimulating and
responding cells had been pre-incubated and washed as above,

not tested.
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uniform. Pre-incubation of the stimulating cells alone tends to reduce the
level of response though the effect is usually less marked than when antiserum
is present throughout the culture period.

The situation is undoubtedly complex and where the antiserum has both a

direct stimulatory effect on the 'responder' cells and an inhibiting effect on
the MLC response, the two may tend to cancel each other out. Where either cell

population has been pre-incubated in antiserum, both antibody and antigen/anti¬
body complexes are likely to detach from the cell membranes and hence be present
in solution. This type of experiment therefore does not identify the site of
action of the T antiserum with any certainty. Our experimental data indicate
that with T and EB^-absorbed antiserum in the medium, there is usually little,
or no, reduction in the level of response for the first 96 hours and, indeed not

uncommonly some enhancement of stimulation at this stage. Thereafter the MLC
reaction tends to wane rapidly.

DISCUSSION

On the basis of the above findings, a number of points can be made. First,
the inhibition of MLC responses is not dependent upon toxicity of the antiserum
to stimulator or responder cells although at relatively high concentration some

reduction in growth rate of cell lines and complement-dependent cytotoxicity to

lymphoblastoid cells, as well as to B lymphocytes, can be demonstrated. Secondly,
we are unable to separate the effects upon lymphoblastoid cell lines from those

upon peripheral blood lymphocytes. This applies both to the cytotoxicity tests
and to MLC inhibition. It therefore seems probable that the antiserum recog¬

nises an antigen common to both cell types. Thirdly, since the antiserum was

raised against DAUDI membranes, the antibody activity is most unlikely to be
directed against HLA A or B determinants or microglobulin. (In published
studies, antisera against these membrane components have been shown to inhibit

19-21
mixed leukocyte culture reactions. ) The possibility is rendered even more

remote by the process of absorption of our antiserum with T lines and EB-| cells,
all of which carry HLA A and B antigens and Bp microglobulin on their surfaces.
Fourthly, the fact that EB-j expresses DRW antigens and that the anti-D cell com¬
plement-dependent cytotoxic type of the antiserum is markedly reduced following
absorption with this line makes it unlikely that the residual antibody activity
is directed against complete DRW determinants as is the case with some MLR-

22-28
blocking antisera studied by others. Some component of the DRW antigen
molecule, however remains a candidate. It is conceivable that EB-j is partially
deficient at this locus so that DRW antigens are recognisable serologically but
fail to trigger a response from allogeneic T cells in MLC. Recent observations

29
from Soulillon and his colleagues seem relevant to this question. They noted
that platelet-absorbed anti-B cell sera from multiparous females inhibit human
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MLC responses and that this effect is abrogated by absorption of the sera with
B lymphocytes even when the absorbing cells do not bear the corresponding DRW
specificities, i.e. anti-DRW cytotoxicity is not removed but MLR blocking
activity i_s. They postulate that a 'public' DRW antigen component is respon¬
sible for mixed leukocyte stimulation.

30
On the other hand, Giphart and his colleagues have produced biochemical

evidence for two distinct products of the human major histocompatibility com¬

plex expressed on B cells and associated with mixed leukocyte reactivity. Their
g

findings are very much in keeping with our suggestion that the DRW locus and
the MLR locus are separate though closely linked. Clarification should come

from work now in progress on physico-chemical characterisation of the antigen(s)
recognised by the T cell and EB-j-absorbed antiserum.
REFERENCES

1. Hardy, D.A., Ling, N.R. and Knight, S. (1969) Exceptional lymphocyte stimu¬
lating capacity of cells from lymphoid cell lines. Nature 223, 511-512

2. Steel, C.M. and Hardy, D.A. (1970) Evidence of altered antigenicity in cul¬
tured lymphoid cells from patients with infectious mononucleosis. Lancet i
1322-1323

3. Golub, S.H., Svedmyr, E.A.J., Hewetson, J.F. and Klein, G. (1972) Cellular
reactions against Burkitt lymphoma cells III Effector cell activity of leu¬
kocytes stimulated in vitro with autochthonous cultured lymphoma cells.
Int. J. Cancer J_0, 157-164

4. Ling, N.R., Hardy, D.A. and Steel, C.M. (1974) Human mixed cell reactions in
relation to surveillance of lymphoid tissue. Proceedings of 8th leukocyte
culture conference, Uppsala. K. Lindahl-Kiessling and D. Osoba Eds., Academic
Press, London 235-241

5. Steel, C.M. and Ling, N.R. (1973) Immunopathology of infectious mononucleosis
Lancet JH 861-862

6. Denman, A.M. and Pel ton, B.K. (1974) Control mechanisms in infectious mono¬
nucleosis. Clin. Exp. Immunol. 18 13-25

7. Klein, G., Svedmyr, E., Jondal, M. and Persson, P.O. (1976) EBV-determined
nuclear antigen (EBNA)-positive cells in the peripheral blood of infectious
mononucleosis patients. Int. J. Cancer 17 21-26

8. Kishimoto, T., Hirano, T., Kuritani, T. et al (1978) Induction of IgG pro¬
duction in human B lymphoblastoid cell lines with normal human T cells.
Nature 271_, 756

9. Steel, C.M., Deane, D.L., Philipson, J., Dick, H.M. and Crichton, W.B. (1978)
Characterisation of altered surface antigens on human B lymphoblastoid cells.
Protides of the Biological Fluids, (Proceedings of 25th Colloquium) H.Peeters
Ed. Pergamon-Oxford, 697-702

10.Dick, H.M., Bodmer, W.F., Bodmer, J.G., Steel, C.M., Crichton, W.B. and
Evans, J. (1975) HLA typing of lymphoblastoid cell lines. Histocompatibility
Testing. Munksgaard, Copenhagen 671-676

11.Bodmer, J., Pickbourne, P., Bodmer, W. et al (1976) Serological identifica¬
tion of la antigens report of a British region la workshop. Tissue Antigens
8, 359-371

12.Wernet, P. (1976) Human la-Type alloantigens: Methods of detection, aspects
of chemistry and biology, markers for disease states. Transplantation Reviews
30, 271-298



248

13.Dick, H.M., Jabbar, A.R., Steel, C.M., Crichton, W.B. and Henderson, N.(1977)
Comparison of human la type antigens on peripheral blood lymphocytes and
lymphoblastoid cells derived from them. Tissue Antigens £0, 244

14.Nilsson, K., Evrin, P. and Welsh, K.I. (1974) Production of Bo Microglobulin
by normal and malignant cell lines and peripheral lymphocytes. Transplan¬
tation Reviews ££ 53-84

15.Goodfellow, P.N., Jones, E.A., Van-Heyningen, V. et al (1975) The Bo M gene
is on chromosome 15 and not in the HLA region. Nature 254 267-269.

16.Welsh, K.I. and Turner, M.J. (1976) Preparation of antisera specific for
human B cells by immunisation of rabbits with immune complexes. Tissue
Antigens £ 197-205

17.Bodmer, W.F. (1973) In Manual of Tissue Typing Technicques. Ed. J. Ray,
D. Hare and D. Karyhoe Ortew Publications.

18.Steel, C.M. and Creasey, G.H. (1976) A micromethod for the activation of
human blood lymphocytes in vitro. Immunol. Comm. £ 669-684

19.Bach, M.L., Huang, S.W., Hong, R. and Poulik, M.D. (1973) microglobulin:
association with membrane receptors. Science 182 1350-1352

20.Ceppellini, R., Curtoni, E.S., Miggiano, V.C. and Pellegrino M. (1971) Mixed
leukocyte cultures and HLA antigens II Inhibition by Anti-HLA sera. Trans¬
plant Proc. ^ 53-57

21.Van Leeuwen, A., Schuit, H.R.E. and Van Rood, J.J. (1973) Typing for MLC (LD):
II The selection of non stimulator cells by MLC inhibition test using SD-
identical stimulator cells (MISIS) and fluorescence antibody studies.
Transplant Proc. 5, 1539-1542

22.Wernet, P., Winchester, R., Kunkel, H.G. et al. (1975) Serological detection
and partial characterisation of human MLC determinants with special refer¬
ence to B cell specificity. Transplant. Proc. 1_, Suppl. 1. 193-200

23.Cresswell, P. and Geier, S.S. (1975) Antisera to human B lymphocyte membrane
glycoproteins block stimulation in mixed lymphocyte culture. Nature 257,
147-149

24. Billing, R., Safari, M. and Lesch, J. (1977) Two-chain subunit structure of
HLA-D antigens. Tissue Antigens £0 267-272

25.Jonker, M. and Van Rood J.J. (1977) Inhibition of the mixed leukocyte reac¬
tion by alloantisera in man I and II. Tissue Antigens £ 231-245 and 246-258

26.Humphreys, R.E., McCune, J.M., Chess, L. et al (1976) Isolation and immuno¬
logic characterisation of a human B-lymphocyte-specific, cell surface antigen
J. Exp. Med. £44 98-112

27.Ferrone, S., Pellegrino, M.A. and Reisfeld, R.A. (1977) Immunogeneicity of
human B cell antigens solubilised from cultured human lymphoid cells. J.
Immunol. £18 1036-1041

28. Geier, S.S. and Cresswell, P. (1978) Rabbit antiserum to human B-cell allo-
antigens. II Mechanism of inhibition of stimulation in the mixed leukocyte
response. Cellular Immunology, ££, 392-402

29.SoulilIon, J.P., Naud, M.F., Peyrat, M.A. and Guenel J. (1977) The inhibition
of MLR by anti-B lymphocytes (BL) allo-immune sera. Tissue Antigens £0 168.

30.Giphart, M.J., Van-Leeuwen, A., Bruning, J.W. et al (1978) HLA-D deter¬
minants on B-cell lines: complexity at the molecular level. In Protides of
the Biological Fluids (Proceedings of 25th colloquium) H. Peeters Ed.
Pergamon Oxford, 629-636



SEPARATION OF HUMAN LYMPHOCYTES ON THE

BASIS OF VOLUME AND DENSITY
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ABSTRACT

A comparison has been made between unit gravity sedimentation and "Percoll"
density gradient centrifugation for the separation of subsets of human lymphocyte
Both techniques provide a clearcut separation of proliferating from non-
proliferating cells after stimulation with PHA or PWM. A proliferating populati
can be isolated from cord blood cells grown in the presence of foetal calf serum
but without added mitogens.

Key words: Human lymphocytes - mitogens - activation - separation - density
gradient - unit gravity.

INTRODUCTION

This is an interim report on a study whose aim is to assess the possible applica¬
tions of different procedures for the separation of subpopulations of human blood
lymphocytes.

MATERIALS AND METHODS

Lymphocytes were obtained from the buffy coat fractions of blood transfusion
service donations from healthy adults and from defibrinated umbilical cord blood.
Isolation of mononuclear cells was by centrifugation on Ficoll/hypague (density
1.077). In some experiments further depletion of polymorphs and monocytes was
achieved by allowing adherence to glass during an 1 hour incubation at 37 C in
the presence of 20% F.C.S.
Lymphocytes werg cultured in Ham's F10 medium containing 20% FCS at an initial
density of 1x10 cells/ml.
Phytohaemagglutinin (PHA) from Wellcome Reagents Ltd and Pokeweed Mitogen (PWM)
from Gr^nd Island Biological Co. were used at 5yg/ml and lOyl/ml respectively.
Methyl- H thymidine at a specific activity of 20 Ci/m mol was from Amersham Radio
chemicals.

Cytocentrifuge preparations were made on glass slides using a Shandon Cytospin
machine. Slides were dipped in L4 emulsion (Ilford) and exposed for 7 days.
Developed autoradiographs were stained with Gurr's Giemsa improved R66 solution
for 15 minutes.

^
Incorporation of H-thymidine was measured by spotting 50yl aliquots of cell
suspension onto Whatman filter discs grade 3, size 2.4 cms, precipitating
insoluble counts with two changes of 10% TCA solution and counting dried discs in
PPO/POPOP/toluene scintillation fluid.



Cell Separation Methods

Lymphocytes were separated on the basis of size by using the STAPUT apparatus
(model SP-180 John's Scientific) of Miller and Phillips (1969). The method of
'Miller (1973) using a 0-2% BSA gradient was adopted with the slight modification
of replacing the cell loading chamber with a three way stopcock and attached
filter funnel. At the start of the separation process the sedimentation chamber
contained 1200 mis of a 0-2% solution of BSA in PBS.

Separation on the basis of density was undertaken by centrifugation on a "Percoll"
gradient using the methods outlined by the manufacturers (Pharmacia TIB). Grad¬
ients were prepared by centrifuging 25ml aliquots of 50% (V/V) "Percoll"
solutions in PBS in 1" dia x 3V' Beckman cellulose nitrate tubes in a fixed angle
rotor (no. 30) for 30 minutes at 17,500 r.p.m. The cell suspension (2mls) was
carefully layered on top of the preformed gradient and centrifuged for 5 minutes
at 7,500 r.p.m. in the same rotor.
The bottom of the tube was then pierced and consecutive 5 drops/fraction were
collected in round bottomed glass tubes.

RESULTS

Density Gradient and Unit Gravity Sedimentation Separation of Pokeweed Mitogen
Stimulated Human Lymphocytes

Human adult lymphocytes cultured for three days in the presence of PWM were
analysed as indicated in Figs. 1A, B and C. Both procedures separated activated
from non-activated cells as defined by morphology and H-thymidine incorporation.
The high density Percoll gradient fractions were composed entirely of small lympho¬
cytes with no contaminating labelled cells. The lower density fractions
contained increasing proportions of labelled cells and even larger proportions of
blasts but there were also some contaminating small lymphocytes. The STAPUT
fractions on the other hand showed less contamination of the early fractions by
small cells. Thus, while both methods gave broadly similar patterns of
distribution, there were differences in the subpopulations which could be
isolated.
Further culture of the fractionated lymphocyte populations indicated that the low
density cells continued in cycle whereas the small lymphocytes, which were not
activated at the time of separation, remained as noncycling cells.

Analysis of PHA and PWM stimulated adult lymphocytes by "PERCOLL" gradient
fractionation

Figures 2 and 3 illustrate the variety of patterns of distribution on Percoll
gradients which can arise as a result of the activation of lymphocytes with
different mitogens. At 48hrs of culture in the absence of added mitogen adult
peripheral blood lymphocytes showed no detectable incorporation of H TdR and the
majority of the population persisted as small lymphocytes with densities between
1.065 and 1.075g/ml. In the presence of PHA the same population showed a marked
shift toward lower densities (1.05 - 1.06g/ml) with a distinct peak of incorporated
HTdR.

PWM stimulated cultures, eve^ after 5 days, contained a smaller population of low
density cells incorporating HTdR but this was larger than the subpopulation
activated in the presence of 20% FCS.

Density Gradient Fractionation of Human Cord Blood Leukocytes

^n the absence of added mitogen cord blood cells showed active incorporation of
HTdR from the very beginning of culture with a labelling index of 1-2%. This
fact has been well documented (Prindull et al., 1975)
Separation of human cord leukocytes into T and Non-T populations by sedimentation
of sheep erythrocyte rosettes (Kaplan and Clark, 1974) and subsequent reculture
showed that the rosetting population (T lymphocytes) consisted almost entirely of



small lymphocytes which did not label with HTdR even after 4 days culture in
20% FCS. In the non-rosetting population labelled cells were present from the
beginning and increased in number during the culture period.

FRACTION NUMBER
BOTTOM

FRACTION NUMBER

Fig. 1A "Percoll" density gradient analysis of pokeweed mitogen stimulated human
adult peripheral blood lymphocytes.
Distribution of total intact nucleated cells per fraction along the gradient is
shown by the histogram. The hatched portion represents the number of labelled
cells as derived from the labelling index. Lymphocytes from an adult ^uffy coat
were cultured for 70 hours in the presence of PWM and pulsed with 5yCi H-thymidine
per ml of culture for 1 hour. After washing and spinning to a pellet the cells
were resuspended in F10 medium containing 5% FCS and 10]iM cold thymidine. 2.5mls
of the cell suspension containing 2x10 cells/ml were layered on a preformed
"PERCOLL" gradent and fractionated as described.
The cells from each fraction were washed once with medium and resuspended in 300yl
qjedium containing 5% FCS. Aliquots of 50]il were removed for measurement of
H-thymidine incorporation by liquid scintillation counting and for cell counts
using a Neubauer haemocytometer. The remainder of the cell suspension was used
to make cytocentrifuge preparations for morphologic and autoradiographic assessment.
Fig. IB Lymphocytes identical to those of 1A were fractionated at the same time
but without a pulse of H-thymidine. The cells from each fraction were washed
once before reculture in 0.5mls ijresh medium containing 20% FCS, without additional
PWM, in the presence of lyCi/ml H-thymidine. After culturing for a further
period of 24 hrs. the cells were harvested and analysed as above.
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Fig. 1C Unit Gravity Sedimentation analysis of PWM stimulated human adult
peripheral blood lymphocytes.
Cultures were treated in the same way as 1A but were sedimented on a 'STAPUT' BSA
gradient at unit gravity for 3 hrs. Fractions of 25mls volume were taken in
plastic universals.
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Fig. 2 "PERCOLL" density gradient centrifugation analysis of adult human
peripheral blood lymphocytes at 48 hours of culture.

^
Cultures were pulsed 1 hour before fractionation with lyCi/ml H-thymidine.
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Fig. 3 Same as Fig. 2 but lymphocytes were cultured fgr 5 days.
Cultures were pulsed for 4 hours with 2yCi/ml H-thymidine.

Spontaneously proliferating cells in the total cord leukocyte population can be
separated on a density gradient (Fig. 4). At 48hrs of culture in 20% FCS cord
blood leukocytes had density and labelling profiles which differed markedly from
those of adult lymphocytes.
When the non-rosetting population of cord leukocytes was separated on a "PERCOLL"
density gradient and isolated fractions set up in culture for 16hrs. all fractions
where shown to contain cells capable of spontaneous proliferation but there was a
higher proportion of labelling cells (up to 10%) among the lower density fractions.
From stained cytocentrifuge preparations it was evident that labelled cells
included not only lymphoid but also myeloid and other haemopoietic elements.

CONCLUSIONS

Both STAPUT unit gravity sedimentation and density gradient centrifugation
techniques are effective in separating lymphocytes into distinct fractions. The
major subpopulations defined by the two approaches are similar, but not identical.
Density gradient centrifugation has the advantages of speed and simplicity. It
has proved particularly useful for simultaneous comparisons of the same initial
cell population under different conditions of activation. Such experiments
are less readily done using the STAPUT methods because of the requirement for
duplicates of specialised equipment and the time involved in the separation
procedure. However there may be great potential in the sequential application
of both techniques to achieve greater resolution of lymphocyte subpopulations.
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Fig. 4 "PERCOLL" density gradient
centrifugation analysis of human cord
blood leukocytes.
Human cord blood leukocytes isolated on

Ficoll/Hypaque were cultured for 48 hours
in 20% FCS/F10 medium. Cultures were

pulsed from 24-48 hours with lyci/ml
H-thymidine before fractionation on a
"PERCOLL" density gradient.

Fig. 5 Human cord blood leukocytes were
separated by SRBC rosetting into T and
Non-T populations. These were immed¬
iately subject to "PERCOLL" density
gradient centrifugation and the Non-T
cell fractions were cultured in 20% FCS/

^10 medium in the presence of lyCi/ml
H-thymidine for 16 hours.
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A.2. Basic Data on TAA in Man

CHARACTERISATION OF A PUTATIVE
MLR ANTIGEN

D. L. DEANE, B. B. COHEN, V. Van-HEYNINGEN and C. M. STEEL

MRC Clinical and Population Cytogenetics Unit, Western General Hospital, Edinburgh, Scotland

ABSTRACT

Surface glycoproteins of a human B lymphoblastoid cell line which is deficient in
MLR-stimulating capacity show differences from those of MLR-stimulating cells when
examined by SDS PAGE and by isoelectric focussing on polyacrylamide gels.
B lymphoblastoid cell membranes will absorb activity from a rabbit antiserum
specific for putative MLR determinants. Pre-exposure of the membranes to a range
of lectins or to proteolytic enzymes reduces the efficiency of this absorption but
pre-treatment with glycolytic enzymes has little effect. The MLR antigen thus
appears to be glycoprotein in nature but glycosidic residues may not be involved
in the antibody combining site.

Key words Mixed lymphocyte reaction - cell membranes - Protein A -

polyacrylamide gel electrophoresis

INTRODUCTION

Rabbit antiserum to human B cell alloantigens will inhibit the mixed lymphocyte
reaction (MLR). Following extensive absorption with T cell lines and EB^ (a
B cell line which is markedly deficient in MLR-stimulating capacity) the antiserum
retains most of its MLR-inhibiting properties though its titre in a complement-
dependent anti-B cell cytotoxicity assay is much reduced. The absorbed antiserum
thus appears to define MLR antigen(s) on the surface of human B lymphoblastoid
cells (Steel and Co-workers 1977, 1978). We are attempting to characterise this
antigenic determinant by two approaches.

APPROACH 1

3
The first is a comparative study of H labelled glycoprotein patterns from the
membranes of MLR-positve lymphoblastoid cells, T cell lines and EB .

Comparison of the radio-labelled total protein from intact cells of the three types
by gel electrophoresis af£^rded few cle^jrly definable differences. The maximum
incorportation of label ( C valine or S methionine) into membrane proteins is
less than 1(^% of total labelled protein.
Subsequent H labelling of surface glycoproteins using neuraminidase and galactose
oxidase with NaB as described by Gahmberg and others (1973, 1976) has yielded
highly labelled membrane preparations. Glycoprotein patterns have been resolved
by SDS polyacrylamide gel electrophoresis and isoelectric focussing.

113
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Fig. 1 Electrophoretic analysis of H-labelled cell surface glycoproteins.
Cells were labelled according to the method of Gahmberg and co-workers
(1973) and membranes prepared by th^ method of Turner and co-workers
(1975). Membranes derived from 10 cells were solubilised in 50yl of
the appropriate buffer.
a) Applied to 6% polyacrylamide SDS qels (Laemi, 1970) and processed for

fluorography (Bonner and Laski, 1974). The exposure was for 14 days
b) Applied to 6% isoelectric focussing gel (Awdeh and co-workers, 1968)

and fluorographed as above.

FINDINGS 1

A membrane glycoprotein in the molecular weight range 25-28,000 Daltons appears
to be markedly reduced in EB cells as compared with those of other B lympho-
blastoid cell lines. (Fig. la.) There is an even more pronounced difference on

comparison of autoradiographs from isoelectric focussing gels of the same membrane
fractions. These show that EB^ has little of a B cell glycoprotein with an
isoelectric point within the range of 5.6-6.0 and there is an appreciable
acidic shift in the pi of the major band indicated by the arrow in Fig. lb.

APPROACH 2

.125
Anti MLR activity has been identified and measured by a I -Staph. Protein A
binding assay.
The rabbit anti-Daudi serum is absorbed serially with T cell lines and EB to
produce a relatively specific anti-MLR reagent (Steel ani^gO'WOfkers, 19 78).
When a comparable procedure is followed and assayed by I -Protein A binding to
pooled B cells, T cell lines and EB^, there is a progressive quantitative change
leading ultimately to a reagent which binds only to pooled B cell lines.
This residual activity can be abolished by a single further absorption with
pooled B cell membranes (Figs. 2a, 2b).
The effects of various defined treatments upon the ability of pooled B cell
membranes to absorb out this residual activity provides an indication of the
physico-chemical properties of the MLR antigen.
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NO. OF ABSORPTIONS NO. OF ABSORPTIONS

Fig. 2 Preparation and testing of anti-MLR serum.
a) The preparation of rabbit antiserum to Daudi cells has already been

described (Steel, 1977). 0.5ml of antiserum was incubated at 4 C
for 30 min with membrane pellets (each prepared from 5x10 cells of
a mixture of T cell lines M0LT4 and CCRF CEM)as shown in the diagram.
After each incubation the membranes were removed by centrifugation
at 20,000 xg for 15 min. The antiserum binding activity was
assayed as follows50yl antiserum (diluted 1:5) was added to a

cells (T cells or pooled B cells) and incubated
The cj^s were washed 3x with PBS and to the

pellet was added 80yl of I -Protein A (2.5yg/ml 0.4yc/yg). The
cells were incubated and washed as before and the radioactivity
measured. —A— , T cells; —O— , Pooled B cells.

b) The absorbed antiserum was then incubated with EB^ cell membranes in
the same way and assayed for binding to EB and pooled B cells as
before. —•— EB ; —▲—• , pooled B celts (EB^ cells themselves
have a high affinity for Protein A and the relatively high back¬
ground of 59,000 c.p.m. has been subtracted from the values in the
diagram).

cell pellet of 2xlO
at 4 C for 30 min.

Fig 3.

100 200 300 400 500 2 5mg 0 100 200 300 400 500 2 5mg

jig/ml FINAL CONCENTRATION.

100 200 300 400 500 2 5mg

Fig. 3 Effect of specific reagents on membrane-bound MLR ^ntigen.
a) Lectins Membrane pellets prepared from 5x10 pooled B cells were
resuspended in 80yl buffer (0.15M NaCl, lOmM tris HCL pH7.4 lOmM MnClj
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MnCl^ lOmM CaCl^) containing lectin concentrations as shown in the diag¬
ram. After incubation at 37 C for lh the membranes were washed 4x in

the PBS and incubated with anti-MLR serum prepared as described in Fig. 2.
The membranes were removed and the antiserum assayed for its binding to
pooled B cells as described. O , Concanavalin A; □ , wheat
germ agglutinin; A , Lenculinaris Haemagglutinin.
b) Glycosidases■ Membranes were resuspended as above either in 50mM
acetate buffer pH 4.5 containign mixed glycosidases (prepared from Turbo
cornutus, Miles Chemicals) or O.IM acetate pH 5.5 containing neuraminidase
as inducated. After incubation for 24 or 48h the membranes were washed
and treated as in a) above. + , mixed glycosidases (24h) , X, (48h) ;
neuraminidase,▼(24h).
c) Proteases Membranes were resuspended as above in either 80mM
phosphate pH 6.5, lOmM EDTA 5QmM cysteine containing papain or 80mM
phosphate pH 7.6 containing trypsin as indicated. After incubation
for 1 or 24h the membranes were washed and treated as above. In the

trypsin experiment soya bean trypsin inhibitor (7.5mg/ml) was added to
the washing buffers. ▲ , papain; ■ , trypsin; , lh,

, 24h.

FINDINGS 2

a) Lectin treatment. All the lectins tested reduced antibody-binding by the
membrane to varying degrees (i.e. LCH > Con A > WGA; Fig. 3a)

b) Glycosidase treatment. Although the results of lectin treatment indicate
that glycosidic moieties are associated with the MLR antigen, antibody
binding was not reduced by glycosidase treatment of the pooled B cell
membranes. This may imply that glycosidic residues do not form an integral
part of the antibody binding site (Fig. 3b) .

c) Protease treatment. The activity of the membrane was destroyed by both
papain and trypsin (Fig 3c). (With the highest concentrations and longer
incubation time the membrane structure itself was destroyed, hence the two
seemingly anomalous values); therefore the MLR active component itself
contains protein or is linked by a protein structure to the membrane.

CONCLUSIONS

The striking electrophoretic differences in glycoprotein patterns between EB and
other B cell line membranes are unlikely to be entirely attributable to the lack
of MLR stimulating activity on EB cells but may provide a basis for identifying
the MLR antigen when a more specific antiserum become available. This objective
is brought nearer by the second approach described here. The MLR antigen(s)
appear to be glycoprotein in nature. It is intended to use lectin-purification
of solubilised membrane glycoprotein to raise a new and more specific rabbit
anti-MLR antiserum.
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chromosome Aberrations Acquired In Vitro by Human B-Cell
ines. I. Gains and Losses of Material1

. M. Steel, 2 Mary Shade, 2 and Marilyn A. Woodward 2

6STRACT—Gains and losses of chromosomes or chromosome
ms were recorded in 45 of 165 human B-cell lines. Most
lerrations were acquired in vitro, and their frequency was
lated to duration of culture. Gains occurred more frequently
an losses and their distribution was nonrandom. Chromosomes

ost commonly affected were #3, 7, 8 (particularly 8q), 9, 12, and
. Certain differences in the frequency of particular aberrations
ipeared to be related to the clinical conditions of the patients
am whom the lines were derived. The distribution of chromo-

>me gains in this material was correlated with those detected
direct preparations from human tumors.—JNCI 65: 95-99,

480.

In an earlier report (7), we recorded the distribution
f chromosome gains and losses in a series of 36
uman B-lymphocyte lines maintained in culture for
lany months. Gains of chromosome material occurred
ir more frequently than losses, and there was prefer-
rtial involvement of autosomes #3, 7, 8, 9, and 12 and
f the sex chromosomes. The occurrence of chromo-
tme gains with a similar distribution in human
'mphoid cell lines maintained for prolonged periods
l vitro has been confirmed by at least one other group
udying an entirely separate collection of lines [(2);
'enuat AM, Rosenfeld C: Personal communication].
>ur own study (7) has been extended for a further 2
ears, during which new chromosome aberrations have
risen, some in lines that were formerly diploid. Lines
rith chromosome aberrations detectable in Q-banded
reparations (the only technique used in the previous
tudy) have now been analyzed in addition by G-
anding to improve the accuracy of identification of
te constituent parts of abnormal chromosomes. The
resent report is based on a review of the original Q-
anded photographs and on new Q- and G-banded
laterial.

,ATERIALS AND METHODS

Cell lines.—The lines were all Epstein-Barr virus-
arrying B-cell cultures; most were established in this
tboratory by methods previously described (3, 4). The
?st were obtained from other workers, notably Profes-
ar M. A. Epstein, Bristol, England, and Dr. E. Jensen,
laywood, New Jersey, and have been maintained in
lis laboratory for more than 2 years. All lines were
rown routinely in stationary culture in conical flasks
t 37° C. The culture medium was Ham's F10 supple-
lented with 10% tryptose phosphate broth plus 10%
;tal calf serum and buffered with 12.5 mM 2-(IV-
iorpholino)propanesulfonic acid and 0.8 g sodium bi-
arbonate/liter. All cultures were screened at regular

intervals for mycoplasma (by aerobic and anaerobic
culture). The very few mycoplasma-positive samples
detected were discarded, and no cytogenetic data from
them were included in the present analysis.
Chromosome preparations.—Twenty-four to 48 hours

after feeding (in which the volume of an actively
growing culture was doubled by the addition of fresh
medium), 0.1 ml demethylcolchicine (0.005 mg/ml)
was added to 5 ml of cell suspension, and the culture
was incubated for 2 hours. The cells were then incu¬
bated at 37° C for 5 minutes in hypotonic (0.075 M)
KC1 and fixed in three changes of a 3:1 mixture of
methanokglacial acetic acid. Drops of the suspension
were allowed to spread and dry on a thoroughly clean
glass slide that had been breathed on to produce slight
humidity.
Banding procedures.—Q-bands were prepared by

staining the chromosome preparations in 0.5% aqueous
quinacrine dihydrochloride (5). For G-banded prepara¬
tions, a modification of the technique described by
Seabright (6) proved the most satisfactory of many
methods tested. Slides bearing good metaphase spreads
were allowed to "age" in a darkened cabinet at room
temperature for 2-3 weeks. They were then exposed to
2xSSC3 for 3 hours at 60° C, immersed for exactly 130
seconds in a 0.06% solution of trypsin in complete
Dulbecco's salt solution at 4° C, rinsed in Dulbecco's
solution, and stained in 20% Giemsa at pH 6.8 for
15-20 minutes at room temperature.
Stained slides were examined on a Leitz Ortholux

microscope (with Ploem's incident fluorescent illumi¬
nation from an HBO 200 light source for Q-banded
preparations). Metaphase spreads were photographed
on Kodak Panatomic-X film from which prints were
made for detailed analysis (7). Most of the lines were
reexamined at intervals during their years of growth,
and up to 100 metaphase spreads were analyzed for any
given line by the three authors working together. If the
interpretation of an aberration was uncertain, further
preparations were made.
Any aberration that was observed in only an isolated

cell from a given preparation was ignored. In practice,
there was rarely any difficulty in recognizing an

Abbreviations used: G-banding = Giemsa banding; Q-banding =
quinacrine banding.

' Received October 2, 1979; accepted January 21, 1980.
2 MRC Clinical and Population Cytogenetics Unit, Western Gen¬

eral Hospital, Crewe Rd., Edinburgh EH4 2XU, Scotland.
3 2xSSC= 0.3 M sodium chloride plus 0.03 M trisodium citrate.
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Table 1.—Cell lines examined for gain or loss of chromosome arms

Lines with gain or loss Lines without gain or loss

Category of donor
No.

No. of
donors

Mo in

Mean

culture"

Range
No.

No. of
donors

Mo in culture"

Mean Range

No lymphoreticular cancer'' 26 22 45.3 18-72 112c 79 8.6 2-60
Lymphoreticular disease other than Burkitt's lymphoma'' 14 12 65 18-120 5 5 19 6-41
Burkitt's lymphoma 5 5 >120 3' 3 >120

"In vitro "age" at time of latest karyotypic analysis.
b Includes cord bloods, healthy adults, patients with infectious mononucleosis, carriers of constitutional chromosome aberration:

patients with genetically determined disease, and a few with cancer of the bladder or gastrointestinal tract.
c Five lines were near-tetraploid and therefore could not be scored for gain or loss of individual chromosomes.
d Includes patients with acute and chronic leukemias, myelofibrosis, or Waldenstrom's macroglobulinemia.
' Three lines were near-tetraploid and therefore could not be scored for gain or loss of individual chromosomes.

aberration as occurring in all or at least a substantial
proportion of the cells from any particular culture.
Aberrations that recurred in different samples from

the same line were scored only once for that line. If a
line was derived from a donor with a constitutional
chromosome abnormality, the corresponding aberra¬
tion persisting in vitro was not scored.

RESULTS

Table 1 lists the numbers of cell lines, derived from
patients in three diagnostic categories, found to have
gained or lost at least a complete chromosome arm. All
the Burkitt's lymphoma lines have been in culture for

many years and were grossly aneuploid when firs
examined by chromosome-banding techniques: Sorm
of the aberrations undoubtedly arose in the course o
tumor evolution in vivo. For lines in the other tw<

categories, however, the extent of karyotypic abnor
mality was obviously related to the duration of culture
Text-figure 1 illustrates the distribution of gains am

losses of chromosome material in the three categorie
of cell lines. There were 160 gains and losses o
chromosomes or chromosome arms, including 18 un
identifiable "abnormal" chromosomes. The correspond
ing figures in (1) were 102 and 19. Thus the proportioi
of unidentified abnormals has been appreciably re
duced by the examination of more material and the us
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Tkxt-figurk 1.—Cumulative gains and losses of specific chromosomes in A) 26 cell lines from donors with no lymphoreticular cancers, B) 1
lines from donors with lymphoreticular diseases other than Burkitt's lymphoma, and C) 5 lines from donors with Burkitt's lymphoma. Eacl
gain is recorded as a symbol to the left and each loss by a symbol to the right of the corresponding chromosome number. 0 = Comple
chromosome; Q = sfiort arm ("p"); c=long arm ("q"); Abn = abnormal.
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if an additional banding technique. In very few
nstances have previous interpretations of karyotypes
reen revised. For example, what was formerly thought
0 be an additional X-chromosome in one line has
ieen recognized in G-banded preparations as der
f8q;21q. Positive identification of the long arm of #8 is
ine of the major advantages of G-banding over Q-
landing, and eight instances of isochromosome #8q
lave been recognized, six of them in lines derived from
lealthy donors (fig. 1).

•DISCUSSION

Long-term lymphoid lines with defined chromosome
iberrations offer a new approach to human gene
napping, particularly when diploid lines from the
same donor are also available. Such material has

ilready been exploited when karyotypic variation in a
ieries of sublines has been associated with complete
oss of a gene product (8), and more recently it has
leen demonstrated, with lines described in this report,
hat quantitative changes in gene activity may provide
1 basis for assignment and localization of certain
;tructural genes (9).
The inclusion of more material and the addition of a

tecond banding technique has resulted in some altera-
ion to the overall distribution of chromosome gains
ecorded in our previous report (/). Preferential in¬
volvement of autosomes #3, 7, 8, 9, and 12 is still
ibvious, but the sex chromosomes are less prominently
epresented. Chromosome #21 must now be added to
he list of those selectively reduplicated.
The interpretation of these observations remains

jncertain. Because most lines examined were diploid
when first established, we must postrdate either that
rhromosome gains arise in a nonrandom fashion or
hat they occur at random but clones that have
required certain trisomies have a selective advantage.
Fhe latter explanation seems more likely because lines
usually contain, in addition to one or more chromo-
somally marked clones, sporadic cells that demonstrate
r wider range of karyotypic variation. Furthermore, the
growth of individual lines by the emergence of a series
if "waves of clones" with a selective growth advantage
has already been demonstrated in our material (10).
The distribution of chromosome gains appears to be

iifferent for the three cell line categories. The propor¬
tion of unidentifiable abnormals is much lower in the
lines from donors without lymphoreticular cancers
than in those from patients with leukemia, myelofibro¬
sis, or macroglobulinemia but is highest in the Burkitt's
lymphoma-derived cultures. In this last group only
thromosome #7 is clearly overrepresented among iden-
ifiable autosome gains, whereas the relative underrep-
resentation of chromosomes #9, 12, 21, and particularly
1 is striking when compared with the situation in the
ither two sets of lines.

Among the cultures included in the present study,
inly the Burkitt's lymphoma-derived lines have an
unquestionably malignant origin. The association of

trisomy #7 with Burkitt's lymphoma cells, not only in
cultured lines but also in fresh biopsy preparations,
has been noted previously (11). A superficial analysis of
the present data might thus suggest that trisomy #7
and the acquisition of unidentifiable abnormal chro¬
mosomes are correlated with malignancy in human B-
lymphocytes, whereas trisomies #8 (particularly 8q), 9,
12, and 21 confer a selective advantage for growth in
vitro. Nevertheless, the relative absence of trisomies
involving chromosomes other than #7 in the Burkitt's
lymphoma lines is puzzling given the length of time
they have been maintained in vitro. Evidence from the
other two groups of cell lines clearly establishes that
the presence of an additional chromosome #7 does not
preclude the emergence of other trisomies. Therefore,
differences are apparent between the patterns of evolu¬
tion of Burkitt's lymphoma and non-Burkitt's lym¬
phoma lines during prolonged culture. These differ¬
ences may be directly attributable to the malignancy or
some other characteristic of the relevant cell lines, but
it may also be argued that some of the properties of
Burkitt's lymphoma lines are specific to that disease
rather than being general characteristics of malignant
B-cells.
In their recent review of chromosome aberrations in

direct preparations from human neoplasms, Mitelman
and Levan (12) recorded a cumulative excess of tri¬
somies #8, 9, 21, and 22. A large proportion of the
material comprising that report was collected from
studies of leukemias, lymphomas, and related lym¬
phoreticular neoplasms. The occurrence of trisomies #3
and 12 has recently been recorded in chronic lymphatic
leukemia and other lymphoid neoplasms (13, 14). The
degree of concordance between these sets of results and
the present findings in cultured lines of non-Burkitt's
lymphoma origin suggests that long-term growth in
vitro and malignancy in vivo are related phenomena.
There are, of course, points of divergence between the
various sets of data. In human neoplasms, chromosome
losses occur almost as frequently as gains; in particu¬
lar, monsomy #7 is much more common than trisomy.
Further studies are clearly required to establish

which, if any, of the observed chromosome aberrations
in individual lymphoid cell lines are associated with
such "in vitro" correlates of malignancy as, for ex¬
ample, altered growth characteristics and morphology
(75), surface glycoprotein pattern (16), or transplant-
ability into heterologous hosts (17).

REFERENCES

(1) Steel CM, Woodward MA, Davidson C, Philipson J, Arthur
E. Non-random chromosome gains in human lymphoblastoid
cell lines. Nature 1977;270:349-351.

(2) Venuat AM, Rosenfeld C. Comparative studies in human
normal and leukaemia cell lines. In: Serrou B, Rosenfeld C,
eds. Human lymphocyte differentiation: Its application to
cancer. INSERM Symp. No. 8. Amsterdam: Elsevier/North
Holland, 1978:353-356.

(3) Steel CM. Eomond E. Human lymphoblastoid cell lines. I.
Culture methods and examination for Epstein-Barr virus. J

JNCI, VOL. 65, NO. 1, JULY 1980



Steel, Shade, and Woodward

mosome abnormalities in biopsies and lymphoid cell lin
from patients with Burkitl and non-Burkitt lymphomas. Int
Cancer 1976;17:47-56.

(12) Mitelman F, Levan G. Clustering of aberrations to specif
chromosomes in human neoplasms. III. Incidence and ge>
graphic distribution of chromosome aberrations in 856 case
Hereditas 1978;89:207-232.

(13) Hurley JN, Fu SM, Kunkel HG, Chagenti RSK, German
Chromosome abnormalities of leukaemic B lymphocytes i
chronic lymphatic leukaemia. Nature 1980;283:76-78.

(14) Gaiirton G, Robert KH, Friberg K, Zegh L, Bird AG. Extt
chromosome 12 in chronic lymphatic leukaemia. Lancet 198<
1:146-147.

(13) Nilsson K, Pont£n J. Classification and biological nature t
established human hematopoietic cell lines. Int J Cancer 197.'
15:321-341.

(16) Nilsson K, Anderson LC, Gahmberg CG, Wigzell H. Surfar
glycoprotein patterns of normal and malignant human lyn
phoid cells. II. B cells B blasts and Epstein-Barr virus (EB\
positive and negative B lymphoid cell lines. Int J Canct
1977;20:708-716.'

(17) Nilsson K, Giovanella BC, Stehlin JS, Klein G. Tumour
genicity of human hematopoietic cell lines in athymic nut
mice. Int J Cancer 1977;19:337-344.

JNCI, VOL. 65, NO. 1, JULY 1980

Natl Cancer Inst 1971;47:1193-1201.
(4) Steel CM. Human lymphoblastoid cell lines. III. Co-cultiva¬

tion technique for establishment of new lines. J Natl Cancer
Inst 1972;48:623-638.

(5) Pearson PL, Bobrow M, Vosa CG. Technique for identifying
Y chromosomes in human interphase nuclei. Nature 1970;226:
78-80.

(6) Seabright M. A rapid banding technique for human chro¬
mosomes. Lancet 1971;2:971-972.

(7) Davidson NR. Photographic techniques for recording chro¬
mosome banding patterns. J Med Genet 1973;10:122-126.

(8) Arthur ME, Steel CM, Evans HJ, Povey S, Watson B, Har¬
ris H. Localisation of human peplidase-A structural locus
from studies on a cultured lymphoblastoid line. Nature 1975;
257:308-310.

(9) Soos MA, Shade M, Bell H, Hendry M, Steel CM. Mapping
by gene dosage using aneuploid human lymphoid cell lines.
In: Evans HJ, Hamerton J, Klinger H, McKusick VA, eds.
Human gene mapping. V. Basel: The National Foundation/S.
Karger, 1979:205-206.

(10) Steel CM, McBeath S, O'Riordan ML. Human lymphoblas¬
toid cell lines. II. Cytogenetic studies. J Natl Cancer Inst 1971;
47:1203-1214.

(11) Zegh L, Haglund V, Nilsson K, Klein G. Characteristic chro¬



1A

1

t

v*'»

* .t.
*->$
'#1

* »v

\

>#

.«.*■

a'>»̂

ftp

A4

&

v*. ■/»*>..

%%t **I* .*

'***'•

«r

ti

-IA9*

•

*k

$

it

r

tt * -
%■—»

~43 ■*5

tf-

r*11
«fm

1

2

3

>

4

J6

''*a

?F
2:5*

#iv
r*.*

4,0f'in r4•»»■"*

6

7

8

9

10II12

«■

*d|&

•f

•̂ui

13

415

16

17

*xi9
s»

5

•»

-7* IS

19

2D

21

22

t

ikJI■̂
*

4,"#

%

%*»'*
N*/is*

jfr

-If

♦ft* f1

.Jjj."ikA-fmH-•))ii
If

it

i

23

4

5

H

6

>

^i#iY*%P- 78910
IIi 1112

i<
X

i *

iifili

#$

13

141516
17

♦*

18

19

20

2122

O
3" o 3 o

(A

o 3

<t>

o

Q)

5"

</>
•<

3

"O

3" O a!
O

ID

.-I_i=tfc1.—ExampleofA)G-bandedandB)Q-bandedkaryotypesfromthecelllineORIi,derivedfromahealthyadultfemaleandinitially dip.o:d.After5yrincultureitshowedtrisomy#7and9andgainofanisochromosomefor#8q(arrow).
3 ®

<0 <0 <0



Chromosome Aberrations Acquired In Vitro by Human B-Cell
Lines. II. Distribution of Break Points1

Mary Shade, 2 Marilyn A. Woodward, 2 and C. M. Steel2'3,4

ABSTRACT—Among 165 human B-cell lines examined, 57 were
found to have karyotypic abnormalities that involved chromo¬
some breakage. The sites of breakage were identified with
quinacrine-, Giemsa-, and reverse-banding techniques, and the
distribution of 239 break points was plotted. A pronounced
excess of telomeric and, to a lesser extent, centromeric breaks
was observed. Chromosomes #7, 8, 9, 11, and 14 were involved in
structural rearrangements more often and chromosomes #2, 5,
10, 20, and X less often than was predicted on the basis of their
relative lengths. Lines derived from patients with different cate¬
gories of disorders varied in the distribution of break points
throughout the karyotype. In this sample of cell lines, #8q;14q
translocations were found only in cultures derived from patients
with Burkitt's lymphoma and were never observed to arise among
other Epstein-Barr virus-carrying lines even after several hundred
cell generations in vitro. An additional feature, which was
evidently restricted to lines derived from leukemia or lymphoma
patients, was the presence of interstitial insertion, deletion, or

reduplication, particularly involving the long arm of chromosome
#1.—JNCI 65: 101-109, 1980.

Human lymphoid cell lines evolve in vitro by the
emergence of successive waves of clones that are often
chromosomally abnormal (1). When numerical changes
affecting whole chromosomes or chromosome arms are
considered in a large series of lines, it is evident that
abnormalities accumulate with time in culture, that
gains occur more frequently than losses, and that the
distribution of these gains is not random throughout
the complement (2, 3). The present report is an
analysis of the same series of cell lines as in (1-3) with
regard to the distribution of break points on individual
chromosomes involved in translocations and other
rearrangements.

MATERIALS AND METHODS

Cell lines.—All the lines in this study were Epstein-
Barr virus-carrying cultures of B-lymphocytes. Most
have been established in the authors' laboratory, and
those obtained from other centers [see (3)] have been
maintained here for at least 2 years.
Chromosome preparations.—The preparation of met-

aphase spreads and the techniques of Q- and G-
banding have been described in an accompanying
paper (3). Lines showing very extensive rearrangement
of the karyotype were also examined by R-banding
with the methods of Dutrillaux and Lejeune (4) as
modified by Dr. Claude-Lise Richer (personal commu¬
nication). For this procedure, the suspension contain¬
ing dividing cells, after treatment with hypotonic KC1,
was fixed in a mixture of chloroform:methanol:acetic

acid 3:6:1 followed by two changes of methanobacetic
acid 3:1. The cells were then dropped onto clean slides
and allowed to spread and dry. These preparations can
be processed immediately or after storage for periods
up to several months. Slides were placed in Earle's salt
solution (pH 5.2) at 86° C for 5-30 minutes (the more
recent the preparation the longer the incubation),
rinsed in cold tap water, and stained in 4% Giemsa (pH
6.8) for 10 minutes at room temperature.
Metaphase preparations were photographed as de¬

scribed in (3), and the prints analyzed by the three
authors working together.
Most break points recorded were identified in photo¬

graphs of at least 10 and in some cases more than 100
metaphase spreads. Some break point assignments were
verified by direct microscopic observation of additional
G- and R-banded metaphase spreads from the original
slides.
Break points identified only in sporadic cells from a

given line were not scored, nor were those that rep¬
resented persistence in vitro of constitutional trans¬
locations or deletions in the donors from which the
cultures were derived.
If a given aberration appeared in several parallel

clones of a single line or persisted through a series of
evolving clones, the relevant break points were scored
only once each for that line.

RESULTS AND DISCUSSION

Among the 165 lines examined, aberrations involv¬
ing chromosome breakage were found in 57. Abnor¬
malities of chromosome number sometimes occurred
without translocation or deletion and vice versa. For

example, eight near-tetraploid lines, which could not
be scored for gains and losses, all included transloca¬
tions or other aberrations with identifiable break points.
Correspondence between the lines with chromosome
breakage and those in which there were gains or losses
of whole chromosomes or chromosome arms (5) is

Abbreviations used: cent = centromeric; G-banding = Giemsa band¬
ing; Q-banding = quinacrine banding; R-banding = reverse banding.
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3 Address reprint requests to Dr. Steel.
4
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Text-FIGlirk 1.—Cumulative distribution of break points in 35 cell lines derived from donors without lymphoreticular cancers. Each breaf
point detected consistently in a given cell line is recorded as a single arrow opposite the relevant part of the karyotype diagram. "Hot spots'
where breakage occurred in several different cell lines can be recognized by the chains of arrows.

therefore not exact but is very close. Furthermore, a
correlation with duration of in vitro culture, as was
found for frequency of chromosome gains (3), was
also found for structural aberrations.
The cell lines have been subdivided into three

categories according to whether they were derived from
patients without lymphoreticular cancers, from those
with leukemia or related conditions other than Burkitt's

lymphoma, or from Burkitt's lymphoma patients. Line;
in the first and last of these categories can be assumec
to be of nonmalignant and malignant origins, respec¬
tively, whereas the status of those in the middle group
is uncertain. The distribution of identified chromo
some break points in the three sets of lines is illus
trated in text-figures 1-3.
If the data from all three sets of lines are combinec

JNCI, VOL. 65, NO. 1, JULY 1980
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and the distribution of breaks within chromosome
arms is examined, a clear excess of breaks is observed
to occur at the terminal regions and to a lesser extent
at the centromeres (table 1). A similar, though less
marked, excess of centromeric and telomeric breaks has
been recorded in human cells scored for chromosome
aberrations induced by X-rays in vitro (6, 7) and in the
cells of individuals with constitutional translocations
or inversions (5). There is no satisfactory explanation

for the phenomenon. Allowance should be made for
the fact that when a chromosome was altered by the
addition of material on the end of one arm, a telomeric
break point was always scored, but unless the precise
origin of the extra material could be identified, the
second break point (which may have been median)
could not be recorded. The inherent difficulty in
identifying incomplete chromosome arms may also
have led to a relative excess of median break points

JNCI, VOL. 65, NO. 1. JULY 1980
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among extra chromosomes listed as "unidentified ab-
normals." However, biased ascertainment is unlikely to
be a major factor when multiple chromosome banding
techniques are used, and in the present material the
preponderance of centromeric and telomeric breaks was
most apparent for cell lines of "nonmalignant" origin,
the very category for which there is least uncertainty
about the identification of aberrations, as judged by the

JNCI, VOL. 65, NO. I, JULY 1980

low proportion of unidentified abnormals among chro¬
mosomes gained in vitro (3).
The proposition that centromeric and telomeric re¬

gions are particularly prone to breakage, specifically to
breakage and recombination events that are compatible
with the survival of the cell and its progeny, remains
open. Yet comparison of the present material with that
given in the studies cited above does not reveal any
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Table 1.—Distribution of break points within chromosome arms

Type of
break point"

Total
No. of
bands

No. of break points

Ob- Ex-
served pected

Contri¬
bution
z. 2 bto x

Terminal 46 116 37 168.7
Median 205 81 165 42.8
Centromeric 46 42 37 0.7

" Breaks within the most distal recognizable band are scored as
terminal, and those within the band on either side of the centro¬
mere are scored as centromeric. Mean sizes of centromeric, me¬

dian, and terminal bands are assumed to be equal (5).
" x2 = 212.2; P«0.001.

concordance with regard to clustering of break points
on the centromeres or telomeres of any particular
chromosomes.
When the data are analyzed with respect to the

frequency of break points on individual chromosomes,
there is relative overrepresentation of autosomes #7, 8,
9, 11, and 14 and underrepresentation of #2, 5, 10, 20,
and X (table 2). This pattern bears no relation to the
distribution of breaks per chromosome in short-term
cultures of human cells irradiated in vitro (6) or in
vivo (7, 8), but similar overrepresentation of #14 and
sparing of #2, 10, and X are features of chromosome
breaks reported in human cancers, according to the
data collated by Mitelman and Levan (9).
Comparison of the distribution of break points in

the three categories of cell lines (text-figs. 1-3) reveals
striking differences, particularly between lines from

Table 2.—Distribution of break points by chromosome pairs

No. of breaks
Chromosome No. Observed — expected

Observed Expected"

1 18 19 -1
2 6 18 -12
3 16 15.5 0.5
4 10 14 -4
5 6 14 -8
6 7 13 -6
7 20 12 8
8 27 11 16
9 17 11 6

10 4 10.5 -6.5
11 18 10.5 7.5
12 11 10.5 0.5
13 12 8.5 3.5
14 19 8 11
15 9 8 1
16 6 7.5 -1.5
17 7 7.5 -0.5
18 4 6.5 -2.5
19 5 6 -1
20 1 6 -5
21 7 4 3
22 3 4.5 -1.5
X 3 9 -6
Y 3 3 0

" Based on length measurements (10) with weighting for re¬
duced representation of X (25%) and Y (50%).

donors with nonmalignant diseases and lines from
Burkitt's lymphoma patients. The "hot spots" on #7p,
8cent, 11 q, 14cent, and 17p in the former are not
apparent in the latter, whereas the exclusive restriction
of the break points #8q24 and 14q32 to Burkitt's
lymphoma lines implies that the well-known #8; 14
translocation that characterizes this tumor (11) does not
arise as a direct consequence of Epstein-Barr virus
"transformation" of B-lymphocytes even after culture
for many hundreds of cell generations.
The difference in distribution of chromosome break

points between Burkitt's lymphoma lines and other
lines may add support to the suggestion that the
former are distinct in being derived from cells at an
earlier stage of functional differentiation than those
transformed by Epstein-Barr virus in vitro (12, 13).
However, most of the Burkitt's lymphoma lines are of
African origin, whereas those in the other categories
are from Caucasians. Genetically determined differ¬
ences in susceptibility to chromosome breakage at
specific sites could account for some of the present
findings, and until adequate numbers of long-estab¬
lished lines from African donors without Burkitt's
lymphoma have been examined cytogenetically, this
possibility cannot be excluded.
An additional feature that seemed to distinguish

"malignant" lines from those of nonmalignant origin
is the occurrence of interstitial deletions, insertions, or
duplications. Five examples were recognized in the
entire collection of material: four in Burkitt's lym¬
phoma lines and one in an acute myeloblastic leuke¬
mia line (table 3). Three of these involved enlargement,
by insertion or partial duplication, of the long arm of
chromosome #1. The enlargement of chromosomes by
insertion or amplification of interstitial "blocks" of
material has been described in a number of human and
animal lines and has been ascribed to the selective
reduplication of a gene or genes associated with
expression of the malignant phenotype (14, 15). In
these instances, however, the inserted elements lacked
distinctive banding patterns and were referred to as
"homogenous staining regions," a description that
does not apply to most examples of interstitial chro¬
mosome enlargement in the Burkitt's lymphoma and
leukemia cell lines (figs. 1-5).
Enlargement of the long arm of chromosome #1 by

insertion or partial reduplication has been recognized
in many cases of Burkitt's lymphoma and other lym-
phoreticular cancers (16-19). The aberrations illus-

Table 3.—Cell lines with interstitial deletions,
insertions, or duplications

Cell line Derivation Interstitial lesion

DAUDI Burkitt's lymphoma Partial deletion #15ql5-21
EBi Burkitt's lymphoma Insertion #lq21
EB4 Burkitt's lymphoma Insertion #lq21
Namalva Burkitt's lymphoma Insertion #lq21
RPMI 8866 Acute myeloblastic Insertion #3q26 (? inter-

leukemia nal reduplication)

jnci, vol. 65, no. i, july 1980
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trated in several of these reports were so similar to
those recorded in the present material as to suggest
very strongly that a specific lesion on chromosome #lq
is involved in the expression of the malignant pheno-
type by human lymphoid and related cells. There may
also be significance in the fact that aberrations affect¬
ing #lq have been found in direct preparations and cell
lines from a variety of human carcinomas (9).
The fundamental question that remains is whether

clustering of breaks acquired in vitro merely reflects
localized fragility of the chromosomes (the conse¬
quences of breaks being neutral with respect to survival
of the cell) or whether breaks at these sites enhance
adaptation of the cell to culture conditions. In the long
term, comparative studies of diploid and aneuploid
clones from the same lines should help to resolve the
issue.
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MULTIPLE CASES OF BURKITTS LYMPHOMA
AND OTHER NEOPLASMS IN FAMILIES IN THE NORTH MARA
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In an area of Tanzania in which Burkitt's lymphoma
(BL) is endemic, five families are described in which
multiple cases of BL were found or BL occurred with
other neoplasms. The patients include two brothers and
one half-brother with BL, two brothers with BL, a wo¬
man with nasopharyngeal carcinoma (NPC) whose
daughter had BL, a boy with BL whose sister developed
chronic myelogenous leukaemia (CML), and a man with
CML whose son developed BL. The two full-sib pairs
with BL is significantly more than would be expected to
have arisen by chance and the association of BL with
NPC and CML among close relatives is remarkable in
view of the rarity of the last two neoplasms in the study
area. It is suggested that genetic factors may be impor¬
tant in determining susceptibility to the three malignan¬
cies in this population, but the possibility that the clus¬
tering of cases within families may be due to local en¬
vironmental factors cannot be excluded.

Space-time clustering of cases of BL has been ob¬
served in some areas in East Africa (Clifford et al.,
1968; Morrow et al., 1971; Williams et al., 1978) but
it has not been established that the relatives of pa¬
tients with BL are at increased risk of the disease.
There have been a few reports of BL in related indi¬
viduals from Africa and from «non-endemic» areas

(Dalldorf et al., 1964, Morrow etal., 1971; Stevens et
al., 1972; Clifford, personal communication, 1973;
Joncas et al., 1976; Williams et al., 1978; Ziegler,
personal communication, 1979) but it has been im¬
possible to assess whether these were chance occur¬
rences or indicated an increased susceptibility or ex¬
posure to causative agent(s) among members of the
same family.
Our observations on the epidemiology of BL in

the North Mara District of Tanzania suggest that
there is an increased risk of BL among the sibs of
patients and BL family members may also be at in¬
creased risk of developing some other neoplasms.

methods

The epidemiology and natural history of BL in the
North Mara District of Tanzania have been studied
for several years under a collaborative agreement
between the Shirati Hospital (in the North Mara
District) and the International Agency for Research
on Cancer (IARC) Brubaker etal., 1973). Personnel
attached to the Shirati Hospital make regular visits
to hospitals and dispensaries in the District to pub¬

licize the study. Patients with suspected BL are re¬
ferred for diagnosis and treatment to the hospital
and the home of each BL patient is visited. In
families in which multiple cases of malignancy are
discovered, particular efforts are made to interview
and examine all available family members and to
record the family structure.

results

Details of five families in which multiple cases of
BL, or BL in association with another tumour have
been found, are given in Table I and Figures 1-5.

female- A, sex not known; symbol crossed through: dead.

Received: March 11, 1980, and in revised form May 22,
1980.
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TABLE I

SUMMARY OF CLINICAL DATA1

Family2 Subject
Date

disease
noted

Clinical history Pathology

in

IV

Ot.O., male, 3 years. 1959

Or.O., male, 8 years. Dec.
Halfsibling of Ot.O. 1965

S.O., male, 11 years. Dec.
Halfsibling (paternal) 1971
of Ot.O. and sibling
of Or.O.

M.Ok., male, Sept.
12 years. 1971

D.Ok., female, Nov.
5 years. 1972
Sibling of M.Ok.

Ob.Og., male, Feb.
5 years. 1972

Ok.Og., male, Jan.
10 years. 1973
Sibling of Ob.Og.

A.Og., male, 9 years. Feb.
Halfsibling of Ob.Og. 1973
and Ok.Og.
S.K., female, Jan.
35 years. 1973

O.K., female, Feb.
5 years. 1973
Daughter of S.K.
On.A., male, Sept.
37 years. 1973

P.A., male, 12 years. Jan'.
Son of On.A. 1974

Bilateral swelling of the maxilla
with loss of teeth. Died 4 months
after admission to hospital.
Intra-abdominal mass, lympha-
denopathy. Initial response to
chemotherapy followed by re¬
currence of disease. Died 1966.

Intra-abdominal mass, lympha-
denopathy. Initial response to
chemotherapy followed by re¬
currence of disease. Died August
1972.

Intra-abdominal and jaw tu¬
mour. Died 18 days after admis¬
sion to hospital.
Splenomegaly. Remission after
chemotherapy from June 1972.
Recurrence mid-1975. Died Au¬

gust 1975.

Bilateral maxillary swelling with
loss of teeth. Good initial re¬

sponse to chemotherapy but fol¬
lowing recurrence of jaw tumour
died November 1972.

Tumour left mandible, intra-ab¬
dominal tumour. Slight improve¬
ment after chemotherapy. Died
March 1973.

Intra-abdominal tumour. Died 1

day after admission to hospital
March 1973.

Bilateral lymphadenopathy of
neck. Transient response to
chemotherapy. Died June 1974.
Abdominal tumour. Chemothe¬
rapy ineffective. Died March
1973.

Fever, chest and abdominal pain,
swelling of legs. Splenomegaly
and hepatomegaly. Patient had
no response to chemotherapy
and died May 1974.
Intra-abdominal mass. Transient
response to chemotherapy. Died
July 1974.

No biopsy recorded.

BL

BL

BL

CML on basis of
peripheral blood and
bone-marrow exami¬
nation. Chromosome
preparations revealed
Ph1 (Fig. 6).
Tumour tissue necro¬

tic but reported as
consistent with BL.

BL

BL

NPC

BL

CML on basis of

peripheral blood and
bone-marrow exami¬
nation. No chromo¬
some studies.

BL

1 Surveillance of these families has not revealed any further cases of neoplasia to date. - 2 Family trees are depicted in Figures 1-5.

Diagnoses were confirmed by histopathological ex¬
amination for 11 of the 12 patients and, for 10 of the

-O

J* > o—□ Jxupnumuo
BL CML

Figure 2 — Pedigree of Shirati family II.

patients, the slides were reviewed by one of us
(H.M.C.). In one case where no biopsy was done the
diagnosis of BL was based on clear clinical evidence.

DISCUSSION

Familial clustering of BL patients
Data on the epidemiology of BL in the study area

(Brubaker et al., 1973) provide the basis for an
analysis of the possible statistical significance of
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these findings despite difficulties due to scanty infor¬
mation on the structure of the population in the
North Mara District. A computation based upon
some conservative assumptions suggests that the
familial clustering of BL, at least, may be a real
phenomenon. The child population of North Mara
(under the age of 15 years) is about 100,000
(Brubaker et al., 1973). If we assume that all these
children were at risk of developing BL for the dura¬
tion of the study and that all sibships are, say, of size
8 (the average sibship size is almost certainly less
than 8), the expected number of sibships with two or
more BL cases may be calculated to be 0.09, on the
assumption that there is no clustering of cases within

sibships and that the risk of developing BL during
the study period is 1/2,000 for each of the 100,000
children (see Appendix for details of computation).
Thus it would seem that the two full sib pairs with
BL who were found is considerably in excess of ex¬
pectation. A formal test of statistical significance of
the two observed sib pairs with BL against 0.09 ex¬
pected yields p = 0.004. However, this value must
be interpreted with caution. The clustering in
families was unexpected and it was unlikely that we
would have reported the absence of such clustering.
This is not taken into account in the calculation of
the probability value (nor is it possible to do so) and
thus the true significance of the finding must await
the result of similar studies in other areas.

Familial association of BL and NPC
East Africa is one of the few areas of the world

where both BL and NPC occur with relatively high
frequency (Clifford et al., 1968). Nevertheless, even
on that restricted geographical scale, the two
dieseases are generally found in separate locations,
and the mother of the BL child in familiy IV was the
only case of NPC seen at the Shirati Hospital during
the period of this study.
There is one previous report of NPC in a parent

and BL in a child (Li, 1976), and multiple cases of
both BL and NPC within one family were recorded
in one of the papers cited earlier (Joncas et al.,
1976). BL and NPC are both linked epidemiological-
ly with Epstein-Barr virus (EBV) though the nature
of the association remains uncertain (de-The et al.,
1978; Epstein, 1978). Both tumours display striking
geographical variations in incidence, suggesting the
involvement of major environmental and/or genetic
factors in their aetiology. However in the cases
studied by Li, the child with BL had no circulating
antibody to EBV and was therefore presumed not to
have been infected by it (Li, 1976).

Familial association of BL with CML
CML is apparently less common in Africa than in

Western countries, largely due to the younger age
structure of African communities; there may also be
an element of underdiagnosis (Kasili and Taylor,
1970; Fleming, 1979). In a published survey of can¬
cers seen at Shirati Hospital (Eshelman, 1966), no
case of CML was recorded, and a further review of
hospital records for the 30 months to June 1972
again reveals no cases among the 103 malignancies
diagnosed. The two CML patients described in this
report are in fact the only two known to the hospital,
and it is therefore remarkable that both had first-
degree relatives with BL. However, it is possible
that, because patients with BL are followed carefully
over a long time, their relatives are subjected to bet¬
ter disease surveillance than are members of the rest

of the population. Despite this, the finding of two
cases of CML among close relatives of BL patients is
noteworthy unless the disease is much commoner in
the population than is suspected and also it is rarely
diagnosed. The occurrence of CML in a 5-year-old
child is so rare (Wintrobe, 1974) that the diagnosis
might be in doubt in spite of the clinical and
haematological evidence. However, in this case
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Figure 6 — Karyotype of the
malignant cells from case D. Ok. in
family II. The change is a typical
Philadelphia chromosome (Ph1),
and diagnostic for chronic myelolytic
leukemia.

chromosome analysis of spontaneously dividing
blood cells was undertaken and an unequivocal Ph'
chromosome (22q-) was demonstrated (Fig. 6).
No previous association between BL and CML

has been documented and the two malignancies ap¬
pear to involve different cell types. However, recent
evidence indicates that the malignant change in
CML originates in a multipotent stem cell from
which B lymphocytes, as well as myeloid cells, can
be derived (Janossy et al., 1978).
The findings of space-time clustering of BL in

some areas has provided strong support for the hy¬
pothesis that the onset of the disease is triggered by
some environmental factor. No evidence of such

clustering has been found for cases arising in the

area from which our patients were drawn (Brubaker
et al., 1973; Siemiatycki et al., 1979). The clustering
within families may be due either to a locally acting
environmental factor which would have had to act

during the period of 1-6 years which elapsed bet¬
ween the presentation of individual BL cases in
families I and II, or to shared genetic susceptibility.
Our data do not allow us to distinguish between
these two possibilities.
In the case of NPC, studies on racial distribution

and on the frequency of particular HLA alleles
among patients and controls have supported the con¬
cept of an important genetic component, particularly
in patients in South-east Asia (Muir, 1972; Betuel et
al., 1975; Simons et al., 1975). Despite the absence
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of any apparent association between HLA alleles
and BL in three published surveys (Dausset et al.,
1975; Dick et al., 1975; Bodmer et al., 1975), one of
which included patients from Shirati, this issue is not
completely resolved since the panels of typing sera
then used were of predominantly Caucasion origin
and might have been inadequate for precise identifi¬
cation of some antigens in Africans. Furthermore,
only A and B alleles of the HLA system were ex¬
amined, whereas recent evidence suggests that it is a
D-locus antigen which is most closely linked to sus¬
ceptibility to NPC, at least among the Chinese popu¬
lation of Singapore. Further studies of HLA anti¬
gens are therefore in progress using frozen, "bank¬
ed" lymphocytes from East African BL patients,
NPC patients, their families and control subjects
(Steel et al., 1974).
Regarding the association between BL and CML,

there may be some significance in the fact that each
disorder is characterized by a specific chromosome
translocation (8q-, 14q+ in BL; 9q+, 22q- in CML)
(Rowley, 1974; Zech et al., 1975). Long-term follow-
up of human lymphoid cell lines grown in vitro has
demonstrated that the 8/14 translocation is not sim¬

ply induced by EBV, at least in cultures of Cauca¬
sian origin (Shade et al., 1980). A high frequency of
chromosome aberrations has been recorded in the
somatic cells of members of some «cancer-prone»
families (Wurster-Hill et al., 1974; Cervenka et al.,
1977) and the existence of «break-sensitive» regions
on the chromosomes of particular individuals has
been demonstrated (Reeves and Lawler, 1970;
Golob, 1970). A genetic component in BL and CML
could thus reside in an inherited predisposition to
acquire the specific chromosome translocations seen
in these malignancies.
The possible mechanisms discussed above are not

exhaustive nor need they be mutually exclusive.
Others have stressed the need for a multidisciplinary
clinical and laboratory approach to the investigation
of familial cancers (Fraumeni, 1977; Blattner, 1977).
Our continuing studies on malignant disease in the
Shirati area and on "banked" tissue and serum from
East African subjects are founded on this concept.

APPENDIX

Calculation of expected pairs of cases of BL within
sibships
The probability that a child will develop BL by the

age of 15 may be estimated by adding together the
age-specific incidence rates for all ages up to 15. If
this is done, using the data of Brubakereta/. (1973),
we obtain an estimate of about 1/1,000. However,

this estimate is too high as it is based upon the as¬
sumption that there is no mortality from other
causes. Deaths in childhood from infectious diseases
and malnutrition are common in tropical Africa and
if these are taken into account the estimate of the
risk of developing BL before the age of 15 years is
considerably reduced. Furthermore, children in the
study area have only been under surveillance for the
11-year period 1964 to 1974. If this is taken into
account also, we estimate that the probability of a
child's developing BL before the age of 15 during the
study period was about 1/2,000. The calculation of
the expected number of sib pairs with BL is based on
the binomial distribution. If the probability of a
child's developing BL between birth and age 15 is
0.0005 (1/2,000), let P(x) be the probability that x
children, in a sibship of size 8, develop the disease.
From the binomial distribution we have:

The probability that none of the children in a sib¬
ship of size 8 develop the tumour is:
P(0) = (0.9995)8 = 0.996007.
The probability that one child in a sibship of size 8

develops the tumour is:
P(l) = 8(0.9995)7 (0.0005) = 0.003986.
Thus the probability that two or more develop BL

is: P(2+) = 1 - P(0) - P(l) = 0.000007.
If the child population is 100,000, there are

100,000/8 = 12,500 sibships of size 8 and hence the
expected number of sibships with two or more cases
of BL is 12,500 X 0.000007 = 0.09. If we assume the
average sibship is less than 8 the expected number of
sibships with two or more cases of BL is less than
0.09 (even though the total number of sibships is
increased).
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INTRODUCTION

Human haemopoietic cell lines in long-term culture have been derived from various lymphomas,
from the blood or lymph nodes of patients with evidence of previous exposure to EB (Epstein-
Barr) virus and from the blood of seronegative donors by co-cultivation with a source of EB
virus (Nilsson, Ponten & Philipson, 1968; Diehl et al. 1969; Moore & Minowada, 1969; Steel,
1972). These lines are widely used as experimental tools; the worker in cancer research may be
principally concerned with a tumour-derived line as a representative of the tumour from which
it was derived, while a biochemical geneticist hopes that deductions made from work on these
linesmay be relevant to normal cells in vivo. Many workers have drawn some distinction between
lines of different origin. For example, Nilsson & Ponten (1975) have classified over 200 estab¬
lished cell lines into 'lymphoblastoid', 'lymphoma', 'leukaemia' or 'myeloma' using the criteria
ofderivation (normal ormalignant tissue), cell morphology, cytogenetics and growth character¬
istics. They considered that many of the lines from patients with leukaemia were 'lymphoblas¬
toid', i.e. normal, but that some lines derived from such patients were true 'leukaemia' lines.
Lymphoid lines of 'normal' and 'malignant' origin have also been distinguished on the basis of
their surface glycoproteins (Andersson et al. 1977; Nilsson et al. 1977).
Most Burkitt lymphomas and cell lines from normal cells after co-cultivation with EB virus

are positive for the viral nuclear antigen EBNA (for review see Klein, .1979). A few EBV negative
lines exist and these are believed to have been derived from malignant cells in vivo. It has
generally been thought that apart from Burkitt lymphomas those lines which carry the EBV
genome must have been derived from normal (non-malignant) cells. This rule, however, clearly
permits exceptions. For example, EBNA positive lines apparently derived from true leukaemia
cells have been obtained following EBV infection in vitro (Hurley et al. 1978) and there are
indications that the chromosome constitution of EBV positive leukaemia-derived lines
distinguishes them as a group from lines derived from patients without malignant disease. The
lines considered in this paper, grouped according to EBNA status and/or virus production,
are listed in Table 1.

Characteristic chromosome abnormalities usually involving chromosome 14 have been found
in Burkitt lymphomas and in lines derived from them (Manolov & Manolova, 1972; Jarvis,
Ball & Rickinson, 1974; Zech, Nilsson & Klein, 1976). Considerable change of karyotype occurs
during culture of these lines (Bloom, McNeill & Nakamura, 1974). Lines started from other
patients or from healthy individuals are usually diploid initially, but after prolonged culture
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Table 1. Lymphoid cell lines derived from patients with lymphoreticular malignancy
Date

Ethnic group est.* Diagnosis References

(1) EBV positive Burkitt lymphomas
DAUDI African 1967 Burkitt lymphoma Klein et al. (1968)
JIJOYE African 1964 Burkitt lymphoma Puvlertaft (1965)
EBX African 1964 Burkitt lymphoma Epstein et al. (1964)
eb2 African 1964 Burkitt lymphoma Epstein et al. (19650)
eb3 African 1964 Burkitt lymphoma Epstein et al. (19656)
RAJI African 1964 Burkitt lymphoma Pulvertaft (1965)
NAMALWA African 1972 Burkitt lymphoma Reedman & Klein (1973)
kib2 African 1973 Burkitt lymphoma Steel (unpublished)
AKUBA African 1972 Burkitt lymphoma Klein, Dombros & Gothoskar (1972)
RAEL African 1972 Burkitt lymphoma Klein et al. (1972)
MAKU African 1969 Burkitt lymphoma")" Yata & Klein (1969)
eb4 White (Engl.) 1966 Burkitt lymphoma Epstein et al. (1966)

(2) EBV negative Burkitt lymphomas
BJAB African 1974 Burkitt lymphoma Klein et al. (1974)
RAMOS Mexican I97S Burkitt lymphoma Klein et al. (1975)

(3) EBV negative lines from leukaemias and lymphomas
CCRF/CEM ? White (USA) 196S Acute lymphatic leukaemia Foley et al. (1965)
U698 White (Uppsala) 1974 Lymphosarcoma Nilsson & Sunderstrom (1974)
K562 ? White (USA) 1970 Chronic myeloid leukaemia); Lozzio & Lozzio (1975)
molt4 White (USA) 1971 Acute lymphoblastic leukaemia Minowada, Ohnuma & Moore (1973)
U266BL ? White (USA) 1968 Myeloma Nilsson et al. (1970)
8226 Black 1967 Myeloma Matsuoka et al. (1967)

(4) EBV positive lines from patients with leukaemias or lymphomas
SK-Li ? White (USA) 1972 Acute myelomonocytic leukaemia Clarkson, Strife & De Harven (1967)
ART White (Scotl.) 1970 Acute myeloid leukaemia
BLA White (Scotl.) 1971 Leukaemia
COA White (Scotl.) 1969 Myelofibrosis
GSI White (Scotl.) 1968 Chronic lymphatic leukaemia Steel (1972), Evans et al. (1974)
GUI White (Scotl.) 1973 Leukaemia
HUN White (Scotl.) 1969 Acute leukaemia
LAW White (Scotl.) 1969 Chronic myeloid leukaemia t

8866 White (USA) 1968 Acute myeloid leukaemia Pious et al. (1973)
RUS White (Scotl.) 1972 Leukaemia
SHA. White (Scotl.) 1970 Chronic myeloid leukaemia Steel (1972), Evans et al. (1974)
tay4 White (Scotl.) 1972 Leukaemia
ODY White (Scotl.) 1971 Waldenstrom's Steel (1972)

macroglobulinaemia
VEN White (Scotl.) 1976 Neonatal leukaemia
MIT White (Scotl.) 1971 Acute leukaemia •Steel (unpublished)
CAR White (Scotl.) I97S Chronic myeloid leukaemia
* Or reported if date of establishment not given.
t Probably a normal lymphoblastoid line not derived from the lymphoma.
t Since found to be an erythroid line (Andersson et at. 1979, but see also Lozzio & Lozzio, 1979).

(e.g. more than 18 months) frequently become aneuploid (Steel, McBeath & O'Riordan, 1971;
Nilsson et al. 1977; Steel et al. 1977). The aneuploidy arising in cell lines from normal individuals
usually takes the form of chromosome gains which are not entirely random with respect to the
chromosome involved (Steel et al. 1977). It has recently been shown that the extra material is
functional in that gene dosage effects can be demonstrated for genes known to be on the extra
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chromosomes (e.g. glutathione reductase increased in trisomy 8, an asymmetrical pattern of
LDH in trisomy 12) (Soos et at. 1979). In the lines from Burkitt lymphomas apparent monosomy
was as common as additional chromosome arms (Steel et at. 1977). However, it was thought that
much of the material 'lost' was probably present as unidentifiable chromosomes.
There is a recognizable though imperfect correlation between clonability in soft agarose and

the ability to form tumours in nude mice. Parallel cytogenetic and animal inoculation studies
have shown that the aneuploid lymphoma lines are tumorigenic from the beginning, whereas
diploid lymphoblastoid lines are not. However, with prolonged culture some of the lympho-
blastoid lines become aneuploid and able to grow in nude mice (Nilsson et at. 1977).
One clear-cut distinction between lines from Burkitt lymphomas and lines from normal tissues

(tonsils) is that the former seem to be monoclonal from the beginning, reflecting the monoclonal
nature of the tumour (Bechet et al. 1974; Fialkow et at. 1970). The lines derived from tonsils were
initiallymulticellular inorigin, as judgedbytheirglucose-6-phosphatedehydrogenaseand immuno-
globin, but after about a year in culture most appeared to be monoclonal (Bechet et al. 1974).
Isozyme patterns have been used to monitor the identity of permanent cell lines and several

workers including ourselves have found this a valuable means of identifying contamination of
one line by another (Gartler, 1967; Povey et al. 1973, 1976; O'Brien et al. 1977; Auersberg &
Gartler, 1970; Leibowitz et al. 1979; Wright, 1980). The purpose of the present paper is to assess
in a semi-quantitative manner the extent to which lymphoblastoid or lymphoma lines are

genetically identical with the cells originally taken from the human donor, and whether the
phenotypes are stable in prolonged culture. The genetic identity has been judged principally by
examining the primary gene products produced by 11 loci distributed on at least 5 different
chromosomes. The loci chosen were those previously shown to be useful in cell identification,
being expressed in cultured cells and showing genetic polymorphism in at least one major popu¬
lation group (Povey et al. 1976). In addition, enzymes determined by some additional non-
polymorphic loci were examined to see if there were consistent qualitative differences in gene

expression between lines of different origin.
Four approaches have been used in the assessment of stability: (1) In some cases direct

comparison of the cell lines with material obtained from the donor could be made. (2) In many

cases, this was not possible, so over the whole sample the distribution of phenotypes was com¬

pared with that expected from population studies. (3) Certain mass cultures were followed for
several years and monitored for changes. (4) Extensive data on one of the Burkitt lymphoma
lines F137 (identical with JIJOYE, see Arthur et al. 1975) have been obtained by cloning and
mutagenesis experiments.

MATERIALS AND METHODS

Cell lines from a total of 137 individuals were examined. Fourteen of these were from patients
diagnosed as having Burkitt's lymphoma (12 African, 2 European) and 22 were from patients
with leukaemia, other lymphomas or related diseases (see Table 1). A total of 101 lines were from
individuals without lymphoreticular malignancy. These 'normal' lines, all EBNA positive, have
not been listed in detail to save space, but individual lines are identified by three or four letters
as previously described (Arthur, Warner & Steel, 1975), and any further information needed
can be obtained from the authors. In the detailed results presented here only one subline from
each individual - the one longest in culture - has been considered, although in many cases

9-2
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several were tested. I1he very few cases where different sublines showed differences in phenotype
are mentioned in the text. Some of the 'normal' lines grew spontaneously from patients with
infectious mononucleosis; the majority were grown, after adding EB virus, from healthy cord
blood or from patients with a wide variety of genetic abnormalities (chromosomal and bio¬
chemical) and a few from patients with non-lymphatic malignancy. Most of the lines were ini¬
tiated in Edinburgh with the exception of the Burkitt's lymphomas which were all obtained from
elsewhere. No line known to have been exposed to mutagen before arrival in Edinburgh has been
included in the analysis and in the few cases where lines were started from donors selected on the
basis of some enzyme variant, that particular enzyme has been excluded from the analysis of
those lines. The average time between initiation of the culture and testing in lines from lympho-
reticular malignancy was 97-5 months; for other lines, this period was 45-5 months. Because of
difficulties in tracing the exact history of cultures obtained from elsewhere it was decided not to
attempt to calculate the proportion of this time spent stored in liquid nitrogen, so in some cases,
the 'time in culture' may be a considerable overestimate.
In 11 of the lymphomas and leukaemias and in 73 of the others, red cells were available to

examine phenotypes of patients directly. In 10 cases additional tissue (usually placenta) was
available to test enzymes not expressed in red cells. In some cases, red cells were stored up to a

year at — 20 °C before testing.

Cell culture

In the majority of cases, lines were maintained in suspension culture in RPMI 1640 and 20%
foetal calf serum in London and aliquots of 5 x 107 cells were harvested and stored in liquid
nitrogen. The myeloma line 8226 was maintained as a monolayer in HAM's F12 plus 10% foetal
calf serum. Ten of the lymphoma lines were not grown in London, but were sent to London
directly from Stockholm as frozen pellets of similar size. Cloning and treatment of cells with
mutagen were done entirely in Edinburgh by methods already described (Povey et al. 1973).
In addition to MNNG, some cells were treated with EMS (Gardiner et al. 1977), and some with
Mitomycin C (either 0-001 jug/ml for 24 h or 0-01 jug/ml for 24 h).

Enzyme analysis
Extracts were made from each cell pellet by sonication in a volume of water approximately

equal to the cell pellet and centrifuging at 10000 g to remove debris. The clear supernatant was
then used for enzyme analysis by horizontal starch gel electrophoresis (Harris & Hopkinson,
1976) with the exception ofa-fucosidase which was assessed by isoelectric focusing (Turner et al.
1975). The polymorphic enzymes chosen are listed in Table 2. Other enzymes tested in at least
50 of the lines included lactate dehydrogenase (LDHA and LDHB), soluble (cytoplasmic)
glutamate oxaloacetic transaminase (GOTs), mannosephosphate isomerase (MPI), glucose-
phosphate isomerase (GPI), peptidases B and I) (PEP B and PEP D), glucose-6-phosphate
dehydrogenase (G6PD), purine nucleoside phosphorylase (NP), adenylate kinase (AK), phos-
phoglucomutase 2 (PGM2), adenine phosphoribosyl transferase (APRT) and some of the lyso¬
somal enzymes, in particular hexosaminidase (HEXA and HEXB). The lines were also examined
for malic enzyme (subsequent paper, in preparation) and for creatine kinase (Povey et al. 1979) -
and these two enzymes will not be discussed further here. Additional enzymes examined in the
mutation experiments on the line JIJOYE included various esterases, pyrophosphatase, cata-
lase, enolase, pyruvate kinase, a-glucosidase, isocitrate dehydrogenase, malate dehydrogenase.
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RESULTS

Lines of 'normal' origin
The eleven polymorphic enzymes in Table 2 were regularly expressed in all these lines. To

compare the phenotype of lines with red cells or other tissues from the donor, 381 tests were

performed. In 372 cases the results were in agreement; in nine tests relating to five patients
discrepancies were recorded. In view of the general agreement in other lines it was thought that
disagreement of two or more loci indicated that the cell line had not been derived from the
individual whose blood had been tested. Three of the lines were in this category, and have not
been entirely explained, but it seems probable that one was caused by contamination of the
culture and two by clerical error. The two individual discrepancies involved doubtful results
from old blood samples which could not be repeated. There was therefore no confirmed example
of a 'normal' lymphoblastoid line showing an enzyme phenotype different from that of the
donor. The distribution of phenotypes in the 101 'normal' lines tested was exactly that expected
in a normal European population (Table 2). The data were analysed as follows.
For the purpose ofstatistical comparison other phenotypes have been simplified to be regarded

as 'most common homozygote', 'heterozygote' and 'less common homozygote'. In the few cases
where more than two alleles have been identified two have been grouped together (e.g. for ACPj).
Where an enzyme usually present was not detectable (all these cases are specifically described
in the text) this has been grouped under 'less common homozygote'. To obtain a test of statistical
significance it was necessary to pool the data from all the loci. This could not be done directly
because this would give, for example, a less common homozygote for PEP C (frequency < 1 in
1500) the same weight as type PGM]2 (frequency 1 in 15). For each locus a separate expected
value and variance was calculated using population frequencies. For each column the square
root of the sum of these variances was then taken as the standard error of the estimate and com¬

pared with the actual differences between the total expected and the total observed in that
column. In this approach we are much indebted to Professor C. A. B. Smith for his advice.
The 20 oldest 'normal' lines had been in culture for an average of 96 months when tested, and

when these are considered separately there is still no difference in the frequency of the different
phenotypes (data not shown). In particular, no unusual rare homozygous phenotypes were
encountered in this series. Thirty-six of these lines were examined for a range of polymorphic
enzymes on two occasions separated by at least 12 months culture. No changes were observed.
The fourth approach, that of cloning, has not been used in these lines.
Apart from the polymorphic enzymes already mentioned, these normal lines regularly

expressed all the enzymes listed in the methods section, with the exception of AK1; which was
never more than a trace, and CK BB, which was very variable. All were G6PD B as expected in
Europeans. Although PEP D was always expressed in these lines we have not used it as a poly¬
morphic marker because in our hands it shows increased anodal mobility on storage and we are
not confident of the scoring. Three rare variants, all heterozygotes, were found in the series,
one for GPI (LYN) and two for MPI (SIM and WES).

Lines from patients with lymphoreticular malignancy other than Burlcitt's lymphoma
Lines from twenty-two patients were included in this category, 16 being EBV positive

and six EBY negative (Table 1). Where the ethnic group was not stated by the original authors,
we have assumed the patient was white. Some of these were 'old' lines obtained from other



to
4^

Table2.Frequencyofdifferentphenotypesatelevenautosomallociinlymphoidlinesofdifferentorigin Burkittlymphomas(black)Leukaemias&non-BurkittlymphomasOthers(white) (white)

f

A

r

A

\

r

A

Locus

N

i*

2-1

2

N

1

2-1

2

N

1

2-1

2

PGMjt

Of

ii

9

2

0

19

10

7

2

99

57

39

3

E

6-8a

3-63

°*55

10-83

7'03

1-14

56-43

36-63

5-94

V

2"59

2'43

0-52

4-66

4*43

1-07

24-26

23-08

5-58

PEPC

0

ii

ii

O

0

21

20

0

I

70

66

4

0

E

ii

O

0

1995

1-05

<

0-021

66-5

3'5

<

0-07

V

o

O

0

i-oo

i-oo

<

0-021

3-32

3-32

<

0-07

aFXJG

0

8

8

O

0

11

7

2

2

39

20

14

5

E

6-88

I-04

004

605

4-235

°-77

21-45

I5-OI5

2-73

V

°'93

0-90

004

2*75

2-63

0-72

976

931

2*54

PGD

0

9

9

O

0

18

17

1

0

77

76

1

0

E

7'92

°*99

<0-027

17-28

0-72

<

0-018

73-92

3-08

<

0-077

y

0-89

0-87

<0-027

0-69

0-69

<

0-018

2-96

2-96

<

0-077

ACP1

0

8

5

2

1

14

4

10

0

73

27

40

6

E

5'52

2*24

0-24

5*74

6-44

1-82

29-93

33-58

9*49

V

1-71

i-6I

0-23

3*39

3-48

1-58

17-66

18-13

8-26

GOTK

0

ii

10

1

0

18

16

2

0

99

95

4

0

E

9'35

1*65

<o*n

17-46

°*54

<

0-18

9603

2-97

<

0-99

V

1-40

1-40

<o-n

0-70

0-52

<

0-18

3-84

2-88

<

°*99

ESD

0

8

7

0

1

15

11

4

0

76

65

II

0

E

656

1-36

0-072

12-3

2*55

0-15

62-32

I2-92

0-76

V

1-18

113

0-071

2-21

2*12

0-15

11-22

IO-72

°'75



Table2.Continued

Burkittlymphomas(black)Leukaemias&non-BurkittlymphomasOthers(white) (white)

Locus

n

1

2-1

2

n

1

2-1

2

n

I

2-1

2

ada

0

10

10

O

0

20

16

4

0

94

83

11

0

E

9'4

o-6

<o-oi

18

2

<006

84-6

9"4

<0-28

V

°'57

0-56

<o-oi

1-85

I-8I

<0-06

8-71

8-49

<0-28

pepa

0

10

9

0

I

21

21

0

0

70

70

0

0

E

8-i

i-8

o-i

21

0

0

70

0

0

V

i'54

00

O-I

0

0

0

0

0

0

pgm3

0

12

8

2

2

19

12

5

2

93

49

35

9

E

4-68

5-64

i-68

io-45

7-22

i-33

5I-I5

35-34

651

V

2-85

2-99

1-44

4-70

4-48

1-24

23-02

21-91

605

glo

0

8

5

1

2

13

5

4

4

55

24

21

10

E

4-14

3-2

0-62

4-03

6-41

2-47

17-05

27-12

io-45

V

1-98

1-91

°'57

2-75

3-21

1-98

11-65

13-56

8-39

SO

106

9i

8

7

189

139

39

11

845

632

180

33

SE

80-37

22-15

3'45

143-81

38-20

7-96

629-38

179-56

34-78

SO-SE

10-63§

-14-15

3'55

-4-09

o-8

3'°4

2-62

0-44

-1-78

sv

15-64

15-28

3-12

24-7

24-37

7-02

116-4

114-36

32-99

Vsv

395

3-9i

1-77

4"97

494

265

10-79

10-69

5"74

to S TO

<s>.
a

Co

§

<s>.
ok

«s>. OK
O-

OK

i TO TOs

SK

s a s TO TO

<>-4 <,
.

s

*Thevariousphenotypeshavebeensimplifiedto:i=mostcommonhomozygote.2-1=heterozygotebetweencommonformandanyother.2=phenotype£
notincludingcommonform. fO=observed.E=expected.V=variance. tAbbreviationsofenzymes:PGMX=phosphoglucomutase(1stlocus).PGM3=phosphoglucomutase(3rdlocus).PEPA=peptidaseA.PEPC=peptidaseC. aFUC=alphafucosidase.PGD=phosphogluconatedehydrogenase.ACPj=Tedcell'acidphosphatase.GOTM=mitochondrialglutamateoxaloacetatetrans¬ aminase.ESD=esteraseD.ADA=adenosinedeaminase.GLO=glyoxalaseI. §Thefigurestobecomparedtoshow,asanexample,whetherthefrequencyofcommonhomozygotesintheBurkittlymphomasisasexpected,areinboldtype.

(no
Or



126

+

S. POVEY AND OTHERS

__

PGM, phenotype 2—1 0 11

PGM3 phenotype 1 1 1 2—1

ALF K562 FAL SMI

Fig. 1. Starch gel stained for phosphoglucomutase showing absence of PGMj in the line K562.

laboratories and only in ten cases was a sample of blood obtained for comparison. The 11 chosen
polymorphic enzymes were again expressed regularly with exceptions noted below. Four dis¬
crepancies in phenotypes were found in 47 tests. Two of these were in one patient. Four lines
(TAYj to TAY4) were independently set up from the same patient on the same day. All these
lines had the phenotype ACP4 B, ADA 1, although blood from the patient was typed as
ACP4 CB, ADA 2-1. In two other patients the ADA phenotype found in the line was different
from that seen in the red cells. All three of these patients had leukaemia and at least one, a child,
had definitely had a large transfusion. It seems probable, although not proven, that the presence
of donor red cells in the peripheral blood samples could account for these discrepancies.
The distribution ofphenotypes of the 21 lines thought to be Caucasian in origin was again not

significantly different from that expected from population frequencies (Table 2). Among the six
EBV negative lines, too few for statistical analysis as a group, four rare phenotypes were
seen. These included an apparent homozygous PEP C variant (population frequency < 1 in
1500) in U698, absence of PGM3 in MOLT4 and a very weak, almost absent PGM4 in the line
K562 (Fig. 1). It is interesting that in K562 the activity of the other phosphoglucomutases
(PGM2 and PGM3) is considerably increased. The line 8226, not included in the calculations
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because of its clearly non-Caucasian origin (G6PD A and GOTM 3-1), also had the apparent
phenotype GOTs 2. Variants of GOTs are rare in all populations tested apart from the Japanese,
where the frequency of GOTs 2 reaches 0-01 (Ishimoto & Kuwata, 1974). It seems probable that
these four unusual phenotypes arose during culture.
Thirteen of these lines have been tested on several occasions more than a year apart and no

changes in culture have been seen. No cloning or mutagenesis experiments have been done on
these lines. The findings in the non-polymorphic enzymes in these lines were, in general, the
same as for the 'normal' lines. However, three lines in this series (K562 and the two myelomas)
expressed AK4. Some of the lines did not express malic enzyme and the amount of CK BB
was extremely variable, TAY4 having as much as brain tissue whereas in MOLT4 it was not
detected (Povey et at. 1979). One rare heterozygote, PEP B 2-1, was seen in this series
(ART).

Burkitt's lymphomas
Twelve African and two non-African lines were examined and in no case was it possible to test

any other material from the patient directly. The 11 polymorphic enzymes were consistently
expressed as were most of the other enzymes tested. The BB isozyme of creatine kinase was not
seen in any Burkitt lymphoma line tested. The most characteristic finding, however, was that
NADP-dependent malic enzyme, which is very active in all 'normal' lymphoid lines, was not
seen in any of these lines. This will be described more fully in our subsequent paper.
The distribution of phenotypes (Table 2) shows a statistically significant deficiency of hetero-

zygotes in the African samples, with corresponding increases in the observed frequency of both
homozygotes, the observed difference in all columns being similar to or greater than 3 x the
calculated square root of the sum of the variances. It may be objected that population data for
Africans are not as accurate as for Europeans, and also that East and West Africans can hardly
be regarded as a homogeneous population. However, the gene frequencies in our sample are very
similar to the population data; it is just the distribution which is different. Although the data
from individual loci are not sufficient to draw definite conclusions, inspection of Table 2 does
not suggest that the loss of heterozygosity is accounted for by genes on any one chromosome.
The most sensitive way of detecting allelic loss might be expected to be an increase in the fre¬
quency of rare homozygotes, since a heterozygote is presumably equally likely to lose the common
or rare allele, but the percentage increase in rare homozygotes will be much higher. In addition
to the polymorphic enzymes considered, at least one and probably two other rare homozygotes
were observed. One was the APRT type 'X' seen in JIJOYE (Mowbray, Watson & Harris,
1972). At the time this was first described it was not certain that this represented a variant
occurring in vivo; subsequently the X-l phenotype has been detected in 1 out of several hundred
Africans tested (Watson, personal communication). Another unusual phenotype was the ap¬

parent absence of PEP D in a subline of JIJOYE, F137D (Povey et al. 1973). In addition,
unusual features of the lysosomal enzymes of two of these lines, RAJI and DAUDI, have been
described by Swallow and others (1977). In the case of RAJI the alterations seen resemble those
of the newly recognized autosomal recessive sialidoses (Lowden & O'Brien, 1979) whereas in
DAUDI the total deficiency of HEXA and HEXB resembles that seen in Sandhoff's disease.
During several years of study of JIJOYE and its sublines in the laboratory various changes in

mass culture have been noted. The original line was heterozygous for PEP A, APRT and ACP4
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Fig. 2. Starch gel stained for glucose-6-phosphate dehydrogenase showing G6PD of altered
electrophoretic mobility in one subline of JIJOYE.

and positive for the usual pattern of PEP D. However, various cultures are apparently homo¬
zygous for PEP A, APRT X, ACPX B and/or negative for PEP D. One subline which was
discovered as a contaminant of a 'normal' line, but which resembled JIJOYE for PEP A and
APRT as well as in karyotype, appeared to be a new mutation for G6PD (Fig. 2). This was the
only spontaneous alteration of electrophoretic mobility seen in the whole survey.
The line JIJOYE under the guise ofF137 has been extensively used in cloning and mutagenesis

experiments. Table 3 summarizes the results of five mutation experiments (some previously
published: Povey et al. 1973; Arthur et al. 1975; Gardiner et al. 1977). Mutagen treatment with
MNNG, EMS, UV or MMC was given in varying doses to mass cultures which were subsequently
cloned either immediately or after a recovery phase. In early work the clones were actually
derived from three or four cells (although it is thought that only one grew), but the majority of
the results were from true single-cell clones. Further details of the mutagen treatment are not
given because the purpose of including the table is to give a minimum estimate for the stability
of the line. The clones produced were screened for enzymes known to be determined by 40
different loci. For technical reasons not every clone was screened for every enzyme. It was
considered that mutation leading to loss of activity of the product of one allele would be ob¬
served only for X-linked loci (G6PD, ccGAL, HPRT or PGK) or for loci which happened to be
heterozygous in JIJOYE {APRT, PEP A). Mutation leading to an active enzyme of altered
electrophoretic activity would be detectable at any locus whose product produced a sharp band
on a gel. In Table 3 the result of five experiments are presented making these assumptions.
Mutations have only been regarded as independent if the cause of the change of phenotype was
biochemically or chromosomally distinct. The loss of HEXA and HEXB in one clone was un¬
expected, since this was not a locus at which one would expect to detect loss. This mutant has
been considered elsewhere (Gardiner et al. 1977). Ignoring this result and pooling treated and
untreated series (since no statistically significant difference was found between them), the rate
of mutation leading to loss of activity of the product of an allele may be as high as 1 /500 per
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Table 3.

(a) Combined results of five mutation experiments on a human lymphoid line
Control Treated

Number of clones tested . . . 151 330
Chances of seeing an'electrophoretic'mutant 7269 16872
'Electrophoretic' mutants seen o 1
Chances of seeing'loss mutation' 871 2308
Losses seen 3 14

(6) Details of independent loss mutations
PEP A* (9/18 translocation) 1/2! 1/2
PEP A (deletion) 1 /2f 1 /2
PEP A (different deletion) — 1
PEP A (different translocation) — 1
aGAL (no gross chromosome change) — 1
APRT (no gross chromosome change) — 1
Loss of HEX A and HEX B (no gross
chromosome change) — 1
Total of independent losses seen 1 6

* Abbreviations: PEP A (peptidase A); aGAL (a-galactosidase); APRT (adenine phosphoribosyl transfer¬
ase); HEX (hexosaminidase).
t Similar mutant gene seen in both control and treated series.

gene per cell division in vitro, while that leading to electrophoretic variation is not more than
1/5 x 10~5 per gene per generation. However, since so many of the lossmutations were accounted
for by differing visibly detectable alterations to chromosome 18, the exceptionally high fre¬
quencies of loss mutations might be particular to JIJOYE and/or chromosome 18 and might not
be relevant to other lines (Arthur & Shade, in preparation).
The two non-African Burkitt's lymphomas (EB4 and RAMOS) have not been included in the

calculations in Table 2. In these two lines three heterozygous phenotypes were observed at the
polymorphic loci whereas 4-1 would have been expected. RAMOS (Mexican) was also found to be
heterozygous for a GOTs variant (GOTs 2-1).

DISCUSSION

At the loci tested, lines started from individuals without lymphoreticular malignancy are

phenotypically identical to the person from whom they are derived and remarkably stable in
culture in respect of the enzyme phenotype tested. In 101 lines cultured for an average of over
three years there was no good evidence of a change in phenotype at any locus. No case ofmuta¬
tion leading to alteration of electrophoretic mobility of any enzyme was observed.
In contrast, lines from Burkitt's lymphomas were much less representative of living people.

It is, of course, possible that some of the Burkitt's lymphomas had abnormal phenotypes in vivo,
but, in view of the direct evidence for changes in the line JIJOYE both in mass culture and
in cloning experiments, it seems more likely that the loss of heterozygosity arises during culture.
Although the Burkitt's lymphoma lines had been in culture on average much longer than the
lymphoblastoid lines (about ten years as opposed to four years), the total number of months in
culture was less (1600 as opposed to 4500). The loss of heterozygosity seen in the Burkitt's
lymphoma lines from 26 expected to 11 observed (including all ethnic groups) suggests that
these lines may lose the function of up to one-fiftieth of their genome for each year in culture.
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It is not clear whether this occurs as a result of chromosome duplication and subsequent elimina¬
tion of one of the three, leaving the cell homozygous at the relevant locus, by point mutations
or by gross chromosome damage, leaving the cell effectively hemizygous. However, recent cyto¬
genetic evidence indicates that there is a distinction between Burkitt's lymphoma derived lines
and other long-term EBV positive cultures since, in the former, aberrations arising in vitro
rarely involve chromosome duplications, but do include a high frequency of breakage and re¬
combination events (Steel, Shade & Woodward, 1980; Shade, Woodward & Steel, 1980).
Furthermore, the finding of occasional 'zero' phenotypes (PGM3 in MOLT4, PEP D in JIJOYE
and, recently, lack of esterase D in one subline ofRAJI) is rather against the idea of chromosome
duplication. The extremely low frequency of alterations in electrophoretic mobility is rather
against pointmutation, since about one-quarter of all base changes would be expected to produce
an enzyme of altered charge, detectable as altered mobility on electrophoresis. Hence, the most
likely interpretation seems to be that the frequent translocations and other chromosome
aberrations which occur in BL-derived lines involve the progressive loss of functioning genes.
This contrasts with findings in various cultures of solid tumours where the expected amount of
heterozygosity was found (Wright, Daniels & Fogh, 1979). Although these lines have not in
general been in culture as long as the lymphoma lines, one solid tumour line, HeLa, has retained
its heterozygosity for ACP1 and formitochondrial malic enzyme in a number of sublines cultured
over many years (Povey et al. 1973; and further unpublished data).
The lines from patients with leukaemias and other lymphoreticular malignancies, taken

together, do not show a loss of heterozygosity, but among the EBV negative lines are some
very unusual phenotypes and some of these lines lack malic enzyme. Thus it seems probable
that most of these are stable 'normal' lymphoblastoid lines, but particularly the EBNA negative
lines and perhaps some of the others are more similar to the Burkitt's lymphoma lines. This
would fit in with the evidence ofNilsson & Ponten (1975) that these are leukaemia or lymphoma
lines and with the evidence that chromosome aberrations within this group distinguish it from
the normal 'lymphoblastoid' group (Steel et al. 1980; Shade et al. 1980).
This study has shown that, for many experiments, lymphoblastoid lines can be regarded as

representative of normal cells existing in the person from whom they were derived. For example,
certainly during the first 12 months of culture, they would be expected to give reasonable results
in gene mapping experiments.
Lines from patients with Burkitt's lymphoma, and probably some other lymphoma and leuk¬

aemia lines, are not only unrepresentative of a normal individual, but must be regarded as
considerably altered from the tumour cells which were originally removed from the patients.
The correlation detected between malignant behaviour of certain lymphoid cells in vivo and
their tendency to lose functional parts of the genome on prolonged culture in vitro may have
important implications for our understanding of the cellular basis of malignancy.

SUMMARY

Isozymes determined by 11 loci have been examined in 137 human lymphoblastoid lines of
various origins with a view to determining their phenotypic stability in culture. Lines of normal
origin are stable and at these loci are phenotypically identical to the individuals fromwhom they
are derived. Lymphomas and some lines from patients with leukaemias show a tendency to
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increased apparent homozygosity, presumably resulting from loss of expression of one or other
allele during culture. Taken together with the cytogenetic evidence this suggests that progressive
loss of functional parts of the genome with time in culture is a characteristic of lines derived
from malignant lymphoid cells.
We are grateful to other members of the MRC Human Biochemical Genetics Unit for their help,

particularly in the cell culture.
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Serological Distinction between DR Antigens and
Lymphocyte Activating Determinants
V. van Heyningen, B. B. Cohen, D. L. Deane, C. Gray and C. M. Steel

MRC Clinical and Population Cytogenetics Unit, Western General Hospital, Edinburgh, Scotland

The Burkitt lymphoma (BL)-derived, HLA-DR antigen positive B cell line, EB,, is
a consistently low stimulator in MLC. A rabbit antiserum raised against the strongly
stimulating BL line DAUD1, after appropriate absorption with EB,, inhibits MLC
stimulation by both B cell lines and allogeneic lymphocytes, whilst lectin-induced
proliferation is not significantly affected. Indirect immunofluorescence and
125I-staphylococcal protein A binding to cells pre-incubated with this antiserum
suggest that the antigen is present on both peripheral B and T cells, as well as on B
lymphoblastoid and myeloma lines. We suggest that this antiserum is directed
against lymphocyte activating determinant(s) (LADs) and that these are distinct
from the serologically defined DR antigens.
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Human B lymphoblastoid cell lines (B-LCL)
stimulate allogeneic and even autochthonous
blood lymphocytes strongly in one-way mixed
lymphocyte culture (MLC) (Hardy et al.
1969, Golub et al. 1972). The in vitro re¬
sponse may reflect an in vivo immunological
defence against the proliferation of "trans¬
formed" B cells (Ling et al. 1974, Denman &
Pelton 1974). The nature of the lymphocyte
activating determinants (LADs) which trigger
the response is not clear. In conventional
one-way MLC's between allogeneic blood
lymphocytes, proliferative responses have
been attributed to disparity between respon-
der and stimulator for products of the HLA-D
region (many authors, Histocompatibility
Testing 1975). Attention has therefore been
directed to the histocompatibility antigens of
B-LCL cells in attempts to find a basis for

their capacity to stimulate autochthonous
blood lymphocytes. It has emerged from a
number of studies that the serologically de¬
fined HLA antigens of the A, B, C and DR
series are much more strongly expressed on
B-LCL than on the circulating cells from
which they are derived (McCune et al. 1975,
Dick et al. 1975, and Histocompatibility
Testing 1977), and that cross-reactions be¬
tween related alleles are thereby increased.
Nevertheless, no qualitative changes in his¬
tocompatibility antigens have been identified
(Klein et al. 1976).
An alternative approach to the problem was

suggested by the observation that one B-LCL,
EB, (Epstein & Barr 1964), consistently fails
to stimulate allogeneic blood lymphocytes or
does so only very weakly, in MCL (Steel et al.
1978a-b). The apparent deficiency or absence
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of LADs in this otherwise typical B lympho-
ma-derived line offers the chance to render an

anti-B cell xenoantiserum specific for LADs
and hence to characterize them.

Material and methods

Cells

Peripheral mononuclear leukocytes were pre¬

pared from defibrinated venous blood, using
the Ficoll-Hypaque flotation technique (Har¬
ris & Ukaejiofo 1969). T cells, rosetted with
AET-SRBC* (Kaplan & Clark 1974) were
separated from non-rosetting cells, which in¬
clude B cells on a second Ficoll-Hypaque
cushion. On retesting with AET—SRBC, the
separated T and non-T cell fractions regularly
contained >95% and <3% rosetting cells,
respectively.
Lymphoid lines, many of them produced by

EB virus transformation in this laboratory,
were grown in F10 medium supplemented
with tryptose phosphate broth and 20%
heat-inactivated fetal calf serum.

Among the EBV-carrying B—LCLs studied
were the Burkitt lymphoma derived lines
DAUDI (Klein et al. 1968) and EB, (Epstein
& Barr 1964). DAUDI lacks the expression
of p2-microglobulin and hence does not carry
HLA-A, -B or -C determinants on its surface
(Goodfellow et al. 1975), though it expresses
-DR antigens and, in our hands, stimulates
allogeneic lymphocytes strongly in MLC.
Apart from the low stimulating capacity, EB ,

displays all the usual properties of B cell lines:
HLA-A, -B and -DR antigens, surface and
secreted immunoglobulin production and
EBV nuclear antigen. Five non-EBV carrying
lines were also studied. These fell into three

categories: two, MOLT4 (Minowada et al.
1972) and CCRF/CEM (Foley et al. 1965),

* Sheep red blood cells treated with 2-aminoethyl
isothiouronium bromide.

have T cell properties; two, U266 B1 (Nilsson
1971) and RPMI 8226 (Matsuoka et al.
1967), are myeloma derived; and one, K562
(Lozzio & Lozzio 1975), is derived from
chronic myeloid leukemia but appears to have
the properties of a pluripotent stem cell with
some erythroid characteristics (Andersson et
al. 1979).
All cultures were regularly tested and found

negative for mycoplasma contamination by a
mycoplasma culture technique.

Antisera and absorptions

New Zealand White X California rabbits were

immunized with sucrose-gradient fraction¬
ated, purified plasma membranes. The first
two injections on days 1 and 15 were with
membrane emulsified with Freund's complete
adjuvant. Subsequently weekly or biweekly
challenges were with membrane suspended in
sterile PBS and injected intravenously. The
rabbits were bled weekly, starting on day 28.
Antisera were raised in this way to the cell
lines EB, and DAUDI. The DAUDI mem¬

brane preparation for injection was suspended
in a 1:2 dilution of anti-EB, serum in PBS, to
minimize immunization against cell surface
antigens which both LCL had in common

(Brown et al. 1975). The anti-DAUDI serum
was absorbed at 4°C with the pooled T lines
MOLT4 and CCRF/CEM, until comple¬
ment-mediated cytotoxicity against these lines
was abolished. The serum was then similarly
absorbed with freshly washed pellets of EB,.
In practice, this meant that 1 ml of antiserum
was absorbed three times with 3 x 108T-LCL
and five or more times with 3 x 108 EB, cells.
Control sera from unimmunized rabbits were

also absorbed with T lines and EB,.

Cytotoxicity testing

A fluorochromatic assay was used in which
live cells were labelled with fluorescein
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diacetate, and, after complement-dependent
killing, the dead cells were counterstained
with ethidium bromide (final concentration 8
pg/ml) (Bodmer et al. 1977). The incubation
times with serum and complement were 45
and 90 min, respectively, both at 20°C. The
rabbit complement used (lyophilized, from
the Buxted Rabbit Co.) had to be absorbed
with a freshly washed pellet of pooled cell
lines (Boyse et al. 1970) to remove naturally
occurring cytotoxic antibodies. The percen¬

tage of killed cells was determined using a
Leitz Ortholux II microscope, fitted with a
Ploem epi-illuminator.

Mixed lymphocyte culture
The microculture method of Steel & Creasey
(1976) was used with few changes. The fol¬
lowing cell numbers were plated in 100 pi vol¬
umes into 96 well Cooke V-bottom microtiter

plates: 2.5 x 104 peripheral lymphocytes from
healthy male donors were used as responders
to a variety of mitogenic stimuli:

(a) Phytohemagglutinin (PHA) (Wellcome,
used 1% after recommended reconstitu-

tion).
(b) Concanavalin A (Con A) (Miles

Laboratories, 20 pg/ml).
(c) Pokeweed mitogen (PWM) (Gibco, used

2% after recommended reconstitution).
(d) 2.5 X 104 peripheral B cells, treated with

mitomycin C at 25 pg/ml, for 30 min at
37°C.

(e) 1 X 104 LCL cells, treated with mitomy¬
cin C at 50 pg/ml, for 30 min at 37°C.

The cells were all suspended in F10 medium,
buffered with 15 mM (3-(N-morpholine)
propane sulphonic acid (MOPS), and con¬

taining 15% pooled human male serum. Rab¬
bit antisera or control sera were added to each

well at an appropriate dilution in a further 25

pi volume of medium. The combinations of
cells and sera were set up in duplicate wells
and in a series of replicate plates to study the
time course of the response on every occasion.
0.1 pCiof 14C-thymidine (The Radiochemical
Centre, Amersham) in 25 pi of serum-free
MOPS F10 medium was added to replicate
plates 48, 72, 96, 120 and 144 h after setting
up. Cultures were harvested 20 h later onto
glass fiber filters using a multiple culture har¬
vester (MCH-1 Skatron, Lierbyen, Norway).
The dried filter pads were counted for 10 min
in a Packard liquid scintillation counter.

Immunofluorescence

All sera were spun free of aggregates at 9000
g for 15 min. 1-2 x 106 highly viable (>90%
with nigrosin) cells were washed twice in PBS,
resuspended in 50 pi of 1/5 or 1/10 dilution of
antiserum or control rabbit serum, and incu¬
bated at 4°C for 30 min. Unabsorbed serum

was then removed by three washes with PBS
and the cells were incubated in 50 pi of ap¬
propriately diluted, pooled B LCL-absorbed,
FITC labeled goat anti-rabbit IgG (Miles
Laboratories) at 4°C for 30 min. After three
further washes with PBS, the cells, resus¬

pended in 50/50 glycerol-saline, were wet
mounted on slides and sealed under coverslips
with rubber solution. Cells were examined

under the Leitz UV microscope.

125I-Staphylococcal protein A binding

2 x 106 cells were washed twice in PBS, re-
suspended in 50 pi of 1/5 dilution of an¬
tiserum or control serum and incubated for

30—60 min at 4°C. The cells were then washed

three times with PBS and incubated with

125I-Staphylococcal protein A (The Radio¬
chemical Centre, Amersham) for 60 min at
4°C. (The protein A concentration was 2.5
pg/ml and the radioactive concentration was
0.5 pCi/ml.) Unbound protein A was re-
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moved by three washes in PBS and the pel¬
leted cells were then counted in a Packard

Gamma-counter.

Results

A. Cytotoxicity studies

Batches of absorbed sera from the same rabbit

vary somewhat in titer. Most of the data pre¬
sented in this paper are obtained with a par¬
ticular bleed from a single rabbit (#/ 52).
Closely similar results in cytotoxicity, MLR
and binding studies have since been produced
by absorbed sera from a second animal im¬
munized with DAUD1. Following absorption
with T cell lines which should make the an-

ti-DAUDl serum "B cell-specific", we find
(Fig. 1) strong complement-dependent
cytotoxicity towards B-LCL, such as
NAMALVA, and also the EBV-negative
myeloma line U266-B1, as well as to both
peripheral B and T lymphocytes, but no

cytotoxicity towards K562. When this "B
cell-specific" serum is further absorbed with
the low-stimulating line EB,, so producing the
putative "anti-LAD" serum, the cytotoxic ti¬
ter to peripheral and established B cells is
reduced and to peripheral T cells it is
abolished. Further absorption with pooled
B-LCL removes all remaining cytotoxicity, as
does a single absorption with DAUDI itself
(Steel et al. 1978b). We have also shown
(ibid) with an earlier batch of "anti-LAD"
serum, that at a concentration below the
cytotoxic level (but an order of magnitude
greater than that required for substantial
MLR inhibition), the growth of several B cell
lines and of MOLT., is only very slightly re¬
duced.

B. MLC Responses

With the notable exception of EB ,, all B-LCL
tested generally evoked strong responses from

allogeneic lymphocytes in MLC, though the
level of stimulation varied considerably from
one stimulator/responder combination to
another. The EBV-negative myeloma-derived
lines U266B1 and RPMI8226 also stimulated

strongly in MLC, in confirmation of our ear¬
lier findings (Steel et al. 1978a, b). In our
hands, as in others' (Han & Minowda 1973,
Royston et al. 1974), the T cell lines MOLT4
and CCRF/CEM do not activate allogeneic
lymphocytes in MLC. The response to K562 is
also very weak; this finding is at variance with
that of others (Han et al. 1979). EB,, like
other B-LCL, evokes different responses from
different peripheral cell donors, but the
overall level of stimulation by this line, in a

large number of experiments, has been about
10% of the mean level evoked by other
B-LCL.

C. Effects of antisera on reactions to lectins,
and to allogeneic peripheral and established
cells

Fig. 2 displays the cumulative results of a

single representative 7 day MLC experiment.
It demonstrates the variability commonly
observed in such systems. The B cell-specific
serum wipes out all proliferative responses.
The "anti-LAD" serum does not significantly
reduce lectin stimulation (in fact. Con A
stimulation is frequently enhanced - data not
shown), but the response to allogeneic
peripheral and established cells is strongly de¬
pressed. It may be noted, that like others
(Bergholz et al. 1977), we find an appreciable
level of stimulation by autochthonous peri¬
pheral B lymphocytes (R, B, and R2 B, com¬
binations). This stimulation is also inhibited
by the "anti-LAD" serum. Of the two re-

sponders, one (R2) showed the highest level of
stimulation by EB, that we have found in a

large series of experiments. However, this
response was still only 15% of that evoked
from R2 by DAUDI.
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EES, on the complement-dependent cytotoxicity of
anti-DAUDI (H 52) serum.
(a) on peripheral B-enriched , and T cells

from cord blood

(b) on established cells: U266-B1 , K562 (as
described in text) , and NAMALVA

, which is a Burkitt lymphoma line
The indicated percentage of cells killed is the actual
cell death observed, uncorrected for background
values which are also shown for each cell. The
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Methods.
Sera: O ar|d • 52 absorbed with T lines ('anti-B
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The different time course of the lymphocyte
responses to soluble (peaks at day 3-^t) and
cellular (peaks at day 5-7) antigens is illus¬
trated in Fig. 3. This makes obvious the im¬
portance of measuring proliferation and its
inhibition over several days.
In a lymphocyte stimulation experiment,

comparisons were made of the inhibitory
capacity of "anti-B cell' and "anti-LAD"
sera. A 1/625 dilution of U 52 serum ab¬
sorbed only with T cell lines ("anti-B cell")
gave the same level of MLR inhibition as the
usual 1/125 dilution of the "anti-LAD"

serum, but it depressed lectin stimulation
much more strongly than the latter. This
suggests that absorption with EB2 is removing
activity directed against some B cell specificity
distinct from the determinant(s) which trigger
MLR.

D. Binding studies

Indirect immunofluorescence tests carried out

with the "anti-LAD" serum showed that all B

Figure 2. Effect of "anti-B cell" and "anti-LAD"
serum on lymphocyte activation.
Cumulative 10-min counts with error bars are

shown for the five 20-h labeling periods starting
48-144 h after setting up the MLC.
N.B. there is a 5-fold difference in scale between
the response of the cell combinations shown in (a)
and (b).
Responder cells: R, and R, - lymphocytes from

healthy male donors 1 and 2.
Stimulator cells: all mitomycin -C treated.
B, and B, peripheral B-enriched cells from same
donors.

T, and T2 peripheral T cells from same donors.
EB,, 8226 and DAUDI - established lines, see text.
Lectins: PHA - phytohemagglutinin, PWM —

pokeweed mitogen.
Sera: A pooled normal rabbit serum absorbed

with T lines and EB, (control); 1/125 dilution.
B #52 absorbed with T lines ("anti-B
cell"); 1/125 dilution.
C ##52 absorbed with T lines and EB,
("anti-LAD"); 1/125 dilution.

cell-derived LCL (except EB,) were strongly
positive with a patchy surface fluorescence.
Peripheral B-enriched cells (non-rosetting
with SRBC) were weakly positive, as also, to
our surprise, were peripheral T cells.
Quantitative studies with ^^-staphylococ¬

cal protein A (Fig. 4) showed that EBb K562
and CCRF/CEM all bind the "anti-LAD"
serum weakly. Peripheral B and T cells both
bind to approximately the same, fairly low,
level on a per-cell basis. However, peripheral
lymphocytes are considerably smaller than
transformed cells, and the antigens present
may be less densely distributed (McCune et al.
1975). B-LCL bind the antiserum most
strongly. The immunizing cell, DAUDI,
shows the highest binding capacity. This is not
surprising as our absorbed antiserum is prob¬
ably still multispecific and, furthermore
xenogeneic sera may exhibit some allotypic
specificity (Allison et al. 1978). This is em¬

phasized by the observation that the "an¬
ti-LAD" serum, after further absorption with
a B-LCL pool which excluded DAUDI,
showed very little residual binding to any cells
except DAUDI.
In the same experiment, the "anti-B"

serum (in this case anti-EB] absorbed with T
cell lines) binds to all B-LCL and to a lesser
extent to the myeloma line U266-B1 and to
K562. The binding to the smaller peripheral B
cells is again weaker, but in this case there is
virtually no binding to peripheral T cells (or to
the T cell line CCRF-CEM which was used in

the absorption).
In a series of simultaneous experiments, we

compared the "anti-LAD" serum binding and
the lymphocyte-stimulating capacities of a set
of B-LCL which included both newly-estab¬
lished and long-established cell lines. There
was some correspondence between the
amount of "anti-LAD" serum bound by a gi¬
ven cell line (as measured by 125I-protein A
binding) and the magnitude of the average

proliferative response, by two subjects, to
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Figure 4. 125I-staphylococcal protein A binding to
established and peripheral cells pre-incubated with
absorbed antisera.
The mean counts for duplicate values are shown. 2
x 106 cells from established lines and 7.5 x 106
peripheral blood lymphocytes were used in each
binding experiment. MOC„ RAK, and H1L, are
recently established B-LCL from healthy donors.

U266-BL

A B|C1
K562 CCRF-CEM B Cells perph T-Cells perph

Other cells are as described in text.

Sera: A #50 anti-EB„ absorbed with Tlines ("an¬
ti-B cell").
B #52 absorbed with T lines and EB, ("an¬
ti-LAD").
C #52 absorbed with T lines and EB, and
pooled B lines excluding DAUDI (control).

mitomycin C-treated cells from the same cell
lines. To establish the relative importance of
the LAD's defined by our antiserum and of
other antigens in MLC, we plan further ex¬

periments of this type using a larger number
of responders.

Figure 3. The time course of response by peripheral
lymphocytes to lectins and to cell-borne determin¬
ants.

Mean of triplicate 10-min counts for the 20-h
labeling periods starting 24 h after initiating lym¬
phocyte stimulation.
N.B. The 10-fold difference in scale of response
between (a) and (b), with the response to U266-B1
being shown on both plots for comparison.
Stimulating agents: PHA O, DAUDI A, CLA4 □,

U266-B1*, peripheral lympho¬
cytes of donor 1#. peripheral
lymphocytes of donor 2A, EB,

Discussion

The discovery of the low stimulating capacity
of the LCL EB, may offer a handle on the
problem of the nature of the cell surface de¬
terminants which trigger lymphocyte prolif¬
eration in one-way MLC. The pattern of lym¬
phocyte stimulation by a variety of established
lines suggests that the strong response evoked
by B-LCL is not the result merely of the
transformation process, since T-LCL and the
erythroid line K562 do not stimulate under
the same conditions; nor is the response
evoked specifically by EBV-transformation,
since the EBV-negative myeloma lines also
stimulate in MLC (Steel et al. 1978a, b; Han
et al. 1979). The spectrum of stimulating
capacity shown by B cells - autologous
peripheral < allogeneic peripheral < au¬
tochthonous established < allogeneic estab¬
lished — may be the result of different degrees
of deviation in some B cell-specific surface
molecule(s) from what is recognized as "self'
by "educated" peripheral T cells (Nabholz &
Miggiano 1977). Allotypic recognition clearly
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Table 1

Surface antigens on cell lines used in immunization and absorption

EAC
EBNA E Rosettes Rosettes Smlg cALL HTLA DR

HLA-A,
B & C

MLC

Stimulating
capacity

DAUDI + - ± + + - + - +

CCRF-CEM - - __ + + _ +

MOLT4 - - --- + - +

EB, + - - +ND-+ +
(low)

EBNA - EB virus nuclear antigen. E rosettes - ability to form rosettes with sheep erythrocytes. EAC
rosettes - test for complement receptors. Smlg — surface membrane — bound immunoglobulin. cALL -
common acute lymphatic leukemia antigen — associated with non-T, non-B leukemias. HTLA — human T
lymphocyte antigen. Data (apart from those on cALL which are from published sources shown below) are
from the authors' laboratory, in collaboration with Dr. H. M. Dick, and are in agreement with data from
published reports, e.g. Janossy et al. 1978, Koshiba et al. 1978 and Trowbridge et al. 1977.

triggers lymphocyte proliferation; enhanced
expression, combined perhaps with slight alt¬
eration by transformation, of pre-existing de¬
terminants may contribute to the greater re¬
sponses evoked by established lines.
There is now considerable evidence from

family studies (Fradelizi et al. 1978, Decary et
al. 1979, Reinsmoen et al. 1979) and from the
analysis of primed lymphocyte typing (de
Wolf et al. 1979, Sasportes et al. 1978) that
although the expression of the serologically
defined DR determinants and of the lympho¬
cyte-defined D determinants is closely corre¬
lated, the two are not identical. The serologi¬
cally defined specificities are uniformly wider
than the corresponding lymphocyte defined
specificities; and DR-D discrepancies have
been reported in a number of carefully typed
individuals. There have also been reports
which supply serological evidence for the
existence of a second, more weakly im¬
munogenic, but biochemically la (DR)-like
locus (Tosi et al. 1978). This would extend the
analogies already described between the
mouse and human MHC regions.

Although DAUD1 is not in all respects a
typical B-LCL, we believe from the data in
Table 1, that the xenoantiserum raised against
membrane preparations from this cell line
should, after absorption with CCRF-CEM,
MOLT4 and EB,, be directed against
specificities which include the LADs respon¬
sible for strong MLC stimulation, and not
against the DR antigens so far characterized.
Our data support the hypothesis that D and
DR are separable specificities, and we may
have a serological tool for defining D more

closely.
When continuously present in culture at

sub-cytotoxic levels, the "anti-LAD" serum
inhibits MLC stimulation to the same relative
extent by both peripheral and established al¬
logeneic B cells. The same concentrations of
serum do not significantly affect lectin stimu¬
lation, in contrast to the behavior of "anti-B
cell" serum which in our hands inhibits
stimulation by both cellular and soluble
mitogens. We had shown earlier (Steel et al.
1978b), by separate pre-incubation of re-

sponder and stimulator populations with the
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"anti-LAD" serum, that it is not directed
against responder cells, but that in general
pre-incubation of stimulator populations is less
effective for MLR inhibition than the con¬

tinuous presence of the serum in culture. The
"anti-LAD" serum is probably multispecific,
but some components at least are directed
against LAD(s) present on all peripheral B
cells and probably in a modified but cross-
reacting form ("altered self') on B-cell de¬
rived established lines, including myeloma
lines.

The binding studies support this conclusion.
Quantitative differences between peripheral
and established cells are to be expected, al¬
though the fact that peripheral T cells bind the
"anti-LAD" serum as strongly as peripheral B
cells is surprising. T cells do not stimulate in
MLC and presumably do not possess the
necessary determinants. DR antigens too are
considered to be restricted to B cells and cer¬

tain macrophages. However, recently T cells
were shown to display B cell antigens under
special circumstances: in certain leukemias
(Mann et al. 1979) and following in vitro cul¬
ture in conditioned medium (Metzgar et al.
1979). This aspect of the work needs further
clarification.

We have recently turned our attention to
defining the biochemical nature of the
LAD(s) to which our antiserum is directed.
The antigen, as judged by binding-inhibition
studies of our antiserum, is a glycoprotein
which binds to Lens Culinaris lectin and can

be eluted from it with methyl-D-mannoside
(Deane et al. 1979). We have noted on
SDS-PAGE gels run with labelled glycopro¬
tein preparations from EB 1; that there is a

deficiency of glycoprotein of MW 28,000.
Home et al. (1979) have shown that the "an¬
ti-LAD" serum strongly inhibits the binding
to peripheral lymphocytes of fluores-
cein-labelled purified IgG against pregnan¬

cy-associated a2-glycoprotein, and we have
recently demonstrated (unpublished data) the

blocking of Fc receptors on B-LCL by "an¬
ti-LAD" serum. The significance of these as¬
sociations remains to be further assessed. A
more specific antiserum, recently prepared by
immunization of a rabbit with lectin-purified
antigen, should prove useful in biochemical
studies of LADs.
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SUMMARY

Using various genotypic and phenotypic markers 20 human lymphoid cell lines have been classified as lymphoblastoid,
leukaemia or lymphoma subtypes. Each cell line type exhibited characteristic morphological and behavioural properties
in suspension culture. Whilst most lymphoblastoid and lymphoma cell lines manifested B-cell phenotypes and contained
Epstein Barr virus (EBV) genome, leukaemia lines demonstrated T-cell markers and lacked EBV genome. Individual cell
lines demonstrated unique isoenzyme profiles for the seven polymorphic enzymes studied without subtype specificity.
None of the cell lines studied was entirely homogeneous although lymphoblastoid lines contained only a minor sub-
population of other cell line types. The mixed population of cells indicate the need for caution in the use of these cell
lines as in vitro models of lymphoid cancer and suggests further refinement of classification methods is required.
Incubation of different cell line types with prednisolone for 48-168 h revealed most were highly resistant to cytolethal

and cytostatic effects of glucocorticoids in vitro. Suprapharmacological doses of steroid (10~3 m) were required in most
instances before significant cytolethal responses occurred. Only one lymphoblastoid, one lymphoma and two leukaemia
lines responded to pharmacological doses (10^5—10 g m) of prednisolone.

key words—Lymphoreticular disease, steroids, tumour markers, therapy.

INTRODUCTION

Permanent cell lines derived from normal and malig¬
nant haemopoietic tissues provide convenient in vitro
systems for studying the factors associated with the
induction and therapy of human leukaemias and
lymphomas. Cell lines derived from lymphoid tissues
have been especially useful for investigation of the
putative oncogenic role of Epstein Barr virus (EBV) in
Burkitt's lymphoma (epstein and achong, 1973;
lindahl et al, 1974; suzuki et a!., 1978) and for
studies of the surface membrane immunological
phenotypes (jondal et al., 1972; jondal and klein,
1973), glycoproteins (nilsson et al., 1977; van beek
et al., 1979), HLA antigens (kissmeyer-nielsen and

* Addressee for correspondence.

kjerbey, 1967; lindblom and nilsson, 1973) leuk¬
aemia-specific antigens (Armstrong et al., 1966;
minowada et al., 1978; vonka et al., 1970) and cyto¬
genetic properties (jarvis et al., 1974; moorhead et al.,
1960) of neoplastic lymphoid cells.
Recent studies, however, have shown that human

lymphoid cell lines (HLCL) are far from homogenous
and a scheme has been proposed for their separation
into lymphoblastoid, lymphoma, leukaemia and
myeloma subtypes based on the morphology and
behaviour of cells in culture and their karyotypic and
phenotypic properties (nilsson and ponten, 1975).
The lymphoblastoid cell lines are thought to originate
from non-neoplastic B-lymphocytes that are sus¬
ceptible to transformation with EBV in vivo and/or in
vitro (gerber et al., 1969; henle et al., 1967), whereas
the other cell line types are believed to take origin
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from the autochthonous tumour cell population of the
host and may or may not contain EBV (epstein et al.,
1978; klein et al., 1974). However, this scheme for
classifying HLCL has not yet gained universal accept¬
ance and the general principles underlying its use need
to be substantiated.
In previous studies we have employed cell lines of

the lymphoblastoid type to investigate the morphologi¬
cal and biochemical responses of human lymphoid
cells to glucocorticoid treatment in vitro (bird et al.,
1975, 1977; Robertson et al., 1978; waddell et al.,
1976, 1977a, b). The relative insensitivity of these cell
lines to hormone treatment despite substantial uptake
and binding of steroid, led us to question the validity
of conventionally held views of glucocorticoid hor¬
mone action in human lymphocytic malignancies
(higgins and gehring, 1978; munck and leung,
1977). However, these conclusions were based largely
on studies with the lymphoblastoid type of cell line
derived from non-neoplastic lymphocytes and their
extrapolation to cell lines of true malignant derivation
has still to be confirmed.
The aims of this present study, therefore, were two¬

fold. Firstly, to determine whether or not the scheme
proposed by nilsson and ponten (1975) has general
application for the classification ofHLCL of malignant
and non-malignant origin. Secondly, to investigate the
cytolethal and cytostatic responsiveness of the malig¬
nant and non-malignant cell line types to glucocorti¬
coid treatment in vitro.
In the accompanying paper (barrett et al., 1981),

we report on the glucocorticoid binding properties of
the different types of cell line identified in this investi¬
gation.

MATERIALS AND METHODS

Cell lines

The origin, age in culture and karyotypes of the 20
cell lines studied are shown in Table I. The CCRF/
CEM-C7 line was kindly supplied by Dr M. R.
Norman (King's College Hospital, London) and the
RAJI line by Dr J. M. B. Edwards (Central Public
Health Laboratories, London). They were grown in
air in Erlenmeyer flasks at 37°C in RPMI 1640 con¬
taining morpholinopropane sulphonic acid 2-62
g/litre (Hopkin and Williams Ltd, Essex, England),
20 per cent heat inactivated (56°C for 1 h) foetal
bovine serum (Flow Laboratories Ltd, Irvine, Scot¬
land), penicillin (100 IU/ml) and streptomycin (100
/ug/ml). The medium was changed twice weekly and
cells resuspended at 2-0-3-0 x 105 viable cells/ml. All
cell lines were routinely tested at 1-3 monthly intervals

for the presence of mycoplasma by growth in broth
agar (hayflick, 1965); infected lines were immediately
discarded.

Time-lapse cinematography
The morphology and behaviour of cells in culture

was studied by filming each line for periods up to 24 h
in Cruickshank tissue culture chambers at 37°C
(cruickshank et al., 1959). 200 yA of growth medium
containing 2-0-3-0 x 105 viable cells/ml at a depth of
0-75 mm was retained in the chamber by a glass cover-
slip sealed with wax. A Zeiss WL research microscope
with microcine camera attached was used for filming
cells in suspension (phase contrast) and on feeder
layers (transmitted light). The camera was loaded with
Ilford PAN F 16 mm type 752 film and exposed at 15
frames/min. Films were analysed with a Bell and
Howell projector model 644Q and a Spectromotion
analysis projector MK III.

Feeder layers comprised human embryonic skin and
muscle fibroblasts (Flow Laboratories Ltd, Irvine,
Scotland) grown in 5 cm diameter glass petri dishes
until confluence was achieved (usually 2-3 days).
Replacement growth medium contained 2-0-3-0 x 105
viable lymphoid cells/ml and the surface contacts
between lymphoid cells and feeder layers were recorded
over the first 0-5 h and at intervals up to 24 h.

Cytolethal and cytostatic tests

Exponentially growing cells were seeded in duplicate
at 2 0-3-0 x 105 viable cells/ml in fresh medium and
exposed to 10~7-10~3 m of methylprednisolone sodium
succinate (MPSS; Upjohn, Crawley, England) in
aqueous solution. Control tubes received an equivalent
volume of water.
After incubation at 37°C for 48 and 168 h the total

number of cells was enumerated in a haemocytometer
and the viability assessed by exclusion of nigrosine
(0-5 per cent solution). Some cell lines were also
assessed after 72 h incubation with steroid. The effect
of MPSS in both Ca2+-enriched [1 mm CaCl2, 1 mm
MgSC>4,0-5 mM l,2,di-(2-aminoethoxy)ethane-A7,Ar,jV,-
N1 tetra-acetic acid (EGTA)] and Ca2+-free (1 mm
MgSC>4, 0-5 mm EGTA) RPMI 1640 medium was com¬
pared at 24, 48 and 72 h for representative lines of each
type. Results are expressed as the percentage of viable
cells in the test over that in controls. Each result is the
mean of at least two separate experiments.
In cytostatic tests half the medium was replaced

after 72 h by fresh RPM1 1640, containing the appropri¬
ate MPSS concentration. Results were calculated by
dividing the viable cell count of each tube at 7 days by
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the viable cell count at day zero. The test result divided
by that of the control gave the final cytostatic value.

EB V antigen tests

All cell lines were tested for presence of the EBV-
determined antigens, viral capsid antigen (VCA) and
Epstein-Barr nuclear antigen (EBNA). VCA and
EBNA antisera were kindly provided by Dr J. M. B.
Edwards (Central Public Health Laboratories, Lon¬
don, England) and Dr D. Crawford (University of
Bristol, England). VCA was assessed on acetone fixed
smears of cells by direct and indirect immunofluores¬
cence as described by henle and henle (1966). The
VCA IgG-positive serum was used at a titre of 1:256
and the negative serum at 1:8 with FITC-conjugated
rabbit anti-human IgG at 1:60 (Dakopatts, Copen¬
hagen, Denmark). The presence of EBNA was
determined by anti-complement immunofluorescence
as described by reedman and klein (1973). FITC-
conjugated rabbit anti-serum to human C3 comple¬
ment Bia/Bic (Dakopatts, Copenhagen, Denmark) was
used to stain EBNA at a dilution of 1:20.
Smears of RAJI and MOLT-4-F cell lines were used

as positive and negative controls. Smears of each cell
line were tested with EBV-positive and -negative sera
and examined by dark ground ultra-violet illumination
using a Reichert Zetopan fluorescence microscope
with excitation (E2) and absorption (Sp2) filters.

Isoenzyme studies
The methods of Harris and hopkinson (1976) were

employed. Seven polymorphic enzymes were tested:
phosphoglucomutase (PGMi; EC.2.7.5.1), phospho-
glucomutase (PGM3; EC. 1.7.5.1), adenosine deamin¬
ase (ADA; EC.3.6.4.4.), glutamate oxaloacetate trans¬
aminase (GOTm; EC.2.6.1.1), phosphogluconate de¬
hydrogenase (PGD; EC. 1.1.1.44), acid phosphatase
(ACP; EC.3.1.3.2), and glucose-6-phosp"hate de¬
hydrogenase (G6PD; EC. 1.1.1.49). They were identi¬
fied by stains incorporating a substrate specific for the
enzyme studied.

50 x 10G viable cells was sufficient for estimation of

PGMi, ADA, PGD and G6PD enzymes but for
PGM3, GOTm and ACP, 100 x 106 viable cells were

required. The cells were centrifuged at 200 g for 10
min, the pellet suspended in 0-4 ml distilled water and
freeze-thawed x 3 in liquid N2. This suspension was
centrifuged at 20 000 g for 1 h at 4°C and the super¬
natant collected and stored at — 20°C until use

( < 2 week). Isoenzymes were separated by polyacryla-
mide slab gel electrophoresis using a Multiphore 2117
system (LKB, Bromma, Sweden). All substrates and

reagents were supplied by Sigma (Dorset, England)
and BDH (Dorset, England). The running buffer was
Tris-glycine (0-2 m glycine titrated to pH 8-9 with solid
Tris). After pre-electrophoresis for 1 h at 300 volts, 10
jul samples of the supernatant were run in duplicate
and loaded to run from cathode to anode (for all
enzymes except GOTm, which was reversed). Bromo-
phenol blue marker was added to one sample, a 20 mA
current applied for 5-10 min, then adjusted to 50 mA-
300 volts and allowed to run until the bromophenol
blue marker reached the anode (approximately 2 h).
The following modifications were made to the reaction
mixtures recommended by Harris and hopkinson,
(1976).

(1) PGMi and PGM3: 01 m Tris-HCL buffer pH
8-0 and 50 /al of G6PD (140 units/ml); agar
omitted from the mixture.

(2) ADA: 0-23 m phosphate buffer pH 6-5, 100 /xl
of nucleoside phosphorylase (25 units/ml) and
200 yiil of xanthine oxidase (4 units/ml).

(3) PGD: agar omitted from the mixture; 10 mg
NADP in 500 ml electrode buffer in the cath¬
ode compartment.

(4) ACP: the /S-naphthyl phosphate post-coupling
technique for 'red-cell' acid phosphatase was
used; 200 mg /1-naphthyl phosphtae (sodium
salt) in 30 ml of 0-5 m citrate buffer atpH 5-5;
fast blue B at 2 mg/ml was used for the
coupling reaction.

(5) G6PD: agar was omitted from the mixture;
20 mg NADP/litre of buffer in the cathodal
compartment.

Immunological surface markers
The surface membrane phenotype of each cell line was
determined by the following methods:

E-rosettes—The percentage of cells which formed
rosettes with an 0-5 per cent suspension of washed
sheep RBC in Hanks balanced salt solution was
determined by the method of jondal et al., (1972).
Results were assessed on formation of relatively com¬
plete rosettes. This was necessary because the cells in
the lymphoid lines were generally larger than normal
human lymphocytes. The number of cells forming
rosettes at 4°C and in some cases at 37°C was deter¬
mined. The ability to form E-rosettes in general is
considered to be a property of T-cells.

EAC-rosettes—The percentage of cells which formed
rosettes with sensitized sheep red cells in the presence

12
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of human complement was determined by the method
of bianco et al, (1970). This technique identifies cells
of the lymphocyte series with receptors for C3 and is
generally considered to be a marker for B-cells.

Smlg—Washed suspensions of cells were stained
with FITC-conjugated polyclonal rabbit anti-human
immunoglobulin (Wellcome, Beckenham, England).
For direct estimation of Smlg, 30 min incubations
were carried out at 4°C, with replicates at 37°C to
assess the 'capping' capacity of positive cells. The
number of B-cells with Smlg was determined by
fluorescence microscopy using ax40 water immersion
lens.

Anti-thymus serum—An anti-human thymus (T-cell)
rabbit serum was prepared by repeated intraperitoneal
injections of washed suspensions of human thymus
cells obtained from a child undergoing thoracic
surgery for congenital heart disease. The serum was
inactivated and conjugated with FITC. Adsorptions
were made on 3 separate occasions with packed human
group AB red cells, freeze dried cadaver liver and
lymphocytes obtained from patients with chronic
lymphocytic leukaemia (>90 per cent Smlg-positive
lymphocytes). The antiserum was used at a dilution of
1:5 for direct immunofluorescence and the number of

positive cells enumerated with a x 40 water immersion
lens.

Neutral red ingestion—Cells ingesting a solution of
0-01 per cent neutral red in phosphate buffered saline
(014 m NaCl, 010 m Na2HP04, pH 7-4) after 30 min
incubation at 37°C were enumerated. In positive cells
the type of neutral red ingestion was assessed as either
pinocytic or truly phagocytic.

RESULTS

Morphology and behaviour of cells in culture
It was possible to characterize each cell line accord¬

ing to their gross and microscopic appearances in
culture and the pattern of movement of cells in liquid
suspension and on fibroblast feeder layers. Three main
cell line types were identified—lymphoblastoid, leuk¬
aemia and lymphoma—although none was entirely
homogeneous (Table II).

Lymphoblastoid cell lines
Nine of the lines were classified as lymphoblastoid

type and formed a fairly homogeneous group. They

were derived from a variety of neoplastic and non¬
neoplastic tissues (Table I). Individual cells measured
12-15 /x diameter and were dispersed singly or in dense
clumps (30-300 cells) in variable proportion depending
on the line (Fig. 1). Characteristically, lymphoblastoid
cells showed frequent changes of shape and directional
locomotion associated with extension and retraction of
pseudopodia from the edge of the cell opposite the
uropod (Fig. 2); movement occurred in the direction
of the extended pseudopodia. All the cell lines attached
rapidly to fibroblast feeder layers (<lh), during
which there were frequent movements of pseudopodia
that gradually diminished over the ensuing 2-3 h. In
contrast to the findings of nilsson and ponten (1975),
peripolesis was prominent in only one of the lines
(RUS2). Although lymphoblastoid lines were fairly
homogeneous they usually contained a small admixture
(<10 per cent) of leukaemia and lymphoma cells
(Table II).

Leukaemia cell lines

Five lines were classified as leukaemia type. Four of
these were derived from patients with acute lympho¬
blastic leukaemia and one, DAUDI-10, from a patient
with Burkitt's lymphoma. In suspension culture
leukaemia cells were dispersed singly and in clumps
although in contrast to lymphoblastoid lines, the
clumps were much smaller (<20 cells) and more easily
disrupted by shaking (Fig. 3). Leukaemia cells were
12-14 /x in diameter, round or bulging in shape and did
not form pseudopodia (Fig. 4); they exhibited little
movement and none of the directional locomotion
shown by lymphoblastoid cells. All leukaemia cell
lines were slow to attach to fibroblast feeder layers
(3-12 h) and never showed evidence of peripolesis.
None of the leukaemia cell lines was homogeneous and
all contained variable proportions (5-50 per cent) of
lymphoblastoid cells depending on the line (Table II).
In some lines the proportion of lymphoblastoid cells
appeared to increase over the 9-12 month period they
were observed in continuous culture. One cell line

(DAUDI-10) contained a small proportion (~10
per cent) of lymphoma cell types.

Lymphoma cell lines
The 6 remaining lines comprised the lymphoma

group. All but one was derived from Burkitt's lymph¬
oma; the exception was U266-B1 which is reputed to
be of myeloma origin (nilsson and ponten, 1975). In
suspension culture they were dispersed mainly as
single cells with occasional small loose, easily dis-
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Table I—Origin, age in culture and karyotype of human lymphoid cell lines

Cell line 1Origin* Date
established
in culture

Karyotype! Racial origin Reference

Lymphoblastoid
BLAr ALL 1971 <JNear diploid; Caucasian steel (1972)

multiple rearrangements
GSi CLL 1968 ? Near diploid; Caucasian steel and edmond (1971)

multiple rearrangements steel et al. (1971)
RUS2 AML 1972 <J 47XY, 8 + ; some Caucasian steel (1972)

aberrations
RUSi AML 1972 (J47XY, 9+ , 7p + , 18p+ Caucasian steel (1972)
F-89-8493 SLL 1965 S Near diploid; Alleged jensen et al. (1967)

multiple rearrangements Caucasian!
PEN-2b PB 1972 <J 48XXY, 9+llq + , iso8q Caucasian steel (1972)
JIJOYE-3312 BL 1964 cJ Near diploid; Negroid pulvertaft (1965)

multiple rearrangements
JIJOYE-1871 BL 1964 cJ Near diploid; Negroid pulvertaft (1965)

multiple rearrangements
YAK-8609 CB 1971 (J47XY, Abn + Caucasian steel and edmond (1971)

steel et al. (1971)

Leukaemia
MOLT-4-F ALL 1971 tj Near tetraploid Probably minowada et al. (1972)

causcasian
DAUD1-10 BL 1967 <3 48XY, 7 + ,3 +, 8q—, 14q Negroid klein et al. (1968)

+ , 15q-
CCRF/CEM ALL 1964 $ Near diploid; Caucasian foley et al. (1965)

multiple rearrangements
CCRF/CEM-C7 ALL 1977 $ Near diploid; Caucasian norman and thompson (1977)

multiple rearrangements
RPMI-8402-21 ALL 1972 $ Near diploid; Unknown Huang et al. (1974)

multiple rearrangements Moore et al. (1973)

Lymphoma
NAMALVA BL 1972 $49XX, 7 +, Abn + (x2); Negroid reedman and klein (1973)

multiple rearrangements nyormoi et al. (1973)
EBi-9019 BL 1963 $ Sub-tetraploid; Negroid epstein and barr (1965)

many abnormalities
EBi-9020 BL 1963 $ Sub-tetraploid; Negroid EPSTEIN and BARR (1965)

many abnormalities
EB4-6I6I BL 1965 $ Near diploid;

multiple rearrangements Caucasian epstein et al. (1966)
U266-B1 M 1968 cJ 45XY; multiple Probably nilsson et al. )1970)

rearrangements Caucasian nilsson, (1971)
RAJI BL 1964 cj 47XY, 7+ ; multiple Negroid pulvertaft, (1964)

rearrangements

* ALL =Acute lymphoblastic leukaemia. BL =Burkitt's lymphoma.
CLL =Chronic lymphocytic leukaemia. CB =Cord blood (healthy).
AML = Acute myelogenous leukaemia. PB = Peripheral blood (Klinefelter's syndrome).
SLL = Sub-acute lymphocytic leukaemia. M = Myeloma,
t Karyotyping was performed as described previously (bird et al., 1975).
t G6PD result plus Pep A2 allelles strongly suggest negroid origin (povey et a/., 1973).
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Fig. 1—Typical gross features of lymphoblastoid cell line (YAK-8609) with dense clumps (30-300 cells) and single scattered cells, x 200
Fig. 2—Lymphoblastoid cells (JIJOYE-1871) demonstrating variety of cell shapes and pseudopodia. Phase contrast, x 900
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Fig. 3—Characteristic gross appearances of leukaemia cell line (MOLT-4-F) with uniform round or bulging cells scattered singly
and in small clumps ( < 20 cells), x 200
Fig. 4—Leukaemia cell line (MOLT-4-F) showing smooth round or bulging cells. Phase contrast, x 900

rupted clumps of 5-50 cells (Fig. 5). The majority of
cells measured 12-20 /x diameter although occasional
very large cells of 30-35 /u diameter were seen. The
lymphoma type of cell was characterized by rapid
bubbling movements round the circumference of the
plasma membrane surface (Fig. 6). This movement
appeared purposeless since cells showed no evidence
of directional locomotion and did not form pseudo¬
podia. Lymphoma cell lines were slow to attach to
feeder layers (1-24 h) but once attached cells continued
to display bubbling movements; peripolesis was never
observed. Lymphoma cell lines also lacked homogen¬
eity with the proportion of bubbling cells varying from
25-100 per cent of the total viable cell population
(Table II). The other cell types comprised a mixture of

round or bulging cells of the leukaemia type and a
small number (< 10 per cent) of lymphoblastoid cells.
Evidence from other studies (unpublished observa¬
tions) indicates that lymphoblastoid cells may ulti¬
mately overgrow cultures of lymphoma ceils.

Immunological surface membrane phenotypes
The immunological surface membrane markers for

each cell line are shown in Table III. In the main,
lymphoblastoid and lymphoma cell lines displayed
B-cell characteristics to varying extents. In approxi¬
mately half the lines strong B-cell features were mani¬
fested with a high proportion (> 60 per cent) of Smlg-
positive cells together with a tendency to form fluores-
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Table II—Proportion of lymphoblastoid, leukaemia and
lymphoma cell types in human lymphoid cell lines

Cell line Percentage of viable cell types*

Lympho- Leukaemia Lymphoma
blastoid

Lymphoblastoid
BLAi 90 10 0
GS2 95 5 0
rus2 100 0 0
RUSi 100 0 0
F-89-8493 100 0 0
PEN-2b 100 0 0
JIJOYE-3312 90 5 5
J1JOYE-1871 95 0 5
YAK-8609 95 5 0

Leukaemia
MOLT-4-F 5 95 0
DAUDI-10 5 85 10

CCRF/CEM 50 50 0

CCRF/CEM-C7 50 50 0
RPMI-8402-21 5 95 0

Lymphoma
NAMALVA 5 30 65
EBi-9019 0 50 50
EBi-9020 0 50 50
EB4-6I6I 0 0 100
U266-B1 0 40 60
RAJI 10 10 80

* The results shown represent the means of 2-10 separate
assessments.

cent polar caps and EAC-rosettes (>20 per cent cells).
The other lymphoblastoid and lymphoma cell lines
demonstrated weaker B-cell attributes with fewer
( < 60 per cent) Smlg-positive cells, variable fluorescent
cap formation and little or no tendency to form EAC-
rosettes (< 5 per cent cells). Ingestion of neutral red
was not conspicuous and cells that contained small
amounts of dye may have achieved this by a process of
pinocytosis rather than phagocytosis. Some of the
lymphoblastoid and lymphoma lines contained a
small admixture of cells (< 6 per cent) that displayed
the formation of E-rosettes and reacted positively
with anti-human thymus serum.
By contrast leukaemia lines with one exception

manifested T-cell characteristics with many cells (30-
60 per cent) reacting positively with anti-human thymus
serum although only a small proportion (6-10 per
cent) formed E-rosettes. In some of these lines a

proportion of cells (3-30 per cent) also showed weak
B-cell characteristics with the presence of trace
amounts of Smlg although polar capping and EAC-
rosette formation was not seen. Ingestion of neutral
red was not a conspicuous feature. The exceptional
line in this group was DAUDI-10 which manifested
strong B-cell surface markers typical of lymphoma cell
lines.

EBV antigens

All cell lines were screened for the presence of VCA
and EBNA. Nearly all lymphoblastoid and lymphoma
cell lines showed positive staining for EBNA although

big- 5—Characteristic gross features of lymphoma cell line (EB4-6I6I) with occasional large cells and small loose clumps of cells
(5-50 cells), x 200
Fig- 6—Lymphoma cell line(RAJI) showing characteristic round cells with 'bubbling' external plasma membrane and cytoplasmic
vacuoles. Phase contrast, x 900
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Table III—Immunological surface membrane phenotype of human lymphoid cell lines

Cell line Surface Percentage positive cells* Smlg fluorescence
membrane Anti-human
phenotype thymus serum E-rosettes EAC rosettes Neutral Smlg Intensity! Capping)

red

ingestion

Lymphoblastoid
BLAi B 0 2 45 5 85 + + + +

GSi B 5 0 25 0 80 + + + +

RUSa B 0 2 50 23 70 + + + +

RUSi B 0 0 3 25 30 + —

F-89-8493 B NT§ 0 2 0 47 + -

PEN-2b B + T 15 2 33 19 36 + —

JIJOYE-3312 B 0 0 15 0 72 + +
JIJOYE-1871 B NT 0 30 1 20 + +
YAK-8609 B NT 0 5 0 50 + + +

Leukaemia
MOLT-4-F T 60 10 13 0 30 + —

DAUDI-10 B 0 0 30 10 85 + + + +

CCRF/CEM T 35 10 0 0 3 + -

CCRF/CEM-C7 T 50 6 0 40 0 — —

RPMI-8402-21 T(?) NT 0 9 0 0 — —

Lymphoma
NAMALVA B 0 3 25 1 80 + + + +

EBi-9019 B 5 5 1 3 47 + + +

EBi-9020 B 5 5 2 3 35 + + + +

EB4-6I6I B 9 6 0 7 65 + + +

U266-B1 B 0 0 35 11 35 + +

RAJI B 0 0 20 14 60 + +

* The results are the mean of at least two separate assessments,
t + + = strong; + =weak;± = trace; —= absent,
t + + =marked; + = slight; —=absent.
§ NT= not tested.

the intensity and proportion of positive cells varied
considerably (Table IV). One lymphoblastoid (F-89-
8493) and one lymphoma cell line (U266-B1) appeared
to contain no EBNA-positive cells. By contrast,
leukaemia cell lines with the exception of DAUDI-10
were uniformly negative for EBNA. Positive staining
for VCA was found in a small proportion (1-5 per
cent) of cells in 3 of the lymphoblastoid cell lines;
the lymphoma and leukaemia lines were totally devoid
of VCA-positive cells.

Isoenzymes
The results shown in Table V demonstrate that

there was no group specific isoenzyme profile and that
each cell line derived from separate individuals

manifested its own unique combination of isoenzymes.
This enabled the separate identification of each cell
line and their distinction from HeLa cell lines. The

profile of the RUS2 and RUSi lines was identical con¬
firming their origin from the same individual; similarly
the results for EBi-9019 and EBi-9020 lines indicate a
common patient origin. The G6PD phenotype is useful
in confirming the racial origin of cell lines; those of
Caucasian stock always demonstrated the B phenotype
whereas those of negroid origin manifested either an
A or B phenotype.

Cytolethal and cytostatic responses

Each cell line was tested for its glucocorticoid
responsiveness. Duplicate cultures of cells were in-
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Table IV—Epstein-Barr virus antigens in human lymphoid cell lines
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Cell line VCA EBNA

Test Percentage of Test Percentage of
conclusion* § positive cells conclusion} positive cells

Lymphoblastoid
BLAi — 0 + + + + 35
GSi + 5 + + + + 90
RUSa — 0 + + + 65
RUSi + 5 + + + + 70
F-89-8493 - 0 — 0
PEN-2b — 0 + + + + 70
JIJOYE-3312 — 0 + + 90
JIJOYE-1871 - 0 + 70

YAK-8690 + 5 + + + 55

Leukaemia
MOLT-4-F — 0 — 0
DAUDI-10 — 0 + + + 70

CCRF/CEM - 0 - 0

CCRF/CEM-C7 - 0 — 0
RPM1-8042-21 — 0 NT} NT

Lymphoma
NAMALVA — 0 + + + 90
EBi-9019 - 0 + + + 90
EBi-9020 — 0 + + + 90
EB4-6I6I - 0 + + 60
US66-B1 — 0 - 0

RAJI - 0 + + + + 90

* + =weak positive; —=negative.
t Positivity:= + + + + = very strong; + + + =strong; + + =moderate; +=weak;
— = negative.
{ NT=not tested.
§ Each result represents mean of at least two separate assessments.

cubated in the presence or absence of increasing con¬
centrations of MPSS for 48 and 168 h. The results
show that with few exceptions all cell lines exhibit
similar responses.
In most instances lethal effects were minimal (5-25

per cent cells) after 48 h incubation with MPSS at
physiological to pharmacological concentrations (10~~7
-icc5 m); extending the duration of steroid exposure to
168 h did not augment the lethal response to any
significant extent (Fig. 7). Marked cytolethal effects
(>60-70 per cent cells) were observed only with
suprapharmacological doses of MPSS (ICR3 m) and
even at these massive concentrations certain lymphoma
cell lines were partially resistant to lysis.
However, occasional cell lines in each group,

manifested 'sensitivity' to physiological and pharma¬
cological doses of MPSS when exposed to hormone for

168 h (Fig. 7). Further investigations revealed that the
2 leukaemia lines (CCRF/CEM-C7 and MOLT-4-F)
were more sensitive than the lymphoblastoid (JIJOYE-
1871) and lymphoma (RAJI) lines as demonstrated by
their enhanced lethal response after shorter (72 h)
periods of incubation with steroid (Fig. 8).
In contrast to the findings of kaiser and edelman

(1978) we found no significant difference in the cyto¬
lethal response observed when representative cell lines
from each group were incubated with steroid in the
presence of Ca2+-enriched medium.
The cytostatic responses of cell lines paralleled the

cytolethal effects; with the exception of the lethally
'sensitive' lines minimal growth inhibition was ob¬
served with physiological and pharmacological doses
(1CR7-1(R5 m) of MPSS; significant growth inhibition
occurred only when suprapharmacological dose levels
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Table V—Isoenzyme profile of human lymphoid cell lines

Cell line Electrophoretic phenotype*

PGMi PGMs ADA GOTm PGD ACP G6P

Lymphoblastoid
BLAi 1 1 1 1 A B B

GSi 2-1 2-1 1 1 A BA B
RUS2 2-1 1 1 1 A B B

RUSI 2-1 1 1 1 A B B
F-89-8493 1 2 1 1 AC B A
PEN-2b 2-1 1 1 1 A A B
JIJOYE-3312 1 2 1 1 A A B
JIJOYE-1871 1 2 1 1 AC A B
YAK-8609 1 2-1 1 2-1 A A B

Leukaemia
MOLT-4-F 1 0 1 1 A BA B
DAUDI-10 1 1 1 1 A B A

CCRF/CEM 1 1 2-1 1 AC B B

CCRF/CEM-C7 1 1 2-1 1 AC B B
RPM1-8402-21 2-1 2 1 1 A BA B

Lymphoma
NAMALVA 1 2 1 3-1 AC A B

EBi-9019 1 1 1 1 A A A
EBi-9020 1 1 1 1 A A A
EBi-6161 1 1 1 1 A BA B
U266-B1 2-1 1 1 1 A BA B
RAJ I 2-1 1 2 1 AC 0 B

HeLaf 1 1 1 1 A BA A

* Each cell line was tested on at least two separate occasions,
t povey et al., 1976.

(10~3-10~4 m) of steroid were reached. The lethally
'sensitive' lines, however, demonstrated a progressive
dose-dependent cytostatic effect commencing with
physiological and pharmacological doses (10~7-10~5 m)
of hormone.

DISCUSSION

Our studies have shown that most HLCL contain a

predominance of cells with sufficiently distinctive
phenotypic and genotypic properties to enable their
separation into a number of specific subtypes. In our
series we were able to identify lymphoblastoid,
lymphoma and leukaemia cell line types but the fourth
category, designated as myeloma type, recognized by
nilsson and ponten (1975), was not represented. Cell
lines classified as lymphoblastoid or lymphoma type,
generally manifested a B-cell surface phenotype and
the presence of EBV-genome whereas the leukaemia
type exhibited T-cell properties and lacked EBV-
genome. The different cell line types showed fairly

distinctive morphological and behavioural properties
in suspension culture which enabled their identification
by time-lapse cinematography.
However, our studies have also clearly shown that

none of these cell lines was entirely homogeneous.
Whilst lymphoblastoid cell lines appeared to be the
most homogeneous, and contained only a small
proportion of other cell line types, leukaemia lines
sometimes contained substantial numbers of lympho¬
blastoid cells and lymphoma lines many leukaemia
cells. The decision to classify the latter as leukaemia or
lymphoma in type was based on the proportion of cell
types present together with an assessment of the
predominant phenotypic and genotypic characteristics.
Whether such mixtures of cell types represent the
persistence of different cell clones from the inception
of the culture or their gradual evolution during culture
growth is still uncertain. Lymphoblastoid and lymph¬
oma cell lines certainly have been shown to undergo
substantial chromosomal rearrangements during pro¬
longed cultivation in vitro (steel et al., 1977) and some
leukaemia lines have lost the capacity for E-rosette
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Fig. 8—Cytolethal response of 4 'sensitive' cell lines after 72 h
incubation with varying concentrations of MPSS

formation (golili et al., 1977; gross and brown,
1978). We have also observed that the ability of some
lymphoblastoid and lymphoma cell lines to form EAC-
rosettes declines on serial propagation (unpublished
observations). However, no systematic study of the
phenotypic or genotypic stability of HLCL from the
time of their inception in culture has ever been under¬
taken and these are clearly required to resolve this
problem. The unique isoenzyme profile demonstrated
by individual cell lines may provide a useful pheno¬
typic marker for such studies. In the meantime some
caution must be exercised in the use of these lines as

in vitro models of human lymphoid cancer.
Although in most cases the classification of cell lines

was consistent with their putative malignant or non-
malignant origin, a number of exceptions were noted.
Despite derivation from Burkitt's lymphoma tissue the
two JIJOYE lines were characterized as lymphoblast¬
oid in type. Since these are old Burkitt lymphoma cell
lines that have been maintained in culture for many
years we presume this to be the result of overgrowth
by lymphoblastoid cells which are known to possess
selective growth advantage over other cell types on
serial propagation. A more unexpected finding was the
characterization of another Burkitt's lymphoma line,
DAUDI-10, as leukaemia type. However, this line is
unusual in many respects, lacking ^-microglobulin
and HLA antigens (nilsson et al., 1973) and expressing
the cell surface leukaemia antigen (cALL antigen)

Fig. 7—Cytolethal responses of (a) lymphoblastoid, (b) leuk¬
aemia and (c) lymphoma cell lines after 168 h incubation with
varying concentrations of MPSS
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found in the common non-B, non-T form of ALL and
a number of non-B, non-T and T-leukaemia cell lines
(koshiba et al., 1978; minowada et al., 1978). The
precise origin of cALL antigen-bearing cells is un¬
known but it is thought that they may originate from
pluripotent haemopoietic stem cells and/or lymphoid
precursor cells (minowada et al., 1978). It is possible,
therefore, that the DAUDI-10 cell line, although of
lymphoma derivation, may originate from the same
stem cells as non-B, non-T and T-leukaemia cell lines
and thus exhibit leukaemia cell morphology and be¬
haviour in culture. However, the occurrence of these
exceptional lines and the apparent mixture of cells in
individual lines indicates the need for further refine¬
ment of the methods employed for characterization of
HLCL.
Studies of the glucocorticoid responsiveness of the

different types of cell line confirm our previous im¬
pressions that the vast majority of permanent HLCL,
irrespective of their malignant or non-malignant
origin, are relatively insensitive to glucocorticoid
treatment in vitro. In nearly every case massive supra-
pharmacological doses (10—3—10 4 m) of hormone were
required before substantial cytolethal and cytostatic
effects occurred. Exceptions were noted in each of the
cell line types where responses to physiological and
pharmacological concentrations of steroid (10~5-10~7
m) were observed in a few instances. The enhanced
sensitivity of one of the leukaemia lines, CCRF/
CEM-C7, has already been reported by others
(harmon et al., 1979; norman and Thompson, 1977).
The relative insensitivity of most HLCL to glucocorti¬
coid treatment cannot be explained simply on the
basis of a failure of cells to take up and bind steroid.
In the accompanying paper (barrett et al., 1981) we
show that there is substantial glucocorticoid binding
both in disrupted and intact cell preparations of all
cell lines, although there is no correlation between the
level of steroid uptake and the responsiveness of
individual lines. Our previous findings (bird et al.,
1975, 1977; Robertson et al., 1978) therefore, cannot
be ascribed simply to some unusual property of the
lymphoblastoid type of cell line and must be due to
some intrinsic property of human lymphoid cells that
renders them insensitive to lethal glucocorticoid
effects in vitro. The possible explanations for this will
be considered in the accompanying paper.
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SUMMARY

The glucocorticoid binding properties of 18 human lymphoid cell lines (HLCL) have been investigated. The specificity
of steroid binding was confirmed with various glucocorticoid agonists and antagonists. A gradation in whole cell and
cytoplasmic glucocorticoid binding capacity was observed in the different cell line types: lymphoblastoid> lymphoma>
leukaemia. The cytoplasmic receptors of leukaemia and lymphoblastoid lines appeared to contain both proteinaceous and
phospholipid components. Cytoplasmic steroid-receptor complexes exhibited a wide range of sedimentation coefficients
(8-5-11-3S) in low ionic strength buffer but there was no correlation with cell line type or glucocorticoid sensitivity.
Activation of these complexes by heat (37°C) or exposure to high ionic strength buffer (0-3 m NaCl) induced nuclear
binding of steroid but only complexes in high ionic strength buffer manifested changes in sedimentation coefficient.
No correlation was observed between the level or nature of glucocorticoid binding and the cytolethal or cytostatic

responsiveness of HLCL to glucocorticoid treatment in vitro. The resistance to cytolethal effects cannot be ascribed to a
failure of cells to take up and bind steroid or to significant differences in the molecular species of cytoplasmic receptors
present. The molecular mechanisms by which glucocorticoids achieve cytolethal responses in human lymphoid cells has
still to be resolved.

key words—Lymphoreticular disease, steroids, steroid receptors, therapy.

INTRODUCTION

Glucocorticoid hormones in combination with other

chemotherapeutic agents are used extensively for the
treatment of human leukaemias and lymphomas
(bird, 1979; de vita, 1973; schein et al., 1975;
simone, 1974). Current knowledge of the molecular
action of these hormones, however, is based largely on
studies with rodent lymphoid cells. The results suggest
that binding of steroid to specific cytoplasmic receptors
with the subsequent nuclear transfer of the steroid-
receptor complexes formed, is required to initiate a
series of transcriptional and translational events that

* Addressee for correspondence.
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© 1981 by John Wiley & Sons, Ltd.

culminate in the cytolethal response (higgins and
gehring, 1978; munck and leung, 1977).
Little is known of the corresponding molecular

events in human lymphoid cells. A number of studies
with cultured human lymphoid cells have attempted to
correlate the level of cytoplasmic steroid binding with
the responsiveness of cells to glucocorticoid treatment
in vitro (bird et al., 1975, 1977; gailani et al., 1973;
lippman et al., 1974; Robertson et al., 1978). How¬
ever, conflicting results have been obtained and we
observed in a series of human lymphoid cell lines
(HLCL) that all cell lines exhibited a similar cytolethal
response despite considerable variation in the cyto¬
plasmic receptor levels. Moreover, substantial cyto¬
lethal effects were obtained only with concentrations of
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steroid greatly in excess of those required to saturate
cytoplasmic receptors or could be attained in plasma
with pharmacological doses of steroid. It is difficult to
reconcile these observations with conventionally held
views of steroid hormone action mediated through
cytoplasmic receptor mechanisms.
However, nearly all our previous investigations were

conducted with the lymphoblastoid type of cell line
which recent studies suggest is derived from non¬
neoplastic cells susceptible to transformation in vivo
and/or in vitro with Epstein Barr virus (EBV) (gerber
et al., 1969; henle et al., 1967). It has still to be
established whether or not these findings also apply to
cell lines regarded as having a truly malignant deriva¬
tion.
In the preceding paper we described the characteriz¬

ation of a series of HLCL that were considered to have
a malignant (leukaemia and lymphoma) or non-

malignant (lymphoblastoid) origin. Here we report the
glucocorticoid binding capacity and certain of the
steroid binding properties of these different types of
cell line. Attempts will be made to correlate these
findings with the cytolethal and cytostatic responses
evoked by glucocorticoid treatment described in the
accompanying paper.

MATERIALS AND METHODS

Cell lines

The cell lines studied are shown in Table I. Their
method of propagation, origin, age in culture and
karyotype are described in the preceding paper
(burrow et al., 1981). That paper also contains details
of the method of classifying cell lines according to
their morphology, cultural behaviour and phenotypic
properties.

Table I—-Specific whole cell uptake and cytosol binding of dexamethasone and prednisolone by lymphoblastoid,
lymphoma and leukaemia cell lines

Cell line Mean cell Doubling Whole cell uptake*! Cytosol binding*! Equilibrium
diameter time (binding sites/cell) (binding sites/cell) dissociation
(rm) (h) Dexa¬ Prednis¬ Dexa¬ Prednis¬ constant for

methasone olone methasone olone dexamethasonef
(Kd; x 10_8m)

Lymphoblastoid
RUS2 16 42 75 300 43 400 12 000 16 300 8-7
JIJOYE-1871 14 24 56 000 43 400 12 000 7800 8-9
PEN-2b 12 24 47 600 22 900 16 900 13 900 76-5
YAK-8609 12 36 45 200 34 900 13 900 13 900 6-5
GSi 15 30 42 200 35 500 10 200 9000 27-2
RUSi 14 48 36 700 34 300 12 000 12 600 34-3
BLAi 13 48 36 700 34 900 10 800 9000 12-2
JIJOYE-3312 14 30 28 300 21 700 15 100 15 100 60
F-89-8493 12 24 5400 8400 3000 3000 49 1

Lymphoma
EBi-9019 15 36 56 000 31 300 15 100 16 300 10-5
RAJ I 12 30 31 300 19 900 4800 6600 4-0
EB4-6I6I 12 36 29 500 13 200 4200 4800 111
U266-B1 11 48 15 700 8400 1800 1800 90
NAMALVA 15 36 14 500 9000 4200 6000 1111-1

Leukaemia
CCRF/CEM 13 36 18 100 7200 1200 1800 6-6
CCRF/CEM-C7 11 24 22 900 16 300 1200 7800 10-4
MOLT-4-F 14 44 14 500 9000 4200 9000 8-0
DAUDI-10 12 36 11 400 4800 4800 1200 111 -5

* Specific binding was taken to be the difference between binding in the presence and absence of 1000-fold excess of non-labelled
glucocorticoid.
t Equilibrium dissociation constants were determined by scatchard analysis (1949).
t Each value is the mean of at least two separate experiments.
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Whole cell uptake ofglucocorticoids
The method used was based on that of Baxter and

tomkins (1970) and Baxter et al. (1971). Triplicate
cultures of 4 x 10® viable cells in 2 ml growth medium
were incubated at 37°C with [3H] glucocorticoid
(7x 10_8m; 20-50 Ci/mmole; Radiochemical Centre,
Amersham, England) in the presence or absence of a
1000-fold excess of non-labelled steroid (Sigma
Chemical Co., Poole, England). Cells were incubated
for 0, 30, 60 and 120 min after which they were centri-
fuged at 300 g for 1 min at 4°C. The pellet was washed
with 3 x 2 ml aliquots of ice-cold medium and re¬
covered by centrifugation (300 g for 1 min). After the
third wash, the pellet was resuspended in 2 ml of fresh
medium and 2x0-5 ml aliquots, each containing 1 x
106 viable cells, were added to 8 ml of xylene-based
scintillant containing POPOP (0-2 g/Iitre; Nuclear
Enterprises, Edinburgh, Scotland), PPO (3 g/litre;
Sigma Chemical Co) and Triton X-100 (25 per cent
v/v; Sigma Chemical Co) and assayed for radio¬
activity in a Nuclear Chicago Isocap 300 liquid
scintillation spectrometer (efficiency ~ 51 per cent).
The remaining fraction was centrifuged and a 0-5 ml
aliquot taken to determine the radioactivity in the
supernatant. The latter was subtracted from the
former to determine the activity in 1 x 10° viable cells.
The difference between the amount of [3H] gluco¬
corticoid bound in the absence and presence of a
1000-fold excess of non-labelled steroid represents
specifically bound glucocorticoid.

Cytosol binding ofglucocorticoids

Preparation of cytosol—Approximately 5 x 108 cells
were harvested from culture medium by centrifugation
at 300 g for 10 min. The pellet was washed with 3 x 50
ml aliquots of phosphate-buffered saline (0-1 m NaCl,
0-025 m KH2PO4; pH 7-4) recovering the cells each
time by centrifugation (300 g for 10 min). The cells
were resuspended in 10 ml of tricine buffer (0-02 m
tricine, 2 mm CaCl2, 1 mm MgCl2; pH 7-4) and homo¬
genized at 0°C using a Tri-R (Tri-R Instruments,
Rockville Centre, N.Y.), teflon-glass homogenizer (15
strokes at 6000 rpm). The homogenate was centrifuged
at 105 000 g for 1 h at 4°C to remove all cell organelles
and debris, and the resulting clear supernatant (cyto¬
sol) was removed for the glucocorticoid binding assay.
Assay ofglucocorticoid binding capacity—The prota¬

mine sulphate method of lippman and huff (1976) for
androgen and oestrogen receptor determination was
adapted for glucocorticoid receptors. Initial investiga¬
tions suggested that the method could readily be

adapted and maximum specific binding of [3H] dexa-
methasone was achieved after 15-20 h incubation
(Fig. 1). Four washes of the protamine sulphate
precipitate were required to remove all excess unbound
glucocorticoid. Standard conditions of 18 h incuba¬
tions with steroid followed by 5 washes of precipitated
receptor were selected for routine use.
The receptor-containing fraction from 200 /*!

aliquots of cytosol was precipitated at 0°C by
addition of 200 p\ protamine sulphate solution
(1-5 mg/ml protamine sulphate; Sigma Chemical Co.)
in TED buffer (10 mm Tris, 1-5 mm EDTA, 0-5 mm
dithiothreitol; pEl 7-4). The precipitate was immedi¬
ately centrifuged at 150 g for 10 min at 4°C to produce
a tightly-bound film on the bottom of the tube and the
supernatant removed. The precipitate was incubated at
0°C for 18 h with varying quantities of [3H] gluco¬
corticoid diluted in TED buffer in the presence or
absence of a 1000-fold excess of non-labelled gluco¬
corticoid. Excess steroid was removed by suction and
the precipitate washed with 5 x 2 ml aliquots of TED
buffer. The bound glucocorticoid was eluted with
2x1 ml aliquots of ethanol and assayed for radio¬
activity in 5 ml of a toluene-based scintillant containing
butyl PBD (5 g/litre; BDH Ltd., Poole, England) and
Triton X-100 (33 per cent v/v) in a Nuclear Chicago
Isocap 300 liquid scintillation spectrometer (efficiency
~ 35 per cent).
Validation of this method was achieved by compari¬

son of results with those obtained by the conventional
charcoal method of Baxter and tomkins (1971).
Aliquots (200 p\) of cytosol were incubated for 2 h at
0°C with 200 p\ [3H] glucocorticoid solution (4 x 10~7m)
in the presence or absence of a 1000-fold excess of non-
labelled steroid. After incubation, the excess gluco¬
corticoid was adsorbed by addition of 200 p\ activated
charcoal suspension (100 mg/ml, Norit A, Sigma
Chemical Co; 10 mg/ml, Dextran B, BDH Ltd.) and
mixed rapidly. The suspension was centrifuged at
15 000 g for 10 min and 200 p\ of the resultant super¬
natant assayed for radioactivity as before.
The specificity of glucocorticoid binding was also

determined by the protamine sulphate method. [3H]
dexamethasone and a 1000-fold excess of the non-

labelled steroids tested were allowed to compete for
cytosol binding sites under saturating conditions.
Competition by a 1000-fold excess of unlabelled
dexamethasone was taken as standard and set at 100

per cent. The relative affinity of other steroids is
expressed as a percentage of this value.
The effect of enzymatic digestion of glucocorticoid

binding capacity was studied by pre-incubating 200
p\ aliquots of cytosol with 25 p\ of the appropriate
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Fig. 1—Protamine sulphate glucocorticoid binding assay: specific binding of [3H] dexa-
methasone by cytosol from lymphoblastoid cell line (BLAi) as a function of time. Specific
binding represents the difference between steroid bound in the presence and absence of a
1000-fold excess of non-labelled dexamethasone. Maximum specific binding occurs after
15-20 h incubation

enzyme solution (1 mg/ml in tricine buffer; protease
and DNAse I, Sigma Chemical Co; RNAse, BDH
Ltd.; trypsin, Hopkin and Williams, Chadwell Heath,
England; phospholipase, Koch-Light Laboratories,
Colnbrook, England) for 1 h at 20°C. The reaction was

stopped by precipitation with 225 /A protamine
sulphate solution at 0°C and the binding assay per¬
formed as described above. The effect of mercuric
chloride was studied in the same way by adding 25 /^1
HgCL solution (1 mM in tricine buffer) to 200
aliquots of cytosol.

Nuclear binding ofglucocorticoids
Nuclei were prepared by suspending washed cells in

buffer (10 mM Tris, 3 mM MgCL; pH 7-4) and freezing
rapidly in liquid nitrogen. Following rapid thawing at
37°C the preparation was checked microscopically for
disruption of the cell membrane. Nuclei were separated
from cytoplasm by centrifugation at 800 g for 10 min
and further purified by centrifugation at 25 000 g for
10 min through buffer containing 1-8 m sucrose. The
purified pellet was resuspended in buffer containing
0-5 m sucrose for the binding assay.
The cytoplasmic fraction was further centrifuged at

105 000 g for 1 h to prepare cytosol. This fraction was
incubated with a saturating concentration of [3H]
dexamethasone for 1 h at 0°C and the excess steroid
removed with activated charcoal. Aliquots of the

steroid-receptor complex were activated by either
heating at 37°C for 1-5 min or suspending in 0-3 m
NaCl solution.

Equivalent quantities of the cytosol and nuclear sus¬
pension were incubated for 30 min at 0°C. Nuclei
were separated on cellulose filters (Millipore, London,
England) and washed rapidly with buffer (10 mm Tris,
3 mm MgCl2, 0-25 m sucrose; pH 7-4). The bound
[3H]-dexamethasone was extracted from the filters
with ethanol and measured as before by liquid scintilla¬
tion spectrometry.

Sucrose density gradient analysis

Samples were prepared by incubating cytosol with
a saturating concentration of [3H] dexamethasone in
the presence and absence of a 1000-fold excess of
unlabelled hormone. After incubating for 1 h at 0°C
excess steroid was removed with activated charcoal.

Aliquots (200 /al) of the receptor-steroid complex
were layered on to 10-30 per cent sucrose gradients in
TED buffer (low ionic strength gradients). In gradients
of high ionic strength the buffer also contained 0-3 m
NaCl. Gradients were centrifuged at 370 000g for 1-5 h
at 4°C using a TV 865 (8 x 5 ml) vertical rotor in a
DuPont-Sorvall OTD 65 ultracentrifuge. They were
removed by needle puncture of the bottom of the tube
and downward displacement of the gradient with liquid
paraffin. Bovine serum albumin (2 per cent v/v in TED
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buffer) tagged with bromophenol blue was run on a
separate gradient as the sedimentation standard
(4-6S). To ascertain whether proteolytic activity in the
cytosol was responsible for changes in receptor sedi¬
mentation properties, the protease inhibitor N-CBZ-L
phenylalanine (10 itim; Sigma Chemical Co) was
incorporated in the homogenization buffer for cytosol
preparation.

Determination ofprotein
Protein assays were carried out by the method of

lowry et al. (1951) using bovine serum albumin
(Armour Pharmaceutical Co, Eastbourne, England) as
the standard.

RESULTS

Whole cell uptake ofprednisolone and dexamethasone

Fig. 2 shows a typical specific binding curve for
prednisolone and dexamethasone. All cell lines
showed a similar pattern of binding with peak retention
of steroid occurring after 30-60 min. Saturation of
high affinity binding sites occurred at 7 x 10~8 m
concentration of hormone.

Lymphoblastoid cell lines exhibited a wide range of
dexamethasone and prednisolone binding which in
general exceeded that found in leukaemia and lym¬
phoma cell lines (Table I). With the exception of the
lymphoblastoid cell line, F-89-8493, dexamethasone
uptake always exceeded that of prednisolone. There
was no correlation between whole cell uptake and the
size or doubling time of cells (Table I).

Cytosol binding ofprednisolone and dexamethasone
A typical binding curve for dexamethasone using the

cytosol from a lymphoblastoid cell line is shown in Fig.
3. Except for the lymphoma cell line NAMALVA,
cytosol receptors were saturated at 1 x 10~7 m concen¬
tration of dexamethasone. In the NAMALVA line
saturation occurred at a concentration of 6x 10_7m
dexamethasone.
Validation of the protamine sulphate method was

achieved by comparison with results obtained with the
charcoal method. For example, in one lymphoblastoid
cell line, specific dexamethasone binding measured by
the protamine sulphate method was 0-31 pmoles/mg
protein (10 500 binding sites/cell) and with the charcoal
method 0-34 pmoles/mg protein (11 500 binding sites/
cell). Closely comparable results were obtained for all

Fig. 2—Typical whole cell specific binding curves for [3H] dexamethasone
(A) and 13H) prednisolone (•) in a lymphoblastoid cell line (BLAt) as a
function of time. Peak levels of steroid retention occur after 60 min
incubation at 37°C

13



194 J. D. barrett ET AL.

I
J"

6
cj.

o 4

o 3

o 2 -

O I -•5
c

U

0-2 0-4 0-6 0 8 10 1-2 1-4 16 18 2-0

[JH] Dexamethosone, lO'xConcentration (moles/litre)

Fig. 3—Typical cytosol binding curve for [3H] dexamethasone in a lym-
phoblastoid cell line (JIJOYE-1871). Specific binding represents the
difference between steroid bound in the presence and absence of a 1000-fold
excess of non-labelled dexamethasone. Saturation of receptors occurs at
approximately 1 x 10~7 m dexamethasone

cell lines studied confirming the reliability of the prota¬
mine sulphate method.
In all cell lines, the level of dexamethasone and

prednisolone binding was much reduced as compared
with the uptake of intact cells (Table I).
In general, lymphoblastoid cell lines showed greater

cytosol binding than leukaemia or lymphoma cells. In
the majority of lymphoblastoid cell lines the binding of
dexamethasone was approximately equal to or slightly
greater than that of prednisolone. Lymphoma and
leukaemia lines, on the other hand, showed less clear-
cut results and in 2 leukaemia lines prednisolone
binding was significantly greater than that of dexa¬
methasone.

scatchard (1949) analysis of the specific cytosol
binding of dexamethasone indicated that only one
class of binding sites exists irrespective of the cell line
type. The equilibrium dissociation constants (Table I)
with the exception of NAMALVA, were all within
the range 10~8-10"6 m. NAMALVA exhibited a
significantly lower binding affinity (Kd~ 10~5 m).

Relative glucocorticoid affinity
A representative example of each cell line type was

selected for analysis of relative glucocorticoid affinity
(Table II). In the lymphoblastoid cell line (BLAi) the
whole cell uptake and cytosol binding of dexametha-

Table II—Whole cell uptake and cytosol binding of biologically active glucocorticoids by representative lymphoblastoid
(BLAi), lymphoma (EB4-6I6I) and leukaemia (MOLT-4-F) cell lines

Cell line Whole cell uptake (fmoles/106 cells)* Cytosol binding (fmoles/106 cells)*
Dexa- Triamcinolone Predni- Cortisol Dexa- Triamcinolone Predni- Cortisol

methasone acetonide solone methasone acetonide solone

BLAi 61 65 58 46 18 16 16 6
EB4-6I6I 49 28 22 20 7 5 54
MOLT-4-F 24 19 15 14 7 6 14 2

* Each value represents the mean of at least two separate experiments.
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sone and triamcinolone acetonide was greater than that
of prednisolone and Cortisol. The lymphoma (EB4-
6161) and leukaemia (MOLT-4-F) cell lines showed a
similar binding pattern except for a consistently
higher level of prednisolone cytosol binding in the
leukaemia cell line, although by comparison with the
lymphoblastoid cell line all steroid binding levels were
much reduced.

Specificity of steroid cytosol binding
The specificity of cytosol binding for different

classes of steroid was also examined in the three

representative cell lines and the results are shown in
Table III. It is apparent that the relative affinity of

Table III—Specificity of steroid cytosol binding in repre¬
sentative lymphoblastoid (BLAi), lymphoma (EB4-6I6I)
and leukaemia (MOLT-4-F) cell lines

Competing Percentage inhibition of [3H] dexameth-
steroid asone binding by competing steroid*

BLAi EB4-6I6I MOLT-4-F

Dexamethasone Set at 100 Set at 100 Set at 100
Triamcinolone
acetonide 91 100 92

Prednisolone 100 100 78
Cortisol 64 100 83
Corticosterone 100 100 100
Cortexolone 100 65 99
Spironolactone 69 99 41

Progesterone 100 72 83
Oestradiol 27 0 36
Testosterone 60 70 34

* Each value represents the mean of at least two separate
experiments.

biologically active glucocorticoids (dexamethasone,
triamcinolone acetonide, prednisolone, Cortisol and
corticosterone) was similar irrespective of the cell line
type. The biologically inactive glucocorticoid anal¬
ogues (cortexolone and spironolactone) competed
strongly for cytosol binding sites. Progesterone, which
is an antagonist of glucocorticoid action, also com¬
peted strongly for dexamethasone binding sites
whereas oestradiol did not. Testosterone bound signifi¬
cantly to the glucocorticoid receptors of lympho¬
blastoid and lymphoma lines but not the leukaemia
line.

Chemical nature of the cytosol receptor
The cytosol preparations from the 3 representative

cell lines were subjected to degradation by a variety of
enzymes to investigate the chemical nature of the
glucocorticoid receptor. The results expressed as
percentage degradation of binding capacity are sum¬
marized in Table IV. It is apparent that the proteolytic

Table IV.—Enzymatic degradation of cytosol glucocorti¬
coid binding capacity in representative lymphoblastoid
(BLAi), lymphoma (EB4-6I6I) and leukaemia (MOLT-4-F)
cell lines

Enzyme or Percentage degradation of cytosol
chemical agent binding capacity*

BLAi EB4-6I6I MOLT-4-F

Trypsin 100 100 100
Protease 92 100 41
RNAse 0 0 15
DNAse I 20 55 23

Phospholipase 29 0 100
Mercuric chloride 70 78 100

* Each value represents the mean of at least two separate
determinations.

enzymes (trypsin and protease) caused extensive
destruction of glucocorticoid binding sites in the 3 cell
line types. Phospholipase caused complete destruction
of binding in the leukaemia cell line, but had only a
limited effect on the lymphoblastoid line and none on
the lymphoma line. RNAse had little or no effect on
cytosol binding although DNAse I caused some reduc¬
tion of binding especially in the lymphoma cell line.
Mercuric chloride, which disrupts disulphide bonds
and binds to sulphydryl groups, significantly inhibited
glucocorticoid binding in all cell line types.

Sucrose density gradient analysis
Cell lines typical of each cell line type (including the
glucocorticoid sensitive lines) were selected for analysis
of the molecular nature of the steroid-receptor complex
on sucrose density gradients; the results are shown in
Table V. In buffer of low ionic strength a range of
sedimentation coefficients was observed (8-5-1T3S)
but there was no correlation with cell line type or
glucocorticoid sensitivity. In high ionic strength buffer
(containing 0-3 M NaCl) the sedimentation coefficients
were reduced to about one-half of their original value
in the case of lymphoblastoid and lymphoma lines and
to about one-third in leukaemia lines.
Activation of the steroid-receptor complex by heat¬

ing at 37°C for 1-5 min did not alter the sedimentation
profile in low ionic strength buffer although binding to



196 i. d. barrett ET AL.

Table V—Sedimentation profile of glucocorticoid recept¬
ors of lymphoblastoid, lymphoma and leukaemia cell lines

Cell line Sedimentation coefficient(s)*
Low High

ionic strengthf ionic strength!

Lymphoblastoid
BLAi 8-5 4-7

GSi 9-7 4-9
JIJOYE-1871 10-3 51

Lymphoma
U266-B1 110 5-2
RAJ I 8-7 4-6

Leukaemia
CCRF/CEM 11-3 3-2

CCRF/CEM-C7 10-6 3-2
MOLT-4-F 10-5 3-4

* Each result is the mean of at least two separate experiments,
t TED buffer.
t TED buffer+ 0 -3 m NaCl.

Table VI—Nuclear binding of dexamethasone by human
lymphoid cell lines

Cell line Nuclear binding of activated steroid-
receptor complex* (dpm/107 nuclei)

Heat! High ionic strength!

BLAi 4468 2824
RAJ I 868 90
MOLT-4-F 1002 604

CCRF/CEM 340 192

* The nuclear binding result represents the difference between
the binding of activated complex and binding of non-activated
control complex.
f Steroid-receptor complex activated by heating at 37°C for 1 -5
min.
! Steroid-receptor complex activated by addition of 0-3 MNaCl.

isolated nuclei was induced (Table VI). Similar
activation of the unheated steroid-receptor complex by
exposure to high ionic strength buffer (containing 0-3
m NaCl) induced significant binding to isolated nuclei
but to a lesser extent than heat activation (Table VI).
Incorporation of the protease inhibitor N-CBZ-L
phenylalanine (10 him) in the cytosol had no detectable
effect on the sedimentation profiles observed in high or
low ionic strength buffers.

DISCUSSION

Our studies represent the first attempt to conduct a
systematic analysis of the glucocorticoid binding

properties of the various types of malignant and non-
malignant HLCL. All cell line types exhibited sub¬
stantial levels of glucocorticoid binding with lympho¬
blastoid cell lines generally exhibiting the highest levels
of binding and leukaemia lines the lowest. The higher
binding observed with intact cell preparations presum¬
ably reflects the additional uptake of steroid-receptor
complexes by nuclei. In contrast to the studies with
freshly isolated mitogen-stimulated human lymphoid
cells (smith et al., 1977) we have been unable to detect
any correlation between the replication rate of HLCL
and their steroid binding capacity.
No significant differences were found in the relative

affinity and specificity of steroid binding by the differ¬
ent types of HLCL. However, the substantial binding
of testosterone by the lymphoblastoid and lymphoma
lines was unexpected and may result from the presence
of a conjugated ketone system within the testosterone
molecule as found in glucocorticoid agonists and
antagonists. Investigation of the biochemical nature of
cytoplasmic binding sites confirmed their essential
proteinaceous nature and the reduction of binding
produced by DNAse I pretreatment may be due to the
presence of proteolytic impurities in the enzyme
preparation used. The extensive destruction of binding
produced by phospholipase treatment in the lympho¬
blastoid and leukaemia lines suggests that phospho¬
lipids may comprise a significant part of the steroid
binding molecule in these lines. Similar observations
have been made in studies with rodent thymocytes and
fibroblasts (picard et al., 1978; schulte et al., 1976).
The inhibition of cytosol binding produced by addition
of mercuric chloride confirms that as in rodent hepa¬
toma cells (Baxter and tomkins, 1971) the integrity of
disulphide and sulphydryl groups is essential for
binding of glucocorticoids to HLCL.
A wide range of sedimentation coefficients was

observed when sucrose gradient analysis of steroid-
receptor complexes was performed in low ionic
strength buffer. There was no correlation between the
sedimentation profile and the cell line type or the
sensitivity to cytolethal glucocorticoid effects. How¬
ever, in high ionic strength buffer leukaemia lines
appeared to exhibit lower sedimentation constants than
lymphoblastoid or lymphoma lines. The lack of any
change in the sedimentation profile following tempera¬
ture activation of the steroid-receptor complex
indicates that the nuclear binding of steroid does not
necessarily require marked changes in the molecular
configuration of the complex. A similar observation
has recently been made in leukaemic cells from
patients with chronic lymphocytic leukaemia (stevens
et al., 1979). The failure of the protease inhibitor to
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prevent a change in the sedimentation profile occurring
in high ionic strength buffer indicates that proteolytic
activity is not involved in the formation of the smaller
steroid-receptor complexes observed in these circum¬
stances. This is in contrast to the findings of others
with the glucocorticoid receptors of rat kidney
(sherman et al., 1979).
Our studies have also confirmed that the protamine

sulphate assay for androgen and oestrogen receptors
(lippman and huff, 1976) can be readily adapted for
the measurement of cytoplasmic glucocorticoid recep¬
tors. Consistent results were obtained using dilute
cytosol preparations (0-5-1-0 mg protein/ml) whereas
the more conventional charcoal technique required a
more concentrated cytosol preparation (> TO mg
protein/ml). The protamine sulphate method also has
the advantage that following stabilization of receptor
by precipitation more prolonged incubation times are
possible thus ensuring the establishment of equilibrium
in the binding reaction.
The results described in the accompanying paper

(burrow et al., 1981) confirm our previous impressions
that the vast majority of permanent HLCL, irrespect¬
ive of their malignant or non-malignant origin, are
insensitive to glucocorticoid treatment in vitro. In
most cases exposure to massive suprapharmacological
doses of hormone was required before substantial
cytolethal or cytostatic effects occurred. The results
presented here show that the relative glucocorticoid
insensitivity of HLCL cannot be ascribed to a failure
of cells to take up and bind steroid or to differences in
the relative affinity or specificity of glucocorticoid
binding or to significant variations in the molecular
species of cytoplasmic receptor. All the cell lines
studied showed substantial uptake of steroids but
there was no correlation between the levels of steroid
binding and the responsiveness of cells. Indeed some
of the 'insensitive' cell lines exhibited the highest levels
of steroid binding.
It has been recognized for some time that man

represents one of the most glucocorticoid-resistant
species with regard to his lymphoid cells (claman,
1972). One possible explanation for this may be that
human lymphoid cells spontaneously accumulate
steroid resistant mutants in high frequency. Indeed in
one of the leukaemia cell lines studied here (CCRF/
CEM-C7) norman and Thompson (1977) have calcu¬
lated that such mutations may arise once per 106 cell
divisions. However, how such mutants arise, and by
what molecular mechanisms resistance is imparted, has
still to be resolved. In rodent lymphoid cells steroid
resistance appears to reside most commonly in
quantitative deficiencies of cytoplasmic receptors for

glucocorticoids. Less commonly, blocks have been
demonstrated subsequent to the cytoplasmic binding
of steroid (bourgeois et al., 1978; bourgeois and
newby, 1979; gehring and tomkins, 1974; mcpart-
land et al., 1977; sibley and tomkins, 1974; yama-
moto et al., 1974). However, as yet we have been
unable to detect any significant quantitative or qualita¬
tive differences in the cytoplasmic or nuclear steroid
binding properties of the different types of HLCL.
Clearly the mechanisms involved in the production of
glucocorticoid responses in human lymphoid cells are
much more subtle than in other species.
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Mapping by gene dosage, using aneuploid human lymphoid cell lines

BY M. SOOS*, M. SHADE, H. BELL, M. MOXLEY AND C. M. STEEL
MRC Clinical and Population Cytogenetics Unit, Western General Hospital,

Crewe Road, Edinburgh EH4 2XU

SUMMARY

Human lymphoblastoid cell lines evolve in vitro by the emergence of successive waves of clones
which are often chromosomally marked. This offers the opportunity to compare tissue samples
of the same genetic origin but differing in certain defined parts of the karyotype.
Using selected sets of lines in which the members of genetically matched pairs differed in the

number of copies of 8p or of 12p, levels of GSR and LDH B respectively have been shown to
correlate with the specific chromosome aberrations, supporting existing data on the regional
assignment of these two structural loci.
This approach represents a useful addition to established methods for human gene mapping.

INTRODUCTION

Most human lymphoid cell lines are diploid when first established but evolve, over a period
of years, by the emergence of successive 'waves' of clones which are often chromosomally
marked (Steel, McBeath & O'Riordan, 1971). Aneuploidy, when it arises, is usually limited in
extent and does not herald the onset of a phase of gross chromosomal instability as is the case
with senescent fibroblast cultures (Hayflick & Moorhead, 1961). Thus it is possible to make direct
comparisons between paired lymphoid lines or clones, derived from the same donor, where one
has acquired a defined chromosome abnormality and the other has a normal karyotype or carries
a different aberration. Among the large collection of lines analysed in the authors' laboratory,
the distribution of chromosome aberrations acquired in vitro was found to be non-random (Steel
et al. 1977; Steel, Shade & Woodward, 1980). Gains occurred much more frequently than losses
and the commonest acquired trisomies were of chromosomes 3, 7, 8 (particularly 8q), 9, 12 and
21. This material should therefore be particularly suited to the study of the products of genes
whose structural loci are carried on these chromosomes. The present report describes a feasibility
study in which the previously known assignments of two structural loci, glutathione reductase,
(GSR) on chromosome 8 and lactic dehydrogenase B (LDH B) on chromosome 12, were
confirmed through the use of appropriate aneuploid human lymphoid cell lines.

MATERIALS AND METHODS

Lymphoid cell lines
All the cells in this study were from EB Virus-carrying B lymphoid lines, most of which had

been established in the authors' laboratory by methods previously described (Steel & Edmond,
1971; Steel, 1972). They were derived from a variety of sources, including cord bloods, healthy

* Present address: Department of Clinical Biochemistry, Addenbrooke's Hospital, Cambridge CB2 2QR.
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Experimentalsubline 'E'(chromosome8 anomaly)
SMI, ody, WEB, COA, RUS2 BAR, NAMALVA NAMALVA(CSN/70) NAMALVA(IPN/4) G-S, BRIa RPMI8866 BAY,

Table1.GeneticallymatchedsublinepairsforGSRestimation No.of copies per genome
8p8q

49XX, 47XY, 48XY, 52XX, +2
+7. +8 +8, +7,

+21

Karyotype
+8,+9q+,Isogq

+13.nq- +8,+9,+13,+15,
,t(2,6)

47XY,3q—,6p+,+8q+ 48x0,+3q>+8,+12 45XX,iq+,-3,t(3,s),6p+ +7,8p—,8q—,Invio,—13, i4q+,—15,—21,+2Abns 46XX,iq+,t(3,5),6p+,+7q+- 8p—,8p—,Invio,—13,—13, i4q+,—15,—21,+3Abns 46XX,iq+,-3,t(3,5),+7, 8p—,8q—,Invio,—13,I4q+, —15,—21,+3Abns 47XX,2p+,t(3,7),t(3,16), 4q+,sq—,Iso8q,i2q+,+Abn 48XXY,7p+,Iso8q,+9,nq+ 46XY,6q—,Iso8q,9p+,17P+, 18q+ 46XX,8q+,9p+,isq+ 47XX,4p—,1iq+,+8p—

Matchedcontrol subline'C'
33SMI4 33ODY, 33WEB2 33COA, 33RUS, 33BAR, 1*2NAMALVA(KN) 1*2NAMALVA(KN) 1*2NAMALVA(KM) 3G-S,

it3PEN2 13BRL
RPMI8866 BAY, BAY,

Karyotype
46XX,i6p+ 46xy 47XY,+6,9q+,22q+ 48XX,iop+,+12,+21,t(2,6) 47XY,7p+,+9,i8p+ 47XXY 45XX,iq+,-3,t(3,5),6p+, +7,Invio,—13,i4q+,+Abn 4SXX,iq+,-3,t(3,s),6p+, +7,Invio,—13,i4q+,+Abn 45XX,iq+,-3,t(3,5),6p+, +7,Invio,—13,i4q+,+Abn 46XX,t(3,7),t(3,16) 46XXY,—6,7q+,8q+ 47XY,+Iso8q,i7p+ 46XX,9p+,=22,+Abn 47XX,+9,+14P+,5(21,21) 46XX,7q-,i9q+/47XX,7q—, i9q+,+Abn 47XX,+5,7p+,7q+,9q+

No.of copies per genome
8p8q

*Breakpointson8patband21. tAlthoughapparentlymonosomicfor8p,the'missingJForabsoluteenzymelevels,seeTable5.
bay5

shortarm,orpartofit,maybeincludedintheunidentifiedextramaterialon7por1iq.
Ratio E/CJ i'39 I2I i49 131 I'20 160 °'43 0'43 °'44 °'s3 091 0-46

109 1-04 0-82 092
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Table 2. Cell lines with abnormalities affecting chromosome 12 andIor an excess

of LDH A or B isozyme
No. of copies
per genome

ldh
Cell line Karyotype 12)) I2q pattern

KAT, 48XX, +9, +12, nq + , 17P + 49XX, 3 3 B +

Q7, +9, 1 iq + , 17p +
TONi 47XX, + 12/some tetraploid 3 3 B+ +

NAMALVA (CSN70) 46XX, iq + , t(3,5), 6p + , +7q + ,
2 2 B+ + +

8p—, 8q—, Invio, —13, —13, i4q + ,

— 15, —21, +3Abns
NAMALVA (KN2) 45XX, iq + , -3, t(3,5), 6p + , +7, 2 2 B +

Invio, —13, i4q + , + Abn
tay4 47XY, t( 1,16), +3p—, t(8,2i), +12 3 3 B +
RPMI 1788 5OXY, +3, +7q—, +12, +22 3 3 B+ +

coaj 48XX, t(2,6), iop + , +12, +21 3 3 b +

SIMJ 49XY, +iq, +7, +12, i7p + , I7P + 3 3 b+ +

BAR, 48XO, +3q + , +8, +12 3 3 B +

bri8 46XY, 6q—, Iso8q, 9p—, 17P + , i8q + 2 2 B +

bay2 47XX, +9, t( 12,21), 14P + 2 3 Normal

WIGJ 49XY, +8, +12, +13/50XYY, +8, +12,
I T

3 3 b +

rhej
+ '3

48XY, t(2,io), +8p—, nq—, +12 3 3 B+ +

HILX 48XX, Iso8q, +9, Isoi2q, +20 1 3 a+ +

adults, individuals with infectious mononucleosis or other non-malignant disorders and from
patients with lymphoma, leukaemia or other malignant diseases. A few lines had been grown
from biopsies of Burkitt's lymphoma. These had been acquired from other laboratories. All lines
had been screened for the electrophoretic mobility of some thirty enzymes at the MRC Human
Biochemical Genetics Unit, London and in many instances corresponding data on the donor's
fresh red cells were available for comparison (Povey et al. 1973, 1980).
Lines were maintained as previously described (Steel, 1972) in Ham's F10 medium supple¬

mented with 10% tryptose phosphate broth and 10% foetal calf serum. All were examined
regularly for the presence of mycoplasma species, by aerobic and anaerobic culture. Any found
to be contaminated were discarded and no results from mycoplasma-positive samples have been
included.

Chromosome analysis
Metaphase chromosomes were analysed from photographs of Q and G banded preparations.

The techniques employed have been fully described elsewhere (Steel, 1971; Steel, Shade &
Woodward, 1980).
Identification of the modal karyotype for a given culture depended on the analysis of

photographic prints from at least ten metaphase spreads. Fresh chromosome preparations were
made from each subline used in the present study, at the time of enzyme assay, and the assigned
karyotype was confirmed by examination of a further set of at least ten photographs,
supplemented by direct microscopic observat ion ofaddit ional cells to ensure that the subculture
was homogeneous with respect to the presence or absence of chromosome aberrations listed in
Tables 1 and 2.
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Table 3. Reproducibility of quantitative enzyme assays

Mean enzyme activities (mu/rag protein) + s.D.
No. of

Cell line assays* GSR G6PD 6PGD

NAM KNz 2 125-7 + 20-4 68-3 + 8-4 109-8 + 24-6
bri8 3 3i"4±4'3 44'5±8'3 8o-8 + io-8
ODY 2 101-3 ± i*3 59-6 + 0-1 79-4 + 8-6
PENzb 2 S9'9±4'4 48-0+ i-8 660 + 11-6

bay4 2 79-6 ± i-6 1186+ 136 —

bay5 2 68-2 + 2'I 79'4± 2'3 —

bay2 2 59-7 + 2-0 93'2 ±01 —

BAY! 2 60-0 + 5-5 48-9 + 4-0 —

RUS! 2 72-2 ±5-9 45'4±8'5 57'7±7'4
pen2 2 77'9± 11'4 79-8 + 23-4 67-3+6-9

* Assays were carried out on separate aliquots of the same cell line, harvested on different days.

Biochemical assays

The cells were harvested, washed three times with Dulbecco's balanced salt solution A and
stored as pellets at — 50 °C until the enzymes were assayed. Cell extracts were prepared by adding
an equal volume of cold extraction buffer (O'Ol m Tris/HCl, pH70, containing 10~3m 2-
mercaptoethanol and 2 x 10~4 m NAI)P) to the pellets, followed by three cycles of freezing and
thawing. The cell debriswas removed by centrifugation (2-5 min in an EppendorfMicrocentrifuge)
and the clear supernatant was diluted 1/25 into cold buffer (0-01M Tris/HCl, pH 7 0,
containing 10~3 m 2-mercaptoethanol). The samples were coded and put into groups so that each
cell line with an aberration affecting chromosome 8 was analysed at the same time as its
genetically matched control(s). For each group the enzyme assays were performed blind on
the same day using serial dilutions of the extract. In each case a linear relationship was obtained
between enzyme activity and the extract dilution. The values quoted for each line are the means
of two or three determinations made on the same extract. Stability of enzyme levels and
reproducibility of the assays were further assessed by making repeat extracts from ten of the
cell lines and measuring enzyme levels in them. The data shown in Table 3 demonstrate that
the results for a given cell line were generally consistent even when the assays were carried out
on different aliquots and on different days. Glutathione reductase activity was estimated by the
conversion of oxidised to reduced glutathione with NADPH as co-enzyme (De la Chapelle,
Vuopio & Icen, 1976). Although all the cell lines were grown under identical standard conditions
the cell viability differed for each cell line. A pilot study was therefore undertaken to determine
whether cell viability affected GSR activity. Pooled B cell lines were centrifuged at 1000 £ for
10min on a cushion of 11% Hypaque in distilled water. Two fractions were collected: the
interface (>80% viable) and the deposit (~ 1 % viable). Cell extracts were prepared from an

equal number of cells from both fractions as described in Materials and Methods, and the G6PD,
6PGH and GSR activities were determined together with the protein concentration. The dead
cell extract contained < 5 % as much protein as the live cell extract (approximately 1 and
23mg/ml respectively). The levels of the three enzyme activities in the dead cell extracts were
too low to be determined accurately but were all less than 10 % of the levels present in the live
cell extract. It therefore appears that dead cells had already lysed and released their protein
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Table 4. Effect of exogenous FAD on GSR activity
GSR activity (mu/mg protein) + S.D.

Material No exogenous FAD + Exogenous FAD
B cell line Pool i (N = 4)f
B cell line Pool 2 (N = 3)
Red blood cells (N = 4)

727±40
747±17
6-04 + 0-24

73-0 ±7-0
75'9±4'2
9-72 ±004

f N = number of cell lines (or red cell donors) in the Pool.

content before or during the harvesting procedure and so would contribute little towards the
enzyme activity or total protein content of the cell pellets. GSR is known to exist in erythrocytes
both in an active form associated with its prosthetic group, and in an inactive form, which can
be activated in vitro by preincubation with exogenous FAD. A pilot experiment was carried
out to determine whether exogenous FAD stimulated GSR activity in extracts from lymphoid
cell lines. A number of B cell lines growing in the laboratory at that time were pooled and cell
extracts were prepared as described in Materials and Methods. GSR activity was estimated both
with and without preincubation with exogenous FAD, as described by De la Chapelle et at.
(1976). The results (shown in Table 4) suggest that in B cell lines, unlike erythrocytes, there
is enough endogenous FAD present to saturate the enzyme. GSR activities were therefore only
estimated in the absence of FAD except where low values were obtained. In the latter case,

assays were repeated after preincubation with exogenous FAD. In every instance GSR activity
was not stimulated by exogenous FAD.
Glucose-6-phosphate dehydrogenase and 6-phosphogluconate dehydrogenase activities were esti¬

mated according to the method of Shih, Justice & Hsia (1968). The change in absorbance at
340 nm was monitored for 4-5 min at 30 °C using a Unicam SP 1750 spectrophotometer with a
recorder attachment.

One unit (u) of activity is defined as the production (for G6PD and 6PGD) or utilization (for
GSR) of 1 /^mole NADPH per minute at 30 °C and the results are expressed in terms ofmu/mg
protein.
Protein was measured by the method of Lowry et at. (1951).
LDH activity was detected, after cellulose acetate gel electrophoresis, by MTT tetrazolium

staining, linked to NAD reduction (Meera Khan, 1971).

There is good evidence that erythrocyte GSR and leukocyte GSR are identical (Kaplan, 1968)
and hence, presumably, products of the same gene, which has been assigned to chromosome 8.
Fourteen cloned lymphoid cell sublines (from 11 individuals), which carried abnormalities
affecting chromosome 8, were therefore compared with 14 other sublines from the same donors
which, in the main, were normal with respect to chromosome 8. Details of the sublines, their
modal karyotype and levels of GSR activity are given in Table 1. Twenty-one unrelated cell
lines were also examined. Factors other than the number of copies of the structural gene may,

RESULTS

GSR



Table5.Summaryofenzymeactivities(mu/mgprotein) GSRG6PD

-Ji 4-

6PGD

'E'/'C'

E

C

E

C

K

C

'Trisomy' group SMb/SMI,

103-8±1-3

74-8+6-6

37-0+1-2

66-6+4-1

69-6+3-4

83-4+8-5

ODYj/ODYJ

100-3+3-7

82-8+4-2

59-6+2-2

83-3+2-2

85-5±4-7

85-0+4-2

WEBJ/WEB2

i°4'S±5'2

69-6+2-0

56-1+2-0

45-7±o-5

711±0-5

80-0+4-1

COAJCOAJ

98-2+17

74-8+1-1

77-8+2-8

45-3+0-4

1060+8-6

50-5+0-6

RUS2/RUSj

91-2+0-6

76-3+6-7

I121±8-5

51-4+2-2

54-6±5-5

52-4+4-5

BARj/BAR,

116-5+4-9

73-0+3-5

5+5+2-5

110-9+2-5

45-3+1-0

65-8+3-1

'Monosomy'group NAMALVA/NAMKX

60-0+2-4

140-1±5-0

53-8+0-8

74-2+7-5

106-0+i-8

127-2+8-4

NAMCSX70/NAMKN

60-2+2-8

140-1+5-0

37-0+1-2

74-2+7-5

121-4+0-5

127-2+8-4

NAMIPN4/NAMKN

61-4+3-1

140-1±5-0

33-6+7-2

74-2±7-5

87-9+4-0

127-2+8-4

G-S1/G-S1

40-3+1-0

76-3+2-8

61-3+2-9

71-9+3-7

79-9+2-2

90-1+3-1

PEN2b/PEN2

63-0+2-0

69-8+0-5

49-2+0-6

63-2+0-5

57-8+4-2

62-1±49

BRI8/BRI8

32-5+0-3

70-7+6-6

53-7+2-9

123-8+5-8

70-1+3-4

68-9+3-1

'Miscellaneous' group 8866/8866

80-8+0-5

74-1+1-1

60-9+2-7

60-7+3-6

81-6+3-5

74-6+0-3

BAYj/BAY,

63-9+0-6

6I-I±1-3

51-7+1-3

931+0-5

47-I±I-3

50-2+0-3

BAY!/BAY4

63-9+0-6

78-4+1-3

51-7+1-3

127-1+3-4

47-1+1-3

62-9±2-6

BAYj/BAYj

63-9+0-6

69-8+I-I

5I-7+I-3

81-0+7-2

47-1+1-3

54-7+0-7

Unrelatedcontrols (normalchromosome8) KATj

72-9+0-7

—

43-4±o-7

—

82-1+7-4

FALj

71-6+5-4

—

3i-5±o-5

—

66-7+0-9

1788

69-3+1-5

—

5I-5+3-7

—

85-0+4-8

ANA

89-2+1-2

—

86-4+1-2

—

70-6+0-6

CAN

92-6+I'3

—

72-6±I'3

—

64-7+3-7

XERj

89-1+i-o

—

106-3+0-8

—

68-i±i-6

BOBj

84-1±7-8

—

51-3+2-9

—

50-1+0-4

sha2

67-5+1-4

—

IO42±5'6

—

48-2±1-4

SIMj

77-9+2-8

—

36-0+1-4

—

49-9+4-2

WHE

56-9+2-1

—

52-7+4-2

—

5I-5+4-2

ALPj

66-9+4-2

—

98-5+2-8

—

36-8+2-8

NORj

5+3+2-8

—

85-4±5-7

—

40-0±2-8

DUT

80-5+3-5

—

111-6+51

—

57-4+4-2

HEG

63-1±i-6

—

93-1+2-3

48-4+3-4
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Fig. 1. G-banded karyotype of line BAY,. This line, grown from a female cord blood sample, initially
had a normal 46,XX karyotype but after 27 months in culture the modal karyotype showed the
aberrations illustrated: 47,XX, +8(p—), 4p—, llq + . The break point on 8p is at band 21.

of course, affect the level of activity of a given enzyme. In many instances the levels of several
functionally similar enzymes are affected as a group. For this reason the metabolically related
(but non-syntenic) enzymes G6PD and 6PGD were assayed along with GSR. The activities of
G6PD and 6PGD varied widely among the cell lines but independently of the GSR levels and
with no evident relation to the number of copies of any particular chromosome (Table 5).
In the case ofGSR, two groups of cell lines are particularly informative. The line BAYj which

is trisomic for the whole of chromosome 8 except for the region 8p21-8pter (Fig. 1), has normal
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Fig. 2. GSR activity. GSR levels in lines with gains or losses of chromosome 8 (' E') as a proportion
of those in genetically matched control lines ('C'). A. Lines trisomic for the whole of chromosome
8; 0 lines with chromosome gains or losses not involving 8p21-8pter; ▼. lines monosomic for the region
8p21-8pter.

levels of GSR activity relative to 3 control lines from the same donor, BAY2, BAY4 and BAY5.
Three NAMALVA sublines, which are monosomic for the region 8p21-8pter, showed decreased
levels of GSR activity relative to their control line, NAMALVA (KN). Although the activity
of the cells from lines monosomic or trisomic for the region 8p21-8pter overlapped with values
obtained from the complete range of controls there is no overlap with those from the appropriate
genetically matched controls (Fig. 2). The ratio of GSR activity in the abnormal cell lines to
that in their matched controls is 0-53 and 1-37 for the 8p21-8pter 'monosomic' and 'trisomic'
groups respectively, while that for the 'miscellaneous' group (abnormalities not involving
8p21-8pter) is 0-97. These data, indicating a clear relationship between the level ofGSR activity
in a given cell line and the number of copies of the region 8p21—8pter, tend to confirm the
assignment of the GSR structural locus to the distal end of 8p (George & Francke, 1976). There
is one discordant result in that the subline PEN2b, which appears to be monosomic for 8p,
nevertheless has a normal GSR level. Very high levels ofGSR activity are present in 3 cell lines,
NAMALVA, F127 and DALTDI, which have been in culture for many years and which carry
numerous chromosome abnormalities.

LDH B

Particular attention has been given to lines with abnormalities affecting chromosome 12 since
the structural locus for LDH B has been mapped to 12p (Chen et al. 1973; Mayeda et al. 1974).
The structural locus for LDH A is 011 lip (Francke & Busby, 1975; Francke et al. 1977) and
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A1 B3 ■I

A, Bs

0

SHA2 SI M ■) WHEi NORt MIL, BAV2
Fig. 3. LDH gel. Note relative preponderance ofB-containingtetramersin lineSIMj and ofA-containing
tetramers in HILj compared with the normal distribution of bands from BAY2, NORj WHEj and
SHA2.

since the two subunits combine to form tetramers, up to five bands of different electrophoretic
mobility may be recognized in the lysate from any given line. The five bands correspond to
tetramers of composition A4 B0, A3 B4, A2 B2, A4 B3, and A0 B4. If the amounts of the A and
B isozymes are altered relative to one another the distribution of the five tetramers will be
altered and there will be a shift in the relative intensity of the five gel bands. Thus, within each
subline, the level of one isozyme acts as a control for the other.
Table 2 shows the findings in 14 cloned sublines which carry an abnormality of chromosome

12 and/or show a relative excess of LDH bands. The normal pattern was defined from the
analysis of LDH bands in gels from more than 40 lymphoid lines without abnormalities of
chromosomes 11 and 12. A representative gel is illustrated in Fig. 3.
There is good correlation between the number of copies of 12p and the relative preponderance

of A-rich or B-rich tetramers in the gel pattern. Only three sublines (two from NAMALVA and
one from BRIS) show a shift in gel pattern in the absence of any recognisable abnormality
affecting chromosomes 11 or 12. The lines BAY2 and HIL4 are particularly informative since
the former is trisomic only for the long arm of 12 while the latter is monosomic for 12p. The
absence of an excess of LDH B in BAY2 and its relative deficiency in HIL4 tend to confirm
the assignment of the LDHB structural locus to 12p.

12 HOE 45
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DISCUSSION

The feasibility of using aneuploid human cell lines for gene mapping has been demonstrated
in this study. Two quite different approaches have been used with equal success. The existence
of an 'internal control', as exemplified by the LDH system, simplifies the analysis of results but
the alternative (i.e. use of paired sublines for control purposes, as in the case of GSR) has wider
potential applications.
Gene dosage effects have already been demonstrated in cultured fibroblasts for APRT and

fumarase (Marino & Giannelli, 1975; Braunger et al. 1977), leading to the regional assignment
of the latter. More commonly, however, mapping by gene dosage has depended upon the
identification of individuals with constitutional chromosome aberrations. In such cases the

karyotype is usually established by examination of bone marrow cells or peripheral blood
lymphocytes while the enzyme analysis is undertaken on red cells. This introduces a possible
source of confusion, particularly when there is chromosomal mosaicism since the proportion of
cells with a given aberration may not be the same for all tissues. The use of cultured cell lines
circumvents this difficulty since enzyme analysis and karyotyping are undertaken on the same

population of cells.
Caution must be exercised in interpreting results obtained from lines which carry multiple

chromosome aberrations, particularly when some of the extramaterial cannot be identified. The
discordant results referred to above, which all involved cell lines in that category, are most
readily explained on the basis of unrecognized duplication of the relevant chromosome regions.
Similar difficulties arise, of course, when gene assignment and mapping are carried out by means
of interspecific cell hybrids. Simultaneous assay for syntenic markers might confirm the
suspicion of partial chromosome duplication provided that the loci are not widely separated.
That approach, however, is cumbersome and error-prone. It will probably be more fruitful to
concentrate on building up stocks of relatively ' young' sublines showing minimal deviation from
a normal karyotype.
It is obviously a requirement for the application of the techniques outlined in this study that

the amount of gene product assayed should be directly related to the number of copies of the
relevant structural gene. Where this condition is satisfied, quantitative assays in aneuploid cell
lines can usefully augment existing methods for human gene mapping.

The authors are grateful for the helpful advice of Dr Susan Povey and Dr Veronica van Heyningen.
Mycoplasma testing of cultures was undertaken by Mr Bill Christie and photographs and figures were prepared
by Mr Norman Davidson and Mr Sandy Bruce.
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Deficiency of malic enzyme: a possible marker for malignancy in
lymphoid cells

BY S. POVEY,* S. JEREMIAH,* E. ARTHUR,f R. BER,J P. J. FIALKOW,§
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M. QUINTERO,|| C. M. STEEL,f AND J. ZEUTHEN**

SUMMARY

Soluble malic enzyme (MES) has been examined in long-term human lymphoid cell lines
cultured from 101 individuals. In 65 out of 66 lines derived from people without lymphoreticular
malignancy the enzyme was very active. Lines established from 35 individuals with various
forms of lymphoreticular malignancy were also examined, including in some cases more than
1 line derived from the same patient. In all cases where the cell line was thought to be derived
from normal cells MES was active, but in 27 out of 29 lines thought to be derived from malignant
cells (from 25 patients) MES was not detected. In the case of two patients with chronic lymphatic
leukaemia 'normal' lines active for malic enzyme, and Teukaemic' lines lacking malic enzyme,
had been cultured from the same individual. Preliminary investigations of the lack of malic
enzyme in somatic cell hybrids derived from lymphoma and leukaemia cell lines are compatible
with an alteration at the level of the structural locus MES on chromosome 6. However, the
restoration of MES activity in one line by fusion with mouse teratocarcinoma cells suggests
that the alteration may be of a regulatory nature.

INTRODUCTION

Malic enzyme (NADP dependent malate dehydrogenase, E.C. 1.1.1 .40) carries out the
oxidative decarboxylation of malate to pyruvate. In mammalian tissues it exists in two forms:
the soluble (cytoplasmic) form MEg (sometimes known as Mod-1) and the mitochondrial form
MEm (also known as Mod-2). In man MES is expressed in most tissues except red cells (Cohen
& Omenn, 19726; Povey, Wilson & Harris, 1975). It is active in cultured fibroblasts and is
generally regarded as a 'household' enzyme. From work in somatic cell hybrids the locus MES
has been assigned to chromosome 6 in man, lying between ql2 and cjl5 (Human Gene Mapping
5,1979). Genetically determined variation ofMES has not been seen in humans (Cohen & Omenn,
19726; Povey et al. 1975), but occurs in mice (Henderson, 1966) and in the Rhesus monkey
(Cohen & Omenn, 1972a).
The activity of MES in the same tissues of different species varies enormously, being
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Table 1. Human lymphoid lines active for malic enzyme (MES)
(References given in Povey et al. (1980) except for (a) Karande et al. (1980) and (b) Najfeld et al. (1980).)

Name of line

EBV positive lines* Diagnosis
CAR, Chronic myeloid leukaemia
COA Myelofibrosis
HUNf Acute leukaemia (child)
8866 Acute myeloid leukaemia
RUS 'Leukaemia'

sha2 Chronic myeloid leukaemia
TAY4f 'Leukaemia'
ODY Waldenstrom's macroglobulinaemia
VEN Neonatal leukaemia
SK-LI Acute myelomonocytic leukaemia
CI (a) Chronic lymphatic leukaemia
AI-AC (b) Chronic lymphatic leukaemia
Also lines grown from 65 individuals without lymphoreticular malignancy.

EBV negative lines
K562 Chronic myeloid leukaemia
8226 Myeloma

* Assessed by EBNA and/or virus production,
f Some doubt about identity, see text.

undetectable in bovine liver, extremely low in the liver of rabbit or guinea pig but moderately
high in the livers of pig, rat and mouse (Brdiczka & Pette, 1971; Saggerson & Evans, 1975).
The mitochondrial enzyme MEm is less widely distributed than MES, but is active in human
brain, kidney, heart and testis and is also seen in cultured fibroblasts. MEm is polymorphic in
man, approximately 42% of Whites being heterozygous (Cohen & Omenn, 1972 fo; Povey et al.
1975; Saha, Jeremiah & Povey, 1978).
The purpose of the present paper is to describe the striking differences in activity of MES in

human lymphoid lines of different origin, and to investigate the mechanism of these differences.
MEm was not seen in any lymphoid line and will not be described further.

MATERIALS

Human cell lines from 101 individuals have been tested for malic enzyme. Almost all of these
are included in a previous paper describing the overall phenotypic stability of the lines (Povey
et al. 1980). The names of lines from patients with lymphoreticular malignancy, grouped
according to EB status, are shown in Tables 1 and 2. Among these are some thought to have
been derived from malignant cells in vivo. These include most of the lines from patients with
Burkitt's lymphoma and all the EB negative cell lines. A few other lines such as BLA and GS1
were aneuploid from an early stage of culture suggesting that they too may have been derived
from malignant cells. However, some of the lines from patients with leukaemia, which were EB
positive and initially had normal karyotypes (e.g. CAR!, SHA2) are clearly B-cell lymphoblastoid
lines and almost certainly derived from normal cells. The A and C lines from two patients with
chronic lymphatic leukaemia (Karande et al. 1980; Najfeld et al. 1980) are described further in
the results section. Lines from patientswithout lymphoreticular malignancy have not been listed
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Table 2. Human lymphoid lines in which MES was not detected

(References given in Povey et at. (1980) except for (a) Schneider, Schwenk & Bornkamm (1977), (b)
Rosenfeld et at. (1977), (c) Minowada et at. (1977), (d) Karande et at. (1980) and (e) Najfeld et at. (1980).
Lines bracketed together were derived from the same individual.)

Name of line Diagnosis
EB + Burkitt lymphoma line*
DAUDI Burkitt lymphoma
EBi Burkitt lymphoma
eb3 Burkitt lymphoma
JIJOYE 1
F137 and all clones 1

Burkitt lymphoma
NAMALWA Burkitt lymphoma
RAJI Burkitt lymphoma
RAEL Burkitt lymphoma
AKUBA Burkitt lymphoma
MAKUt§ Burkitt lymphoma
F89t Burkitt lymphoma
eb4 Burkitt lymphoma

EB - Burkitt lymphoma line
RAMOS Burkitt lymphoma
BJAB Burkitt lymphoma

EB - non-Burkitt lymphomas or leukaemias
CCRF-CEM 1
ALL 1301 1 Acute lymphatic leukaemia
MOLT 4 Acute lymphatic leukaemia (T-cell)
U698 Lymphosarcoma
KM3 (a) Acute lymphatic leukaemia
REH (b) Acute lymphatic leukaemia
NALM-i (c) Chronic myeloid leukaemia (blast crisis)

Other EB +lines}
BLA Leukaemia
GSI Chronic lymphatic leukaemia
C II (d) Chronic lymphatic leukaemia
A I-60 ] Chronic lymphatic leukaemia
A II V (e) Chronic lymphatic leukaemia
A III§ Chronic lymphatic leukaemia
HYD+ Cancer of gastro-intestinal tract
* EB status determined by EBNA and/or virus production,
t Some doubt about identity, see text.
} With the exception of HYD all these lines had abnormal chromosomes after only a short time in culture.
§ Faint trace of MES seen.

in detail except for the exceptional line HYD (Table 2). Rodent cell lines tested for malic enzyme
are listed in Table 3.

Various somatic cell hybrids were also available and are listed in Tables 4 and 5. Some of
these have already been described in the references given in these tables. Most of the other
hybrids were made by fusion with polyethylene glycol (Pontecorvo, 1975) and selection in HAT
medium (Littlefield, 1966) with the addition of ouabain in the case of human rodent hybrids.
None was made specifically for this project. Two sets of hybrids require more detailed comment:

(1) A9HT/RAJI and MINI A9HT/RAJI
These were originally made to distinguish between cytoplasmic and nuclear inheritance of

ouabain resistance. The A9HTcl3c cells are double mutant 'universal fuser' murine cells (Ber,
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Table 3. Rodent lines tested for malic enzyme

Name of line MES Origin Reference

A9HT + Mouse fibroblast tumour Wiener, Klein & Harris (1973)
(L-cell) (C3H)

B82 + Mouse epithelial line Littlefield (1966)
(L-cell)

iff + Mouse epithelioid cell Nabholz, Miggiano & Bodmer (1969)
(L-cell)

RAG + Mouse renal adenocarcinoma Klebe, Chen & Ruddle (1970)
el4 0 Lymphoma (C57BI) Gorer & Amos (1956)
X63 Ag8 0 Mouse myeloma Kohler & Milstein (1975)
BW5147 + Mouse thymoma (AKR) Hvman & Stallings (1974)
\Vg3h + Chinese hamster fibroblast Westerveld e,t al. (1971)
A23(don) + Chinese hamster fibroblast Westerveld et al. (1971)
a3(don) + Chinese hamster fibroblast Westerveld et al. (1971)
v79 + Chinese hamster fibroblast Ford & Yerganian (1958)
PGI9 + Mouse melanoma (C57BI) Jonasson, Povey & Harris (1977)
PCC'4 + Mouse teratocarcinoma Jakob et al. (1973)

Wiener & Fenyo, 1978) resistant to 50 /tg/ml 6 thioguanine and also resistant to 3 mM ouabain.
The ' mini '-hybrids were obtained by enucleating A9HTcl3c cells by a slight modification of the
technique described by Prescott, Myerson & Wallace (1972). The minicells (karyoplasts)
recovered from the pellet were separated from intact cells by their failure to adhere to culture
cell dishes after 2 h. These minicells were fused with RAJ I cells using Sendai virus followed by
selection in HAT medium with 10% foetal calf serum and 100/ig/ml ouabain. The 'macro'-
hybrids were made from intact cells using the same protocol.
From the mass hybrid cultures closely related cells were karyotyped and also examined for

malic enzyme. Chromosome spreads were prepared by conventional methods after treatment
with colcemide (01 /tg/ml, 2 h) and stained for centromeric heterochromatin using the
fluorescent benzimidazole derivative HOECHST 33258 (Hilwig & Gropp, 1972) or stained with
quinacrinemustard (Caspersson, Zech & Johansson. 1970). InA9HT/RAJ I a human chromosome
6 which appeared completely normal was seen in 50% of cells, in MINI A9HT/RAJJ
chromosome 6 was seen in 33% of cells. Although both hybrids were subsequently cloned these
clones had unfortunately lost chromosome 6 and were therefore uninformative so are not
included in this paper.

(2) Hybrids made with G3 . 32 . 2
The cell line G3 . 32 .2 was derived by mutagenesis and serial cloning of the line F137 (almost

certainly derived from JLJOYE, Povey et al. 1973). The clone G3 was found to lack the X-linked
enzyme a-galactosidase (Gardiner et al. 1977). This particular subclone G3 . 32 . 2 was found to
contain an active X/6 translocation chromosome (C.M.S., unpublished) which has subsequently
undergone some further rearrangement; (E. Solomon and P.N.G., unpublished observations).
The translocation chromosome contains approximately two thirds of the long arm of the X
translocated to the short arm of chromosome 6. About half the short arm of chromosome 6 has

been deleted but at all stages the long arm of 6 has appeared to be intact and would certainly
be expected to include the structural locus MES. Several different types of hybrid have been
made using this cell line:—
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(Hybridsknownnottocontainhumanchromosome6,allofwhich
werenegativeformalicenzyme,havebeenexcluded.)
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Nameof

Human
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inhuman
MESin

hybrids

presenceof

hybrid

parent

parent

parent

hybrid

tested

chromosome6

Reference

WEB

eb4

Wg3h

0

0

1

PGM.,,GLO

Fisheretal.(1977)

G9/Wg3h

G9(JIJOYE)

Wg3h

0

0

3

SODb

Boyd(unpublished)

ADP.3.10

DAUDI

A9HT

0

0

1

HLA,GLO

Arce-Gomezetal.(1978)

WODY

ODY

Wg3h

+

+

1

pgm3

Fisheretal.(1977)

WILDO

wil2

DON

+

+

2

pgm3

Fisheretal.(1977)

LOY/RAG

LOY

RAG

+

+

7

SODb

Burley(unpublished)

MOP

molt4

PG19

0

0

3

Unknown

D.Buck(unpublished)

MINI-A9HT/RAJI
RAJI

A9HTCI3C

0

0

1

33%cellswith-I

A9HT/RAJI

RAJI

A9HTCI3C

0

0

1

chromosome6I
50%cellswithj chromosome6

R.Ber,J.Zeuthen(seetext)

G3/V79

G3.32.2

V79

0

0

14

GLO,PGM3,method ofselection

Gardiner,unpublished

G1R6

G3.32.2

iR

0

0

2

G6PD,methodof\ selection,usein[ makingMCP,HLA!
IGoodfellow&Quintero

MCP6

G1R6

PCC4

0

+

2

G6PD,HLAheavychain1
I(unpublished),seetext

PCG

G3.32.2

PCC4

0

+

6

G6PD,methodof selection,HLA;

PGM3=phosphoglucomutase3,SODB=
mitochondrialsuperoxidedismutase,GEO
=glyoxalase,G6PD=glucose-6-phosphatedehydrogenase.
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+
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As part of a gene mapping project G3.32.2 was fused with the Chinese hamster line V79
using polyethylene glycol and 14 independent hybrids were selected in HAT (Gardiner,
unpublished). These hybrids, designated G3/V79, all contained the X/6 chromosome, as judged
by the presence of appropriate enzyme markers (PGM3, GLO, G6PD), and a wide range of other
human chromosomes, as indicated by isozyme analysis.
As part of a project to study the developmental regulation of human genes and to search for

embryonic products of the human major histocompatibility complex, two sets of hybrids were
constructed between G3 . 32 . 2 and a mouse teratocarcinoma, PCC4 8azar (Jakob et al. 1973).
The PCG hybrids were made by fusion with Sendai virus and selection in HAT and 50 yu
ouabain. Six independent hybrids in this series were studied. All contained the X/6 chromosome
and variable numbers of other human chromosomes as judged by enzyme analysis. One clone
(PCG . G6) was found to have relatively little other human material but was positive for human
MPI (on chromosome 15).
The MCP hybrid was designed to contain the X/6 translocation chromosome as the only

human genetic material. Because it is difficult to micro-cell transfer chromosomes directly from
human cells (Pournier & Ruddle, 1977; P.N.G., unpublished observations) an intermediate
human—mouse hybrid was used as the chromosome donor. The intermediate hybrid GIR was

produced between G3.32.3 and the 8-azaguanine resistant L cell 1R (Nabholz et al. 1969) by
polyethylene glycol fusion (Pontecorvo, 1975), followed by selection in HAT and ouabain. The
clone GIR-6 was used as the chromosome donor. Micronuclear formation was induced in GIR-6

by culturing in colchicine for 2 days (Ege & Ringertz, 1974; Fournier & Ruddle, 1977) and the
microcells were produced by enucleation in a step gradient of Ficoll containing cytochalasin
B (Wigler & Weinstein, 1975; G. Banting and P.N.G., unpublished observations). The microcells
were fused using Sendai virus (as described by Kennett, 1979) to PCC4 8azar. The clone MCP-6
was chosen for further analysis and contains the X/6 chromosome as the only human
contribution seen by G-l 1 staining (E. Solomon and P.N.G., unpublished) and isozyme analysis
(S.P., unpublished data). A detailed description of the production, characterisation and HLA
expression of MCP-6 will be published elsewhere.

METHODS

Samples were prepared as previously described (Povey et al. 1975) except that for the
assessment of each lymphoid line a pellet of 5 x 107 cells was used and the time of sonication
was two bursts of five seconds each. Malic enzyme was examined in human samples and in
human—rodent hybrids by horizontal starch-gel electrophoresis in Tris-citrate pH 8-6 (Povey
et al. 1975). The only adaptation of the method was that, on a few occasions where long
incubation of a gel was required, oxaloacetic acid (2-5 mM) was added to the stain to inhibit
the NAl)-dependent malate dehydrogenase (MDHS). For separation of the different mouse
phenotypes a TEB buffer, pH 8-6, was used (as recommended for human NAHH diaphorase
in H arris & Hopkinson, 1976). Electrophoresis was carried out overnight with cooling, at 6 V/cm.
NADP (0-02 mg per ml) was added to the gel and cathodal running buffers in this system.
Phosphoglucomutase and glyoxalase were examined in humans and human-rodent hybrids
using routine methods (Harris & Hopkinson, 1976, 1977). Enzymes in mouse-mouse hybrids
were also examined using methods previously described (Jonasson, Povey & Harris, 1977).
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Fig. 1. Malic enzyme in lymphoid lines from different individuals, with a brain sample as control. Cell
extracts containing similar amounts ofprotein from each line were applied to the gel. M I)HS, appearing
after long incubation, is equally active in all samples.

RESULTS

Some human lymphoid lines were found to be extremely active for MES, whereas others
showed no detectable activity even after prolonged incubation of the gel with the specific stain
(Fig. 1). The presence or absence ofmalic enzyme was a reproducible characteristic of each line.
MES appeared as a two-handed pattern, the relative proportions of the more and less anodal
components varying from sample to sample within the same line. This was not unexpected since
it has previously been found that the less anodal of these isozymes is the primary' tetramer,
the more anodal being a dimeric form probably generated during the extraction procedure
(Povey et al. 1975). Tables 1 and 2 list the lines which are positive and negative for malic enzyme,
respectively, with the diagnoses of the patients as far as is known. With one exception (H YD)
all lines clearly of 'normal' origin, whether or not derived from patients with lymphoreticular
malignancy, were active for MES. Conversely, in all Burkitt lymphoma lines, in the majority
of EB negative lines from leukaemias and lymphomas and also in the aneuploid lines GS1 and
BLA, MES was not detected. There were however, two EB negative lines (K562 and the
myeloma 8226) which had strong MES activity.
Recently we have had the opportunity of examining several lines from two patients with

chronic lymphatic leukaemia. Both these patients were females of the heterozygous AJ?
phenotype for glucose-6-phosphate dehydrogenase (G6PD), so that it was possible to say if the
line was clonally derived. In the first case, two lines were tested approximately 3 months after
the cultures were initiated and were found to be clonal. One was the same G6P1) phenotype
(A) as the malignant cells (from peripheral blood) and the other was phenotype B (Karande
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+

brain III II 160 I AC CLL

Fig. 2. Malic enzyme in cell lines from a patient with chronic lymphatic leukaemia (III, II, 160, IAC),
together with leukaemia cells isolated from peripheral blood (CLL). Human brain sample as control.

et al. 1980). The G6PD A line had abnormal chromosomes (Najfeld et al. 1980), whereas the G6PD
B line was normal. The G6PI) B line was very active for MES, whereas the A line contained
only a trace of the enzyme. In the second case, four cell lines were established from the patient
and characterised after only about four weeks in culture. Only one of these lines (IAC) initially
had a normal karyotype and this was also the only one judged to be multicellular in origin on
the basis ofG6PD phenotypes and immunoglobulins. At such an early stage of culture one would
expect a 'normal' line still to show multicellular origin (Bechet et al. 1974). The other three
lines were originally thought to be leukaemic, but two of them (II and III) were gradually
overgrown by normal cells. Fig. 2 shows the results of testing those lines for malic enzyme, after
about 2 months in culture. Peripheral blood lymphocytes isolated from the patient were also
tested. The IAC line was the only one with strong MES, although on the gel a faint trace of
enzyme could be seen in line III. At this time line III showed a heterozygous G6PD phenotype
with the B form (not the one seen in the malignant clone) predominating. The lack of MES in
a line which presumably at this stage consisted of 'normal' lymphoblastoid cells is puzzling,
and the further evolution of these cell lines in culture will be of interest.

Tables 1 and 2 include four cases where some doubt about the identity of the line is indicated.
As described in the previous paper, the usual grounds for such a suspicion are that the line does
not show the same phenotype for all polymorphic enzymes as red cells saved from the same
blood sample from which the line was started. Two of these (TAY and HUN) might well be
accounted for by transfusion. The line F89 has previously been shown to be African in origin
although it was originally said to be derived from a white patient with leukaemia (Povey et al.
1973). The karyotype has the 14q+ commonly found in Burkitt lymphoma derived lines. It
also forms tumours in nude mice. (Zeuthen, unpublished data). It seems likely that it is an
African Burkitt lymphoma, and it has been included as such in this paper.
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Fig. 3 (a) and (b). For caption see opposite.
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A9/C57 A9/C57 EL/,
4H7B4 4 C57B1

LYMPHOMA

Fig. 4. Starch gel showing malic enzyme in intraspecific mouse hybrids with a diagrammatic
representation of some of the parent lines. In the lymphoma EL4 malic enzyme was not detected, and
was not re-expressed in B82/EL4.

The line HYD, differing from the blood of the patient at two loci, was the only 'normal' line
to lack MES. The simple conclusion that this was a contaminant lymphoma line is ruled out
by the fact that the enzyme phenotypes of this line are not identical with any of the lymphoma
lines tested. This line is being further investigated and results on HLA typing of the line and
the donor's frozen lymphocytes suggest that contamination of samples has not occurred. This
patient had extensive chemotherapy, including 5 fluorouracil and methyl-chlorethyl cyclohexyl
nitrosourea.

Table 3 shows the result of testing for MES in various rodent cell lines, two of which, one
lymphoma and one myeloma, were found to be deficient.
Table 4 shows the results of testing for the presence of human malic enzyme in human—rodent

hybrids made with various human lymphoid lines. All the mouse parent lines expressed MES
and all the hybrids expressed rodent enzyme. With one exception, no human MES was observed
in hybrids made with lymphoid lines lacking this enzyme. In contrast, hybrids positive for
human MES were found in all the series of hybrids made with lymphoid lines known to be
positive for MES. The informative hybrids are, of course, those which contain the structural
gene, known to lie on 6q. Although the data are rather sparse, in some cases clear evidence for
the presence of chromosome 6 was obtained, as for example in the 14 clones of G3/V79 (see
Materials), and in the hybrid WEB4, expressing human PGM3 but not malic enzyme (Eig. 3).
Karyotype data are not available for many of these hybrids but the presence of a normal-looking
chromosome 6 in 50% of cells ofA9HT/RAJI and in 33 % of cells ofMINI A9HT/RAJI is good
evidence that, the RA.JI MES gene is present although not active. Since MES is a tetramer with
a very clear electrophoretic separation between human and mouse one would certainly expect
to detect human MES in such hybrids if the gene were expressed.

Fig. 3. (a) Malic enzyme in two human-hamster hybrids, together with human lymphoid and rodent
controls. The lymphoid EB4 has no detectable MES, and the hybrid shows only the rodent enzyme.
In contrast the fibroblast hybrid has human-rodent heteromeric isozymes in addition to the rodent
enzyme, (b) Phosphoglucomutase in the EB4 x Wg3h hybrid and in controls, showing lymphoid lines
of two different phenotypes for PGM3, F89 being PgM3 2 and EB4 being PGM3 1. (The isozyme in EB4
is rather obscured by overlying superoxide dismutase.) The hybrid is clearly positive for human PGM3
1, a marker for chromosome 6.
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MCP PCC4 GIR6
hybrid J hybrid

mouse mouse

G3.32 8226

human
lymphoid

Fig. 5. Starch gel showing the lack of human MES in G3.32. 2 and the G1R6 hybrid, and the
reactivation of human MES in the microcell hybrid MCP, made between G1R and a teratocareinoma
(PCC4).

The most interesting and puzzling results were obtained from the hybrids made with the line
G3 . 32 .2 (see Materials). The X/6 chromosome introduced on to a 1R or V79 background did
not express MES, but after fusion with a mouse teratocarcinoma the human enzyme was

re-expressed (Pig. 5). This effect did not appear to depend on the presence or absence of other
human chromosomes, although the data on this point are not absolutely conclusive.
Some further information came from intra-specific hybrids. Table 5 shows that in human-

human hybrids fusion of two negative lines does not result in the appearance of MES whereas
fusion of a negative with a positive (either another hybrid or a HeLa cell) does result in the
appearance of enzyme. Because MES is not polymorphic in man it is not possible to deduce
whether the latter situation involves any activation of the MES of the ' non-active' parent lines.
In the case of the mouse, strains which differ at the MES locus are available. Fig. 4 shows the
appearance of MES in two sets of mouse intra-specific hybrids, both involving a C3H x C57BI
cross. The hybrid between the C3H derived fibroblastic tumour line A9HT and C57B1
lymphocytes shows a hybrid isozyme pattern as expected, whereas the hybrid between B82 (C3H
epithelial line) and the EL4 lymphoma, shows only the C3H type enzyme. The lymphoma line
itself, tested on only one occasion, showed no activity. This suggests that in this particular
hybrid (virtually 'complete' by the criterion of other enzyme markers) reactivation of the MES
locus in the lymphoma parent did not occur, ft is, of course, not certain that the mechanism
of the deficiency of malic enzyme in this mouse lymphoma is the same as in the human
lymphoma lines, but the result is in agreement with the interspecific hybrid data. The other
mouse lymphoma tested, BW5147, had strong MES activity, and it seems probable that PIR2
was also positive but this was not tested directly.
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DISCUSSION

In many Burkitt lymphoma cell lines and in some lines derived from patients with leukaemias
and lymphomas there is an absolute deficiency ofmalic enzyme. With the exception of the single
line HY1), from a patient with a gastro-intestinal tumour, all the lines lacking malic enzyme
have some evidence that they were derived from malignant cells, although there is no absolute
correlation with EBNA status. There were, however, two lines clearly derived from tumour cells
(K562, an erythroid line from a patient with chronic myeloid leukaemia, and 8226, a myeloma)
with good MES activity.
Two rodent lines lacking malic enzyme (the lymphoma EE, and the myeloma X63) were also

discovered, but the relationship between this finding and the lack of MES in human lymphoma
lines is not clear. At a practical level our results certainly indicate that MES should not be used
as a marker for human chromosome 6 in hybrids made with lymphoma or leukaemia cells. They
do, however, raise a number of more theoretical problems, three of which will be briefly
considered here:

(1) What is the mechanism of the MES deficiency?
We have attempted to analyse the deficiency of MES using somatic cell hybrids. With one

exception the presence or absence ofmalic enzyme in any cell line appeared to behave in a simple
'co-dominant' way, i.e. the expression of any particular gene for malic enzyme was not
influenced by any other contribution to the hybrid. This would suggest that the alteration is
at the level of the structural gene on chromosome 6. The simplest explanation of this would
be a small deletion in the lines not expressing malic enzyme. Deletions of 6q have not been
observed as a characteristic feature of Burkitt lymphoma lines and in Burkitt lymphoma lines
examined specifically for this purpose (RAJI, DAUDI, NAMALWA, P3HR-1) in quinacrine-
banded preparations, no indication of a deletion in the region ql2 —» ql5 has been found, though
this has not yet been further checked on prophase chromosomes. Marker chromosomes involving
deletions of 6q have been reported in up to 25 % of patients suffering from other non-Hodgkin,
non-Burkitt lymphomas, and some of these have involved a breakpoint in the region ql3 —* q 15
although q21 —► q23 was more usual (Mark, Dahlenfors & Ekedahl, 1979; Reeves & Pickup.
1980). However, such a deletion occurring in one homologue in a few patients would not account
for the lack of MES in so many cell lines. The conclusive evidence against deletion as the cause
of the deficiency is the reactivation of human MES in G3.32.2 fused with a mouse
teratocarcinoma. Since MES did not reappear when this line was fused to 1R or to V79 it seems
likely that some contribution from the mouse teratocarcinoma was able to reactivate the human
MES gene. We do not have any data on the ability of this teratocarcinoma to reactivate MES
in any of the other deficient lines.
There is no evidence that the inactivation of the locus for malic enzyme in the lymphoma

and leukaemia lines extends to other genes on chromosome 6. With one exception (lack of PGM3
in MOLT4) the other lines all have PGM3 and GEO activity although the number of
heterozygot.es is rather less than one might expect in a sample this size (data not shown but
see Povey et al. 1980). Some of the lines are probably effectively hemizygous for these enzymes,
having lost activity of the product of some alleles during culture, but this effect is found at all
loci in lymphoma lines, not just on chromosome 6, and is probably the result of chromosome
translocations (Povey et al. 1980).
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The mechanism of the loss of activity of MES in lymphoid lines of malignant origin, so far
reversed only by fusion with a teratocarcinoma, is thus quite unknown. One possibility is the
lack of some specific hormone receptor associated with chromatin on chromosome 6. This
speculation, for which there is no evidence, was prompted by the known fact that thyroxine
has been found to cause a specific and manyfold increase of MES activity in rats and also in
chick liver cells in culture (Goodridge & Adelmann, 1976; Yamamoto & Albert, 1976). Thyroid
hormone has been shown to act by complexing with a nuclear receptor associated with
chromatin (Samuels, 1978). Although thyroid receptors have been demonstrated in human
lymphocytes (Tsai & Samuels, 1974) it is not known if they occur in lymphoid lines, and it might
be of interest to look for correlation between levels of such receptors and ofMES activity. Insulin
receptors on the other hand are known to occur and in the multiple lines from the two patients
with chronic lymphatic leukaemia the presence or absence of MES activity closely paralleled
the detection of insulin receptors in the lines (Dr Aman, pers. comm.).

(2) Does the lack of malic enzyme affect the cells?
The function of malic enzyme is not clearly understood and the enormous variation in levels

seen in the liver of different mammals, mentioned in the Introduction, leads to some speculation
about its importance. It is generally thought to function in lipogenesis as a source of NADPH,
but various alternative functions have been proposed (e.g. Stark, Thompson & Frenkel, 1975).
It has been shown that normal mature leukocytes and also leukaemic blast cells do not
synthesise fatty acids de novo to an appreciable extent, relying on exogenous sources (Burns,
Welshman & Spector, 1977). Certainly, in normal tissue culture conditions the lines which lack
malic enzyme do not appear to be at any disadvantage compared with other lines.

(3) What is the connection between lack of malic enzyme and malignancy?
In established cell lines there certainly seems to be an association of lack of malic enzyme

with origin from malignant lymphoid cells. We can make no claim about whether this association
would be found in cells studied in vivo. MES is present in low amounts in preparations of normal
human leukocytes (Cohen & Omenn, 19726) but the relative activity in different populations
of normal cells found in peripheral blood has never been examined. It may be, for example,
that some normal lymphocytes do not express MES and this is something we hope to investigate.
It is possible that- 'normal' lymphoblastoid lines on the one hand, and lymphoma or leukaemia
lines on the other, are derived from subpopulations of lymphoid cells which differ with respect
to the expression of MES. However, it is of interest that the cell lines not expressing MES include
some of both B and T-cell origin.

We are grateful to Dr Y. Boyd, Dr Ben Arce-Gomez, Dr Yefenof and Mrs M.-W. Burley for allowing us to
use their hybrids, and to Dr F. Katz for supplying us with samples of NALM-1, REH and KM3. J. Zeuthen
was supported by a grant from the Danish Cancer Society. The work was supported in part by the King Gustav
V Jubilee Fund and also by grants CA 16448 and GM 15253 from the National Cancer Institute and Institute
of General Medical Sciences respectively, National Institute of Health, USA.
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Evidence for a genetic component in susceptibility to Epstein-Barr virus (EBV)
infection was sought by comparing HLA A and B phenotypes of EBV antibody-
negative Scottish medical students and randomly chosen antibody-positive controls.
No statistically significant differences were observed, but three antigens, (A10, A29
and B15), were relatively undcrrcpresented in the EBV seronegative group; find¬
ings which agree with data previously reported from a similar study in Los Angeles.
A strong association between the HLA Al/Blank phenotype and EBV
seronegativity, evident in the Los Angeles population, was not confirmed in the
present study.
Received for publication 29 June 1981, revised, accepted 24 July 1981

The Epstein-Barr (EBV) has a worldwide
distribution and infectious virus is shed in the

pharyngeal secretions of 10 to 20% of healthy
seropositive individuals (Chang et al. 1973).
One factor determining the likelihood of
seroconversion is degree of exposure to the
virus, since the prevalence of antibody in a

community and the mean age of seroconver¬
sion are related to standards of hygiene, to
overcrowding in the home and even to atten¬
dance at nursery school (Pereira ct al. 1969,
Henle & Henle 1979). Yet even where heavy
exposure to the virus can reasonably be in¬
ferred, some individuals escape infection
(Moore 1970, Chang 1975). It is therefore
reasonable to postulate some individual var¬

iation in susceptibility to primary EBV infec¬
tion.

The possibility of a link between antigens of
the major histocompatibility complex (MHC)
and resistance or susceptibility to EB virus
infection is suggested by two lines of evidence.
First, the finding of a physical association
between receptors for EBV virus and an
MHC gene product on the surface of human
lymphocytes (Klein et al. 1979) and secondly,
the reports of associations between certain
HLA antigens and two EBV-related diseases,
Nasopharyngeal Carcinoma and Burkitt's
Lymphoma (Simons et al. 1975, Jones et al.
1980). The object of this study has therefore
been to compare the distribution of HLA al-
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I ,|es in EBV seronegative adults and control
seropositive individuals.

\latcrial and methods

Subj ■

final year medical students at Edinburgh and
Glasgow were invited to participate in the
study. A brief medical and social question¬
naire was completed and blood samples were
obtained for detection of antibody against EB
viral capsid antigen (VCA). Further (defibri-
nated) blood samples were sought from any
stuc s without detectible anti-VCA anti-
hod) (litre <10), from a control group
selected at random from the same teaching
"clinics" as the antibody-negative individuals
and from any with a history of Paul Bunnel or
"Monospof'-positive infectious mononu¬
cleosis.

Deli "n of EB viral capsid antigen

Sera were diluted 1:10 and tested by an indi¬
rect immunofluorescence assay against
acetone-fixed EB3 cells which had been grown
for the previous week in Arginine-deprived
medium (Henle & Henle 1966, Steel & Ed-
mond 1971).

IIL. ping

Lymphocytes were separated from defibri-
nated blood by sedimentation over
licoll/Metrozoate (Harris & Ukaejiofo
l%8). Aliquots of approximately 3 x 106
cells were frozen under controlled conditions
in a mixture of 10% Dimethyl Sulphoxide,
»% Foetal calf serum (FCS) and 40% cul¬
ture medium. They were stored in 1 ml am-
!»u: in liquid nitrogen for up to six months
Wore tissue typing.
After recovery from liquid nitrogen storage,

T cells were separated from the blood lym¬
phocytes by formation of rosettes with
aminoethyl thiournium-treated sheep ery¬

throcytes (Kaplan & Clarke 1974) and
sedimentation through Ficoll/Metrozoate.
The T cell fraction was cleared of erythrocytes
by hypotonic lysis and washing, then typed by
a two-stage microtoxicity test at 20°C with
selected Rabbit complement (Buxted) in the
second stage (Kissmeyer-Nielsen & Dick
1979). One hundred twenty typing sera were
used to identify 10 antigens at the A locus and
15 at the B locus. In a small number of cases,
the results were technically unsatisfactory and
typing was repeated on a second aliquot of
cells from the same donor. Only two of 133
samples could not be typed (because of dif¬
ficulties with viability of the stored lympho¬
cytes).

Results

Two hundred fifty-four students (age range
23—26 years) participated in the study. This
represents 82% and 71% of the Edinburgh
and Glasgow final year classes respectively.
Details of the students and the findings in re¬
lation to EB virus serology are given in Table
1. The Edinburgh and Glasgow groups are
closely comparable for percentage of EBV
antibody-negative individuals.
Lymphocytes for tissue typing were

obtained from all but one of the EBV

antibody-negative students, from 15 of the 17
with previous infectious mononucleosis and
from 59 "control" anti-EBV VCA-positive
individuals. Of this total, one was Indian and
another Chinese. The others were white,
mainly of Scottish extraction. Details of social
history which may be relevant to the chance of
EBV seroconversion, are given in Table 2.
There is a tendency for the antibody-negative
students to come from higher social class and
from smaller families than the controls but the

•' Tissue Antigens 18, 4
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Table 1
Distribution of anti-EBV VCA antibody among Edinburgh and Glasgow final year medical students

Sub
Edinburgh
total M. F. Sub

Glasgow
total M. F.

No History of Infec¬
tious Mononucleosis 83 (68%) 54 29 94 (71%) 56 38

EBV VCA iS 1:10

History of Infec¬
tious Mononucleosis 12 (10%) 9 3 5 (4%) 1 4

EBV VCA < 1:10 27 (22%) 20 7 33 (25%) 20 13

Totals 122 83 39 132 77 55

Antibody Negative (59) Antibody Positive

/ \ £
No History of Past History of
I.M. (59) I.M. (15)

Social Class

(By father's occupation)

Average sibship size
No's who attended nursery school
No's who attended boarding school

I
II
III
IV
V

16 (27%)
27 (46%)
14 (24%)
2 (3.5%)
0

2.51 (±1.21)
13
6

13 (22%)
24 (41%)
17 (29%)
5 (8.5%)
0

2.97 (±1.13)
13
3

7 (47%)
5 (33%)
2 (13%)
1 (7%)
0

3.00 (±0.65)
3
1

overlap is so great that social factors alone
cannot explain the differences in EBV
serology. There is a striking shift to higher
social class among those giving a previous
history of infectious mononucleosis. This is
largely accounted for by the fact that seven of
the 15 had medical practitioners for parents.
It seems likely that the diagnosis of infectious
mononucleosis is made (and confirmed) more
frequently in ■ "medical" families than in
others and hence that a great many cases go

Table 2
Social factors in relation to presence or absence of EBV VCA antibody. (Edinburgh and Glasgow groups
combined)

unrecognised in the general population. For
the purposes of analysis, the "previous his¬
tory" students have therefore been included
with EBV antibody-positive controls.
The distribution of HLA A and B alloan-

tigens is shown in Table 3. In no case has a
statistically significant difference been found
between EBV antibody-negative and control
students. Specifically, we could not confirm
the findings of Boyer et al. (1980) that the
phenotype HLA Al/Blank (putative

(able J
tflA A and

Antigen

Al
2
3
9
10
11
28
29
30
40 32
Blank
Al/Bk'ink

17'
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Table 3
tfLA A and IS antigens in EB V antibody-negative and control students

Antigen % of Glasgow* No. of EBV No. of EBV % with X2** P

Population antibody-negative antibody-positive anti-VCA (Yates)
with allotype students with students with titre

allotype (%) allotype (%) ©All

A 1 40.3 25 44) 32 43) 56 0.0

2 47.6 29 51) 31 42) 56 0.5

3 22.8 15 26) 25 34) 62.5 0.5

9 17.5 9 16) 6 8) 40 1.4

10 6.1 1 2) 7 9) 87.5 2.0 -0.1

11 7.6 9 16) 9 12) 50 0.3

28 9.0 3 5) 0 0) 0

29 4.6 2 4) 6 8) 75 0.6

30 2.8 3 5) 2 3)
40 32 4.1 5 9) 6 3) 54.5 0.0

Blank 13 23) 24 32) 65 0.8

Al/Blank 4 7) 8 11) 66.5 0.2

B 5 6.1 8 14) 5 7) 38.5 1.5
7 27.1 16 28) 27 36) 63 0.5
8 30.7 20 35) 23 31) 53.5 0.1
12 33.3 15 26) 19 26) 43 0.0
13 4.3 1 2) 2 3) 66.5
14 8.5 8 14) 5 7) 38.5 1.5
15 8.5 4 7) 13 18) 76.5 2.1 -0.1
16 2.9 2 4) 5 7) 71.5
17 7.6 7 12) 4 5) 36.5 1.6
18 5.5 2 4) 2 3) 50
21 2.0 0 0) 1 1) 100
22 3.8 2 4) 5 7) 71.5
27 7.9 6 11) 2 3) 25 3.3 <0.1>0.05
35 8.5 5 9) 5 7) 50 0.0

40 8.8 3 5) 8 11) 72.5 0.7
Blank 17 30) 22 30) 56.5 0.0

Totals 57 74 56.5

From Dick et al. Tissue Antigens, in press 1981.
Calculated only for HLA types found in > 8 participants. Expected values calculated on basis that EBV
seropositive individuals form 75% of unselected population.

homozygous Al) is over-represented among
those without detectable anti-VCA antibody.
The tendency for B27 to be over-represented
among EBV seronegative Scottish students is
also at variance with the Los Angeles findings,
hut the two studies agree on the distribution
of alleles A10, A29 and B15, each of which is

less common among EBV-seronegative sub¬
jects than among controls.

Discussion

Most previous studies of HLA antigens in re¬
lation to EBV infection have concentrated on

I7>
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patients with infectious mononucleosis. No
consistent association has been established

between that condition and any HLA A or B
alleles. (Morris & Forbes 1971, Ting et al.
1973, Schiller & Davey 1974, Rosdahl &
Svejgaard 1979). Schiller & Davey (1974) did
identify an EBV seronegative subgroup, but
their study population of "healthy young

laboratory personnel" contained a surpris¬
ingly low overall proportion (37%) of indi¬
viduals positive for anti-VCA antibody. More
recently, Boyer et al. (1980) have carried out
a study similar in design to the present one,
among helathy students and employees at the
University of California at Los Angeles
(UCLA) Center for the Health Sciences. 87%
of the UCLA subjects were positive for an¬
ti-VCA antibody at a titre §M0 as compared
with 76.5% of the Scottish students and

seropositivity in the former study was more

prevalent among females (93%) than among
males (80%) whereas we have found no sig¬
nificant difference in frequency between
males and females (75% and 78.5% respec¬

tively).
Differences (including ethnic origins) be¬

tween the two populations may account for
these discrepancies and for the fact that we do
not confirm the Los Angeles finding of a

strong association between the HLA
Al/BIank constitution and EB virus

seronegativity. However, our data do support
the Los Angeles workers' observation of weak
associations between three antigens (HLA
A10, A29 and B15) and the presence of anti¬
body to EB virus. Our findings may thus be
consistent with a link between genes of the
major histocompatibility complex and relative
susceptibility to primary infection with EBV.
Since B lymphocytes are the prime target

for EB virus in man (Jondal & Klein 1973),
the B cell-restricted HLA "DR" antigens may
be of special relevance. For both
Nasopharyngeal Carcinoma and Burkitt's
Lymphoma, stronger associations have been

claimed with DR than with HLA A or B al
leles (Simons et al. 1975, Bodmer et al. 1975
Jones et al. 1980). In the course of the present
study B cell-enriched lymphocyte fractions
were isolated from all typed individuals. Un¬
fortunately these samples appear to be less
robust, under the conditions of freezing and
storage, than the T lymphocytes and DR typ.
ing has therefore been technically unsatisfac¬
tory. It is, however, intended to carry out a
follow-up study of EB seronegative individu¬
als using fresh blood lymphocytes for DR
typing.
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C.2. Definition of Lymphocytes Subsets

MONOCLONAL ANTI-B CELL
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ABSTRACT

Three monoclonal antibodies which recognise determinants on the surface of human B
cells have been studied for their effect on mixed lymphocyte reactions (MLR). MLR
inhibition was observed under a variety of conditions. While it was not possible
to ascribe lymphocyte activation to a single determinant recognised by any of the
antibodies, further analysis of the mechanisms involved in lymphocyte activation
should be possible through the use of monoclonal reagents.

INTRODUCTION

Following immunisation of a mouse with cells from the human B lymphoma line DAUDI,
cells from its spleen were fused with the mouse myeloma line X63 (Kohler, Howe and
Milstein, 1976) and a number of stable antibody-secreting hybridoma clones
isolated. Among the monoclonal antibodies produced were four which bind
selectively to B lymphocytes and B cell lines (see Guy and colleagues, this
colloquium). Some properties of these antibodies are listed in Table 1 and the
target antigens for two of them have been characterised further as illustrated in
Fig. 1. The purpose of the present study is to examine the role in the mixed
lymphocyte reaction of antigens defined by monoclonal anti-B-cell antibodies.

Table 1. Properties of Monoclonal Antibodies Included in this Study.

Binding to:-

M.W. of Target
Periph. Periph. C'-dependent antigen (by

ig B cell Blood Blood Activated Cytotoxicity immuno-

Designation Class lines B cells T cells T cells on B cells precipitation)

DA6.121/231* G1 + - + - 29,000/34,000

DA6.147 G1 +(10%) ± - - - 29,000/34,000

DA6.164 G1 +** - + - 29,000/34,000

CA.206 G2 + " + + 29,000/34,000

* These 2 monoclonals are indistinguishable serologically and behave similarly in MLR studies.

♦♦Negative on two DR W7 homozygous cell lines (Dr. J.G. Bodmer)

695
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Fig. 1.

Detergent-solubilised B cell membranes are run in
SDS-PAGE and transferred to nitrocellulose (Towbin
and others, 1979). Strips are incubated with
individual monoclonals followed by I125-labelled
rabbit anti-mouse Ig. Autoradiography reveals
target antigens for 121 and 147. The latter is
consistently the most prominent component
detected by this technique. The target for 164
does not transfer and may be labile.

METHODS

The micro-scale mixed lymphocyte culture technique of Steel and Creasey (1976) has
been used. In 96-well microtest plates, lOOpl aliquots of Ham's F10 medium buffered
with bicarbonate and MOPS, supplemented with 15% pooled human serum from healthy
male donors, contain 2.5x10^ peripheral blood lymphocytes (PBL) plus, as appropriate,
phytohaemagglutinin (Wellcome HA15, 1%) or lo"* mitomycin-C-treated human lymphoid
cell line (LCL) cells or 2.5X101* mitomycin-C-treated allogeneic PBL. Supernatants
from monoclonal antibody-secreting hybridoma cultures or from the mouse myeloma
parent culture X63 are added, 25|ul per well, at the start of culture. 0.1 pCi of
1'tC-Thymidine is added to each well 20 hours before harvesting. Duplicate samples
of each culture combination are harvested after 72, 120 and 168 hours incubation at
37°C and counted for 10 minutes in a liquid scintillation spectrophotometer. Mean
counts, minus two controls (a., unstimulated PBL alone; b. mitomycin-C-treated cells
alone) are aggregated for the three periods.

FINDINGS

General. In an extensive series of experiments the monoclonal antibodies 121 and
231, which are serologically indistinguishable, have behaved very similarly in that
both consistently cause marked, but incomplete, inhibition of MLR. In the same

experiments the monoclonal CA206 has a much weaker inhibitory effect. Results with
147 and 164 have been less consistent. With certain responder/stimulator combin¬
ations they produce strong inhibition of MLR, sometimes amounting to complete abro¬
gation of the reaction but in other experiments they appear to have little or no
effect.
The result of a representative experiment is shown in Fig. 2.

Fig. 2.

Response of PBL from adult donor to PHA,
to mitomycin-C-treated cells from lines
BRI8T and ORIj and to allogeneic lympho¬
cytes, in presence of supernatants from
X63 or hybridoma cultures 121, 147, 164
and CA206.

Cumulative counts from unstimulated PBL

<5x103 in all experiments.

M.W. 147 164 121

34 K ►

29K ►

r n n

p
BRI 8T

ORI,

„ .

Allogeneic PBL

n „ n
X63 121 147 164 CA206
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Isolated T cell response. Inhibition of MLR by monoclonal antibodies is still seen
when the responding population is enriched for T cells by sedimentation through
Ficoll/'Hypaque' of 'E' rosette-forming PBL (Fig. 3). This suggests that inhibition
of MLR is not mediated solely by ADCC.

Fig. 3.

Responding cells in this experiment
are 97% 'E' rosette-positive.

CO 100
CD

GO G

ZD 200
O
C_J

LU

> 100
<r

ZD 0
:>
CD

50
0

50
0

PHA

Fl n rn n n

DAUDI

n
DEW,

-

n , _ n n n
Allogeneic PBL

X63 121 147 164 CA206

Effect of complement. In most experiments, human serum supplementing the culture
medium has been heat-inactivated. A formal comparison of fresh vs heat-inactivated
serum (from the same pool) gave unexpected results (Fig. 4). In the presence of
complement, PHA responses are augmented but MLR is diminished. MLR inhibition by
monoclonal antibodies is seen under both conditions but blocking of PHA responses

by 147 and 164 occurs chiefly in the absence of complement. In the experiment
illustrated (Fig. 4) the responding lymphocytes are from cord blood but similar
results have been obtained using adult PBL.

200

100

0

100

0

PHA

J1

BRI 8T

_E3

X63 121 147 164 CA206
Medium supplemented with 15% Fresh^
or Heat-inactivated □ human serum.

50

0

50

0

50

0

Responder A DRW7-ve Responder B DRW7+ve
PHA

n

XI

XX

MANN

(DRW7 Homozygous, 164—negative).

n n r~i

Allogeneic PBL

nlH
X63 121 147 164 X63 121 147 164

Fig. 4. For details see text. Fig. 5. For details, see text.

Responder cells in this experiment
are from cord blood but similar

findings have been obtained from
adult PBL.
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Antigen-negative stimulator. The DRW homozygous 'typing' cell line MANN is negative
for the surface antigen recognised by monoclonal 164 (Dr.J.G. Bodmer's data). In an

experiment using two adult responders, A who is DRW7 negative and B who is DRW7
positive, B gives a predictably lower mixed lymphocyte response than A to mitomycin-
C-treated MANN. In neither case, however, is there appreciable inhibition of the
response by 164 although that antibody does inhibit responses of both donors to allo¬
geneic PBL. At least in this instance, therefore, MLR inhibition depends upon an
interaction between the monoclonal antibody and the stimulator cell population.

Lymphocyte stimulation by activated T cells. T lymphocytes activated by PHA then
cultured with T cell growth factor are positive for surface determinants recognised
by monoclonals 121 and 164. They also stimulate allogeneic PBL, though not strongly
(Fig. 6). Monoclonal antibodies did not inhibit responses to activated T cells. In
the same experiment they did reduce the MLR generated by allogeneic PBL.

200r

100 -

50-
I

! 0-

! 50-

;
>

i 100-
I

50-

0-

n

PHA

Activated T cells

n

n

Allogeneic PBL
(B cells)

Fig. 6. Activated T cells stimulate
allogeneic PBL but reaction
is not inhibited by
monoclonal antibodies.

X63 121 147 164 CA206

Conclusions

No very clear pattern has yet emerged from studies on MLR inhibition by anti-B-cell
monoclonals. Among antibodies directed against DR 'common' or 'framework'
determinants, 121 and 231 have consistent and quite powerful effects. CA206, both
in our hands and those of Engleman and others (1980), produces only modest inhibitior
while a second anti-DR monoclonal, '1.35', studied by these authors, had no
inhibitory effect on lymphocyte activation. A similar antibody, "Q5/13", is
reported by Indiveri (1980) to block lymphocyte reactions both to allogeneic PBL and
to activated T cells, differing in this last respect from any of the reagents
included in the present study.

The determinant recognised by 164 is thought to be on the 8 chain of a subset of DR
molecules (Guy and others, this volume). It may play a role in mixed lymphocyte
reactions between certain stimulator/responder combinations, judging by the profound
inhibitory effect of 164 in some experiments. The effect, however, was inconsistent
and only in the case of stimulation by MANN could ineffectiveness of 164 be
attributed to absence of the corresponding antigen from the activating cells.
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Monoclonal 147 is also an enigma. From gel 'blot' data (Fig. 1) it recognises an

antigen present in great abundance on the B cell membrane whose size corresponds
t o the DR a chain. Immunofluorescence and radio-immuno binding however indicate
that the determinant is only weakly represented on the surface of intact cells. It
seems possible that the normal conformation of the DR molecules is such that the
a chain (or at least the part of it which binds 147) is 'masked'. Nevertheless in
certain MLR experiments 147 causes profound inhibition of the reaction.

The influence of complement on lymphocyte activation may be a consequence of the
reported association between histocompatibility antigens (including DR) and
complement receptors on the surface of lymphoid cells (Galili, Brautbar and
Schlesinger, 1977; Klein, Hyman and Trowbridge, 1979) however our preliminary
studies (in preparation) do not show any reciprocal inhibition of binding between
anti-B cell monoclonals and human complement.

In summary, our findings argue against simple equivalence between any antigens yet
identified by monoclonal reagents and the determinant(s) responsible for the mixed
lymphocyte reaction. Nevertheless monoclonal antibodies are likely to prove

powerful tools for dissecting the mechanisms involved in lymphocyte activation.
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ABSTRACT

A series of monoclonal antibodies, prepared against the Burkitt's lymphoma line
Daudi, define antigens predominantly expressed on cells of the B lymphoid series.
Four antibodies which react with HLA-DR or DR-like antigens have enabled the
serological definition of at least two and possibly three distinct subsets of
molecules. Of these four antibodies, one (DA6.164) defines a DR allotype
associated epitope common to all DR types tested except DR 7 homozygotes. A
second (DA6.147) recognizes a DR-like antigen which is expressed in abundance on B
lymphoblastoid cells, weakly on peripheral blood B cells and not at all on
activated T cells. Two further antibodies (DA6.231 and DA6.121), with
indistinguishable specificity, detect an epitope apparently common to more than
one set of DR molecules.

KEYWORDS

Major histocompatibility complex; HLA-D; HLA-DR; monoclonal antibodies;
homozygous typing cells; activated T cells.

INTRODUCTION

The highly polymorphic HLA-D/DR locus antigens are major histocompatibility gene

products homologous to the la antigens of the mouse. As such they are

functionally significant in the mediation of cellular interactions required to
generate immune responses. The existence of multiple epitopes on individual HLA
gene products is evident from extensive serological cross-reactivity previously
defined by alloantisera and polyspecific xenoantisera. The development of
hybridoma antibody techniques offers the opportunity to study the functional
significance of individual epitopes of complex macromolecules and to determine
the extent of the complexity of products of highly polymorphic gene clusters such
as HLA.
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MATERIALS AND METHODS

Immunization, Fusion and Hybridoma Culture

BALB/c mice were immunized with 3 x 107 Daudi cells on two occasions, four weeks
apart. Three days after the second injection two mice were sacrificed, the
spleens removed and fusion carried out as described by Claflin and Williams (1978).
The non-secreting myeloma line X63NS1 was used for fusion. Following fusion,
selection was carried out as described by Kennett and colleagues (1978). Selected
hybridomas have been subcloned at least twice by limiting dilution and grown as
ascites in Pristane-treated mice.

Cells and Cell Culture

Peripheral blood lymphocytes were isolated from the blood of nine normal adult
donors by flotation over ficoll-hypaque. Pooled cells were separated into T cell
enriched and depleted fractions by rosetting with AET-treated sheep red cells.
All lymphoblastoid cell lines were grown in F10 medium supplemented with 10%
foetal calf serum. CCRF/CEM and MOLT4 are T cell lines; K562 is a non-T, non-B
cell line of myeloid/erythroid origin; all remaining lines are B lymphoblastoid
cell lines of Burkitt's lymphoma origin (Daudi, Raji and EB1) or have been
established by in vitro Epstein-Barr virus infection.

Radioimmunobinding Assay for Antibody in Culture Supernatants

Tests were performed in microtitre plates using 1-2 x 10s glutaraldehyde fixed
cells per well and 50 III aliquots of hybridoma culture supernatants. Bound
antibodies were detected with 125I-labelled F(ab')2-rabbit-anti-mouse-Ig. All
binding values given in the text are corrected by subtraction of negative controls
(usually 0.2-2 x 103cpm).

Serological Inhibition Assays

Monoclonal antibodies were labelled biosynthetically with S35, or ascites Ig was
12 5

purified by sodium sulphate precipitation and labelled with I to a specific
activity of 5 |!Ci/|ig. Binding inhibition assays were performed as described by
Brodsky and colleagues (1980) with minor modifications. Controls consisted of
X63NS1 supernatant, DA6.112, a monoclonal antibody reactive with all human cells
tested and DA6.127, monoclonal anti-human IgM. No inhibition was seen in any

experiment with any of these controls (results not shown).

Immunofluorescence Techniques

Standard immunofluorescence methods were used with viable cells in suspension and
rabbit-anti-mouse FITC labelled second antibody.

Activated T Cells

Activated T cells were prepared by the method of Bonnard and colleagues (1980).
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Immunoprecipitation and SDS-polyacrylamide Gel Electrophoresis
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Precipitation of labelled soluble antigens was performed as described by Lampson
and Levy (1980) with minor modifications. SDS-PAGE was performed according to
Laemmli (1970).

RESULTS AND DISCUSSION

Direct Serological Analysis of Hybridoma Antibodies

Four twice-cloned hybridomas producing antibodies directed against antigens
predominantly expressed on B lymphoid cells, were extensively analyzed by
serological means. Two of these antibodies (231,121) appeared to detect identical
or very similar epitope(s) and detailed results will be presented only for the
former antibody. DA6.231, 164 and 147 detect antigens which all appeared
initially to be non-polymorphic in expression (Fig. 1). When titrations of the
antibodies were performed, DA6.231 and 121 invariably gave binding values at about
the same level. This always exceeded the plateau binding of DA6.164 by about
25-30% (Fig. 2), although some variation in this ratio was seen with different B
cell lines. DA6.164 binding was usually only slightly in excess of DA6.147
binding on B cell lines. In contrast, DA6.147 was only weakly positive on

peripheral blood B cells. The peripheral blood B cells of chronic lymphatic
leukaemia patients express DA6.231, 164 and 147 antigens (Fig. 3) although the
relative quantity of the 147 epitope is again reduced by comparison with B cell
lines. The EBV negative B cell line Ramos was also found to be 147 positive
(data not shown). This and the presence of the epitope on chronic lymphatic
leukaemia cells, excludes the dependence of the DA6.147 epitope upon the
expression of the Epstein-Barr virus genome.

TEST OF MCAb OA6.231 AGAINST CELL PANEL

RAMAb F|ab'),JISl BOUND CRM "Iff3

CCRF.'CEM

MOIT,

Fig. 1.1
TEST OF MCAb DA6 147 AGAINST CELL PANEL

RAMAb F(ab'|, I BOUNDCPM "10-3

TEST OF MCAb DA6.164 AGAINST CELL PANEL

RAMAb F(abV"' BOUND. CPM ><10~3

CCRF/CEM

MOIL

3

Fig. 1.2
BINDING OF 0A6 MCAbs TO DAUOI
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SDS-PAGE Analysis

Preliminary analysis indicates that DA6.231, 164 and 147 all bind to molecules
composed of 28-34K molecular weight subunits. Detailed analysis, including
sequential immunoprecipitation, to determine the relationship among the molecules
and subunits is being carried out. Preliminary evidence indicates localization
of the DA6.231 epitope to B chains.

Serological Inhibition Assays

No inhibition of the binding of DA6.231 of DA6.164 was found with DA6.147 (Fig. 4)
and similarly negative results have been obtained for the inhibition of DA6.147
binding. This shows that the DA6.147 epitope is some distance from the DA6.231
and DA6.164 epitopes but provides no evidence against their possible presence on
the same molecule. The relationship between the DA6.231 and DA6.164 epitopes is
more complex. DA6.231 will completely inhibit the binding of DA6.164 (Fig. 4.1)
but in the reverse direction only partial inhibition of DA6.231 has been achieved
(Fig. 4.2 and 4.3). The simplest explanation of these results involves two
epitopes in juxtaposition on the same polypeptide of the HLA-DR molecule. However,
because of steric hindrance effects and the relative sizes of immunoglobulin and
HLA-DR molecules other explanations are obviously tenable. Nevertheless, the
lack of complete inhibition of DA6.231 and DA6.164 would appear to indicate the
presence of a second minor subset of HLA-DR molecules. In unpublished
experiments we have shown inhibition of another anti-DR reagent CA.206, (Charron
and McDevitt, 1979) by DA6.231.

INHIBITION OF BINDING OF ,2st-DA6 164

m n #3 #4 #5
B CHRONIC LYMPHATIC LEUKAEMIAS Fig . 3 .

I 3 5 7 9 It
Serial doubling dilutions of inhibitor r ly . ft . ± .

INHIBITION OF BINDING OF ,25I-DA6.231

INHIBITION OF BINDING OF S35-DA6 231

X63

147

- 164__, - ^ "

■

12j -
231

1 3 5 7 5
Serial doubling dilutions of inhibitor

1 3 5 7 9 11

Serial doubling dilutions of inhibitor Fiy . 4.2. Fig. 4.3.
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Immunofluorescence Studies
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The serological results so far presented utilized fixed cells whereas immuno¬
fluorescence studies were performed with viable cells to avoid non-specific
fluorescence. DA6.231 and DA6.164 gave intense fluorescence with almost all
cells of B lymphoblastoid populations. In contrast only about 10% of the cells
of a B line were positive with DA6.147. This finding has been reproduced on
many occasions with different cell lines and using DA6.147 ascites which has a

radioimmuno-binding titre of 1/500,000. Subsequently these findings were also
confirmed by autoradiography. The DA6.147 epitope does not appear to be expressed
on the surface of viable B lymphoblastoid cells but is exposed and accessible to
antibody after fixation of the cells.

Homozygous Typing Cells

Homozygous typing cells (HTC) of the HLA D/DR alleles of D/DR 1 to 7 were kindly
tested by Dr. J.G. Bodmer and her colleagues. HTC of alleles DR1 to DR6 were

positive for DA6.231, 164 and 147. The DR7 HTC MANN was found to be negative for
DA6.164 but DA6.231 and 147 positive (Fig. 5). A second DR7 HTC, IBW9, gave a
similar pattern of reactions. Since most evidence indicates the determination of
allotype specificity by the 3 chain (28K) of the DR molecule and because of lack
of detectable private peptides for the DR7 a(34K) chain (Corte and colleagues,
1981) the DA6.164 epitope may be carried on the g chain of DR.

DA6 Epitopes on Activated T Cells

Activated T cells were found to be positive with DA6.231 and 164 but showed a

complete absence of the DA6.147 epitope (Fig. 6). The presence of HLA-DR on
activated T cells has been shown previously (reviewed by Winchester and Kunkel,
(1979). The absence of DA6.147 binding with activated T cells confirms the
independence of the 147 epitope from conventional DR.
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CONCLUSIONS

Using mostly a serological data base the definition of at least two distinct
subsets of HLA-DR molecules appears to be possible with monoclonal antibodies
DA6.231 and DA6.164. DA6.231 detects on epitope common to more than one HLA-DR
subset, presumably corresponding to a non-contiguous DNA coding region as has been
suggested for HLA-A, B and C epitopes (Bodmer, 1981). The DR polypeptide which
determines allotype specificity appears to carry the DA6.164 epitope which is
presumably restricted to the major subset of DR molecules. The significance of
the DA6.147 epitope is not well understood. As well as recognized DR gene

products the DA6.147 epitope is of some importance in mixed lymphocyte culture
reactions (Steel, van Heyningen, Guy and colleagues, this Colloquium). The
possibility is that DA6,147 defines a third DR-like molecule or at least detects a
further epitope of functional significance on HLA-DR molecules.
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Summary. Four monoclonal antibodies directed
against human DR antigens were examined for their
effects on lymphocyte activation in vitro. Two
(DA6.121 and DA6.231) were serologically and bio¬
chemically indistinguishable and recognized a com¬
mon determinant on the DR /I chain. One, DA6.164,
reacted with an epitope probably on the /? chain of a
subset ofDR molecules while the fourth, DA6.147 was
directed against an a chain determinant. All four
produced measurable inhibition of lymphocyte acti¬
vation. Responses to PHA or PWM were generally
reduced by less than 30% and those to autochthonous
or to allogeneic lymphoid cells by more than 30%,
some being completely abolished. DA6.121 and 231
were the most consistently effective antibodies and
behaved in an identical manner. There was no additive
effect when different monoclonal reagents were mixed.
Reduction in the level of activation occurred when the

responding population consisted almost entirely of T
lymphocytes, suggesting that ADCC was not in¬
volved. The presence or absence of complement had a

profound effect on the level of lymphocyte mitogenesis
but responses were depressed by anti-DR mono-
clonals under both conditions. The results indicate
that both the a and the /? chain ofDR play some part
in lymphocyte activation. It is suggested that the
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continuous regeneration ofDR antigens on the surface
of stimulator cells may be important in eliciting MLR.

INTRODUCTION

A number of monoclonal antibodies directed against
human la-like or DR antigens have been characterized
serologically and biochemically (Charron & McDevitt
1979; Lampson & Levy, 1980; Nadler, Stashenko,
Hardy, Tomaselli, Yunis, Schlossman & Pesando,
1981; Guy, van Heyningen, Cohen, Deane, Crichton
& Steel, 1982a; Steel, van Heyningen, Guy, Cohen,
Deane, Crichton & Hutchins, 1982) but very few
functional studies have been reported (Engelman,
Charron, Benike & Stewart, 1980; Indiveri, Wilson,
Russo, Quaranto, Pellegrino & Ferrone, 1980;
Accolla, Moretta & Cerottini, 1982; Steel ei ai, 1982).
In view of the accepted importance of the HLA system
(Shearer & Schmitt-Verhulst, 1977), specifically of D
locus products (Barnstable, Jones & Bodmer, 1979), in
cellular interaction, we have investigated the effect of
anti-DR monoclonals on lymphocyte activation in
vitro.

MATERIALS AND METHODS

Lymphoid cells
Lymphocytes were separated from defibrinated
venous blood by centrifugation over Ficoll/Metro-
zoate,SG. 1-078(Harris&Ukaejiofo, 1969). Incertain
experiments fractions were enriched for T or non-T

597
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cells by formation of rosettes with aminoethylisothio-
uronium (AET)-treated sheep erythrocytes (Kaplan
and Clarke, 1974) and further separation over Ficoll/-
Metrozoate.

Lymphoid cell lines (LCL), mainly of B lymphoma
or B lymphoblastoid type, were maintained in long
term culture as previously described (Steel & Edmond,
1971).

Mitomycin-C treatment
DNA synthesis [in stimulator cell for one way mixed
lymphocyte culture (MLC)] was blocked by incuba¬
tion for 30 min at 37° in mitomycin-C (Kyowa), 25
/rg/ml for blood lymphocytes, 50 /rg/ml for cultured
cell lines, followed by four washes.

Lymphocyte activation
The microculture system has been fully described
elsewhere (Steel & Creasey, 1976). Briefly, aliquots of
2-5 x 104 blood lymphocytes in 100 ^1 of Ham's F10
medium, buffered with 12-5 mM MOPS (Hopkin and
Williams) and 0-8 g/1 bicarbonate, supplemented with
15% pooled human serum from at least six healthy
adult males, were dispensed in the wells ofV-bottomed
microtest II plates (Cooke microtitre). Soluble
mitogens phytohaemagglutinin (PHA; HA 15, Well¬
come, 1% of stock solution) or pokeweed mitogen
(PWM; Gibco, 2% of stock solution) ormitomycin-C-
treated stimulator cells (2-5 x 104 blood lymphocytes
or 104 LCL cells per well) were added to appropriate
wells. Monoclonal antibodies or control supernatant
from cultured mouse myeloma were added (25 p\ per
well) at the start of each experiment. This provided a
concentration of antibody well above that required to
saturate lymphoid cell surface receptors as established
in parallel radioimmunobinding assays (Guy et al.,
1982). Plates were sealed and incubated in a humidi¬
fied atmosphere at 37°.
Twenty hours before harvesting, [14C]-thymidine

(0-1 /rCi/well) was added. In order to detect any
influence of monoclonal antibodies on the time course

of activation and to ensure that the peaks of the
responses to the different stimuli were always in¬
cluded, for each combination of responder cells,
mitogen or stimulator cells and antibody, duplicate
wells were harvested on at least three occasions.
Cultures were harvested onto glass fibre filter discs

using a Skatron automatic harvester. The discs were
dried and thymidine incorporation measured by liquid
scintillation spectrophotometry. The mean ten minute
counts for each harvesting interval were aggregated to

give the total response for any given combination of
responder cells, mitogenic stimulus and antibody.

Monoclonal antibodies
Four stable anti-DR antibodies of a series designed
'DA6', raised in the author's laboratory have been
described in detail elsewhere (Guy, Van Heyningen,
Cohen, Deane & Steele, 1982b; Van Heyningen, Guy,
Newman & Steel, 1982). DA6.121 and 231 are serolo¬
gically and biochemically indistinguishable. They
recognize a 'common' determinant on the DR /I chain.
DA6.164 is also believed to be directed against the /?
chain but recognizes a subset of DR molecules.
Specifically, it does not bind to DRW7 homozygous
cells. DA6.147 is directed against the DR a chain. In
all the experiments described, the monoclonal anti¬
bodies were used in the form of unconcentrated

supernatants from cultures of the appropriate mouse-
mouse hybridoma. Control wells, to which superna¬
tant from the mouse myeloma parent line X63-NS1
had been added, were included in all experiments.

RESULTS

Only a few individual experiments from a series of
more than thirty can be illustrated in detail (Figs 1, 2, 3
and 4). In general, however, all four monoclonal
antibodies proved capable of inhibiting lymphocyte
activation either by PHA or by allogeneic or autoch¬
thonous B lymphoid cells. The data are summarized in
Table 1. Activation was seldom completely abrogated
and the inhibitory effect of the monoclonal antibodies
tended to be most pronounced when the mitogenic
stimulus was weakest, as in the case ofMLC response
to autochthonous B lymphocytes (Fig. 3). Pokeweed
mitogen stimulation has been studied in only four
experiments, in three of these there was no significant
inhibition by any of the monoclonal antibodies but in
the fourth responses were reduced by 33%, 20% and
55% by DA6.231, 147 and 164, respectively.
There was no effect ofmonoclonal antibodies on the

time course of responses to PHA or to admixed
lymphocytes and when inhibition was observed it was
qualitatively similar at all time points.
None of the monoclonal antibodies are themselves

mitogenic. The two reagents already known to be
closely related, DA6.121 and 231, produced almost
identical results in all the functional assays in which
they were compared directly (see Figs 1 and 3). They
were more consistent in their inhibition of MLR than
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DAUDI
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antibody

Figure 1. Blood lymphocytes from healthy adult donor.
Responses to PHA, to lymphoma line DAUDI. B lympho-
blastoid line SUT i and allogeneic blood lymphocytes from
donor DV. Identical patterns of inhibition shown by mono-
clonals DA6.121 and DA6.231. In this experiment DA6.147
caused no inhibition of response to DAUDI and some
enhancement of response to SUTi DA6.164 inhibited re¬
sponse to DAUDI but not to SUTi. Bar= 1 SD.
In this and subsequent figures the mitogenic stimulus is

indicated above each set of histogram blocks and added
monoclonal antibody below each vertical column.

either 147 or 164 but the latter two antibodies
markedly reduced mixed lymphocyte responses in
certain responder/stimulator combinations.
Although the antibodies in this set recognize at least

three different epitopes on the DR complex, there was
no evidence of an additive effect on inhibition of

lymphocyte activation when two or three of the
reagents were mixed. In the experiment shown in Fig.
2 the total volume of antibody added per well was
kept constant so that in the mixtures the individual
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Figure 2. Blood lymphocytes from healthy adult donor.
Stimulated by soluble mitogens PHA and PWM, by allogenic
LCL cells from line BR18T and by allogeneic blood lympho¬
cytes. Comparing single monoclonal antibodies and mix¬
tures. No inhibition of response to PWM. Other responses
are reduced by all monoclonals but no additive effect can be
seen.

antibodies were present at one half or one third of
the concentration found in the wells containing only
a single antibody. In other experiments, however,
antibody volumes were adjusted so that mixtures and
single antibody supernatants contained the same
concentrations of each monoclonal reagent. Even
under the latter conditions, no additive effect of
multiple anti-DR antibodies could be demonstrated.
The functional effect of anti-DR monoclonals did

not seem to be mediated through ADCC (Van Boxel,
Stobo, Paul & Green, 1972; Ferreira, 1976) since MLR
inhibition was still evident when the responder
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Table 1. Summary of effects of monoclonal antibodies on cellular response to PHA or mixed
lymphocyte reactions

Monoclonal antibody DA6.121 DA6.147 DA6.164 DA6.231
Means (%) inhibition of
response to PHA+ SE
(no. of experiments)* 22+5-9 (12) 33 + 5-7 (16) 27 + 7 (16) 12 + 2-4 (14)
Means (%) inhibition of MLRf S.E.
(no. of experiments) 71-5 + 3-5 (35) 35-5 + 5 (42) 53-5 + 4-4(42) 53 + 4-7 (39)

Cultures were set up and thymidine incorporation measured as described in text. Within each
experiment the inhibition effect of monoclonal antibody (McAb) was calculated as follows: %
Inhibition= 100—[100 x (aggregate counts in cultures with added McAb)/(aggregate counts in
control cultures)]. Where aggregate counts = sum of counts from three or four successive 20 hr
labelling periods. Control cultures contained 1:5 dilution of supernatant from mouse myeloma
X63-NS1.
* All four monoclonals were not always compared in the same experiment, hence the different

numbers of experiments from which the mean values are derived.
t Stimulating cells in mixed lymphocyte cultures included lymphoid cell lines and allogeneic or

autochthonous blood lymphocytes.
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Figure 3. Responder cells >97% E-rosette-forming (T) lym¬
phocytes from healthy adult. Stimulator (mitomycin-C-
treated) lymphocytes are T-cell-depleted (<5% E rosettes).
Monoclonal antibodies clearly inhibit MLC even in absence
of ADCC effector cells.

lymphocyte population consisted almost entirely ofT
cells (Fig. 3).
None of the anti-DR antibodies in this study fixes

complement by conventional assays. Flowever the
influence of complement on lymphocyte activation
and its inhibition was investigated with somewhat
unexpected results (Fig. 4). In the presence of heat-
inactivated, as distinct from fresh, human serum, the
lymphocyte response to PHA was considerably
reduced while the MLC response to an allogeneic
B-cell line was very much enhanced. Inhibition of the
responses by anti-DR monoclonal antibodies was seen
in both circumstances though there was some varia¬
tion in the efficiency of the different reagents. These
effects of complement have been confirmed in three
experiments in which the serum tested was from the
same pool containing contributions from eight healthy
male donors and in two further experiments in which
the responding lymphocytes (from two different indi¬
viduals) were cultured in autologous serum.

DISCUSSION

The findings reported here tend to support the conclu¬
sions of earlier work using conventional anti-DR sera
(Welsh & Turner, 1976; Humphreys, McCune, Chess,
Herman, Malenka, Mann, Parham, Schlossman &
Strommger, 1976; Geier & Cresswell, 1977, 1978;
Ferrone, Pellegrino & Reisfeld, 1977; Albrechtson,
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Figure 4. Influence of complement on lymphocyte activation
by PHA or by allogeneic B-cell line BRI 8T. When serum was
heat inactivated, response to PHA was reduced but MLR was
enhanced. Monoclonal anti-DR antibodies inhibited reac¬

tions both in presence (□) and in absence (■) ofcomplement.

Solheim & Thorsby, 1977; Jonker, van Leeuwen & van
Rood, 1977; Snary, Barnstable, Bodmer, Goodfellow
& Crumpton, 1977), namely that these determinants
do play an important part in lymphocyte stimulation.
The fact that MLR and the lymphocyte response to
PHA could be reduced by all three monoclonal
antibodies indicates that both the a and the fl chains of
DR contribute to activation.
The mechanism whereby anti-DR antibodies inhibit

lymphocyte activation remains to be established. Our
data suggest that antibody-dependent cell-mediated cyto¬

toxicity (ADCC) is not involved and are compatible
with the view that the main effect is mediated through
direct binding of the antibodies to antigenic deter¬
minants on stimulating B lymphoid cells in MLC
(Steel et al., 1982) or to DR-bearing cells which have
an accessory function in the response to PHA (Gery &
Waksman, 1972). Accolla et al. (1982) however have
evidence that in MLC the responding activated T cells
may be the target for the inhibitory effect of certain
anti-DR monoclonals. In our hands, activated T cells
do express determinants which bind DA6.121,231 and
164 but only very weak binding of DA6.147 has been
demonstrated (Steel etal., 1982; Guy etal., 1982a). Itis
possible that different monoclonal antibodies exert
their effects in different ways and that a single reagent
may operate through more than one mechanism.
The role of complement in lymphocyte activation

clearly requires further study. The third component,
C3, is reported to inhibit human lymphocyte histo¬
genesis (Needleman, Weiler & Feldbush, 1981) but in
our hands the response to PHA was enhanced in the
presence of complement. The enhancement of MLR
induced by allogeneic LCL cells in the absence of
complement may be related to the physical association
described between C3 receptors and major histocom¬
patibility complex (MHC) antigens on the B-cell
surface (Galili, Brautbar & Schlesinger, 1977; Klein,
Hyman & Trowbridge, 1979).
Since anti-DR monoclonals, even in combination

and at concentrations shown to saturate all binding
sites on target cells (Guy et al., 1982a; van Heyningen
et al., 1982), rarely abolished MLR completely, the
question arises whether antigenic determinants other
than those recognized by the four monoclonal re¬
agents may play a part in lymphocyte activation. The
possibility cannot be excluded at present but biosyn-
thetic labelling experiments (Jones, 1980) demonstrate
rapid synthesis of DR antigens even in serum-free
medium and at high cell concentrations, conditions
which markedly inhibit cell division. It is also known
that intact viable stimulator cells and direct contact
with the responder lymphocytes are necessary to elicit
an MLR, isolated B-cell membranes being ineffective
(Ling & Kay, 1975). It is therefore reasonable to
suggest that the dynamic state of DR antigen turnover
is important in triggering a response from allogenic
lymphocytes. If the B-cell lines which generate the
most powerful MLR are also those with the highest
rate of turnover of DR molecules (which is at present
unknown) the observed relative immunity of such
responses to inhibition by anti-DR monoclonal anti-
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bodies could be explained without invoking a role for
non-DR determinants.

Although the present study is only a starting point,
it seems highly likely that the availability of mono¬
clonal antibodies directed against different epitopes of
the DR complex holds the key to an understanding, at
the molecular level, of cell-cell interaction in immune
responses.
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Differential expression and serologically distinct
subpopulations of human la antigens detected with
monoclonal antibodies to la alpha and beta chains

Studies with two monoclonal antibodies (DA6.147 and DA6.231) which react, respec¬
tively, with isolated human la a and |3 chains are reported. Both antibodies detect
epitopes expressed on all DR-heterozygous and DR-homozygous cell lines tested
(n = 17) and bind to the Epstein-Barr virus-negative cell line Ramos. Ia subunit
specificity of the antibodies was determined by an adaptation of an electroblot tech¬
nique which transfers separated Ia chains from polyacrylamide gels to nitrocellulose
paper. In radioimmunobinding assays, peripheral blood B cell-enriched fractions,
phytohemagglutinin-activated T cells and pokeweed mitogen-activated cells gave
strong reactions with DA6.231 (anti-la |3). In contrast, DA6.147 (anti-la a) reacted
only weakly, if at all, with peripheral B cells, pokeweed mitogen blasts and activated
T cells. However, both antibodies bound to isolated Ia from activated T cells and
peripheral B cells after Nonidet-P40 solubilization of the cells and DA6.147+ antigens
could be found in the cytoplasm of activated T cells by indirect immunofluorescence
techniques. Results of serological inhibition procedures following fractionation of
lymphoblastoid cell lysates on monoclonal antibody affinity columns showed that the
DA6.147 a chain epitope is carried on only a minor subpopulation of human Ia.

1 Introduction

Cell surface glycoproteins encoded by the I region of the
mouse major histocompatibility complex (Ia antigens) play
crucial roles in interactions occurring among cells of the
immune system [1], Similar properties are thought to be
attributable to homologous gene products of the human HLA-
D/DR complex (human Ia antigens) [2]. Mouse and human Ia
antigens are heterodimeric glycoproteins comprising a sub-
units of 32-35 kDa and |3 subunits of 27-29 kDa [3, 4]. By
analogy to mouse Ia antigens, encoded by at least four genes
mapping to two subregions (I-A and I-E) of the H-2 complex
[5], it is likely that more than one locus encode human la
antigens. HLA-DR antigens, defined originally with alloanti-
sera and polyspecific xenoantisera, appear to be structural
homologues of mouse I-E antigens [6], Two-dimensional elec-
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trophoresis and amino acid sequence data have indicated that
human Ia (3 polypeptides are more structurally polymorphic
than a polypeptides and probably determine serologically
defined allotypy [4, 7], Monoclonal antibodies (mAb) to
human Ia (3 polypeptides have been described [8] but until now
there have been no reports of mAb to human Ia a chains. The
interrelationships of allotypic determinants defined with anti-
DR alloantisera and more recently with anti-MB, -MT, -DC
antibodies [9-12] and epitopes recognized by a number of
monoclonal xenoantibodies [13-16] remain to be elucidated.
Recent evidence suggest that human Ia a polypeptides have
functional roles in interactions inducing responsiveness of T
lymphocytes to interleukin 2 [17,*] and, in addition to |3-chain
epitopes, are involved in mixed lymphocyte culture reactions
[18]. Two mAb, each of which recognize a nonpolymorphic
epitope on human Ia a and |3 polypeptides, are described
herein. These epitopes show marked differences of expression
in lymphoid tissues and occur on serologically dissimilar
species of Ia molecules.

2 Materials and methods

2.1 Immunization, fusion and hybridoma culture

BALB/c mice were immunized with 3 x 107 Daudi cells on two

occasions, four weeks apart. Three days after the second injec-
* Palacios, R., personal communication.
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tion two mice were killed and the spleens removed. Fusion,
with the mouse myeloma P3-NSI/Ag4, and selection were car¬
ried out as described previously [19, 20]. After preliminary
serological screening, putative anti-la hybridomas were sub-
cloned at least twice by limiting dilution and grown in ascites
form in Pristane-treated mice.

2.2 Cells and cell culture

Peripheral blood (PB) lymphocytes were isolated from the
pooled blood of normal adult donors or from single cord blood
samples by flotation over Ficoll-Hypaque and were separated
into T cell-enriched and -depleted fractions by rosetting with
aminoethylisothiouronium-treated sheep red cells (SRBC).
Cell lines and mitogen-activated cells were grown in F10
medium supplemented with 10% fetal calf serum and buffered
with 3-N-morpholinopropanesulfonic acid. CCRF/CEM and
MOLT4 are T cell lines; K562 is a non-T, non-B cell line of
myeloid/erythroid origin; all remaining lines are either of Bur-
kitt's lymphoma origin (Daudi, Raji, Ramos and EB 1) or are
B lymphoblastoid lines established by in vitro Epstein-Barr
virus (EBV) infection.

2.3 Preparation of mitogen-activated cells

Previously described procedures were followed for the prepa¬
ration of activated T cells [21]. Adult PB or cord blood cells
were cultured at 1 x 106 cells/ml with 1% phytohemagglutinin
(PHA) for 5-6 days. Medium conditioned by mixed lympho¬
cyte culture reactions was added at this time as a source of
interleukin 2 and the cells were cultured for a further
3-8 days. Viable cells were recovered by flotation over 11%
Hypaque and the percentage of SRBC-positive cells was esti¬
mated. For the preparation of pokeweed mitogen (PWM)
blasts, adult PB cells at 1 x 106/ml were cultured for 7 days in
the presence of a 1/100 dilution of the mitogen (Gibco, Grand
Island, NY) and viable cells were then harvested by flotation
over 11% Hypaque.

2.4 Trace radioimmunobinding assay

Antibody-binding tests were performed in microtiter plates by
modification of established methods [22] using 1 x 105-2 x 105
glutaraldehyde-fixed cells/well and 50-pl aliquots of hybridoma
culture supernatants.

2.5 Biochemical analysis

Cell surface proteins were labeled with 125I, extracted and pre¬
cipitated essentially as described elsewhere [23], Sodium
dodecylsulfate (SDS)-polyacrylamide gel electrophoresis
(PAGE) was performed by previously described techniques
[24]. For the electroblot technique [25], proteins extracted
with 0.5% Nonidet-P40 (NP40) at 107 cells/ml but without
prior iodination were transferred to nitrocellulose paper with
commercial Electroblot apparatus (E-C Apparatus Corp., St.
Petersburg, FL). Following transfer of proteins the nitrocellu¬
lose paper was cut into strips and dilutions of mAb were
applied in 20 mM Tris, 0.15 M NaCl, 0.02% NaN3, pH 7.2,
containing 2.5% bovine serum albumin (BSA). After incuba¬
tion at 20 °C for 1 h the strips were rinsed in buffer and 125I-

labeled F(ab')2 rabbit anti-mouse Ig [RAMIg; 20-25 pCi/pg
(= 740-925 kBq/pg); 3 x 105 cpm/strip] was added and incu¬
bated for a further 1 h at 20 °C. The paper was rinsed, dried
and processed for autoradiography.

2.6 Affinity chromatography procedures

Immunoglobulins (Ig) were precipitated from ascites fluid with
18% Na2S04 and dialyzed against 0.1 M NaHC03 plus 0.5 M
NaCl. Ig was coupled to CNBr-Sepharose at 5-10 mg protein/
ml of gel according to Pharmacia (Uppsala, Sweden) recom¬
mendations. Coupled gels were washed extensively in phos¬
phate buffered saline (PBS), 0.5% NP40, 0.02% NaN3,
pH 7.2. Soluble antigens were prepared from lymphoblastoid
cell lines by lysis for 15 min on melting ice at 108 cells/ml in
0.5% NP40 in PBS containing 1 mM phenylmethylsulfonyl
fluoride, and were centrifuged at 6000 x g for 30 min. Coupled
gels were packed into columns to give gel beds of 5 x 0.7 cm
dimension. Aliquots of 0.25 ml of soluble antigen were
applied to the columns which were sealed and kept on melting
ice for 15 min. A void volume of 1 ml was collected by elution
with cold 0.5% NP40 buffer and unbound antigen was eluted
in a further fraction of 1.5 ml. Antigenic activity in the
unbound fractions was assayed by trace radioimmunobinding
procedures. Serial doubling dilutions of antigen were made in
NP40 lysis buffer and equal volumes (0.05 ml) of antibody (at
predetermined sub-plateau concentration) and antigen were
mixed and kept on melting ice. After 15 min, 2 x 105 glutaral¬
dehyde-fixed cells (per well) were added and maintained on
melting ice for a further 30 min. After 2 washes in PBS-BSA
1%, bound antibodies were detected with 125I-labeled RAMIg
as for the trace radiobinding assay. Results were calculated as
percentage inhibition values by reference to antibody binding
controls in the absence of antigen after subtraction of back¬
ground binding values.

2.7 Immunofluorescence studies

Standard techniques with viable cells in suspension or acetone-
fixed cell smears to reveal cytoplasmic determinants were
used. Antibody binding was detected with FITC-RAMIg
(Miles, Slough, Buckinghamshire, GB).

3 Results

3.1 Derivation of monoclonal anti-human la reagents

MAb specific for human la antigens were derived intially by
screening culture supernatants from putative hybridomas
against the immunizing cell line and against a limited panel of
B and T lymphoblastoid cell lines (LCL). Putative anti-human
la reagents were selected on the basis of reactivity with B LCL
but not T LCL and were cloned twice before further extensive

serological analysis against larger panels of cell lines, PB cells
and mitogen-activated cells. Biochemical analysis by SDS-
PAGE and by the electroblot technique was used at the same
time to confirm or deny the putative specificity of the anti¬
bodies and to identify la subunit-specific reactions. From a
larger series of reagents, two antibodies are contrasted, one
(DA6.231) specific for human la |3 polypeptides and the other
(DA6.147) specific for human la a polypeptides.
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3.2 Serological analysis of antibodies DA6.231 and DA6.147

Both DA6.231 and DA6.147 reacted strongly with all DR-
heterozygous and DR-homozygous LCL tested and were
unreactive with the T cell lines CCRF/CEM and MOLT 4 and
with the non-T, non-B cell line K562 (Table 1). In initial tests
with pooled adult peripheral B cell- or T cell-enriched popula-

Table 1. Trace radioimmunobinding assay results of DA6.231 and
DA6.147 with cultured LCL

Cell lines 125I-labeled RAMlg"'
(cpm x 1(T3)

DA6.231 DA6.147

DR-heterozygous B cell lines
DR

Daudi (6-) 44.2 21.3
EB 1 (4,5) 46.2 10.7
RAJ1 (3,6) 78.6 39.4
DEW 1 (2,4) 84.1 22.0
RUS1 (L-) 72.6 19.3
BLA1 (6,-) 58.0 17.1
BAY 5 (4.5) 79.0 22.3
SUT1 (2,3) 88.1 19.7
BRI8 (2,-) 79.2 24.2

TON 1 (7,-) 75.4 22.3
ORI1 (3,4) 80.0 21.6

DR-homozygous B cell lines
MAJA (1,1) 36.0 29.0
MST (2,2) 31.7 17.7
WT49 (3,3) 37.5 21.5

WT51 (4.4) 38.0 22.0
IDF (5,5) 34.0 17.0
MANN (7,7) 36.6 10.6

Non-B cell lines
CCRF/CEM 0 0
MOLT 4 0 0

K562 0 0

a) All values expressed as the mean of triplicate estimations after
subtraction of background control values (usually about 2-5% of
maximum binding).

tions, DA6.231 reacted strongly with B cells and minimally
with T cells. DA6.147 reacted very weakly with B cells and not
at all with T cells (Table 2). These results suggested that both
antibodies were B cell-specific and detected nonpolymorphic
epitopes of B LCL but the lack of reaction of DA6.147 with
PB B cells was uncharacteristic of previously reported anti-
human la antibodies [26-28],

3.3 Precipitation of isotopicaliy labeled cell surface antigens
and analysis of subunit specificity

From the membrane of B LCL labeled with 122I by the lac-
toperoxidase method, DA6.231 and DA6.147 precipitated
antigens with SDS-PAGE mobilities corresponding to 29, 34
and 44 kDa (Fig. 1). The last band was not considered to be
an integral component of human la antigens and has been
identified in other studies [28] as actin. Minor differences in
the electrophoretic mobility of the lower weight bands and in
the intensities of both the 29- and 34-kDa components precipi¬
tated by DA6.231 and DA6.147 were evident. After transfer
of "cold" cell lysates to nitrocellulose paper and reaction with
mAb and 125I-labeled RAMIg, differences in the specificities
of DA6.231 and DA6.147 were apparent. In several experi¬
ments with antigens from various B cell lines, DA6.231
reacted with a single band of 27-29 kDa and DA6.147 with a
single band of 32-34 kDa (Fig. 2). The combined serological
and biochemical evidence therefore demonstrated that
DA6.231 and DA6.147 recognized human la antigens and
further suggested that the DA6.231 epitope was confined to la
|3 and the DA6.147 epitope to la a polypeptide(s). More
recent preliminary two-dimensional electrophoretic analysis*
has confirmed that DA6.231 and DA6.147 react with antigens
having the electrofocusing characteristics of human la antigens
and has excluded the possibility of a reaction of either anti¬
body with an invariant polypeptide described in other studies
[28]. The increased intensity of the a chain over that of the P
chain by the electroblot technique is an almost invariable find¬
ing and appears to be a function of differences in the stability
of the respective epitopes under the experimental conditions
used.

Table 2. Serological reactions of DA6.231 and DA6.147 with PB lym¬
phocytes

125I-labeled RAMIg
(cpm)a)

DA6.112b)Cells DA6.231 DA6.147

T-enrichedc) 1034 ± 201 0 6573 ±421

T-depleted 26 994 ±4780 760 ± 469d) 9370 ± 592

Raji 78590 ±4147 38 387 ± 1011 n.t.e)

a) Mean of triplicates ± one SD after subtraction of background
controls.

b) Pan-reactive mAb.
c) PB cells pooled from normal adults and enriched (> 90% SRBC+)

or depleted (<1% SRBC+) for T lymphocytes with animoethyl-
isothiouronium (AET)-SRBC.

d) Not significant above background controls.
e) n.t. = not tested.

-46K

-3 OK

113685.11

Figure 1. Immunoprecipitation of 125I-labeled cell membrane proteins
from the B LCL BRI8 by DA6.231 and DA6.147: SDS-PAGE
(reducing conditions) of precipitated proteins. Control track (AFP)
consisted of labeled cell extract treated in the same way but in the
presence of mAb anti-a-fetoprotein antibody. Positions of mol. wt.
markers as indicated.

* Deane, D. L., Cohen, B. B. C., Moxley, M. and Steel, C. M.,
Immunol Lett., submitted for publication.
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Figure 2. Detection of subunit specificity of mAb by electrophoretic
transfer of proteins from SDS-PAGE to nitrocellulose. Soluble pro¬
teins (unlabeled) were extracted from the cell line PAB 1 separated by
SDS-PAGE (reducing conditions) and transferred to nitrocellulose
paper. Following transfer, the paper was cut into strips and incubated
with mAb and 125I-labeled RAMIg. Control track consisted of AFP
antibody and mol. wt. markers were as indicated.

3.4 Serological reactions with mitogen-activated lymphocyte
and the EBV~ cell line Ramos

The apparently negligible reaction of DA6.147 with cells not
of B LCL origin was further investigated using mitogenically
stimulated PB B and T lymphocytes. PHA-activated T lym¬
phocytes became strongly positive for DA6.231 within 2 days
of addition of mitogen to the culture and the reaction was
increased with cells grown in conditioned medium and tested
several days later (Table 3). At this time about 40% of the T
cells isolated from the cultures by SRBC rosetting were posi¬
tive by standard immunofluorescence techniques. In contrast,
the level of DA6.147 binding with the same cells was very low.
Mixtures of activated T and B lymphocytes prepared by PWM
stimulation showed substantial increases in the binding of
DA6.231 in comparison with PB B (Table 4). The level of
DA6.147 binding also appeared to be increased by PWM
stimulation, but not to the relative levels observed on B LCL.

The EBV~ Burkitt's cell line Ramos was significantly positive
with DA6.147 though less strongly so than another Burkitt's
cell line Raji, which is EBV+ (Fig. 3). These results demon¬
strate that the DA6.147 la epitope is not absolutely restricted
in expression to B LCL, but they do not exclude the possibility
that there may be some influence of EBV on the quantitative
expression of the epitope.

Table 3. Serological reactions with mitogen-activated T cells

Cells DA6.231

125I-labeled RAMIg
(cpm)a)
DA6.147 W6/32b)

1. Cord lymphocytes T-enriched'1' 304 ± 71 52 ± 42c) 10 893 ±2577

Cord lymphocytes T-depleted 6234 ± 31 536 ± 124h' 15206 ± 936

PHA blasts"' 4498 ± 752 50 ± 40c) 38 870 ± 102

2. ATC" 12452 ±2109 264 ± 286" 46 772 ±6606

3. ATC 24075 ±2227 470 ± 578) 60 265 ± 2949

4A. ATC (day 6) 31894 ±1556 2549 ± 268s' 58672 ±3219

4B. ATC (day 9) 27315 ± 1275 816 ± 55s' 65 804 ±3161

5. B LCLh) 62580 ±7064 31510 ±1874 39580 ± 1110

a) Mean of duplicates or triplicates ± one SD with background control values subtracted.
b) W6/32: anti-HLA-A, -B, -C mAb.
c) ns = not significant.
d) Enriched or depleted with AET-SRBC.
e) SRBC+ (93%), harvested 48 h after addition of PHA. p<0.05.
f) SRBC+ (97-100%) ATC harvested on days 9-14. Derived from pooled adult PB cells on four separate occasions with three separate batches

of cells.

g) p<0.01.
h) p <0.05.
i) B LCL control included in all Expts.; representative results shown.

Table 4. Serological reactions of DA6.231 and DA6.147 with PWM-activated cells

125I-labeled RAMIg
(cpm)a)

Cells DA6.231 DA6.147 W6/32b)

Peripheral cells T-depletedc) 6209 ± 562 372 ± 36"' 8622 ± 350
PWM-activated" 33 582 ±3360 3906 ±136"' 32 190 ± 2298

a) Mean of duplicates or triplicates ± one
SD with background control values sub¬
tracted.

b) W6/32: anti-HLA-A, -B, -C mAb.
c) Depleted with AET-SRBC.
d) p<0.01 vs. background control values.
e) 60% SRBC+.
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625 3125 1 5

Initial dilutions of antibodies-1
625 3125

Figure 3. Reactions of mAb with the Burkitt's lymphoma lines Raji
(EBV+) and Ramos (EBV~). Five-fold dilutions of culture super-
natants were prepared and tested in the radioimmunobinding assay
against glutaraldehyde-fixed cells. Results are expressed as 125I-
labeled RAMIg bound after subtraction of background binding values
in the presence of anti-AFP monoclonal. W6/32: anti-HLA-A, -B, -C
mAb.

46K-

30K- II 3665,1.1

Figure 4. Detection of DA6.147-binding proteins in different cells.
Soluble proteins were separated by SDS-PAGE (reducing conditions)
and transferred to nitrocellulose paper. Binding proteins were
detected as in Fig. 2. PB B cells and T cells = pooled cells from
normal donors enriched or depleted for T cells with AET-SRBC.
Positions of mol. wt. markers as indicated.

cally demonstrated that DA6.147+ molecules were present in
lysates of PB B cells and ATC. Confirmation of the predomi¬
nantly internal expression of the DA6.147 determinant was
provided by immunofluorescence studies (data not shown). In
several tests, up to 40% of viable activated T cells were posi¬
tive with DA6.231 and invariably negative with DA6.147. In
contrast, using acetone-fixed preparations of the same cells,
DA6.231 and DA6.147 strongly labeled the cytoplasm of a
similar proportion of the cells. These results suggest that
although the DA6.147 epitope-bearing molecule is present in,
at most, trace amounts on the surface ATC and PB B cells it is
present abundantly within the cytoplasm of the cells. LCL
appear to bear the antigen both internally and externally
although recent results (data not shown) suggest that in these
cells too the predominant expression of the antigen is internal.

3.6 Subpopulation reaction of DA6.147 with soluble antigens

Small affinity chromatography columns of ascites monoclonal
Ig preparations coupled to CNBr-Sepharose gel were used to
deplete la antigens from NP40 lysates of B LCL. Residual
antigenic activity in the column-unbound fractions was assayed
by inhibition of antibody binding to intact cells. Antibodies
not inhibited from binding to the cells were detected by trace
radiobinding assay. Fig. 5 shows that all DA6.147 inhibitory
antigenic activity was removed not only with columns of
DA6.147 but also with DA6.231 columns, indicating that all
DA6.147+ a chains were found in association with DA6.231+
(3 chains. In contrast, only about one third of DA6.231 inhibi¬
tory antigenic activity could be removed with DA6.147 Ig col¬
umns. Thus, the majority of DA6.231+ |3 chains do not appear
to be in association with DA6.147+ a chains. From this and
further studies* using DA6.231 and other anti-la |3 reagents
the most likely explanation of these findings appears to be that
DA6.231+ antigens occur as several distinct but serologically
related species.

3.5 Predominantly internal expression of the DA6.147 epitope
in activated T cells (ATC) and peripheral B cells

In contrast to the negligible expression of the DA6.147
epitope at the outer cell membrane level of PB B cells and
ATC, as determined by radiobinding assays, NP40-soluble
extracts run on SDS-PAGE and transferred to nitrocellulose

gave substantial reactions with DA6.147 (Fig. 4). Although
somewhat weaker reactions were obtained with cells from PB,
in comparison with established B LCL, the results unequivo-

4 Discussion

The results presented in this report demonstrate that hy-
bridoma mAb can be prepared which react with human la |3
and a polypeptides both in the native heterodimeric and iso¬
lated SDS-denatured forms. Previous reports have described
antibodies with (3 subunit specificity [8], but this appears to be
the first report of a mAb reacting specifically with human la a
subunits. The definition of subunit specificity of anti-la re-

* V. Van Heyningen, K. Guy, B. B. Cohen, D. L. Deane and C. M.
Steel, Immunogenetics, in press.

(a)

100

II 3685.51

INHIBITING

231

147

DA6.147 (b) INHIBITING GA6.231 (c) INHIBITING W6/32

Antigen dilution"

Figure 5. Removal of la populations
with mAb CNBr-Sepharose columns.
Soluble proteins from B LCL ORI1
were chromatographed on DA6.231,
DA6.147 or AFP Ig columns and the
fractions eluting in the void volume of
the column were tested for inhibition of

antibody binding to the B LCL DEW 1
by trace radioimmunobinding
procedures. AFP column was included
to check for nonspecific antigen binding
by assay with W6/32 (anti-HLA-A, -B,
-C) antibody.
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agents has been achieved by an adaptation of the previously
described electroblot technique [25], With exceptions, involv¬
ing antibodies against labile antigenic determinants or confor¬
mational epitopes formed by association of a and (3 chains, it
should now be possible to define the subunit specificity of
some other existing reagents by this method. In our experi¬
ence, mAb to la (3 chains are more readily obtainable than
antibodies to a chains. This may be a reflection of the rela¬
tively invariant (and perhaps more highly conserved) structure
of a chains in comparison with |3 chains [29].

Previous studies have suggested that human la antigens com¬
prise more than one structurally distinct form [8,12-16, 27, 29,
30], as would be expected by analogy with mouse la antigens.
On the basis of serological analysis after affinity chromatogra¬
phy it has been shown herein that human la antigens occur in
at least two serologically distinct forms, one a minor popula¬
tion which carries the DA6.147 a chain determinant and the
other, a major population which is DA6.147". Both serologi¬
cal forms carry the DA6.231 |3 chain determinant. The precise
significance of these findings in terms of structural differences
among human la species is the subject of continuing work.
Our most recent findings with a larger panel of anti-la reagents
indicate that although the DA6.231 determinant is a
"framework" epitope of several species of la a chains, it does
not recognize all species of la antigens (unpublished results).
The DA6.147+ la a population may therefore constitute a
smaller fraction of the total la pool than the results suggest.
While this points out the resolving power of anti-la mAb, it
also raises the important property of cross-reactivity of mAb
with subpopulations of la antigens. Most anti-la mAb so far
reported recognize either nonpolymorphic or "public"
epitopes [14—16, 27] and serological reactions of a mAb with
more than one la species, of the type reported here, have been
described in other studies [14, 16, 30]. An explanation for
serological crossreactions of this nature will prove to be crucial
to the understanding of the genetic organization of human la
antigens. The results show that DA6.231+ (3 subunits (which
consist of more than one serologically distinguishable species
[14] associate with both DA6.147+ and DA6.147~ a subunits.
It is not known whether these serologically distinguishable
subunits represent the products of different loci, or whether
they may be generated by posttranslational modification
(perhaps differential glycosylation) or fewer gene products.
The existence of epitopes common to the products of different
related loci is not unexpected and has been observed for the
class I major histocompatibility complex antigens in man [31].
Further complexity of the human la system may be generated
by regulatory genes and conformational modifications of
human la. Although the DA6.147 epitope was not readily
detectable at the outer cell membrane level of ATC and PB B

lymphocytes, it could be found in detergent-soluble prepara¬
tions of the cells using the electroblot technique and was
shown to be present in the cytoplasm of ATC by immuno¬
fluorescence techniques. In B LCL the DA6.147 epitope was
found both externally and internally. A likely explanation for
these findings may be that the DA6.147 epitope-bearing
molecule is under regulatory gene control, permitting its
expression at the surface only in B lymphoblastoid cells. How¬
ever, conformational changes of the la molecule could make
the epitope inaccessible to antibody on ATC. Several previous
studies have shown the presence of human-la antigens on
ATC [32, 33] but this appears to be the first report of differ¬
ences of la antigen expression between B LCL and ATC.

Indeed, peptide mapping and preliminary amino acid se¬
quence analysis have supported homology of la between B
LCL and ATC [33], This may support the contention that the
DA6.147 epitope is under regulatory rather than structural
gene control in ATC. B LCL have a remarkably heightened
capacity to stimulate allogeneic or autologous T cells in mixed
lymphocyte culture reactions [34, 35] in comparison with
peripheral B cells and the participation of human la antigens
in the induction and continued responsiveness of T cells to
interleukin 2 has been suggested by recent studies [17, 36].
Apparent differences in cell membrane expression of la anti¬
gens between B LCL and ATC may be relevant to these
mechanisms of cellular interaction.

Recent structural and serological studies of mouse la antigens
have revealed the existence of two la |3 chains encoded by the
I-A locus [37] and two I-E-encoded molecules [38] in some
inbred strains. Genes mapping to both I-A and I-E loci reg¬
ulate the cell surface expression of I-E antigens of some
haplotypes [39], In the guinea pig, studies with mAb indicate
that the expression of la-mediated antigen presentation func¬
tion is controlled by specific la epitope recognition by T lym¬
phocytes [40]. In man, studies with alloantisera and by means
of primed lymphocyte typing techniques have shown the exist¬
ence of other la-like gene products, DC and SB [11, 41], map¬
ping outside HLA-DR. Thus, the continually emerging picture
of la antigens is of multiple, functionally relevant la species-
bearing serologically distinctive arrangements of allotypic and
isotypic determinants, influenced in expression by intricate
regulatory mechanisms. A number of mAb with precisely
defined subunit specificities should further facilitate an under¬
standing of the genetics, structure and function of human la
antigens.
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SUMMARY

Four mouse monoclonal antibodies to human B cell surface determinants previously
described as being directed against la like (MHC class II) antigens, have been shown to
precipitate la a and /? chains. Electrophoretic transfer experiments showed one antibody
to be directed against la a chains and two others to be against la chains. The antibodies
were then used to analyse a range of cell types and a large number of lymphoblastoid and
lymphoma cell lines. Ia antigens could not be detected on peripheral blood T cells, cord
endothelium or T cell lines but their presence was confirmed on activated T cells and
peripheral blood non-T cells. There was both qualitative and quantitative variation of Ia
like antigen expression on B cell lines, including an apparent genetic polymorphism in a
chain structure unrelated to DR allotypes and a single instance ofa /? chain ofabnormally
high molecular weight.

Keywords Ia like antigens monoclonal antibodies electrophoretic transfer

INTRODUCTION

We have reported extensive serological and functional characterization of four monoclonal
antibodies directed against human B cell surface antigens (Guy et al., 1981). The present study
describes the biochemical characterization of the epitopes recognized by these antibodies and their
use in analysis of biochemical variation in the corresponding surface antigens from a range of
human cell types.

MATERIALS AND METHODS

Cells. Lymphocytes were prepared from the blood of healthy donors by flotation over
Ficoll-Hypaque (Harris & Ukaejiofu, 1969). Fractions enriched for T and non-T cells respectively
were obtained by rosetting with AET treated sheep erythrocytes followed by differential
centrifugation through Ficoll-Hypaque (Kaplan & Clark, 1974). Activated T cells were prepared by
culturing with PHA followed by T cell growth factor (Bonnard, Yasaka & Mata, 1980).

Cord endothelial cells were washed from trypsinized umbilical veins and cultured for 2 days in
Ham's F10 medium with 10% fetal calf serum (Striker, Markan & Schwartz, 1980).

The human lymphoblastoid cell lines used in this study were maintained as previously described
(Steel & Edmond, 1971).

Abbreviations'. AFP = a-fetoprotein; AET= amino ethyl isothiouronium; PHA = phytohaemagglutinin;
SDS = sodium dodecyl sulphate; PAGE = polyacrylamide gel electrophoresis; MHC =major histocompatibility
complex.

Correspondence: B. B. Cohen, MRC Clinical and Population Cytogenetics Unit, Western General Hospital,
Crewe Road, Edinburgh EH4 2XU, UK.
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Monoclonal antibodies directed against DAUDI cell la like antigens. The preparation and
serological properties of these antibodies have already been described (Guy et al., 1981). They have
been designated DA6.121, DA6.147, DA6.164 and DA6.231. A monoclonal antibody raised
against human AFP by a similar method (van Heyningen et al., 1982) was used as a control
throughout this study.

Radioactive labelling of cellular proteins. Lymphoblastoid cells were labelled biosynthetically
with 35S-methionine and the cellular proteins extracted according to the method of Jones (1980).
Essentially 107 cells were lysed in 1 ml lysis buffer (0-5% NP40, 10 mM Tris-Cl, pH 7-2, 0T5 m NaCl
and 0-02% NaNs) and clarified by centrifugation.

Cell surface proteins were labelled with 125I, using lactoperoxidase and extracted in the same

way. Again the procedures outlined by Jones (1980) were adopted for both types of labelling
(precise details are given in the text of the appropriate figures).

Lectinpurification ofradioactive proteins. Three millilitres of a suspension of Lens culinaris lectin
immobilized on Sepharose 4B (Pharmacia) was washed with cell lysis buffer and mixed with 2 ml cell
lysate for 2 h at 4°C. The unbound material was removed and the lectin-Sepharose washed with
lysis buffer until no more radioactivity was eluted. The bound glycoproteins were removed using
three aliquots of 0-5 ml 0-41 m a-D-methyl mannoside in lysis buffer. The fractions were pooled and
diluted with an equal volume of lysis buffer before immunoprecipitation.

Immunoprecipitation. Radioactively labelled soluble proteins were immunoprecipitated using
the monoclonal antibodies, followed by a rabbit anti-mouse IgG (Miles-Yeda) and Staphylococcal
immunoabsorbent (CAMR Microbial Products, Porton, UK). Essentially the method described by
Jones (1980) was used with the addition of 0-1% SDS to the washing buffer to reduce non-specific
binding.

SDS-PAGE. The buffer system of Laemmli (1970) was used with a 5-16% polyacrylamide
gradient slab gel and a 5% stacking gel. Following electrophoresis the gels were either transferred
electrophoretically to cellulose nitrate paper (see below) or fixed in methanol: acetic acid: water
(5:2:5), impregnated with En 3hance (New England Nuclear), dried and autoradiographed at
— 70°C.

Electrophoretic transfer ofproteins to cellulose nitratefor antigen analysis. Proteins separated by
SDS-PAGE were transferred to cellulose nitrate paper (Schleicher and Schull 0-4 /rm) using the
commercial Electroblot apparatus (E-C Apparatus Corp.) with the buffer system of Towbin,
Staehelin & Gordon (1979). Following, transfer, the paper was incubated in 20 mM Tris, 015 m
NaCl, 0-2% NaN3 pH 7-2 containing 2-5% bovine serum albumin for 1 h at room temperature. The
paper was rinsed twice in buffer without albumin, and a 1:5 dilution of the monoclonal antibodies
in buffer containing 0-25% BSA was applied for 1 h. The paper was again rinsed and incubated for 1
h with 125I-labelied F(ab')2 fragments of rabbit IgG (specific activity 20 pd/pg) raised againstmouse
IgG (Jensenius & Williams, 1974) using 0-25 pg in a 30 ml 0-25% BSA buffer. The paper was rinsed
twice, dried and autoradiographed.

RESULTS

Immunoprecipitation ofsoluble proteins
35S-methionine labelled soluble proteins from the cell line PAB-1 were immunoprecipitated and
analysed by SDS-PAGE as described in Fig. 1. From the figure it can be seen that the four
monoclonal antibodies with the serological characteristics of anti-la antibodies do indeed
precipitate components which agree with the reported structure of la antigens (Snary et al., 1977)
viz. an a chain of about 33,000 and a /? chain of about 28,000 mol. wt. Much of the non-specific
co-precipitation is reduced by purifying the labelled glycoproteins using Lens culinaris lectin-
Sepharose prior to precipitation as described in the Methods section. As can be seen in the figure the
la components can then be more readily distinguished. The strong band at about 70,000 mol. wt
(also in the control) is probably the p heavy chain of IgM which binds to the S. aureus. The other
non-specific component of46,000 mol. wt has not been identified and appears to be unrelated to any
la components. It should be noted that two components were present in each of the a and /? regions
of the gel. The significance of this is discussed later.
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Fig. 1. Immunoprecipitation of 35S-labelled soluble proteins with DA6 monoclonal antibodies. Ten million
PAB-1 cells were labelled in 1 ml medium (methionine and serum free) containing 250 pCi methionine
(Amersham, Sp. act. 106Ci/Mole). After incubation for 4 h the cells were harvested, washed, lysed using 1 ml
lysis buffer and clarified by centrifugation (Jones, 1980). Some lysate was purified by Lens culinaris-Sepharose
(as described in Methods). The quantities used for immunoprecipitation were 100 p\ 35S-lysate or 200 pi lectin
purified lysate, 600 p\ monoclonal antibody (containing approximately 10-30 fig antibody/ml) 10 fi\ rabbit
anti-mouse immunoglobulin (2 mg/ml) and 200 pi 10% Staphylococcal immunoabsorbent. The washed pellet
was finally extracted with 80 fi\ double strength electrophoresis sample buffer and 50 fi\ was applied to the
polyacrylamide gel (Laemmli, 1970).

Following electrophoresis and impregnation with scintillant the gel was dried and autoradiographed for 2
days.

Immunoprecipitation of cell surface proteins
Biosynthetic labelling with 35S-methionine labels all the cellular proteins, so that the immunopreci-
pitated molecules described above could include cytoplasmic as well as surface components. In
order to demonstrate that the antibodies will react with those molecules on the cell surface, surface
proteins of cell line Bri 8 were labelled with 125I as described in Fig. 2. The cells were lysed and the
glycoproteins purified on Lens culinaris-Sepharose before being immunoprecipitated and analysed.
As before, both a and ft chains were precipitated by all four of the antibodies. However, using this
method, only single bands were detected in the a and /? regions. As before the unidentified
component of approximate mol. wt 46,000 was present in all precipitates. The heavy chain of IgM
present in PAB-1 shown in Fig. 1 is absent here since IgM synthesized by Bri 8 does not bind to S.
aureus.
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Fig. 2. Immunoprecipitation of 125I surface labelled proteins. Fifteen million Bri 8 cells were washed and
resuspended in 150 p\ Dulbecco 'A' phosphate-buffered saline (PBS, Oxoid Ltd.) and incubated for 4 min with
50 pi lactoperoxidase (2 mg/ml Calbiochem), 10 pi 0-5 M phosphate buffer pH 7, 1 mCi 5I (carrier free:
Amersham) and 20 /d 0 03% H202- A further 20 p\ H2O2 was added and incubation continued for 10 min. The
cell were washed once by centrifugation in PBS, lysed in 0-3 ml lysis buffer and the free 125I removed by
centrifugation through Sephadex G50 (Jones, 1980). The lysate was treated with Lens culinaris-Sepharose (see
Methods section) and 80 pi was immunoprecipitated using 300 /A monoclonal antibody, 5 pi rabbit anti-mouse
immunoglobulin and 100 /d Staphylococcal immunoabsorbent and analysed as described in Fig. 1 with the
omission of the scintillant step. Exposure for autoradiography was 5 days.

Monoclonal antibody directed against separated la like polypeptides
Since mature la like antigens consist of two chains closely bound together, an antibody to either
chain will precipitate both. To determine which of the two chains is the target for each antibody, the
soluble proteins of cell lines were separated first by SDS-PAGE, electrophoretically transferred to
cellulose nitrate paper and tested with each antibody as described in Fig. 3. Only three of the
antibodies bound to proteins after electrophoretic transfer—DA6.121 and DA6.231 bound to a

component ofmol. wt about 30,000 (corresponding to /? chain), and DA6.147 to a 34,000 mol. wt
component (corresponding to a chains). With this technique, antibody DA6.147 (against a chains)
gave consistent results which were highly reproducible in repeat experiments. However, the
antigenic group(s) recognized by DA6.121 and DA6.231 have proved to have variable stability to
boiling in electrophoresis sample buffer and were difficult to detect in lysates from several lines (see
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Fig. 3. Detection la antigens following electrophoretic separation. Soluble proteins were extracted from PAB-1
using 1 ml lysis buffer/5 x 106 cells. The lysate was diluted with an equal volume of two times concentrated
electrophoresis sample buffer and 750 p\ distributed into three large wells in the gel. Following electrophoresis
and electrophoretic transfer, the cellulose nitrate was cut into strips then incubated with antibody and 125I rabbit
anti-mouse immunoglobulin as described in the Methods section. Exposure for autoradiography was 1 day.

below). In most experiments line PAB1 was used since it appears to possess a chain epitope
recognizable with DA6.231 or 121 which is particularly stable to isolation and transfer. (PAB 1 is a
lymphoblastoid line derived from a male child with a genetic diaphorase deficiency). The
determinant recognized by DA6.164 (anti-la by direct immunoprecipitation) has never been
detectable on electrophoretic transfer.

Detection of la like molecules on different cell types
Peripheral blood E rosette positive and negative lymphoid cells, activated T cells, umbilical cord
endothelial cells, several lymphoblastoid B cell lines and a T cell line were all tested for a and /? Ia like
antigens using the electrophoretic transfer technique. Since the a chain epitope appears to have
consistent stability, a semi-quantitative analysis of DA6.147 binding was possible with this
technique. Cord endothelium and the T cell line (MOLT 4) were completely negative (another T cell
line CCRF-CEM was also negative). Peripheral blood E rosette positive lymphocytes (T cells) were
so weakly positive that the reaction could have been due to minimal B cell contamination. However
activated T cells, peripheral blood non-T cells and the B cell lines were positive to varying degrees.
Of the B cell lines tested here, EBi showed a consistently reduced expression of a chains (Fig. 4). It is
worth noting, in this context, that visual inspection of autoradiographic prints gives a clearer
indication of antibody binding than scintillation counting, particularly at lower levels of
radioactivity.

In view of the apparent instability of the /? chain epitopes, no quantitative information on them
was deduced from this method.

Detection of a. and /? polypeptides in lymphoblastoid cell lines
Almost 100 human lymphoblastoid B cell lines have been analysed by electrophoretic blotting for
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the presence of a chains (using DA6.147) and [3 chains (using DA6.231). The results of such an
analysis are shown in Fig. 5. Most of the lines expressed a strong 147 positive stable a chain. An
interesting and reproducible finding was a reduction in detectable expression of the 147 epitope in
the Burkitt lymphoma line Namalva. Four sub-lines of Namalva (Soos et al., 1981) were tested in
addition. The level of epitope was low in two and undetectable in the others (Fig. 5a). Apart from
quantitative variation in binding of DA6.147, there were differences among the lines in the 'spread'
of the 147 reactive material after electrophoresis. In gels with larger loading wells this spread could
be resolved into complex patterns of up to eight bands (Fig. 6). The pattern for any given cell line
was consistently reproducible and multiple lines derived independently from the same donor gave
the same pattern. To determine whether heterozygosity of DR allotypes contributes to the large
number of bands, 13 DR homozygous typing cell lines were similarly analysed (data not shown).
The electrophoretic patterns of their 147 reactive material were no less complex than those from
unselected lines.

The analysis of /i chains showed a high degree of variability (Fig. 5b). In most of the lines the
epitope reacting with DA6.231 appeared labile but it was stable in a few lines one of which was
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Fig. 4. Detection of la a chains in different cells. Samples ofcell lysates were analysed as described in Fig. 3 using
DA6.147 to detect a chains. As the peripheral blood lymphocytes were much smaller than the other cell types
they were lysed using 2-5 x 107 cells/ml lysis buffer. The volume applied to the gel was 40 /d. Autoradiography
exposure was 1 day. The regions on the cellulose nitrate corresponding to the a component were cut out and
counted in a gamma counter. The dotted line represents the level of background binding to cellulose nitrate
outwith the region of antigen.
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Fig. 5. Detection of a and fl chains in B lymphoblastoid cell lines. Lysates were prepared and electrophoresed as
described in Figs 3 & 4. (a) a chains detected with DA6.147 (exposure for autoradiography 1 day), (b) /? chains
detected with DA6.231 (exposure for autoradiography 8 days). Arrow indicates the higher mol. wt of the NAS-1
P chain.

PAB-1. One line, NAS-1, expressed a /J chain of slower electrophoretic mobility (just faster than the
a chains) inferring an unusually high molecular weight (approximately 31,000).

The argument that differences in binding of DA6.147 to electroblots reflects differences in the
amount of epitope originally present in the cell lysate, while similar differences in binding of
DA6.231 are mainly attributable to instability of the isolated epitope is supported by the following
experiment. Lectin purified lysates from a number of cell lines were spotted, before and after
boiling, directly on to cellulose nitrate, then blotted with DA6.147 or DA6.231. Binding of both
antibodies was readily demonstrable before boiling. After boiling there was no change in 147
binding but the 231 reactive epitope was largely destroyed (result not shown).

DISCUSSION

All four monoclonal antibodies which have been shown, by serological analysis, to be directed
against la like antigens, co-precipitated 28K and 34K components, a finding which agrees with the
reported sub-unit structure of the surface la like molecule as analysed on SDS-PAGE (Snary et at.,
1977). The presence of an extra component in both a and /? regions of the gel using this method is
probably due to the precipitation of cytoplasmic la like molecules, not yet expressed on the cell
surface, which may differ from the membrane bound antigens in the extent of glycosylation. One
component in the a region of the gel corresponds to the 31,000 molecular weight 'invariant'
cytoplasmic chain discussed by Owen & Crumpton (1980). This interpretation is supported by the
results from the immunoprecipitation of 125I-labelled surface proteins where only single a and P
components are detected.

In contrast to direct immunoprecipitation, the electrophoretic transfer technique demonstrates
major differences among the antibodies. DA6.147 is directed against the a chain whereas DA6.121
and DA6.231 react with the P chain. It could be argued that all of the antibodies recognize
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Fig. 6. Detailed analysis of a chains in B lymphoblastoid cell lines. Sixty microlitres of clarified lysate of each cell
line was applied to a 10 well polyacrylamide gel and analysed with DA6.147 as described in Figs 3-5. Exposure
of autoradiography was 1 day.

determinants present on both a and P chains but that the integrity of an antigenic determinant and
its resistance to boiling, detergents and reducing agents is determined by the whole structure of the
polypeptide chain on which it is located. This argument could be supported by the data which shows
that the determinants detected by DA6.121 and 231 vary in lability depending on the cell line from
which the antigens were obtained. Serological binding studies on intact cells however show no
competition for receptor site between DA6.147 and any of the three other antibodies described here,
whereas DA6.121 and 231 appear to be directed against the same antigenic site on the class II
molecule and both compete, at least partially, with DA6.164 (Guy et al., 1982). Thus the conclusion
that the DA6.147 reactive epitope is carried on a different chain from the determinants recognized
by DA6.231, 121 and 164 appears valid.

Our observations have confirmed the presence of la like antigens on peripheral blood E rosette
negative lymphocytes, and activated T lymphocytes and their absence on untreated T lymphocytes
and T cell lines MOLT 4 and CCRF-CEM (Winchester & Kunkel, 1979).

There are several conclusions to be drawn from analysis of the la like antigens on the B cell lines.
The epitope being detected on the a chain was extremely stable whereas that on the p chain showed
variable stability among the cell lines tested, PAB-1 being extremely stable. The conclusion that 231
or 121 reactive epitopes are present but labile on the p chain in most lines is supported by several
types ofevidence which compare 'stable' and 'unstable' lines. Serological experiments show equally
high levels of binding of DA6.231 to the intact cells; immunoprecipitation with 121 or 231 from
35S-methionine labelled cell lysates showed little quantitative variation in the p chains; direct
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blotting of unboiled cell lysates shows that DA6.231 binds just as strongly as the anti-a monoclonal
DA6.147.

The significance of the multiband a region detected by blotting with DA6.147 is uncertain. The
pattern appears to be a reproducible characteristic of the donor and hence is unlikely to be
generated by somatic variation. These a chains have been derived from aft dimers (result not shown)
and therefore it is unlikely that they include newly translated intermediate molecules. They may
represent multiple forms of the product of one or two genes (perhaps differentially glycosylated) or
they may reflect the existence of multiple a chain genes. The finding that the complexity of the
patterns is not reduced in samples from DR homozygous cells argues in favour of the view that the
variation arises from post-translational modification of a limited number of gene products.
Conventional 2D electrophoretic patterns of radiolabelled immunoprecipitates have revealed the
presence of at least four a chain components within a very narrow range ofmolecular weights (see
review by Shackelford et at., 1982). Since the DA6.147 epitope is detected on products over a wider
range ofmolecular weights, at least in some cell lines, it is difficult to see how these two sets of data
correspond. The application of2D gel analysis to cell lines with particularly broad molecularweight
distributions of DA6.147 reactive components should help resolve this question.

The variant P chain from NAS-1 is of particular importance since a molecular weight difference
of this degree has not been reported previously and must be presumed a rare event. Since the donor
(a healthy East African adult female) and her family are not available for further study and
investigation, there is no immediate answer to the question ofwhether the finding is characteristic of
the original circulating B lymphocytes or has arisen in the course of in vitro culture. Current
experiments are directed towards establishing whether the apparent additional weight of the NAS-1
P chain is due to extra polypeptide or to carbohydrate, and to investigating the fate of its allelic
(normal?) p chain.

Finally the apparent lower level of la antigen on EBi (estimated by electroblotting against a
chains with DA6.147) is of importance since this line has been shown to be a remarkably poor
stimulator of allogeneic lymphocytes in MLR (Steel et at., 1978), and in preliminary biochemical
studies it appeared to be deficient in a surface glycoprotein ofmol. wt 25-28,000 (Deane et at., 1979).
Semi-quantitative radioimmunobinding assays have suggested that it has reduced amounts of the
determinants recognized by DA6.147 and DA6.164 while the present electrophoretic transfer data
point to a relative deficiency of the 34,000 mol. wt glycoprotein carrying the epitope recognized by
DA6.147. In a preliminary study la like antigens have not been detected on this line following
surface radio-iodination and precipitation with DA6 monoclonals (data not shown). The
NAMALVA sublines show some variation in their levels of la like antigens although all are low.
The lines are poor stimulators in mixed lymphocyte culture (data not shown). Clearly these lines will
be of considerable value in detailed investigations on the role of glycoproteins, characterized by a
two chain 29,000/34,000 mol. wt structure, in mixed lymphocyte reactions.

We thank Drs D.K. Apps and T. de Kretser for helpful discussions, and Dr A.F. Williams for the gift of the
F(ab')2 fragments of rabbit anti-mouse immunoglobulin.
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Enhanced expression of human la antigens by chronic
lymphocytic leukemia cells following treatment with
12-0-tetradecanoylphorbol-13-acetate

Using a panel of monoclonal antibodies which detect framework determinants of
human-la a and |3 polypeptides and the DC-specific monoclonal antibody Genox 353,
the in vitro effects of 12-0-tetradecanoylphorbol-13-acetate (TPA) on the expression
of la antigens by cells from chronic lymphocytic leukemia (CLL) patients have been
studied. In all subjects studied a great increase in expression of framework la deter¬
minants was found following culture of CLL cells for 90 h with TPA at 10~7 g/ml. TPA
treatment of CLL cells also induced increased expression of Genox 353+ antigens, in
some cases where Genox 353 binding was either negligible or not detectable in cells
cultured in the absence of TPA.

1 Introduction

HLA-DR-like antigens (human la antigens) are regarded as
differentiation markers for cells of myeloid, hemopoietic and
lymphoid lineages [1-3]. They comprise a group of
heterodimeric cell surface glycoproteins with noncovalently
linked subunits of 34 kDa (a) and 29 kDa (|3) encoded by the
closely linked major histocompatibility loci DR, DC and SB
[4-6]. Recent evidence suggests that there may be as many as
seven structurally distinct human la |3 polypeptides [7] and at
least three a polypeptides [8].

The cells of chronic lymphocytic leukemia (CLL), usually a
monoclonal proliferation of malignant B lymphocytes, are
representative of intermediate to late stages of B cell matura¬
tion [9]. Previous studies with monoclonal antibodies (mAb)
have shown that CLL cells may differentially express subsets
of human la antigens [10]. Synthesis and expression of human
la antigens on CLL cells can be increased by treatment of the
cells with the croton seed oil-derived tumor-promoting agent
12-0-tetradecanoylphorbol-13-acetate (TPA) [11, 12]. The
present study extends previous observations of la antigen
expression by CLL cells by showing that the expression of
framework determinants of both human la a and [5 chains is
increased following culture of CLL cells with TPA and differ¬
ential expression is abolished. Moreover, DC antigen expres¬
sion, measured by the binding of the supertypic determinant-
directed mAb Genox 353 [13], is enhanced following TPA
treatment.

2 Materials and methods

2.1 Hybridoma mAb

The DA6. series of mAb has been described elsewhere [10,14,
15]. The HIG. series of mAb was prepared following estab¬
lished procedures [16, 17] after immunization of mice with
peripheral cells of a myelomonocytic leukemia patient.
DA6.231, DA6.164, HIG.48 and HIG.78 react with distinct
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framework determinants of human la |3 chains and DA6.147
reacts with framework determinants of la a chains ([10,14,15]
and unpublished results). With the exception of the DA6.164
determinant, which is not found on DR-7 homozygous cells,
the determinants recognized are nonpolymorphic in expres¬
sion. Genox 353 [13] reacts with a supertypic determinant of
DC/MB antigens. W6/32 is an anti-HLA-A-, -B, -C mAb [18]
and was obtained from Sera Labs, Crawley Down, GB.

2.2 Cells and cell culture

Cells from the peripheral blood of CLL patients were sepa¬
rated over Ficoll-Hypaque, washed and seeded into cultures at
1 x 106 cells/ml in F10 medium plus 10% fetal calf serum, buf¬
fered with 3-N-morpholinopropane sulfonic acid. A stock so¬
lution of TPA (Sigma, London) dissolved in dimethyl sulf¬
oxide (DMSO) at 10~3 g/ml and stored at-20°C, was added to
cultures to give a final concentration of 10~7 g/ml. Cells were
cultured at 37 °C for 90 h. Control cultures consisted of cells
cultured without TPA. Cultures were discarded if the viability
of the cells at 90 h was not >90%. The viability of TPA-
treated cultures invariably exceeded 90%, but some control
cultures were discarded. For alternative control purposes,
untreated cells were fixed on the day of collection. The cells
studied all came from patients with B CLL who were receiving
chemotherapy. There was an average of 5% sheep erythrocyte
rosetting cells in the untreated samples (range 1-15%).

2.3 Serological procedures

Antibody binding tests were performed as previously
described [19] using glutaraldehyde-fixed cells and i:T-labeled
F(ab')2 rabbit anti-mouse Ig. Anti-a-fetoprotein mAb was
used in background binding controls (routinely <2% of max¬
imum binding). All data were corrected by the subtraction of
background binding. In some cases, control and TPA-treated
cells were also examined for la antigens and cytoplasmic IgM
by standard immunofluorescence techniques using fluorescein
isothiocyanate-labeled antibodies.

3 Results and discussion

3.1 Morphology of cells treated with TPA

The culture of CLL cells in the presence of TPA resulted in the
appearance of large cells with an increased cytoplasmic-to-
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Figure 1. Representative morphological changes in CLL cells induced by TPA. Cells were treated as in Sect. 2.2 and processed for routine
transmission electron microscopy by standard techniques, (a) Typical CLL cell from untreated sample (x 28000); (b) typical changes induced by
culture of CLL cells with TPA (x 34000).

nuclear ratio and prominent nucleoli. Evidence of apparent
differentiation of the cells included the appearance of cells
with increased numbers of mitochondria and increased
amounts of endoplasmic reticulum (Fig. 1). Increased cyto¬
plasmic staining for IgM was also found (data not shown). The
proportion of cells responding to TPA in any given culture
varied but in all cultures treated with TPA the majority of cells
appeared altered morphologically in comparison with cells in
control cultures (Fig. 2).

3.2 Changes in la expression following culture of cells with
TPA

Culture of CLL cells in the presence of TPA, in all cases
examined, induced enhanced expression of la antigens (Table
1). The magnitude of the response appeared to vary consider¬
ably and some determinants were more enhanced in expres¬
sion than others. Note particularly that the cells of patient
MMK expressed little of the |3 chain determinants defined by
mAb DA6.164, HIG.48 and HIG.78. Bv standard indirect
immunofluorescence techniques only 10% of the untreated
cells of MMK were strongly DA6.164+ whereas the DA6.231
(5 chain determinant was expressed strongly on >90% of the
cells. Following TPA treatment > 90 % of the cells were
strongly positive for both determinants (data not shown). In B
lymphoblastoid cell lines, (LCL) DA6.231 and DA6.164
describe two subsets of human la molecules: a major popula¬
tion. which is 231+ 164+ and a second minor population which
is 231+ 164" [10, 14]. Thus, the untreated cells of MMK show
grossly different expression of these two la populations, a
phenomenon seen in about 10% of leukemias [10]. At the
moment it is not clear if differential expression of la antigens

in leukemia is solely a reflection of the heterogeneity of la
expression by normal B lymphocytes [20] or if it occurs also as
a consequence of malignant transformation.

The binding of Genox 353 to CLL cells was also considerably
increased following TPA treatment (Table 2). In some cases
Genox 353 binding to CLL cells was either negligible or not
detectable without TPA treatment although the same cells
were almost invariably positive for other la determinants. This
supports previous suggestions that DC antigens are expressed
later in lymphopoiesis than other la antigens [21], Genox 353
defines a supertypic determinant of DC/MB expressed by all
LCL and peripheral blood B cells of the appropriate genotype
(DR 1. 2, 6") [13], In our hands Genox 353 behaves with
precisely the same specificity. Since DR 1, 2, 6+ B LCL are
invariably Genox 353". whereas Genox 353 positivity is induc¬
ible in CLL, this may suggest that at least some CLL represent
earlier stages of B cell differentiation than most B LCL. Alter¬
natively, DC antigens may be transiently expressed during B
cell differentiation or may be more easily detected on B LCL
than on B CLL without TPA treatment. With the panel of
reagents used here, differential expression of la |3 polypeptide
determinants appears to be a property of leukemic cells but
not of B LCL [10. 15],

There was also an increase in the expression of HLA-A. -B. -C
antigens by CLL cells following TPA treatment and cells cul¬
tured without TPA expressed weak or moderately increased la
and HLA-A, -B. -C antigens, perhaps as a reflection of an in
vitro response to fetal calf serum [22], Especially the expres¬
sion of a chain determinants defined by DA6.147 was
increased by culture in the absence of TPA. DA6.147
describes a minority cell surface population of la molecules
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Figure 2. Representative morphological changes in CLL cells induced
by TPA. Cells were treated as in Sect. 2.2 and examined by differ¬
ential interference-contrast microscopy, (a) Cells from control culture
without TPA (x 1300); (b) cells from TPA culture (x 1300).

some of which also carry the DA6.231 and DA6.164 determi¬
nants [10], Cells cultured in the presence of DMSO without
TPA did not show any increase in la expression above control
cultures (data not shown).

4 Concluding remarks

The maturation of CLL B lymphocytes under the stimulus of
TPA involves substantial qualitative and quantitative changes
in the display of cell surface la antigens. Although the major¬
ity of the la determinants defined by the antibodies used in the
present study are nonpolynrorphic in expression, at least the la
molecular species which bear the determinants, if not the
determinants per se, are relevant to both allogeneic and auto¬
logous mixed lymphocyte culture stimulation [23, 24] and are
implicated as target receptors for T helper function in

immunoglobulin synthesis by B cells (Palacios, R., Martinez-
Maza, O. and Guy, K., submitted for publication). Human la
antigens are now known to comprise a large family of related
glycoproteins with increasingly distinguishable functional
properties and/or disease associations attributable not only to
DR but also to DC and SB antigens ([25, 26] and Shaw, per¬
sonal communication). Studies in the mouse indicate that B
cells expressing low amounts of surface la cooperate less effec¬
tively with T helper cells than B cells with more abundant la
[27], Thus, both qualitative and quantitative changes in sur¬
face la expression may be relevant to functions mediated
through la antigens. The precise functional significance of the
expression of DC determinants apparently late in B lympho¬
cyte differentiation awaits further study. In this respect the

Table 1. Increased binding of anti-la mAb to TPA-treated CLL cells

125I-labeled RAMIg"' (cpm x 1(C) '
DA6 DA6 HIG HIG DA6 W6/3i
.231 .164 .48 .78 .147 (HLA

Cells (P) (P) (P) (P) (a) A, B, i

CP
Untreated1' 17.3 8.6 6.7 9.9 3.0 19.4
Control culture 19.3 10.4 8.0 10.1 2.6 16.6
TPA culture 36.4 19.8 24.6 23.1 8.8 39.8

LA
Untreated 17.9 11.0 11.1 8.4 0.6 18.4
TPA culture 36.9 25.1 27.0 26.5 6.0 23.8

RP
Untreated 15.5 8.1 7.4 11.0 3.7 18.8
Control culture 16.1 8.7 11.4 11.5 6.6 19.2
TPA culture 23.2 12.2 14.7 17.7 4.9 25.0

PMQ
Untreated 17.4 10.2 11.6 9.6 2.9 19.0
Control culture 20.4 11.3 14.5 11.8 5.1 22.2
TPA culture 24.5 15.0 20.8 18.5 4.2 24.2

MMK
Untreated 10.0 1.0 3.6 4.6 1.1 18.1
TPA culture 38.6 14.3 21.0 28.8 5.8 35.3

NL
Untreated 26.6 13.1 16.3 19.9 1.8 30.6
Control culture 34.8 18.4 24.8 29.2 8.1 32.0
TPA culture 59.3 29.5 46.1 48.4 18.6 45.3

JB
Untreated 24.3 9.5 16.0 13.6 2.3 37.7
Control culture 31.7 14.2 23.7 20.4 4.8 35.5
TPA culture 54.7 25.8 42.2 43.0 6.6 51.2

JW
Untreated 21.6 11.6 14.8 18.5 1.3 28.2
Control culture 36.9 17.5 30.6 34.4 3.1 39.6
TPA culture 56.5 29.1 47.9 43.4 4.5 49.1

ML
Untreated 21.2 11.6 16.5 10.7 2.1 28.3
TPA culture 40.0 22.7 32.8 33.0 5.9 35.4

a) Rabbit anti-mouse Ig.
b) Mean of duplicates. Cells were tested in aliquots of 2 x 10~ or

5 x 105 and, after subtraction of background binding values,
results were expressed as mean cpm binding per 5 x 10" cells.
Representative standard deviation was 12% of mean.

c) Tests were performed with neat culture supernatant at 25 iil/lO3
cells.
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Table 2. Increased binding of Genox 353 to TPA-treated CLL cells

Cells

125I-labeIed RAMIg"' (cpm x 10 3)b>
Untreated Control culture TPA-

treated

RP 4.0 ±0.2 3.510.1 10.710.8

PMQ 2.3 + 0.3 3.410.3 8.310.7
LA 0.3 + 0.1 - 3.810.3
MMK 0.510.1 - 4.1 ±0.4
NL 0.010.1 0.810.1 1.410.3
JB 0.910.3 1.710.3 8.011.0
JW 0.910.2 2.010.2 6.611.1
ML 1.110.1 - 6.710.5
JCR 0.410.2 0.510.2 2.710.1
BLY 0.710.1 0.510.1 1.410.3
JCO 0.310.1 0.310.1 2.010.5
CP 0.510.1 0.610.1 0.710.1
MCL 0.510.2 0.410.1 0.910.1
MAJA (DR l,l)c> 5.210.4
IDF (DR 5,5) 0.210.1

a) See Table 1.
b) Mean of triplicates. Data expressed, as values for 5 x KT

cells ± SD (as for Table 1.).
c) MAJA and IDF are homozygous typing cells.
d) Tests were performed with Genox 353 ascites Ig at 0.5 pg/105 cells.

expression of the broader spectrum of human la antigens may
be relevant to the ability of CLL cells to stimulate in mixed
lymphocyte culture reactions only after TPA treatment [12,
28] despite the presence of some la antigens on untreated
cells.
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DR locus; DA6.231 and HIG.48 recognize determinants common to
products of DR. and SB loci and HIG.78 recognizes a determinant
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SUMMARY

The accessory cell requirements of human neonatal T lymphocytes were compared with
those of adult T lymphocytes in lectin-induced polyclonal activation. It was found that
purified neonatal Esh rosette positive lymphocytes were not activated into a proliferative
response by the lectin phytohaemagglutinin (PHA), by phorbol ester (TPA) or by
conditioned medium containing T cell growth factor activity (TCGF-CM). A prolifera¬
tive response to PHA was obtained in the presence ofa suitable accessory cell (AC) such as
the plastic adherent, monocyte enriched population or the slg positive lymphocyte
population, both of which were shown by cellular titrations to be equally effective.
Optimal proliferative responses to PHA could also be obtained, in the absence of
accessory cells, by addition of TPA or TCGF-CM. Neonatal T lymphocytes gave highly
reproducible responses and this could be achieved effectively by simple separation
procedures not involving further subfractionation of the responding Esh4 lymphocyte
population. The exquisite accessory cell dependence of these cells demonstrated in this
investigation provides a readily available human mode! system for the evaluation of the
variables involved in T lymphocyte activation and a sensitive assay for measuring
accessory cell activity.

INTRODUCTION

Current theories of T lymphocyte activation (Ruscetti & Gallo, 1981; Smith & Ruscetti, 1981)
suggest that purified T lymphocytes should not respond to mitogenic stimulation in the form of
plant lectins such as PHA. In the absence of a signal supplied by an appropriate accessory cell,
interleukin 2 production should be impaired and subsequent proliferation should therefore not
proceed. Most studies emphasize the role of the plastic adherentmonocyte as the cell responsible for
supplying the appropriate signal in the form of a soluble factor, interleukin 1. (Maizel, Mehta &
Ford, 1979; Maizel et al„ 1981).

Other cell types, distinct from monocytes and macrophages are now recognized as being
efficient accessory cells in human T lymphocyte activation, notably endothelial cells (Ashida,
Johnson & Lipsky, 1981) and dendritic cells (Van Voorhis et al., 1982).

Exhaustive removal of monocytes from adult human peripheral blood leucocytes did not
significantly alter the ability of the depleted lymphocytes to respond optimally to PHA (Jerrells et
al., 1980). This observation suggested the possibility that there was a population in the
non-adherent fraction with accessory cell function. The present study began as an attempt to
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investigate this possibility, but during the course of the investigation it became apparent that the
response of adult T lymphocytes to PHA did not consistently exhibit significant AC dependence. It
was evident from other reports that although adult T lymphocytes could be shown to give low
responses to other mitogens such as concanavalin A (Palacios, 1982), data concerning the mitogen
PHA supported the conclusion that substantial activation did occur in the absence of identified
accessory cells (Maizel et at., 1981).

This communication presents evidence that the human neonatal T lymphocyte exhibits much
more clearcut accessory cell dependency than the adult counterpart and therefore offers a
favourable system for the investigation of mechanisms of activation.

MATERIALS AND METHODS

Cell separation. Blood samples from buffy coat fractions of healthy adult donors and from fresh
placentae, tapped via the cord vein, were defibrinated and diluted with an equal volume of Ham's
F10 medium. Mononuclear populations were obtained by layering diluted samples on Ficoll-Hypa-
que cushions of density 1 077 g/ml and spinning at 800 g for 15 min. The resulting interface layer of
cells was removed and washed with medium containing 2% FCS.

Adherent cells were removed from the mononuclear population by incubating cell suspensions
in plastic falcon flasks for 1 h at 37°C in the presence of 10% FCS in a 5% CO2 gassed incubator.
Non-adherent cells were removed by agitation and the adherent layer washed twice with fresh
medium. After a further incubation period of 18 h most of the adherent cells could be recovered by
shaking.

Residual adherent cells were removed from the non-adherent population by passage through
Sephadex G10 (Pharmacia) columns. These consisted of 50 ml plastic syringe barrels with a bed
volume of 15-20 ml Sephadex G10. They were washed with 5% FCS/F10 medium before addition of
the cell suspension at a density of 107 cells/ml in a 5-10 ml volume. The column was then incubated
at 37°C for 1 h before eluting non-adherent cells with 50 ml pre-warmed 5% FCS/F10 medium.
Sephadex G10 filtered cells were rosetted with SRBC's using AET treated cells according to the
method of Kaplan & Clark (1974). Esh+ lymphocytes were separated through a Ficoll-Hypaque
cushion. Most efficient SRBC rosette formation occurred on overnight incubation of lymphocytes
with AET-SRBC at room temperature. SRBC's were removed from the lymphocytes by brief
hypotonic shock with distilled water. Lymphocytes were then washed with medium.

Direct antiglobulin rosetting. Sheep anti-human IgM (Seward Lab) and anti-human IgG (Sera
Lab) antisera were coated onto washed human red blood cells as described by Romagnani et al.
(1980). Rosetted cells were separated on Ficoll-Hypaque as described above.

The sequence of separation procedures shown in Fig. 1 was strictly maintained in all
experiments reported here. Only when cytochemically detectable monocytes had been reduced to
low levels (< 1%) were the responding Esh+ population andslg+ populations positively selected by
rosetting techniques.

Cytochemical detection ofnon-lymphoid cells. Cytocentrifuge preparations for the different cell
populations were made and stained for a-naphthyl acetate esterase (ANAE) and chloroacetate
esterase reactions to determine monocyte and myeloid cell contamination respectively (Horwitz et
al., 1977; Yam, Li & Crosby, 1971).

Sephadex G10 filtered cells showed extremely low levels ofANAE+ monocytes (never >0-5%).
There were no detectable ANAE+ monocytes in the Esh+ and slg+ lymphocyte fractions.

Chloroacetate esterase"1" leucocytes were often prominent in cord Ficoll-Hypaque interface
populations, consisting up to 40% of the total cells. Large mononuclear chloroacetate esterase
positive cells became concentrated in the Esh- slg~ population after consecutive rosetting
procedures.

Adult adherent cells were between 50% and 80% ANAE+ with <2% chloroacetate esterase"1"
cells. Cord adherent cells were between 30% and 50% ANAE+ and up to 50% were chloroacetate
esterase"1".

Cell culture. Esh+ lymphocytes were cultured at 0-5 x 106 cells/ml in 1 ml volumes ofHam's F10
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Fig. 1. Sequence of separation procedures used in all experiments.

medium supplemented with 10% FCS in flat bottomed glass tubes at 37°C in a 5% CO2 gassed
incubator. Addition of 0-1 x 106 accessory cells to give a 5:1 T: AC ratio brought the total number
of cells to 0-6 x 106/1 ml culture.

Adherent cells, sIgM+, sIgG+ and slg+ depleted cell populations were pre-treated with
100/rg/ml mitomycin C (Kyowa Co. Ltd) at 2 x 106 cells/ml for 1 hat37°C, then washed three times
with medium. This treatment effectively prevented any proliferation of accessory cell populations.
PHA (reagent grade, Wellcome) was reconstituted with distilled water and used at 1% vol./vol. The
phorbol ester, TPA (tetradecanoyl-phorbol-13-acetate, Sigma) was dissolved in acetone at 1 mg/ml
and stored in the dark at — 20°C.

Conditioned medium. Adherent cell depleted adult peripheral blood lymphocytes from several
donors were mixed and cultured at 1 x 106 cells/ml in the presence of 01 x 106/ml DAUD1
lymphoblastoid line cells and 1% PHA. After an 18 h incubation period at 37°C the cells were
washed three times with fresh medium and cultured for a further 30 h period to generate
conditioned medium depleted in PHA but containing sufficient TCGF activity to support the
growth of 14 day old cultured T cells. This procedure was based on that described by Larsson,
Andersson & Coutinho (1976), modified by the use of a lymphoblastoid cell line as allogeneic
stimulus (Bonnard, Yasaka & Maca, 1980). A consistently good yield ofTCGF activity in 18-48 h
supernatants was obtained with this method.

Proliferation assay. After pulsing with 1 ^Ci/ml methyl-3H-thymidine (stock solution, specific
activity 20 Ci/mmol, Amersham Radiochemicals; final specific activity in culture 0-33 Ci/m mol,
since Ham's F10 medium already contains 3 pu thymidine), cell suspensions were removed from
tubes, washed with medium, resuspended in 0-2 ml medium and spotted on Whatman filter discs.
These were treated with two changes of 10% trichloroacetic acid, dried and radioactivity counted in
a PPO-POPOP-toluene mixture in a liquid scintillation spectrometer.

Cytocentrifuge preparations on glass slides were fixed with methanol, dipped in K5 emulsion
(Ilford) and exposed for 3 weeks. Developed autoradiographs were stained with Giemsa.

RESULTS

Comparison ofneonatal andadult accessory cell dependency ofPHA-induced T lymphocyte activation
Using the sequence of cell separation techniques described above it was noted that purified T
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Fig. 2. Proliferative response of purified Esh resetting lymphocytes to 1% PHA alone expressed as a percentage
of the response to 1% PHA in the presence ofeither adherent cells or slgM + lymphocytes. In all experiments Esh
resetting lymphocytes were cultured at 0-5 x 106 cells/ml in fiat bottom culture tubes in 1 ml volumes. A T
lymphocyte: accessory cell ratio of 5:1 was chosen for all experimental points shown. Cultures were pulsed with
IfiCi 3HTdR for 72-90 h. The absolute incorporation values for all experiments were: adult Esh+ lymphocytes
plus adherent cells, mean 98,991 ct/min, range 39,138-220,657 ct/min; adult Esh+ lymphocytes alone, mean
23,956, range 4,140-50,600 ct/min; neonatal Esh+ lymphocytes plus adherent cells, mean 158,815 ct/min, range
81,307-254,377 ct/min and neonatal Esh+ lymphocytes alone, mean 1,917 ct/min; range 136-11,637 ct/min.

lymphocytes from a significant proportion of adult donors, although responding suboptimally to
PHA, nevertheless gave considerable proliferative responses. The results from 37 individual
experiments are collated in Fig. 2 and show a striking contrast between responses from adult and
neonatal T lymphocytes. Adult donors were highly variable in the AC dependency of their
PHA-induced T lymphocyte proliferative responses whereas neonatal lymphocytes consistently
gave very low responses in the absence of AC's.

Accessory cell titrations comparing adherent leucocytes and sIgM+ lymphocytes
Fig. 3 shows that both adherent leucocytes and sIgM+ lymphocytes are effective in restoring the
proliferative response of purified Esh+ lymphocytes to PHA.

It is apparent that for both neonatal and adult samples the monocyte free sIgM+ lymphocyte
population shows significant AC activity at a Esh+ :sIgM+ ratio of 50:1.

Table 1 shows that sIgM+, sIgG+ and slg~ depleted lymphocytes are effective in supporting
PHA-induced T lymphocyte proliferation in the adult. However, with neonatal cells, although
sIgM+ lymphocytes are effective AC's the slg+ depleted population has only weak activity. A
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Table1.AbilityofdifferentcellpopulationstoactasaccessorycellsinadultandneonatalTlymphocyteresponsetoPHA(ct/min/culture)
OJ
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Expt1

Expt2

Expt3

Expt4

Expt5

PHA PHA+01x106adherents PHA+01x106sIgM+lymphocytes PHA+0-1x106slg+depletedcells PHA+0-1x106s!gG+lymphocytes
9,945±736 111,659+23,468 60,285±7,824 68,053±1,109 93,034±20,349
961±269

181,331±5,754 156,804±14,524 3,385±1,071

2,750±454 253,508±13,500 249,718±34,094 4,913±2,116

313±8-5
160,763±26,628 173,971±52,810 3,312+810

112±27-5 161,394±17,208 103,821±971 217±28-2

Allcultureswerepulsedwith3HTdRasinFig.2. Expt1:adultandexpts2-5:neonatal. 'Insufficients!gG+cellswereobtainedinneonatalmaterial.

£
J-

3'

Co

fto

o

ca



PHA-induced T lymphocyte proliferation
Table 2. Kinetics of neonatal T lymphocyte mitogenic response (ct/min/culture)

361

42 h 66 h 90 h 114 h

1% PHA 405 + 34 913 + 367 923 + 269 201 + 36-9
0-1 /tg/ml TPA 130+ 13-3 181+29-6 160 + 26-1 101+27-4
1% PHA 34,161 ±3,921 89,160 + 8,895 78,954 + 27,153 49,455 + 21,222
+ 0-1 /rg/ml TPA
1% PHA + 0-1 x 106 21,498+1,590 60,916 + 7,161 81,307+16,965 12,023 + 3,194
adherents

1% PHA + 0-1 x !06 10,082+1,294 59,704 + 2,438 92,239+15,696 33,631+9,037
slgM + lymphocytes

Cultures were pulsed with 1/rCi 3HTdR for 18 h and harvested at times shown.

majority of these cells are identified as myeloid because of their strong chloroacetate esterase
staining reaction and this is consistent with their poor ability to function as AC's in this system.

Kinetics ofactivation
It has been observed in some studies that a delayed response occurs in the activation of adult T
lymphocyte enriched populations (de Vries et at., 1979). This is not seen to be the case for activation
of purified neonatal T lymphocytes (Table 2), in which the slight residual level of 3HTdR
incorporation peaks at the same time as the optimal responses in the presence of TPA or added
accessory cells. Autoradiographs of the experiment shown in Table 2 revealed a labelling index
which never exceeded 3% at any time for neonatal T lymphocytes cultured in the presence of PHA
alone. Unlabelled cells in PHA treated cultures did however have a different appearance from
control lymphocytes, suggesting a 'triggering' effect of PHA but without further progression into a

proliferative cycle.

Accessory cell independent activation
Human neonatal T lymphocytes were used to examine requirements for activation in the absence of
accessory cells.

It was observed that the phorbol ester, TPA did not activate neonatal T lymphocytes either

Table 3. Accessory cell independent activation of neonatal T lymphocytes (ct/min/culture)

Expt 1 Expt 2 Expt 3 Expt 4

No addition
0-1 pg/ml TPA
50% TCGF-CM
1% PHA
0-1 /rg/ml TPA
+1% PHA
50% TCGF-CM
+1% PHA
0-1 pg/ml TPA
+ 01 x 106 adherents
0-1 pg/ml TPA
+ 01 x 106 s!gM +

97 + 36-7
495 + 86

450+111
1,595+ 1,288

277,688 + 45,955

44+15-5
84 + 0-71
126 + 41
112+ 27-5

117,753+19,287

136,117 + 20,876 91,688 + 9603

191+7

323 + 54

212+111
266+10-7
197 + 32
511+64

136,362 + 26,792

98+17-6
236 + 38-2

1,288 + 140
1,077 + 52

119,594 + 24,799

71,458+13,798 110,316+19,609

Cultures were pulsed with 3HTdR as in Fig. 2.



362 D. Hutchins & C. M. Steel
alone or in the presence ofadherent cells or slgM + lymphocytes (Table 3). TPA in combination with
PHA gave a strong synergistic effect in terms of de novo activation of T lymphocytes and was
equivalent in its action to the addition of adherent cells or of sIgM+ lymphocytes (Table 2).

It was also shown that culture in the presence of TCGF-CM did not result in significant
activation but good responses were obtained by addition of both TCGF-CM and PHA (Table 3).

DISCUSSION

Assay systems for human T lymphocyte PHA-induced activation, whether using peripheral blood
Esh+ cells or thymocytes (Maizel et at., 1981) have not made a clear distinction between
augmentation by AC function of a residual activity, initiated by activating ligand alone, and true de
novo activation occurring only in the presence of both signals. Use of the neonatal T lymphocyte
provides a readily available human model system for such a distinction. The very low levels of
activation detected in the presence of PHA alone, in the neonatal system are comparable to those
achieved under similar conditions using guinea-pig T lymphocytes (Rosenstreich, Farrar &
Dougherty, 1976; Lipsky, Ellner & Rosenthal, 1976).

The difference between neonatal and adult T lymphocytes in the relative AC dependence of
lectin activation highlights the significance of the generally higher levels of apparent AC
independent residual activation observed in adult samples. The present experiments have shown
that the described sequence ofseparation procedures is effective in yielding a population ofneonatal
T lymphocytes which does not respond to PHA, yet this same scheme is not adequate when applied
to adult lymphocyte populations. This may indicate that a subpopulation ofadult T lymphocytes is
intrinsically AC independent, possibly for example as a consequence of past antigen challenge. It is
also possible that adult Esh+ lymphocytes contain variable levels of non-T populations with
monocyte characteristics, which are undetected by esterase cytochemistry at the time of isolation of
the cells (Horwitz et al., 1977). Similarly, the findings of Pichler, Shaw & Broder (1981) that the IgG
Fc receptor positive population of adult Esh+ lymphocytes has AC function in supporting
mitogen-induced proliferation of IgM Fc receptor positive T lymphocytes supports the view that
adult Esh+ lymphocytes contain subpopulations with accessory cell function.

The ability of SIg+ lymphocytes to act as an accessory cell population has been shown in the
present study to be at least equivalent to that of the monocyte enriched adherent cell population.
Other studies using adult T lymphocytes have not demonstrated AC function for B lymphocytes
(Arala-Chares et al., 1978), or only an augmenting effect (Delespesse et al., 1976). The present
finding that the neonatal T lymphocyte population exhibits very low levels of activation in the
presence ofan optimal dose ofPHA, which can be fully restored by addition ofmitomycin C treated
sIgM+ lymphocytes supports the view that the B lymphocyte is capable of providing a genuine de
novo activation signal.

Although it has been demonstrated that other cell types are effective accessory cells, for example
the endothelial cell (Ashida et al., 1981) and the dendritic cell (Van Voorhis et al., 1982) it is
apparent that the SIg depleted, chloroacetate esterase"1" enriched cell population of human cord
blood possesses little AC functional activity. We have therefore demonstrated that it is possible to
select positively and remove accessory cell populations, leaving a negatively selected population
with negligible AC activity. It is thus apparent that AC function is not a property of all peripheral
blood leucocyte populations, nor is there a universally contaminating accessory cell type.

It is known that cellular contact between the monocyte and lymphocyte is not a necessary
prerequisite for activation and that a monocyte derived soluble product can be effective (Maizel et
al., 1981). The signal supplied by slgM + lymphocytes may also be in the form of a secreted product.
The report of Caraux et al. (1982) supports this possibility. The experiments reported here
demonstrate that intact metabolically active cells are not essential for T lymphocyte activation by
PHA since TPA, which is itself nonmitogenic in this system, is highly effective as a co-mitogen. The
neonatal human T lymphocyte thus showed similar behaviour to that described for the guinea-pig
system (Rosenstreich & Mizel, 1979). TPA has been reported to be mitogenic for adult T
lymphocytes (Abb, Bayliss & Deinhardt, 1979) but the results of Koretzky, Daniele & Nowell
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(1982) showing that monocyte depleted adult lymphocytes are not activated by TPA are in
agreement with our own observations. Furthermore the results obtained with neonatal lympho¬
cytes are unequivocal—TPA is non-mitogenic for T lymphocytes even in the presence of accessory
cells.

An understanding of the mechanism of T lymphocyte activation will most likely benefit from a
more precise definition of the identity of actual and potential accessory cells within the populations
of study—whether there is a unique cell type or a hierarchy of activities within different
subpopulations. We have defined certain advantages in the use of the neonatal T lymphocyte which
may be useful in the further analyses which will be required to answer such questions.

We are indebted to thestafTof the Maternity Unit in the Western General Hospital, Edinburgh and to the Blood
Transfusion Service (S.E. Scotland Region) for provision of material. Figures were prepared by Mr N.R.
Davidson and Mr A. Bruce and the manuscript typed by Mrs Irene Cunnison.
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.-viphmce for involvement of the immunoglobulin
|uav -chain gene locus in the 8:14 translocation of
human b lymphomas
g V McIntosh1, B.B. Cohen, C.M. Steel, Helene Read, Marion Moxley and H.J. Evans
URC Clinical and Population Cytogenetics Unit, Western General Hospital, Crewe Road, Edinburgh EH42XU,
yvtland.
Abnormalities of immunoglobulin (Ig) heavy chain
thesis occurring in human B lymphoid cell lines of

,y"lj„nant origin suggest that the Ig heavy-chain gene111
nlex ' involved in the 8:14 chromosome translocation

l°hkh :!>•. "• "Us carry.

There is increasing evidence that transpositions of
hromosome segments are important causal events in
nrcinogenesis (Cairns, 1981; Rowley, 1981). The re¬
ciprocal 8q24:14q32 translocation characteristic of
Hurkitt's lymphoma (Manolov and Manolova, 1972;
/cch et ai, 1976; Manolova et al., 1979) which has
,lso been described in B-lymphocyte-derived acute
lymphocytic leukaemia (Mitelman et al., 1979, Berger
r) nl 1979) has been cited in this context. Further¬
more. u us been proposed that, in such B-lympho-
cvte-derived tumours, specific inactive genes (on¬
cogenes?) transposed by this translocation interact
with, and are activated by, a "promoter" sequence
associated with the immunoglobulin (Ig) heavy-chain
locus (Klein, 1981; Evans, 1981). The latter is now
known to be located on chromosome 14 (Croce et al.,
1979; Hobart etal., 1981)inthe q32 region (Coxetal.,
1982; Kirsch et al., 1982).
In the light of these observations we have re-ex-

amin'd cur data on Ig synthesis in human lymphoid
cell lines and expanded our analysis of those cell lines
carrying an 8:14 translocation to determine its effect,
if any, on heavy-chain expression.

MATERIAL AND METHODS

Cell lines

The lines used in this study have been either estab¬
lished in this laboratory or cultured here for some
time; their origins and maintenance have been de¬
scribed previously (Steel et al., 1980).
Cytogenetic studies
The karyotypes of cell lines cultured in this labora¬

tory have been routinely analysed over a number of
years using Q and G banding techniques detailed else¬
where (Steel et al., 1980).
Serological detection of Ig
Ig secreted into cell culture supernatants was de¬

lected using the haemagglutination inhibition techni¬
que of Evans and colleagues (1974). Cellular Ig was
determined by analysing NP-40 lysates using 2 X 106
washed cells/ml of NP-40 lysis buffer (Jones, 1980)
clarified by centrifugation in the same way as culture
supernatant. The use of a detergent meant that cell-
surface proteins would be present in the lysate. How-
ewer, cell-surface Ig was determined independently
•'nd in the present context the important feature of
'hese assays was to identify any Ig production which
would not be detected in screening the cell-line super-
uatants. Cell-surface Ig was identified by an indirect

adaptation of the rosetting assay of Chao and Yoko-
yama (1977) using rabbit anti-human Ig antiserum
(Behringwerke AG, Marburg, W. Germany) and goat
anti-rabbit Ig-conjugated acrylamide beads (Bio-Rad
Laboratories Ltd. Watford Herts, England). In this
assay, positive values fell within the range of 20-40%
rosetting cells while negative tests, including controls
containing non-immune rabbit serum, had fewer than
1 % rosetting cells.

Biosynthetic radio-labelling of cellular and secreted
proteins
One million cells were labelled using 14C or 3H

amino acids at 10 «Ci/ml or 100 /rCi/ml respectively in
medium free of the relevant amino acids (leucine, ly¬
sine or valine) for 24 h.
Immunoprecipitation
Radio-labelled cell culture supernatants, cleared by

centrifugation, were immunoprecipitated by the
technique of Kessler (1975) using the relevant rabbit
anti-human Ig antisera directed against those Ig heavy
or light chains previously identified serologically. In
the cases of those cell lines in which no Ig had been
identified in culture supernatant, a "cocktail" of anti-
sera was used. Cleared radiolabelled cell lysates were
first absorbed on lens culinaris lectin Sepharose, to
reduce the background of non-specific co-precipita-
tion and the eluate, a purified glycoprotein fraction,
was then immunoprecipitated in the same way as cul¬
ture supernatant.

Sodium dodecyl sulphate polyacrylamide gel electro¬
phoresis (SDS PAGE)

Reduced and denatured immunoprecipitates were
analysed on slab gels using the Laemmli (1970) buffer
system. Several gel concentrations and running times
were used. However, each gel contained a track of
14C-labelled marker proteins (Amersham Internation¬
al, Amersham, Bucks, England) of known molecular
weight giving an internal measure of mobility on each
gel. The separated radioactive components were visu¬
alised by fluorography using EN3HANCE (New En¬
gland Nuclear Chemicals GmbH, D-6072 Dreieich,
W. Germany).

RESULTS

Serological analysis of lymphoid lines for Ig compo¬
nents

Over 200 cell lines have been screened for the pre¬
sence of a, y, p, x and A chains in culture superna-

1 Present address: Scottish National Blood Transfusion
Service, Protein Fractionation Centre, 21 Ellens Glen Road,
Edinburgh EH17 7QT, Scotland.

Received: November 30, 1982.
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tants. The vast majority of lines showed a monoclonal
pattern of Ig secretion, but several were identified
which secreted no detectable Ig or only a light chain.
The absence of secreted Ig does not imply lack of
synthesis for Igs can be present as intracellular or sur¬
face components. Therefore those cell lines which did
not secrete Ig, together with normal controls, were
examined for the presence of intracellular a, y, p, x,
and A and surface a, y, p, 6, x and A chains. This
analysis showed that in no case was Ig totally absent
from the cells of any line, although in some lines only
light chains could be demonstrated. It was noted that
three cell lines (EB3, Jijoye, Namalva CSN/70) out of
four in which heavy chains could not be detected, car¬
ried 8:14 translocations. Following this observation all
of the t(8:14) cell lines available in the laboratory were
analysed for the expression of cellular Ig as described
above. Table I shows the Ig expression profiles of the
8:14 translocation-carrying cell lines, together with
some representative normal lines and the fourth hu¬
man B-cell line which synthesizes no Ig heavy chains,
RPMI 8226.

Electrophoretic analysis of radiolabeled Ig
A more detailed biochemical analysis was made nf

the Ig synthesized by lines of particular interest. Thi
t(8:14) lines, RPMI 8226 and several normal control
were radiolabelled and their Igs examined by SDS
PAGE. The results (Fig. 1 and 2) confirm the sero¬
logical findings and demonstrate that EB3, Jij0Vp
Namalva CSN/70 and RPMI 8226 synthesize no de'
tectable heavy chains. In addition, this analysis shows
that the t(8:14) cell line F137 synthesizes a p chain of
abnormally low molecular weight (Fig. 2). As the
F137 p chain was, in common with the other heaw
chains seen in Figure 2, immunoprecipitated from the
glycoprotein fraction of the cell lysates, it is unlikely
that this apparent reduction in molecular weight is due
to changes in glycosylation. A more likely explanation
would be a change in the polypeptide itself.
In all there are 4 t(8:14) cell lines, from a total of

13 examined, with absent or variant heavy-chain syn¬
thesis as summarized in Table I. No aberrant heavy-
chain production has been found in over 200 normal
non t(8:14)-carrying human lymphoid lines.

SDS PAGE ANALYSIS OF IMMUNOPRECIPITATES FROM

RADIOLABELLED CELL CULTURE SUPERNATANTS
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SDS PAGE ANALYSIS OF IMMUNOPRECIPITATES FROM
RADIOLABELLED CELL LYSATES
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table I - Ig IDENTIFIED SEROLOGICALLY IN t(8:14) AND OTHER CELL LINES
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DISCUSSION

One cannot claim that the cell lines accumulated,
for different reasons, in any one laboratory are rep¬
resentative of the thousands of human lymphoid cell
lines established and cultured in different laborato¬
ries. Therefore, the frequency of abnormal heavy-
chain synthesis seen in these results may be atypical.
Lenoir and colleagues (1982) in a serological survey of
surface and cytoplasmic Ig in 9 t(8:14) cell lines and 9
fresh Burkitt lymphoma samples, found serologically
normal heavy chains in each case. However, there was
no structural analysis of the heavy chains identified in
that report. Furthermore, there are no published re¬
ports of abnormal heavy-chain synthesis in any human
B lymphoblastoid cell lines of non-malignant origin.
In our own material there was no conscious selection
for abnormalities of Ig synthesis so that our findings
suggest a genuine correlation between absent or vari¬
ant Ig heavy-chain synthesis and the presence of
t(8:14). This observation can be readily interpreted in
terms of 8:14 translocation affecting a site within the
Ig heavy-chain locus due to the DNA rearrangements
which are known to occur in the heavy-chain gene
complex. Insertion of chromosome 8 DNA between
the human V, J, or D segments could cause complete
malfunction of the heavy-chain locus (as in EB3, Ji-
joye and Namalva CSN/70) or synthesis of a shorter
heavy-chain (as in F137). The normal synthesis of
heavy chains in the remaining t(8:14) lines has two
possible explanations; either the translocation-af-
fected heavy-chain is allelically excluded and there¬
fore not expressed, or the translocation involves the
DNA rearrangement associated with heavy-chain
switch, which occurs after previous rearrangements
have constructed an intact functional fi heavy-chain
gene. An alteration in the genome resulting in loss of
heavy-chain expression need not be an immediate and
direct result of the 8:14 translocation but could arise in
the course of subsequent DNA rearrangement in the
vicinity of the break site. This seems to have occurred
in the case of Namalva CSN/70 since the other sub¬
lines of Namalva, (IPN45 and KN2), which on cy¬
togenetic evidence (Soos et al., 1981) are clearly de¬
rived from the same stem line as CSN/70, still syn¬
thesize Ig fi chains.
The fact that loss of ig heavy-chain synthesis may

occur some time after the translocation event does not
weaken the association between the two phenomena
since Ig production is generally an extremely stable

characteristic of human lymphoid lines. In over 2 Ota
untreated or mutagenized clones generated in 'n?
laboratory from a variety of such lines, no alteration!
Ig production was detected (Mcintosh, 1981) -vvhiu
Nilsson (1978) has commented on the stability of ]»
expression in his lines over many years of culture and
cloning. In the present study, the only cell line jn
which absence of Ig heavy-chain synthesis was not a^
sociated with an 8:14 translocation, RPMI 8226, is a
very unusual, grossly aneuploid culture of myeloma
cell origin (Matsuoka et al., 1969). Comparable ceH
lines from the mouse are reported to show instability
of Ig expression (Scharff et al., 1975; Milstein et al
1975). M
It has recently been shown the human x genes are

located on chromosome 2 (Malcolm et al, 1982) and
the human I genes on chromosome 22 (Erikson etal
1981). Hence, the observation of Lenoir and collea-
gues (1982) that t(8:2)-carrying Burkitt lymphoma
cells produce x chains and t(8:22) Burkitt lymphoma
cells produce X chains is consistent with the view of
Klein (1981) that a B-cell tumour-specific transloca¬
tion should be on the active and not the allelically
excluded Ig gene-carrying chromosome. The interac¬
tion of the 8:14 translocation with a site outside the
heavy-chain structural gene locus (such as a promotor
sequence) exerting an indirect and variable effect on
heavy-chain expression would be compatible with the
absence of heavy-chain synthesis and would not re¬

quire allelic exclusion to explain the persistence of
normal heavy-chain synthesis in some t(8:14) cell
lines. However, it is difficult to invoke this mechanism
to account for the shortened heavy chain of F137. A
more detailed knowledge of the structure of the F137
heavy-chain will help to establish whether it arises
from direct involvement of the heavy-chain structural
gene cluster in the translocation. Furthermore, the
variant heavy-chain may prove useful as a marker to
determine whether its synthesis segregates with the
normal or the translocated chromosome 14 in somatic
hybridization experiments. Ultimately, identification
of the various Ig exons around the breakpoints will
establish whether or not the Ig genes are concerned
directly with B-cell tumour-specific translocations.
The abnormal heavy-chain synthesis reported here in
t(8:14)-carrying human B lymphoid cell lines of malig¬
nant origin supports the hypothesis that specific trans¬
locations in human B-ceil-derived tumours involve the
Ig genes.
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INTRODUCTION

Evidence is accumulating that not only classical DR antigens but also SB and
DC molecules may be involved in the induction and regulation of MHC-
mediated immune functions (Duquesnoy et al., 1980; Eckels et al., 1983).
Regulation of the products of the MHC class II gene family may therefore have
important functional consequences. Differential expression of DC antigens,
which has been reported for some leukaemias (Navarette et al., 1981; van

Heyningen et al., 1982; Guy et al., 1983; Newman et al., 1983), does not appear
to be a property of normal lymphocytes (K. Guy, A. W. S. Ritchie, and
V. van Heyningen, this issue). Here it is shown that a proportion of the cells
of all B-chronic lymphocytic leukaemias examined failed to react with anti-DC
monoclonal antibodies, although the cells were MHC class II antigen positive.
DC antigen expression can be induced in vitro by culturing the cells with
phorbol ester (TPA).

MATERIALS AND METHODS

Cells and cell culture

Peripheral blood cells from chronic lymphocytic leukaemia patients were
separated over Ficoll-hypaque and a proportion of the cells was fixed in
glutaraldehyde. The remaining cells were cultured with 12-0-tetradecanoyl
phorbol-13-acetate (TPA), as previously described (Guy et al., 1983).

Monoclonal antibodies

A panel of anti-MHC class II reagents was used to facilitate the detection
of products of different class II loci on CLL cells (Table 1). The DA6 series
(Guy et al., 1982, 1983; van Heyningen et al., 1982) and the TU series of
MoAbs (Pawelec et al., 1982; Ziegler et al., 1982) have been described in detail
elsewhere. Briefly, tests with MHC deletion mutants (S. Shaw, this issue)
suggest that DA6.231 and TU39 recognize a determinant common to SB and
DR molecules. TU22, Leu-10, SDR 1-2, and Genox 3-53 react with DC locus

0278-0240/84/020287-07$01.00
© 1984 by John Wiley & Sons, Ltd.
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Table 1. Specificities of antihuman MHC class II
monoclonal antibodies

MoAb Specificity

DA6.231 SB+DR
TU39

DA6.164 DR

TU22
Genox 3-53 DC
SDR 1-2
Leu. 10

products (A. Ziegler, unpublished results; F Brodsky, unpublished results;
Shackelford et al., 1981; De Kretser et al., 1982 and see this issue). DA6.164
is specific for DR encoded beta chain determinants and recognizes all DR
alleles tested except DR7 (van Heyningen et al., 1982). In addition to the anti-
class II MoAbs, the Leu-1 MoAb was used in some control experiments. Leu-1
recognizes a 65K determinant of the T lymphocytes series, the expression of
which is retained in CLL cells (Royston et al., 1980). Leu-1 and Leu-10 were
obtained from Becton-Dickinson.

Serological assays

Radiobinding assays were performed by standard procedures (Williams et al.,
1977), using 125-1 labelled anti-mouse Ig (RAMIg) and glutaraldehyde fixed
cells. Frequencies of antigen-bearing cells were detected by a modification of
the indirect rosetting assay, using anti-mouse Ig antibodies coupled to human
red cells (Indiveri et al., 1979). In the indirect rosette assay, glutaraldehyde fixed
cells were first incubated with a solution of FITC to facilitate visualization of
the cells when looking for rosettes. Routinely, 0-5-1 million cells were tested
with 0-25 ml of culture supernatant or ascites Ig at appropriate dilutions.

RESULTS AND DISCUSSION

Expression ofMHC class II antigens on CLL cells

Initially cells from several CLL patients were tested by radiobinding assay.
The level of DC antigen expression, measured by the binding of TU22, was
found to be low in several cases (MMK,MCL, and FET) in comparison with
the expression of class II antigens detected with TU39. Low TU22 binding was
not attributable to the presence of rare DC alleles which are not recognized
by this antibody, since expression of the antigen was invariably induced after
TPA treatment of the cells (Table 2). Class II antigen expression was consider¬
ably enhanced by TPA treatment of the cells independent of the antibody used
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Table 2. Radiobinding assay of TO-22 and TU-39 binding to CLL cells

CLL RAMIg-125I bound, cpmx 10"3
TU-22 TU-39

PMQ u 3-95 18-51
tpa 17-32 28-85

MMK u 2-05 8-50
tpa 15-22 22-93

RP u 9-72 16-47

tpa 19-75 25-06
JC u 5-77 11-15

tpa 15-70 21-70
JW u 3-17 12-81

tpa 13-98 24-73
MCL u 0-49 14-39

tpa 5-66 26-78
FET u 1-92 8-83

tpa 18-01 23-23

CLL cells were tested by radiobinding assay at 250 000 cells per well using TU22
and TU39 diluted 1 : 5. Background control values (60-611 cpm) were deter¬
mined by the binding of a control MoAb (anti-alpha fetoprotein, afp) to the cells
and are subtracted from the results. All values are means of triplicate wells. All
the uncorrected values were statistically significant (p <0-001) in comparison with
background controls.

Table 3. Indirect rosette assay to determine frequency of antigen bearing cells

CLL DA6.231
DR + SB

Percent positive cells
TU39 DA6.164
DR + SB DR

TU22
DC

Leu-10
DC

LA u 92 95 72 23 6
tpa 98 100 97 97 91

JF u 88 90 50 21 14
tpa 98 96 90 84 86

RP u 92 97 70 65 23
tpa 91 96 93 99 94

JW u 84 91 78 40 nt

tpa 90 99 93 99 nt
MMK u 77 71 nt 2 5

tpa 100 100 nt 86 91

Cells were tested
undiluted. TU22 and

by indirect rosette assays
DA6.231 culture supernatants

using DA6.164
at a dilution of

culture
1:10 and

supernatant
Leu-10 ascites

Ig at I-2pgmL'. Cells were also tested with anti-afp MoAb (0% rosettes). To determine the
fraction of antigen positive cells 100-200 cells were counted. Clearly visible lymphocytes with a
minimum of two attached red cells were scored as positive, although most rosettes had 8-10 or
more attached red cells. For TPA treated samples, the cells were cultured for 5 days with
100 ng mh1 TPA. Untreated samples (u) were fixed on the day of collection. Only samples with
> 85% viable cells were studied.
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Table 4. Indirect rosette assay with anti-DC MoAbs

CLL
TU22 Leu-10

Percent positive cells
Genox 3-53 SDR 1-2 Mixture

LA u 26 7 6 2 31
tpa 100 98 97 74 93

RP u 54 24 17 22 48
tpa 91 94 91 84 100

Indirect rosette assays were performed with TU22 supernatant at a dilution of 1 : 10, Leu-10 ascites
Ig at 1 pgml-1, and Genox 3-53 and SDR 1-2 ascites Ig at lOpgml The 'mixture' contained all
four MoAbs at corresponding concentrations. Cells were also tested with control MoAb
(0% rosettes).

Table 5. Leu-1 and TU22 expression in CLL

CLL Percent positive cells
Leu-1 TU22

JS 79 18
RPA 91 3
JC 86 9
LG 61 38
LA 88 13
PMQ 87 21
BL 78 90
DS 15 3
JF 95 25
MMK 100 7
NL 87 80
JW 94 42

Cells were tested by indirect rosette assays with
TU22 supernatant at 1:10 and Leu-1 ascites Ig at
lpgmb1. Cells were also tested with control
MoAb (0% rosettes).

to test for this. In some cases DC antigen expression was apparently increased
by as much as tenfold.

Frequencies ofantigen reactive cells

Following measurements of average antibody binding in the CLL popu¬
lations with 125-I-RAMIg, the percentage of antigen positive cells, in the same
populations was estimated by indirect rosetting. The low expression of DC
antigens was confirmed (Table 3). In the five CLL tested, a mean of >88 per
cent of the cells expressed the class II antigens detected by DA6.231 and TU39,
while only about 30 per cent of the cells were TU22 or Leu-10 (DC) positive.
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Figure 1. Antibodies were titrated against RP CLL cells (100 000 cells per well) starting from dilu¬
tions of 1:10 for TU22 and DA6.231 and 2 ugmh1 for Leu-1. Background binding control value
for RP cells was 125 cpm. Cells were tested simultaneously by indirect resetting using 0-25 ml of

the MoAbs at the same dilution as above, and one million CLL cells

DA6. 164 (DR specific) expression was also lower (mean 68 per cent positive
cells) than the frequency observed with DA6.23 1 and TU39. This may suggest
that some CLL cells are SB-positive and DR-negative. This should be tested
with SB-specific MoAbs, which however, are not available at the moment.
The frequency of DC antigen positive cells with Leu-10 was much lower,

in three of the four CLL tested, than the frequency ofTU22 + cells. The appar¬
ent discrepancy of expression of DC antigens was further investigated with two
other DC-specific reagents, SDR 1.2 and Genox 3.53, both of which recognize
the DC1 allele. Two patients (RP:DR 1,6 and LA:DR 3,6), one of whom pos¬
sesses two DC 1 + haplotypes and the other only one, both show more TU22 +
cells than Genox 3-53 + or SDR1 -2 + cells (Table 4). The observed differences
may therefore be threshold effects due perhaps to low antibody affinity of
Genox 3-53 and SDR 1-2 in comparison with TU22. The four anti-DC anti¬
bodies combined did not give a higher percentage of positive cells than TU22
alone, suggesting that the reduced expression of DC antigens, in comparison
with the other class II antigens detected, is a real phenomenon.

Leu-1 and TLJ22 expression in CLL

Previous studies have shown that the Leu-1 antigen is expressed on CLL cells
(De Kretser et al., 1982). TU22 and Leu-1 expression were compared in a
number of CLL (Table 5). Rosetting assays showed that Leu-1 expression was
detectable on a mean of 80 per cent of the cells of twelve samples studied, which
is in contrast with the mean detectable expression of TU22 on 29 per cent of
the cells. A mean of 5 per cent of the cells were sheep red cell receptor positive.
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On the cells of a selected case (RP), the level of Leu-1 expression measured
by radiobinding assay was, unusually, found to be lower than the level ofTU22
expression on the same population. The apparent level of expression of the
determinants was compared by titration of the MoAbs. On the cells of RP,
although the level of TU22 binding exceeded the apparent level of expression
of the Leu-1 antigen (Figure 1), there were fewer TU22+ cells than Leu-1 +
cells. Although there are a number of caveats in the interpretation of this result,
including the possible differential binding to TU22 and Leu-1 by the second
antibody, (although both reagents are IgG2), these results suggest that reduced
binding found at the single cell level is not merely a threshold effect of low
overall binding.
Our findings suggest that a proportion of MHC class II positive cells in

almost all of the CLL studied, do not express detectable levels of DC antigen.
DC antigen expression can be switched on by treating the cells with TPA. Thus,
although CLL cells are putatively clonal in origin, the expression of MHC
class If antigens is very heterogeneous. Non-T, non-B acute lymphoblastic
leukaemia-derived cell lines (e.g. Reh or KM-3) also possess barely detectable
levels of DC antigens as recognized by TU22 on their surface, although they
react strongly with TU39 (Ziegler et al., 1982). In so far as the malignant cells
in CLL are analogous to immature normal cells of the B lymphocyte series,
MHC class II expression in CLL may provide a reflection of apparent
sequential expression ofMHC class II antigens in B cell maturation.
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inspiration. An end-expiratory pause increases this washout
and reduces dead space reinspiration and FiC02 (table II).
Conversely, abolition of this pause by rapid shallow
breathing increases FiC02. A rapid onset of inspiration and a
fast finish for expiration has a similar effect (fig 7, table III,
patient 1). FiC02 in the patients (table III) is higher than in
normal subjects (0-37 versus 0-19 for 28% mask, and 0-6
versus 0-18 for the 40% mask) presumably because
tachypnoea leads to more dead-space reinspiration.
The rise ofFiC02 with dead space reinspiration must lead

to C02 retention, a rise in arterial PC02, and some increase in
minute ventilation. Because FiC02 did not exceed 0-76%
(except in patient 1), these effects will be small and not
noticed by the subjects.
It is clear (fig 2) that ifmore is withdrawn from the mask

than is supplied Fi02 will fall because of additional
entrainment of air through and around the mask. This will
occur when peak flow during inspiration exceeds mask inflow
even if mean flow does not reach this level. During tidal
breathing, on the other hand, with reinspiration ofmask dead
space the situation is more complicated because Fi02 falls
with increasing ventilation before demand exceeds supply
(fig 3). Nevertheless, once mask inflow is exceeded by
increasing VT at a fixed frequency, FiC02 and Fi02 fall
together (fig 4) which suggests that additional air is being
drawn into the mask throughout inspiration. On the other
hand, with tachypnoea (increase of frequency at constant
VT)—see table II—the fall ofFi02 is accompanied by a rise of
FiC02 suggesting that reinspiration of dead space is now
more important.
Campbell and Minty6 tested a prototype of the 60% mask,

in model studies (fig 2) the behaviour of this mask differed
from that ofother masks. Because of its low entrainment ratio
and low mask inflow compared with other masks (table I)
more dead-space reinspiration occurs and with all patterns of
breathing FiC02 is higher than with other masks (table II).
The lower the entrainment ratio the larger the effect of small
perturbations on Fi02. The dead-space problem would be
alleviated by increasing total mask inflow but it is hardly
practicable in a hospital ward to increase the oxygen supply
much above 15 1/min. We conclude that under operating
conditions the 60% ventimask is not a fixed performance
device, though it will give an Fi02 of>45%.
The thrust of earlier publications2'3'' was to show that the

venfimask was a relatively fixed performance device in terms
of Fi02 and that masks not using the venturi principle were
extremely variable in performance.9 Recent studies8'10 have
looked more closely at the performance of venturi masks
alone. Many designs of venturi mask are now available but
most (except the Vickers Medical mask used in this study) are
of the tight-fit small volume "aviator" type with reservoir
volumes not exceeding 100 ml. In a model study Cox and
Gilbe10 found substantial deviations from nominal
concentrations in all the small-reservoir masks ('Blease OEM
mixamask', 'Inspiron Accurox' mask, 'Hudson multivent',
(Sandoz Lifeline'). The underestimations ofFi02 in absolute
terms ranged from - 1 • 5% at 24% nominal to - 3% at 28%
and - 10% at 40% nominal. The performance of the large-
reservoir mask (Vickers Medical) was ±1% nominal up to
40%. Using flow-weighting Woolner and Larkin8 found
Fi02 in the small volume Hudson Multivent mask was sub¬
stantially below nominal (from the 28% to the 50% settings)
in a normal subject breathing quietly. A small reservoir is
clearly unsatisfactory; anyway, it is unnecessary with a high-
airflow oxygen-enrichment device.
A predictable and constant inspired-oxygen concentration

can only be delivered with a mask employing the venturi
principle and having an adequate reservoir volume. The
Vickers mark III ventimask operates satisfactorily over a
range of Fi02 from 24% to 40%. These concentrations are
sufficient to relieve life-threatening arterial hypoxaemia in
nearly all clinical pulmonary conditions except massive
alveolar collapse and consolidation or CO poisoning. A 60%
mask is available which in practice gives 50%. The
manufacturer's recommended oxygen flow rates are
satisfactory and economic in terms of oxygen usage.
Nevertheless, in patients with tachypnoea (respiratory
frequency >30/min) the oxygen supply should be increased
by 50%.
We thank E. E. Davies for assistance with the mass spectrometer-computer

system; Vickers Medical Ltd and Mr K. A. Whiteman for the supply of
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Summary Markers of the immune system were
examined in 47 patients with haemophilia A

and B who had been treated exclusively with blood products
from a population apparently free from acquired
immunodeficiency syndrome (AIDS). In haemophilia A the
absolute number ofT helper cells was depressed, resulting in
a reduction in the helper/suppressor ratio in about half the
patients. The serum IgG and IgA concentrations were raised
and the serum IgG correlated with serum alanine
aminotransferase. In haemophilia B, the helper/suppressor
ratio was also depressed but this was attributable to a slight
increase in the mean suppressor cell number and a slight
decrease in the helper cells. These observations suggest that
the abnormalities result from transfusion of foreign proteins
and not from a specific infective agent and, further, that
individuals may differ in susceptibility to the induced
disturbances of immunity.
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Introduction

SINCE the acquired immunodeficiency syndrome (AIDS)
was recognised in 1981,' cases have been reported among
homosexuals, haemophiliacs, recipients of blood
transfusions, intravenous drug abusers, Haitians, and female
partners ofpatients with AIDS.2"4 The occurrence ofAIDS in
haemophiliacs, including 2 born in Britain,5'6 has emphasised
the potential importance ofAIDS for patients with congenital
bleeding disorders treated with blood products. All recorded
cases in haemophiliacs have arisen in patients treated with
commercial factor VIII or factor IX concentrates. T

lymphocyte subset abnormalities, similar to those found in
AIDS, are common in healthy homosexuals7 6 and
haemophiliacs.10"22 The significance ofthese abnormalities in
symptomless individuals is unclear. Most of the data on cell-
mediated immunity in healthy haemophiliacs have come
from those exposed to commercial factor VIII. To clarify the
relation between the T lymphocyte abnormalities seen in
healthy haemophiliacs and those in AIDS, we have studied 47
patients with haemophilia A and B treated since 1978 with
factor VIII and IX concentrates, prepared exclusively from
donors in Scotland. Only one case of AIDS has so far been
reported in Scotland, and this patient probably contracted the
disorder when resident in East Africa.23 He had never been a

blood-donor in Scotland.

Methods

Patients and Blood Products
The study group comprised 37 patients (age 13-62 years) with

haemophilia A (26 severe, factor VIII t(2%; 11 non-severe, factor
VIII >2%). They had been treated exclusively with factor VIII
concentrate or cryoprecipitate prepared by the Scottish National
Blood Transfusion Service (SNBTS FVIII). 2 patients had received
only cryoprecipitate. None of the study patients had been exposed
to commercial factor VIII concentrate in the previous 5 years and
most had never received any during their lives. 10 patients with
haemophilia B (3 severe, factor IX ^2%; 7 non-severe, factor IX
>2%) had been treated exclusively with SNBTS factor IX con¬
centrate (SNBTS FIX). The two patient groups were compared
with 22 healthy male controls aged 20-42 yr and with a separate
group of 6 patients with severe haemophilia A who had received
varying amounts of commercial factor VIII (Com FVIII) as well as
SNBTS blood products. All patients were healthy at the time of
study: none had lymphadenopathy or clinical splenomegaly, or
were drug addicts or homosexual. Mean annual factor VIII use was
33 400 and 3000 units for patients with severe and non-severe
haemophilia A, and 33 000 and 3300 units for those with severe and
non-severe haemophilia B.
Laboratory
Full blood counts were performed with a Coulter S, and

lymphocyte counts were calculated from a visual 200 cell
differential. Mononuclear cells were separated on a
'Ficoll'-'Hypaque' gradient. T lymphocytes were measured by
E-rosetting (Er). Percentages of T helper and T

suppressor/cytotoxic lymphocytes were measured by indirect
immunofluorescence with FITC anti-mouse immunoglobulin
(Meloy) and commercial monoclonal antisera (Leu 3a, Leu 2a
Becton Dickinson), and scored either by eye (Leitz 'Ortholux'
microscope with Ploem's incident fluorescence illumination) or on a
Becton Dickinson FACS IV flow cytopherometer. Absolute T
helper (Th) and absolute T suppressor (Ts) cell numbers were
calculated as follows:
.. . T- % Th or Ts . F.r
Absolute 1 li or lscounts=—— x x lymphocyte count

%Ih + IyoIs 100 ' ■

Bilirubin, alanine aminotransferase, gamma-glutamyltrans-
ferase, and alkaline phosphatase were measured on an SMAC; IgG
IgA, and IgM by radial immunodiffusion on I'artigen plates-
viral antibodies to herpes simplex, herpes zoster,' and
cytomegalovirus by routine complement fixation techniques-
antibodies to Epstcin-Barr virus by immunofluorescence; and
hepatitis B markers by radioimmunoassay. Pneumocystis and
toxoplasma titres were estimated by Dr H. Williams, Raigmore
Hospital, Inverness.
Non-parametric statistical tests were used throughout since

several variables had non-gaussian distributions. Patient groups
were compared with normal subjects by Wilcoxon's rank sum test.
Associations between pairs of variables were assessed with the
Spearman rank correlation coefficient.

Results

Haemoglobin and platelet counts were normal in all
patients. The mean total leucocyte count was 5- 32x 109/1 in
the haemophilia patients compared with 6 • 62x 109/1 in the
male controls (p<0 • 05)

Lymphocyte Indices
In haemophilia A patients treated exclusively with SNBTS

factor VIII, absolute total lymphocyte and total T cell counts
were lower than those in controls (p<0-01) (tabled). The T
lymphocytopenia was principally due to a deficiency of Th
cells (p<0- 01), 13 (35%) patients having absolute Th values
below the normal range. Absolute Ts cell counts were similar
to those in controls (fig 1). The Th/Ts ratios, with 16 (43%)
patients falling below the normal range, seem to be bimodally
distributed (fig 2); however, the Wilcoxon rank sum test
showed no significant difference from controls because of
high Th/Ts ratio in some patients(fig 1). Repeat testingoflO
patients after one month revealed that over this period the
Th/Ts ratio was relatively stable (table II). There was no
correlation between lymphocyte indices and either severity of
haemophilia or units ofFVIII received during the previous
four months or 2 yr. The 2 patients who had received
cryoprecipitate only, had ratios of 0 • 7 and 2-3.
The group of 6 severe haemophilia A patient exposed to

varying amounts ofCom FVIII had mean values for total and
T lymphocytes, and for Th and Ts subsets, similar to the
means in exclusively SNBTS-FVIII-treated patients (table I).
Numbers are too small for statistical comparison with

TABLE I—LYMPHOCYTE SUBSETS AND RATIOS IN THE STUDY GROUPS

N

Cell counts (mean±SEx 10v/l)
Total lymphs T lymphs Th Ts Ratio Th/Ts

Haemophilia A
SNBTS FVIII 37 1 • 70±0- 10f l-23±0-08f 0-70±0-05f 0- 53±0*05 l-7±0-11

Haemophilia B
SNBTS FIX 10 2*01 ±0 -19 1 -46±0-15 0-83±0- 10 0- 63±0-09 1 • 50±0- 22*

Haemophilia A
Com FVIII 6 1 • 71±0- 25 1 - 11±0-17 * 0- 63±0- 07 0-47±0-11 1 -7±0-03

Controls 22 2-18±0 * 13 1 • 65±0 -10 l-09±0-07 0- 56±0-06 2-0±0- 14

Lymphs = Lymphocytes.
Difference from normal controls *p<0-05 and fp<0-0L
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Fig 1—(a) T helper cell counts, (b) T suppressor cell counts, and (c) T
helper/suppressor ratio in patients with haemophilia A treated
with SNBTS factor VIII (HA), commercial factor VIII (HAC),
haemophilia B (HB), and male controls (CON).

TABLE II—REPRODUCIBILITY OF HELPER/SUPPRESSOR RATIOS

Patient Initial Repeat (1 mo)

1 0-7 0-8
2 2-1 2-6
3 1-0 0-9
4 2-9 1-8
5 1-0 0-7
6 2-5

'

1-5
7 0-9 1-5
8 0-7 0-6
9 0-9 0-6
10 1-0 1-4

controls. In haemophilia B patients mean total T lymphocyte
and T subset numbers did not differ significantly from those
in controls (table I); however, there was a tendency for the Th
counts to be lower and for the Ts counts to be higher., so that
the mean Th/Ts ratio for the group was significantly
(p<0-05) lower than that ofcontrols. In 4 of the 10 patients
the ratio was below 1-5 (fig 1). There was no correlation
between abnormal lymphocyte indices and severity ofdisease
or amount ofSNBTS FIX received.

Liver Function Tests and Immunoglobulins
In SNBTS-FVIII-treated haemophilia A patients the

serum alanine aminotransferase was significantly raised
(p<0 -01), the values being above normal in 76% (table ill).
Alkaline phosphatase was also significantly raised (p<0-01)
after exclusion of patients under 20 years old. IgG and IgA
were both increased (p<0-01) (table ill), and IgG was
positively correlated with alanine aminotransferase (r= 0 • 44,
p<0-05). There was no correlation between any of the
lymphocyte indices and liver function or immunoglobulin
measurements. In haemophilia B patients, the mean alanine
aminotransferase was raised (p<0-01), 66% of patients
having abnormal values. All other indices of liver function
were normal as were immunoglobulins.

HELPER/SUPPRESSOR RATIO

Fig 2—Frequency distribution of helper/suppressor ratio in
haemophilia A and control subjects.

Viral and Other Infections
Antibody litres to viruses, Pneumocystis, and toxoplasma

did not differ from those in the control population. Results of
tests for HBsAg, anti-HBs, - and anti-FlBc, measured
regularly in all patients attending the haemophilia centre,
yielded evidence of previous HBV infection in 41 patients.
There was no correlation between evidence ofF1BV infection
and abnormal lymphocyte indices.

Discussion

Most of the patients reported in this study have been
treated exclusively during the past 5 years ' with locally
prepared blood products, and have never received
commercial concentrates. This contrasts with the position in
other centres, except Australia.19 The amount of treatment
given to the haemophiliacs in this study is in line with
therapeutic practice in the United Kingdom. The source
plasma from which factor VIII and IX concentrates, as well as
cryoprecipitate, are prepared is collected by the SNBTS
within Scotland where only 1 case ofAIDS has been reported,
and that contracted elsewhere. The blood products seem
unlikely to contain a "specific" infective agent giving rise to
AIDS. It is always possible, of course, that there are blood
donors, still unidentified, in the prodromal stage of AIDS.
However, at least 1 year has passed since the most recent
batch of plasma was collected for preparation of the factor
concentrates with which the study patients have been treated.
The SNBTS factor VIII is less pure (0 • 3 IU/mg protein) than
some of the commercial products. The factor IX is prepared
from cryoprecipitate supernatant after absorption and elution
from DEAE cellulose. This concentrate contains 3-0 IU
factor IX/mg protein and is therefore substantially purer than
factor VIII.
The principal immunological abnormality in our patients

was a reduction in the absolute number ofT helper cells, in
over one-third of those with haemophilia A; T suppressor cell
counts were normal. Furthermore, these abnormalities were
stable over one month. Workers in Vienna18 and Sydney19

TABLE III—LIVER FUNCTION AND IMMUNOGLOBULINS IN THE STUDY GROUPS (MEANS AND STANDARD ERRORS)

Group Bilirubin (pmol/1) ALT Alk Phos* GGT IgG (g/1) IgA (g/1) IgM (g/1)

Haemophilia A
SNBTS FVIII 34 10-7±0-7 80±5-7$ 96±4-6+ 54±7-1 18±0-7:f: 3-l±0-2+ 2-4±0-2

Haemophilia B
SNBTS FIX 10 8-6±l - 4 71±7-6+ . 83±9-6 26±12-7 14±1 -3 2-9+0-3 \ 2-2±0-3

Controls 15 10-5±11 29±6-6 75±6-l 35±10-1 13± 1 • 1 2-4±0-3 2-4±0-2

*F.xcludes 10 patients with haemophilia A and 4 with haemophilia B of age less than 20 years.
ALT = alanine aminotransferase; alk phos = alkaline phosphatase; GGT = gamma-glutamyltransferase. -f-p<0*05, :£p<0-01.
The results exclude, as outliers, 1 patient with haemophilia A with a bilirubin of 35 /imol/1 and another with a GGT of 575 U/l. Samples unavailable on 3
haemophilia A patients and 7 control subjects.
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have reported a similar reduction in Th cells but most other
reports, usually on small numbers of patients, record either
normal absolute numbers of both Th and Ts cells or an

increase in Ts cells. The reduction in Th cells in our patients
was not related to severity of the haemophilia, amount of
treatment, or abnormalities of liver function or immuno¬
globulin concentrations. The decreased helper/suppressor
ratio accords with many other studies of symptomless
haemophilia A patients. A ratio below 1*5 was present in
nearly half of our patients compared with 1/22 control
subjects. The frequency distribution ofTh/Ts ratios suggests
that the patients with haemophilia A may be divided into two
groups (fig 2). An additional 6 of our patients had received
commercial factor VIII as well as SNBTS product. Their
immune indices were similar to those of patients treated
exclusively with the SNBTS concentrate. The observed
reduction in Th cell numbers is similar to that in AIDS
victims, "pre AIDS" subjects, and symptomless
homosexuals.
In our patients with Christmas disease the results of

immunological tests were less abnormal. The mean numbers
ofTh and Ts cell subsets werewithin normal limits, although
the Th/Ts ratio was reduced by a tendency towards a slight
decrease in helpers and increase in suppressors. Other
published studies record not only normal absolute numbers
of T subsets in haemophilia B but also in some instances
normal Th/Ts ratios.12-1'-17'18 We found no correlation
between lymphocyte changes and any of the indices
measured, but the numbers were small.
We assume that the immunological abnormalities in these

haemophiliacs result from intravenous administration of
blood products. As regards raised Ig concentrations it is
noteworthy that the Ig content ofSNBTS FVIII concentrate
is about 3 g/lj an average treatment dose is 40 ml containing
120 mg, so the effect on total Ig levels would be minuscule.
The differences between haemophilia A and Christmas
disease might be associated with the lower antigenic load in
Christmas disease, which is treated with a purer product. If
this were the case then a correlation would be expected
between the amount of factor VIII transfused and the degree
of helper cell reduction but this was not observed.
If the immunological disturbances are related to an

infective agent then this may be preferentially present in the
factor VIII concentrates. Most ofour patients have evidence
of previous infection with hepatitis B virus, but none of the
immunological or liver function test results were related to
past infection with this virus. It has been suggested that,
because the epidemiology ofhepatitis infection is very similar
to that ofAIDS, the "AIDS agent" may be carried by HBV in
a similar way to the delta agent.2' Our study shows that
changes in T cell subsets in haemophiliacs are independent of
HBV infection. The titres of other viral, toxoplasma, and
Pneumocystis antibodies in our haemophiliacs are similar to
those found in normal control subjects whereas some patients
with AIDS or "pre AIDS" are reported to have very high
titres, particularly against cytomegalovirus and Epstein-Barr
virus.26
As we have reported previously,27 and in keeping with

other studies, three-quarters of our patients have deranged
liver function. The degree ofabnormality in the tests does not
correlate with the amount of concentrate transfused. The
correlation of IgG levels with the alanine aminotransferase
may therefore merely reflect the presence of chronic liver
disease.
This study has not identified the cause of the reduction of

Th but it is unlikely to be due to specific AIDS virus in the

blood products. It is more likely to result either from an as yet
unidentified component of the therapeutic concentrates or
from a non-specific effect of foreign protein infused
intravenously. Because the reduction in Th is not dose-
related and because of its bimodal distribution in patients
with haemophilia A it seems that some patients are more
susceptible to this immunological disturbance than others
What determines an individual's immunological response to
transfusion remain elusive. Furthermore, the relation
between the lymphocyte subset abnormalities ;n
symptomless haemophiliacs and the likelihood of eventual
frank AIDS remains unclear although it may be connected
with HLA status.28
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Tumorigenicity of human lymphoma and lymphoblas¬
toid B-cell lines was assessed by their ability to form grow¬
ing and transplantable masses on subcutaneous inoculation

•-> neonatally thymectomized, Ara-C-protected, total-
irradiated mice. By these criteria, 12 lines of known

.ignant origin were tumorigenic, II lymphoblastoid
lines, tested after less than one year of in vitro growth,
were non-tumorigenic and 8/18 long-established lympho¬
blastoid lines produced transplantable tumours. All of the
long-established lines had acquired karyotypic changes on
prolonged culture, the predominant characteristic being a
gain of whole chromosomes or of major chromosome seg¬
ments. None showed the classical 8:14 translocation associ¬
ated with Burkitt's lymphoma. Comparisons with non-
tumorigenic precursors (recovered from liquid nitrogen
storage) and with other non-tumorigenic but chromosom-

• bnormal, lymphoblastoid lines suggest that imba-
..... a of the dosage of genes carried on chromosomes 7,8
and 9 may be important in determining the tumorigenic
phenotype.

The distinction between immortalization and malig¬
nant transformation of cells and the involvement of
chemical carcinogens, viral sequences and cellular on¬
cogenes in these phenomena have been the subjects of
several recent investigations (Balmain and Pragnell,
1983; Land et al., 1983, Newbold and Overell, 1983;

y, 1983).
Burkitt's lymphoma (BL) is a tumour ofmalignant B

or pre-B lymphocytes which is characterized by a
chromosomal translocation between the region bearing
oncogene c-myc (8q24) and the site of one of the im¬
munoglobulin genes, 14q32,2pl.l or22ql.l. Evidence
of an additional genetic change has come from the 3T3
transfection assay in which the transforming gene from
BL was not rearranged c-myc but human Blym 1
(Diamond et al., 1983) or N-ras (Murray et al., 1983)
bo'h located on chromosome 1 (Morton et al., 1984;

et al., 1983).
There is an association between endemic BL and

Epstein Barr virus (EBV) though this is not so for the
majority of non-endemic cases (see Epstein and
Achong 1979, for review).
The aetiology of BL clearly involves multiple stages,

though the exact roles of EBV infection and of the
above-mentioned genetic changes are unknown. Klein
(1979) has suggested that in endemic BL, EBV-in-
duced immortalization is followed by chronic B-cell

iferation, generating a population of cells at a
1 -icular stage of differentiation among which the
chromosome 8 rearrangement and presumably any
subsequent genetic changes arise and lead to the de¬
velopment of a monoclonal tumour.
EBV will transform human B cells in vitro to produce

immortal lymphoblastoid cell lines (LCL) which are
distinct from BL lines (see Nilsson and Klein, 1982, for
review). Though LCLs become aneuploid on pro¬

longed culture, the chromosome 8 translocations
characteristic of BL are not seen. Nevertheless, the
acquired cytogenetic changes are non-random, there
being a preferential gain ofchromosome 3,7,8,9,12 and
21 (Steel et al., 1980). Many of these trisomies are also
seen at a high frequency in certain human neoplasms,
notably Burkitt and non-Burkitt lymphomas, acute
non-lymphocytic leukaemia, chronic lymphocytic leu¬
kaemia and acute lymphocytic leukaemia (Mitelman,
1983).
Cell lines established from BL usually give rise to

tumours on s.c. injection into nude mice. Diploid LCLs
are not tumorigenic in this system (Nilsson et al.,
19776; Diehl et al., 1977). Nilsson and his colleagues
found that, out of 4 long-established, aneuploid LCLs,
one was tumorigenic and a second produced a tumour
which regressed. However no details of the cytogene¬
tics of these lines were given.
No demonstration of the acquisition of a malignant

phenotype during in vitro culture of EBV-immor-
talized LCLs has been reported, neither has there been
any previous attempt to correlate malignancy with any
of the cytogenetic changes which presumably confer in
vitro selective advantage.
The aims of the present study were, first, to investi¬

gate the suitability of thymectomized, Ara-C pro¬
tected, X-irradiated mice as an assay system to distin¬
guish between immortalized and tumorigenic B cells
and, secondly, having identified tumorigenic lines, to
establish whether these could be distinguished from
their non-tumorigenic precursors on the basis of
specific cytogenetic changes.

MATERIAL AND METHODS

Cell lines
Cell lines of known malignant origin, from Burkitt's

lymphoma and human myeloma were obtained over a
period of years from several laboratories, notably those
of Professor M.A. Epstein (Bristol), Professor G.
Klein (Stockholm) and Dr. J. Minowada (Roswell
Park). BLA! is an EBV-infected cell line derived in the
authors' laboratory from the leukaemic cells of an adult
patient with undifferentiated acute leukemia. F137, a
cell line from another laboratory, carries an 8,14 trans¬
location and has the same isozyme pattern as the BL-
derived line Jijoye (Povey et al., 1973).
LCLs have been established in this laboratory from

non-malignant peripheral B lymphocytes by infection

'Present address: Department of Radiotherapy, Christie
Hospital and Holt Radium Institute, Wilmslow Road, Man¬
chester, M20 9BX, UK.
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with B95-8 supernatant or by co-cultivation with cells
from other EBV-shedding lines or by "spontaneous"
transformation of lymphocytes from patients with in¬
fectious mononucleosis. Cells had been frozen in liquid
nitrogen at intervals throughout the evolution of each
line.

All cells were routinely cultured in Ham's F10 buf¬
fered with MOPS and supplemented with 5 % foetal
calf serum and 10% tryptose phosphate broth. Cells
were screened for mycoplasma by Hoechst 33258 stain¬
ing and prolonged aerobic and anaerobic culture.
The identity of cell lines at various stages of evolu¬

tion was confirmed using cytogenetic, immunoglobulin
and isozyme patterns (Evans et al., 1974; Povey et al.,
1973). The need for all 3 "markers" is illustrated by the
cell line MAZ, from a female patient with Down's
syndrome, previously reported by us to have acquired
multiple chromosome rearrangements in vitro and to
have become tumorigenic (Steel et al., 1984). The cy¬
togenetic abnormalities included tetrasomy for 21q
which was thought to confirm the line's identity but
later iso-enzyme analysis of the tumorigenic subline
was incompatible with its origin from authentic MAZ,

and suggested instead that it was derived from the BL
line Namalva.

Tumorigenicity assay
The mice used in this study were prepared using a

modification of the method of Steel et al. (1978). Brief¬
ly, CBA mice were thymectomized at 3 weeks of age-
3-6 weeks later they were injected i.p. with 200 mg/kg
cytosine arabinoside and 48-72 h later irradiated with
7.35 Gy X-rays (250 Kv; 0.3-0.4 Gy/min). Mice were
injected with a single inoculum of test cells 24 h post-
irradiation. Cells from exponentially growing cultures
were washed in serum-free medium and injected s.c.
into the lower flank in a total volume of 0.1 ml.

A line was classified as tumorigenic if it produced a

progressively growing cell mass, histologically diag¬
nosed as a tumour, from which biopsies (1 mm3) could
produce further tumours on subcutaneous transplanta¬
tion into fresh immunosuppressed mice (1 day or 14-21
days post-irradiation). Mice were kept and regularly
examined for 12 weeks following inoculation unless
killed earlier because they had developed large tu¬
mours.

i (I >n iif-t m
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Figure 1 - Karyotype of the tumorigenic LCL, ED, 47XY,-t-8,14p+,21p+. The extra material on the 14 and 21 appears to
be identical and could be 8q,2.2-qter.



ACQUIRED TUMORIGENICITY IN HUMAN LCLs 465

ir ir V ir >!

Figure 2- Karyotype of cells taken from a tumour produced following inoculation of 5 x 107 cells PRA,. 47XY+7,i(8q).

/genetics
. ictaphase chromosome preparations were G-

banded using 2 X SSC-trypsin-Giemsa (Gallimore and
Richardson, 1973), trypsin-Giemsa (Hastings and
Franks, 1983) or Wright's stain (Yunis and Sanchez,
1975). An increased yield of mitoses could often be
obtained by culturing the cells in medium sup¬
plemented with foetal calf serum which had not been
heat-pretreated. A minimum of 20 metaphases per cell
line were examined. Representative karyotypes are
shown in Figures 1-3.

RESULTS

Tumorigenicity of cells of known malignant origin
The yields of tumours from strains of 9 BL lines, one

human myeloma line, BLA, and F137 are shown in
Table I. With the exception of the BL-derived line
EB3, all lines of known malignant, origin produced
tumours with measurable frequency following s.c. in-
jectionofl X 107 cells. EB3 produced only one tumour
in 7 mice, 8 weeks after the inoculation of 5 X 107 cells/
rr uise.

Vith most lines, palpable nodules (0.5 cm diameter)
could usually be detected 2 weeks after inoculation and
these frequently progressed to tumours. The data in
Table 1 refer only to tumours present when the animals
were killed. Occasionally tumours (over 1 cm diame¬
ter) would start to regress 4-5 weeks after inoculation.
This was especially noticeable in the case of Raji where
an apparent take rate of 10/10 at 5 weeks was subse¬
quently reduced to 4/10.

TABLE 1 - TUMORIGENICITY Of-CELL LINES OF KNOWN

MALIGNANT B-CELL ORIGIN

Origin (EBV)

Number of mice with tumours /
Number of mice injected

1 X 107
cells/mouse

5 X 107
cells/mouse

EB, 9019 BL (+) 8/10
EB2 3945 BL (+) 9/10

19961 (+) 19/19
EBj 6403 BL (+) 0/ 9

"

4537 0/15 1/7

EB4 6161A BL (-) 3/14
Daudi 16891 BL (+) 4/21

Jijoye 3313A BL (+) 2/10 5/9
Namalva 21532 BL (+) 8/17
Clones CSN70 28/30

IPN4 8/ 8
IPN4/5 7/ 7
KN2 8/ 8

Raji 6210 BL (+) 4/10
Ramos BL (-) 11/11
F137 (+) 9/37
RPM1 8226 Human

Myeloma (-) 2/10
BLA, 6330, 33312Human

Leukaemia (+) 3/10

Tumorigenicity and cytogenetics of LCLs
Of 11 lines tested after a short period in culture,

before they had acquired any chromosome gains or
losses, none was tumorigenic in this system (Table II).
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Figure 3 - Karyotype of the non-tumorigenic, aneuploid LCL, CLA416912. 49XX+lq(tlq;5p), t(2;6)(p23;p25),

+7,+i(8q), i(8q)+9(t9q;12p+). The 9,12 translocation involves translocation of 9q onto extra material on 12p. A marker
chromosome 12p+ without 9q is seen in earlier cells of CLA4.
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A panel of 18 aneuploid cell lines which showed
typical chromosome gains (Steel et al., 1980) was
tested. Of these, 8 were tumorigenic and from 5 it was
possible to test cells representing earlier stages of
evolution in culture (by recovery of stocks from liquid
nitrogen) and to demonstrate that tumorigenicity had
been acquired during in vitro culture, possibly coincid¬
ing with a particular karyotypic change (Table III).
Table IV records the karyotype of the other 10 aneu¬
ploid cell lines which were not tumorigenic.
Like Table I, Tables II, III and IV refer only to

tumours present when the animals were killed. Regres¬

sion of large nodules or tumours sometimes occurred
with implants of tumorigenic strains, 4-6 weeks after
inoculation, especially in the case of PRA, at 1 x 107
cells/mouse. No growing nodules were found in mice
injected with cells from lines listed in Tables II or IV.

Injection of 5 X 107 ORI,8377 produced palpable
masses in 2 mice 2 weeks after injection but they were
totally necrotic and not transplantable.
Two palpable masses were also obtained following

injection of 1 X 107 cells PEN2bl3460. One regressed
and the other was not transplantable.

ORli
OR1,
21682

13541
(subline
]U51

39 A

8377

ody,
21680
6589

ED,
PRA,
PRA,
1 21

11536

SMI,
SMI,
19559

PEN2
2621687

2 1686

2b13460

7627

SEJ5
35559

BR18
RR18
; "?3A

TABLE ii - tumorigenicity and karyotype of 11 recently established lymphoblastoid cell lines

Origin, cells (and virus)
Age

in vitro
(months)

Karyotype

Number ofmice with tumours/
Number of mice injected

1 X 107
cells/mouse

5 X 107
cells/mouse

ANA, 12543 Cord (K1B2) 9 46XY 0/ 7

BUB2 35551 sle (B95-8) 10 46XY 0/ 8

erlj 35572 Red-cell aplasia (B95-8) 9 46XX/46XXt( 1 ;3)(pl. 1 ;pl .4) 0/17

GAY, 35807 Juvenile rheumatoid (B95-8) 8 46XX 0/ 9

NAT, Hodgkin's lymphoma (B95-8) 10 46XX 0/ 8
nek2 Healthy male (B95-8) 11 46XY — 0/ 8
ODY 6589 Waldenstrom's macroglobulinaemia (F137) 6 46XY 0/10 0/10
PRA 11536 Infectious mononucleosis 6 46XY 0/ 7

PES, 33130 Healthy male (B95-8) 3 46XY 0/13
SH, 17656 Healthy female (B95-8) 8 46XX 0/ 9
MAZ, 14(30/18697 Trisomy 21 (B95-8) 6 47.XX+21/46XX 0/26

culture
further
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TABLE III - TUMORIGENICITY AND KARYOTYPE EVOLUTION OF 8 LYMPHOBLASTOID CELL LINES WHICH ACQUIRED
TUMORIGENICITY DURING IN VITRO CULTURE

Line Origin of line cells and virus
In vitro
Age Karyotype

Number ofmice with tumours /
Number of mice injected

1 X 107 5 X 107
cells/mouse cells/mouse

ORl, Healthy female
ORl, (F137) 12 years 49XX+7,+i(8q)+9 5/32
21682 10 years 48XX+i(8q)+9,/

49XX,+7,4-i(8q)+9, 1/ 6
13541
(subline 32916) 5 years 47XX+i(8q) 0/ 9
13451 4 years 4 months 47XX+lq(tlq,14p)+i(8q)/

48XX+lq(tlq,14p),+7+i(8q) 0/20
3 JA 2 years 10 months 46XX+lq(tlq,14p)+del 12(q23),

del 13(qllql4) 0/10
8377 2 years 47XX+lq(tlq,14p),+9,

t(12;13)(12ql3q)-12p-13p 0/ 9 0/ 8

ODY, Waldenstrom's
21680 macroglobulinaemia 3 years 6 months 47XY+8 4/ 5
6589 (F137) 6 months 46XY 0/10 0/10

ED, Infectious mononucleosis Not known 47XY+8,14p+,21p + (Fig. 1) 2/10 4/10

PRA, 47XY4-7,i(8q)/Tetraploids
PRA, Infectious mononucleosis 6 years (Rg- 2) 0/10 6/ 8
"721 2 years 6 months 47XYi(8q), 9q+, + small

acrocentric marker/46XY 0/10
11536 (subline) 1 year 1 month 47XY8q+,9q+, + small acrocentric

marker (+marker metacentric
+9,+22) 0/11

11536 6 months 46XY 0/ 7

SMI, Cord female 48XX+7,+9q+,i(21q)/
SMI, (KIB2) 8 years 48XX+7,+i9q,i(21q) 2/ 8
19559 5 years 48XX+i(9q), 9q+, +12 0/ 9

PEN, 50XXY+3q[t(3;7)(q21 ;p22)]
2b21687 47XXY (F137) 7 years t(3;ll)(q21;q25), +7, i(8q),

+9+12 5/10
1686 7 years 50XXY+3q[t(3;7)(q21 ;p22)]

t(3;ll)(q21;q25), +7, i(8q),
+9+12 5/10

2b13460 2 years 1 month 48XXY+3q(t3q,7p),i(8q)+12/
47XXY+3q(t3q ,7p) ,i(8q) 0/20

7627 1 year 2 months 47XXY-6,t(6;7)(q21;q36),
t(6;8)(p21;2.43) 0/ 7

SEJ5 Cord female
35559 (B95-8) 1 year 6 months 48XX+8, del(ll)(q21q23)+12 2/ 9

BR18
BR18 Healthy male 13 years 0/11
8573A 6 years 1/ 7

Tumours produced by ORI1; PRA,, ODY,, PEN2b
and SEJ5 were examined cytogenetically and found to
be identical to the cultured lines from which they had
originated. The karyotype of the tumour produced by
ORI, 21682 was 49XX+7,+i(8q),+9. This karyotype
was observed in 8/31 cells ofORI121682. However, the
tumour also contained cells (7/17) which had, in addi-

i to these trisomies, a marker t(lq,14p) that had
Acn seen in earlier ORl, cultures. This particular
karyotype was only seen in 1/31 cells of the 21682
culture subline at the time of xenotransplantation. A
further tumour from ORI,21682 regressed 5 weeks
post-injection.
The tumour population of PRA, did not contain

polyploid cells. Injection of 1 X 10'cells of PRA,[47
XY,+7,i(8q)], cultured from the tumour, produced

tumours (2/9) plus 4 tumour masses which regressed 4-5
weeks post-injection.

Histology
Tumours derived from both the BL and lymphoblas-

toid cell lines were composed of highly cellular nodules
containing large, undifferentiated lymphoid cells with a
high nucleancytoplasmic ratio. The nuclei showed
marked hyperchromasia and several rounded nucleoli.
A high mitotic rate was observed in all the tumours.
Foci of necrosis were often present in the central por¬
tion of the tumour nodules. The stromal component
was minimal, consisting of very fine strands of collagen¬
ous fibrous tissue and capillary vessels (Fig. 4).
There was no admixture of tumour cells with inflam¬

matory cells or macrophages. In some of the tumours,

Ptf
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TABLE IV - TUMORIGENICITY AND KARYOTYPE OF 10 ESTABLISHED, NON-TUMORIGENIC LYMPHOBLASTOID CELL LINES

Numberofmice with tumours/

Line Origin, cell and virus
Age

in vitro
(yeare)

Karyotype
Number of

1 X 107
cells/mouse

mice injected

5 X 107
cells/mouse

CLA„ 16912 Cord (F137) 10 49XX+ lq(t 1q ,5p) ,t(2;6)(p23 ;p25), 0/10 0/ 8

+7,+i(8q), i(8q),+9(t9;12p+) (Fig. 3)
CRO, Cord (KIB2) 8 50XX+7,+8,t(7;8)(pl4;p23)+9,-l-12 0/10 0/10
COA, 9388 Myelofibrosis 12 49XX+3q (q21—>qter)[t(3q;10p)],t(2;6p+) 0/10

(pl4,q27)+7, del(8)(q2.41), +12, +marker
FAL, 21486 Pre-B cell cord (F137) 8 47XX+9 0/24
F89 9489 CLL male >15 49XY9p+,+9p+,llq+,13q+,14q + ,+16p+,+21 0/ 9 0/10

G-S, 365A CLL female 11 92(Tetraploid of 47X-lp+,2p+,3q+p-,4q+, 0/18
5q + ,7q",i8q,16q++2 markers)-6,12p+,-13

PES, Healthy male (B95-8) 1 47XY+12 0/10
RUS, AML (F137) 9 48XY7p+,+9,18p+,+21 0/20

WEB, 8339 Cord (MAR,) 7 49XX8q+,9p+,12p,del(X)(q23),+21
+2 markers 0/19

TAY4 11935 AML (F137) 4 49XY+lq[t(l;12)(q21;pl3)],+3,del(6)
(q23),+t(8;22)(pl 1 ;q 11)+12 0/10

the connective tissue on the periphery of the nodule
contained an accumulation of macrophages. These
cells showed eccentric nuclei and abundant cytoplasm
which was often granularor vacuolated. There were no
plasma cells or lymphocytes accompanying the macro¬
phages.

Figure 4 - Representative histological section from tumour
composed of ODY, 21680 cells. H. and E., X 325. The field
contains numerous dividing cells, scanty stromal elements
and, lower right, an area of focal necrosis.

Electron microscopy of the BL xenografts showed
no evidence of cellular maturation in the tumour. The
tumour cells from LCLs contained manymitochondria,
a prominent Golgi apparatus and abundant endoplas¬
mic reticulum which are all normal characteristics of
lymphoblastoid cell lines.

DISCUSSION

Several immunodeficient animal systems have been
described as recipients for EBV-transformed human B-
cell xenotransplants. Some will permit the growth of

early diploid lymphoblastoid cell lines. These include
intracerebral inoculation into adult nude mice (Gio|
vanella etal., 1979; Schaadt etal., 1979), s.c. injection
into nude mice continuously treated with anti-lympfu>
cyte serum (Giovanella et al., 1979) and i.p. injection
into anti-lymphocyte-serum-treated newborn hamsters
(Miyoshi et al., 1976). In splenectomized and irradiated
nude mice, diploid LCLs are reported to produce tuj
mours which regress and will not transplant (Watanabe
et al., 1980). Diploid LCLs would not grow following
s.c. injection into adult nude mice, though many estaty
lished cell lines of malignant B-cell origin would do so
as would some aneuploid LCLs (Diehl et al., 1977;
Nilsson et al., 19776; Giovanella et al., 1979). In this
respect the thymectomized, Ara-C protected CBA
mouse system has produced similar results to the adult
nude mouse. Hence, provided correct dosimetry is
used to ensure optimum survival and tumour take (Hay
et al., submitted), this system should provide a cheaper
and more robust alternative to the nude mouse for
studies of human B-cell tumorigenicity.
Of the 18 established aneuploid lymphoblastoid cell

lines tested in this study, only 8 were tumorigenic in the
mice and 4 of these could be shown to have aneuploid
non-tumorigenic precursors. Clearly, aneuploidy by it¬
self or general adaptation to in vitro culture are insuffi¬
cient to produce a tumorigenic phenotype.
Though emergence of tumorigenicity in a cell line

can be associated with a particular karyotype, compari¬
son between cell lines does not reveal a simple pattern.
Of the trisomies acquired during LCL culture and as)
sociated with neoplasia in vitro, lq,3,7,8(8q),9,12 arid
21, our data indicate that only trisomies 7,8(8q) and 9
appear to have any association with tumorigenicity in
this system.
ODY, 21680, ED, and SEJ5 acquired tumorigenicity

along with trisomy 8; in ODY! this was the only visible
cytogenetic change. However, in many lines, gain of 8q
did not endow the cells with tumorigenicity (OR1
21682/13451, PEN2b 13460, CLA416912 and TAY4
11935). In the tumorigenic lines of ORIt, PRAi and
PEN2b, i(8q) occurs with additional trisomy 7. The
tumorigenic cells ofORl! and PEN2b have trisomy 9 in
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ACQUIRED TUMORIGENICITY IN HUMAN LCLs

addition. The subpopultion of ORI, 13451[+7,+i(8q)]
ve- no detectable tumours and in the case of
\,[47XY+7,i(8q)] production of transplantable tu¬

mours initially required an inoculum of 5 X 107 cells/
mouse. Though trisomy 9, without trisomy 7, did not
appear to confer tumorigenicity (FAL, F89, RUS,
ORIi&377, SMI( 19559), it may have an enhancing or
synergistic effect with trisomy 7. This is supported by
the tumorigenic line ofSMI,, which is trisomic for 7 and
9 but has a normal chromosome 8 complement.
A murine T-cell lymphoma is characterized by

trisomy 15, often as the only cytogenetic change, and
somatic cell hybrid studies indicate variation in the

igenic capacities of different chromosomes 15 (Spi-
;-,i / al., 1981) possibly related to the presence of an
activated oncogene repressible by a trans-acting ele¬
ment on the homologous chromosome. A similar situa¬
tion may obtain in the human LCLs but the pattern of
karyotypic evolution, within the tumorigenic cell lines
suggests that several chromosomes are involved in the
emergence of the tumorigenic phenotype and the sim¬
plest interpretation of our data is that tumorigenicity is
influenced by altered relative dosage of chromosome 8
(possibly 8p) and 7, and is probably enhanced by
t my 9. This conclusion is supported by the non-
tun i.irigenicity of CRO, which has trisomy 7, 8 and 9,
i.e. the dosage of genes carried on the 3 chromosomes
in relation to each other is normal. In tumorigenicity
we are almost certainly examining the cumulative ef¬
fect of a series of genotypic and phenotypic changes. It
is of interest that chromosomes 7, 8 and 9 are the sites
of known oncogenes erb B, myc, mos and abl. Cell
fusion and transfection experiments should elucidate
the role, if any, of these chromosome gains in the
development of LCL tumorigenicity.
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Phenotypic features reported to be associated with
B-cell malignancy include specific monoclonal anti¬
body binding (Wiels et al., 1981, 1982; Nadler et al.,
1980), characteristic patterns of cell surface glycopro¬
teins on gel electrophoresis (Nilsson et al., 1977a) and
deficiency of soluble malic enzyme (Povey etal., 1981).
The levels of soluble malic enzyme were determined by
Povey for ODY21680, PRAt, PRA!l7221 and 11536,
ED,, SMI,, PEN2b21687, ORI, and ORI,8377, F89
and also for cells derived from the tumours from PRA,
ODY,21680, SMI, and PEN2b21687. There was no
evidence of loss or decline in levels ofmalic enzyme in
any of the cells tested. Examination of cell surface
glycoproteins has identified a protein molecule of ab¬
out 190 kd which is glycosylated to 220 kd in the lines
which are tumorigenic in this system. EB3 is the only
BL-derived line studied that shows no alteration in
molecular weight of this glycoprotein which has been
identified as the leukocyte common antigen (Deane et
al., 1984).
EB virus used to infect and "transform" the lines

used in this study had come from a variety of sources
but no association between tumorigenicity and source
of virus could be seen. The growth of some aneuploid
cell lines, but not of others or of diploid cell lines, could
depend both upon ability to grow in the subcutaneous
cellular environment and upon ability to resist residual
host immune response. The growth of diploid LCLs
s.c. in nude mice treated with anti-lymphocyte serum
but not in untreated mice (Giovanella et al., 1979)
would suggest that host immunity is a major factor and
supports the view that phenotypic changes associated
with acquired tumorigenicity are likely to be expressed
at the cell surface. Future studies on the cell lines
described in this report will concentrate on this aspect.
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CORRELATION BETWEEN TUMORIGENICITY AND ALTERED

GLYCOSYLATION OF A "LEUKOCYTE COMMON" ANTIGEN IN
HUMAN LYMPHOID CELL LINES
David L. Deane, Brian B. Cohen, John E. Morton and C. Michael Steel
Medical Research Council, Clinical and Population Cytogenetics Unit, Western General Hospital, Crewe Road,
Edinburgh, UK.

Five human lymphoblastoid cell lines which have be¬
come tumorigenic, as judged by transplantability into im-
munosuppressed mice, have been compared with earlier,
non-tumorigenic stocks of the same cultures, recovered
from liquid nitrogen. Analysis of the cell surface glycopro¬
teins by SDS-PAGE, electro-transfer to cellulose nitrate
and "blotting" with radioiodinated lectins, reveals an in¬
crease in the molecular weight of one band from around
190 kd to 220 kd, in each case coinciding with the acquisi¬
tion of the tumorigenic phenotype. Probing the electro-
transfers with a monoclonal antibody demonstrates that
the altered glycoprotein is a member of the "leukocyte
common antigen" family. The increase in molecular
weight is due to the addition of carbohydrate residues
which are removed by treatment with neuraminidase and
endoglycosidase. Screening a larger number of lymphoid
cell lines, including those derived from Burkitt's lympho¬
ma, shows an excellent correlation between tumorigenici-
ty and altered molecular weight of a leukocyte common
antigen.

Human lymphoid cell lines can be classified accord¬
ing to their tumorigenicity or otherwise in immu¬
nocompromised hosts. Typically, Burkitt's lymphoma
(BL)-derived lines are tumorigenic, while recently es¬
tablished Epstein Barr virus (EBV)-transformed lym¬
phoblastoid cell lines of non-malignant origin are not.
On prolonged culture, lymphoblastoid lines tend to
acquire non-random chromosome aberrations and
some become tumorigenic on xenotransplantation
(Steel et al., 1984; Morten et al., 1984). Thus it is
possible to compare tumorigenic and non-tumorigenic
sublines from the same (monoclonal) parent line. We
now report an alteration in the glycosylation pattern of
a cell surface glycoprotein identified as "leukocyte
common" (LC) antigen (Dalchau et al., 1980) which
has accompanied the emergence of a malignant
phenotype in 5 such sets of human lymphoblastoid cell
sub-lines. A correlation is found between increased
glycosylation of leukocyte common antigen and
tumorigenicity in B-cell lines of both BL and non-
malignant origin.

material and methods

Cell lines
LCLs were maintained in culture in MOPS buffered

F10 medium containing 5% FCS and 10% TPB (Gibco
Bio-cult, Paisley, U.K.).
Assessment of tumorigenicity
A panel of cell lines from long-term cultures, posses¬

sing an abnormal karyotype, was tested for the ability
to grow as tumours in thymectomized, Ara-C-pro-
tected, total-body-irradiated CBA mice after injection
of 0.1-0.2 ml of a suspension containing 1 X 107or5 X
107 cells (Morten et al., 1984). The methods used were
similar to those described by Steel et al. (1978). Five
human lymphoblastoid cell lines (ODYl5 PEN2, ORE,
PRA2 and SMI^, established in this laboratory and

maintained here for at least 7 years, have been studied
in detail. All 5 have undergone cytogenetic evolution
and in each case the "oldest" subline produces trans¬
plantable tumours in immunocompromised mice.
"Younger" sublines tested simultaneously (using
stocks recovered from liquid nitrogen) are non-
tumorigenic in this system. In addition, we have ex¬
amined a number of lymphoblastoid lines of varying in
vitro ages which were not tumorigenic on xenotrans¬
plantation, and several BL-derived lines, all of which
produced tumours on inoculation into immunosup-
pressed mice (see Table I). All of the lines had been
maintained in this laboratory under identical condi¬
tions for several years.

Radioiodination of lectins
A series of lectins, Lens culinaris, Ricinus communis

agglutinin II, Limulus polyphemus, wheat-germ ag¬
glutinin and Ulex europaeus (Sigma, St. Louis, MO)
were radioiodinated by a modification of the conven¬
tional chloramine-T method (Hunter and Greenwood,
1962). Briefly, 10/d of a 2 mg/ml solution of the lectin in
PBS containing a 4-fold molar excess of the sugar
ligand was placed in a microfuge tube, to opposite sides
of which were added 0.5 mCi of Na12;,I (Amersham
International, Amersham, UK) and 30 p\ of 2 mg/ml
chloramine T. The reagents were mixed by a 30-sec
spin in a microfuge and the reaction was then termi¬
nated by the immediate addition of 60 p\ of 1 mg/ml
tyrosine (Sigma). A 5% solution of BSA in PBS was
added to give a final volume of 0.5 ml before desalting
on a 10-ml column of Sephadex G-25 (Pharmacia Upp¬
sala, Sweden), equilibrated against BSA/PBS.

Analyses of cell lysates by SDS-PAGE and Western
blotting
One-dimensional SDS-PAGE of total cell lysates,

following incorporation of 14C-amino acids, yielded
too many bands for adequate comparisons to be made
between sublines. In order to reduce the complexity of
the patterns, unlabelled proteins were analysed by
SDS-PAGE and "Western blotting".
Harvested cells were lysed in 10 mM Tris, pH 8.0

containing 1% Triton-X 100 (British Drug Houses,
Poole, UK) and 0.02% sodium azide, at a concentra¬
tion of 1 X 107 cells/ml of lysis buffer. Insoluble debris,
including nuclei, was removed by centrifugation. The
supernatant was prepared for SDS-PAGE by addition
of 4 X Laemmli sample buffer (Laemmli, 1970) to give
a final concentration of 1 X sample buffer, before being
heated to 90° C for 2 min.

Separation of glycoproteins was performed on 5-
12% SDS-polyacrylamide gradient gels at 80V over¬
night with paired tumorigenic and non-tumorigenic

Received: May 21, 1984 and in revised form July 29, 1984.
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Figure 1 - Western blot analysis of cell lysates from non-

tumorigenic and tumorigenic LCL sublines probed with 125I-
wheat germ agglutinin (WGA) (lanes 1 and 2) and MAb PD7/
26 (lanes 3-13). (Approximate molecular weights calculated
from C"-protein standards run in adjacent lanes (not
shown), are given in kilodaltons.) Lanes 1-2; cell lysates from
the non-tumorigenic and tumorigenic sublines of the LCL
PEN2, lanes 3-4; SMI,, lanes 5-6; PRA,, lanes 7-8; ORI,,
lanes 9-10; ODY,, lanes 11-13; from the non-tumorigenic,
"weakly tumorigenic" [See text for definition of this term.]
and tumorigenic sublines of PEN2. In each case, the non-
tumorigenic subline is on the left.

sublines run in adjacent slots. Transfer of separated
material to cellulose nitrate was carried out as de¬
scribed by Towbin et al. (1979) in an E-C Electroblot
cell for 4 h at 1A, with cooling. Cellulose nitrate sheets
were then washed in PBS containing 5 % BSA for 1 h at
RT to ensure saturation of the sheet's binding capacity.
Immobilized glycoproteins were probed either with

iodinated lectins (10-15 ^Ci in 30 ml of BSA/PBS) for
1 h at RT, or with 30 ml of a 1:4 dilution of PD7/26
hybridoma supernatant in BSA/PBS for 1 h. This
mouse monoclonal antibody directed against a leuko¬
cyte common (LC) antigen was a gift from Dr. D.Y.
Mason, Oxford. Binding of PD7/26 was visualized by a
further 1 h incubation with a 125I-F(ab')2 fraction of
rabbit anti-mouse Ig (Amersham) (10 ,uCi in 30 ml
BSA/PBS). Sheets were then washed extensively in
PBS containing 0.05 % NP40 (Sigma) before being
dried and autoradiographed overnight at 4° C, using
Kodak XRP1 X-ray film. As a control for LC antigen
detection, parallel cellulose nitrate strips were blotted
with monoclonal antibody (MAb) CR3.43 (also a gift
from Dr. D.Y. Mason) which is directed against the f

chain ofMHC class II antigens. The structures detected
with this antibody were in the expected MW range 27-
29 kd and showed no variation between tumorigenic
and non-tumorigenic cultures.

Glycosidase treatment of cell lysates
Sialic acid removal was carried out by incubating cell

lysates with neuraminidase coupled to agarose (Sig¬
ma). The lysate was first acidified by addition of an
equal volume of 0.1 M sodium acetate pH 5.5 contain¬
ing 0.2% CaCl2 and 1.8% NaCl. Neuraminidase was
then added to a final concentration of 20 U/ml lysate.
Digestion was performed at 37° C for 4 h. Insoluble
neuraminidase was removed by centrifugation. Re¬
moval of N-linked oligosaccharides was performed by
sequential digestion using, firstly, endoglycosidase D
(Seikagaku, Tokyo, Japan) then endoglycosidase H
(Miles, Slough, UK). Briefly, endoglycosidase D was
added to cell lysates containing 1 mM CaCl2 to a final
concentration of 0.1 U/ml. After incubation at 37° C
for 6 h, with mixing, an equal volume of 0.1 M sodium
acetate pH5.5 containing 0.1 % SDS was added and the
solution heated to 90° C. Once cool, endoglycosidase
H was added to a final concentration of 0.1 U/ml and
the mixture incubated at 37° C overnight. The reaction
was terminated by addition of one-third of the volume
of 4 X sample buffer followed by heating.

results

Lectin blot analysis
Each lectin-probed blot produced a characteristic

series of bands on autoradiography. Whilst compari¬
sons of these binding patterns obtained with the lectins,
L. culinaris, R. communis II and U. europeus revealed
no apparent difference, in those derived from the bind¬
ing of WGA and of Limulus, there was a consistent
difference between tumorigenic and non-tumorigenic
cultures. For all 5 sets of sublines a new band or bands
in the MW range 200-220 kd had appeared in the track
from the tumorigenic culture (Fig. 1).
MAb blot analysis
The mouse MAb PD7/26, directed against a human

leukocyte common antigen, has been shown in this
laboratory to react in "Western blots" with a family of

123456 123456
Figure 2-PD7/26 blot analysis ofcell lysates from non-tumorigenic and tumorigenic sublines from the LCLsSMI, (a) and

PRA, (b) before and after treatmentwith glycosidases. Lanes 1-2; prior to treatment, lanes 3-4; after neuraminidase treatment,
lanes 5-6; after neuraminidase treatment followed by endoglycosidase D, then endoglycosidase H. In each case the non-
tumorigenic subline is on the left. Some variation has occurred in the quantity of material loaded in each track, hence the
observed variation in band intensities.
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table I - CELL LINE ORIGINS, TUMORIGENICITY AND MW OF LEUKOCYTE COMMON ANTIGENS
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Cell line Origin1 Age in
culture Karyotype Tumorigenicity2—

190K

LC antigen

Intermed.3 >220 kd

Daudi BL EBV+ >10 years Aneuploid 4/21 _ + +

Raji BL EBV+ >10 years Aneuploid 4/10 — + +
EB1 BL EBV+ >10 years Aneuploid 8/10 — — +
EB2 BL EBV+ >10 years Aneuploid 28/29 — — +
EB3 BL EBV+ >10 years Aneuploid (1/7) + — —

Namalva BL EBV+ >10 years Aneuploid 8/17 — + +

Jijoye BL EBV+ >10 years Aneuploid 2/10 — — +

EB4 BL EBV— >10 years Aneuploid 3/14 - - +
Ramos BL EBV— >10 years Aneuploid 11/11 — — +

EDI Inf. mono. > 5 years Aneuploid 6/20 - — +
SEJ5 Cord blood 2.5 years Aneuploid 2/ 9 — + +

WEB1 Cord blood > 5 years Aneuploid 0/19 + + -

RUS1 Non-mal. cells from AML > 5 years Aneuploid 0/20 + — —

TAY4 Non-mal. cells from AML > 5 years Aneuploid 0/10 + — —

FAL1 Cord blood > 5 years Aneuploid 0/24 + + —

CR04 Cord blood > 5 years Aneuploid 0/20 + — —

CLA4 Cord blood > 5 years Aneuploid 0/18 + + —

COA1 Myelofibrosis > 5 years Aneuploid 0/10 + + —

BRI8 Normal > 5 years Aneuploid 0/11 + — —

G-Sl CLL > 5 years Aneuploid 0/18 + — —

F89 CLL > 5 years Aneuploid 0/19 + — —

NEK2 Normal < 2 years Diploid 0/ 8 + — —

ANA1 Cord blood < 2 years Diploid 0/ 7 + — —

ERL2 Hypoplastic anaemia < 2 years Diploid 0/17 + — —

BUB1 SLE < 2 years Diploid 0/ 8 + — —

'BL = Burkitt's lymphoma; EBV = Epstein-Barr virus; Inf. Mono. = Infectious mononucleosis; AML = acute myeloid leukaemia; CLL = chronic
lymphocytic leukaemia; SLE = systemic lupus erythematosus; Non-mal = Non-malignant. -2Number of tumours produced/Numberof implants. 1 X 107
viable cells per implant, except for EB3 which required 5 X 107 cells. In addition, with the lines EDI, FAL1, CROl, CLA4, F89 and NEK2, after initial
implants of 107 cells, further implants of 5 X 107 cells have been tested. -3 Intermediate LC antigen = a band or bands in the MW range 200-210 kd, detected
by blotting with PD7/26 (see Fig. 3). Its significance is uncertain but it does not correlate with tumorigenicity.

addition of oligosaccharides. Sensitivity to neuraminid¬
ase alone varied among the cell lines. For example, the
molecular weight of the SM^ LC antigen was appar¬
ently unaffected while that of PRAj was substantially
reduced even before treatment with endoglycosidase
(Fig- 2).
Screening of other lymphoid cell lines
An extended panel of lymphoid lines derived from

both malignant and non-malignant (including healthy)
tissues (details in Table I) was tested for xenotransplan-
tability and analysed by PD7/26 blotting.
The results (Fig. 3 and Table I) show an extremely

good correlation between malignant phenotype and
high MW (>220 kd) leukocyte common antigen (x2 —

10.55, /><0.01).

DISCUSSION

This is the first report of an ssociation between an
alteration in LC antigen and malignant change in hu¬
man lymphoid cells. Increased glycosylation of the LC
antigen, observed in this study, is clearly not a simple
consequence of prolonged culture since several non-
tumorigenic lymphoblastoid lines (notably CROj,
BRI8 and TAY4) have been maintained in culture for
more than 5 years and have become aneuploid, yet
their blotting pattern with PD7/26 remains a single
band of MW 190 kd. Conversely, ORl! and ODY1; late
sublines ofwhich are tumorigenic, show more complex
LC antigen patterns, with some higher molecular
weight components even in the younger stocks (very

cell-surface glycoproteins in the 190-210 kd MW range
(Warnke et al., 1983). When electro-transfers were
probed with this reagent, in each case tumorigenicity
was found to be associated with an increase in the
apparent molecular weight of the target glycopro¬
tein^) recognized by the antibody (Fig. 1).
Effect of glycosidase treatment
Following sequential treatment of the cell lysates

with neuraminidase and with endoglycosidases D and
H, the LC antigen of the tumorigenic sublines ap¬
peared as a single band of MW 190 kd, identical to that
of non-tumorigenic cultures, indicating that the in¬
creased molecular weight of the former was due to the

23DK r
200K

1 2 3 4 5 6 7 8 9 10 11 12 13
Figure 3 - PD7/26 blot analysis of lysates from tumorigenic

and non-tumorigenic LCLs. Lane 1; the non-tumorigenic sub¬
line from SMIi as a marker, lanes 2-6; the BL-derived LCLs;
EB1, EB2, EB3, DAUD1 and RAJI, lanes 7-8; the
tumorigenic LCLs; SEJ5 and EDI, lanes 9-12; the non-
tumorigenic LCLs; CROl, TAY4, ANA1, and NEK2, lane
13; the tumorigenic subline from PEN, as a marker.
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early samples of these lines were not available for test¬
ing), suggesting that the addition of oligosaccharides to
the LC antigen is a slowly progressive phenomenon.
This conclusion is borne out by the successive shifts in
the molecular weight of the PD7/26 target seen in 3
sublines of PEN2 (Fig. 1). The intermediate subline,
referred to as "weakly tumorigenic", in fact produced
two growing masses from 20 inocula. One regressed
spontaneously, the other was excised and shown to be
composed of viable dividing cells, but fragments im¬
planted in additional immunosuppressed mice failed to
grow.
Of particular interest is the absence of LC antigen of

higher MW in the BL-derived line EB3 (Fig. 3). We
had previously reported that EB3 is by far the most
difficult of all the Burkitt cell lines tested to establish as

a tumour xenograft (Steel et al., 1984; Morten et al.,
1984). Thus the correlation between additional gly-
cosylation of the LC antigen and tumorigenicity of
lymphoid cell lines is not breached even in this case. It
is possible that at an earlier stage, EB3 did have a high-
MW LC antigen and that its present state reflects fur¬
ther in vitro modification by removal, rather than addi¬
tion, of oligosaccharides.
The extensive literature on glycosylation of mac-

romolecules in relation to malignancy has recently
been reviewed (Yogeeswaran, 1983). One persistent
difficulty, acute in the case of human material, is the
uncertainty as to the appropriateness of comparisons
between malignant and "normal" cells since the latter
are rarely homogeneous and since differences in stage
or directionofdifferentiation may account for the great¬
er part of any differences seen on analysis of cellular
glycolipids and glycoproteins, Thus Nilsson et al.
(1977) attributed differences in surface glycoprotein
patterns, between BL-derived lines and lymphoblas-
toid lines of non-malignant origin, to differences in
stage of differentiation of the cells giving rise to two
types of culture. Their surface labelling technique in¬
cluded a pre-treatment step with neuraminidase and
they did not attempt to isolate particular glycoprotein

bands with lectins or antibodies. For both these
reasons, increased glycosylation of LC antigen in BL-
derived lines might have been obscured in their mate¬
rial. Nevertheless, their gel pictures do show a band of
approximately 210 kd which is more prominent in BL-
derived than in lymphoblastoid cell line glycoproteins.
The difference is striking in the single comparison in¬
cluded in their published data between a BL-derived
and a lymphoblastoid cell line from the same patient.
These authors comment on the appreciable quantita¬
tive variation between cell lines in respect of several
surface glycoproteins. This is also apparent in our
material but the data do not at present suggest any sys¬
tematic variation that may be related to tumorigenicity.
The preliminary observations reported here will be

pursued, in the first instance, by two-dimensional
PAGE (O'Farrell, 1975) and 2-D 'Western Blotting'
(Deane et al., 1983) which should illuminate both pre¬
existing heterogeneity of the Leucocyte Common anti¬
gens (implicit in the observed differential sensitivity to
neuraminidase treatment) and the changes which ac¬
company the acquisition of a tumorigenic phenotype.
Further experiments are required to establish

whether the qualitative alteration we have observed in
leukocyte common antigen is simply a marker for a
more general disturbance in glycosylation of lipids and
proteins which may be reflected in the levels of such
enzymes as glycosyl transferases, orwhether it specifies
a significant change in cell behaviour, for example by
modifiying antigenicity or responsiveness to growth
factors. However the findings already demonstrate that
sets of sublines, derived from monoclonal parent lym¬
phoblastoid cell lines but differing in tumorigenicity,
offer considerable scope for analysis of genotypic and
phenotypic features associated with human malig¬
nancy.
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successfully imaged in 2 patients.17 Thus radioisotope
labelled mlBG holds great promise for the localisation and
treatment ofbenign and malignant phaeochromocytomas and
other chromaffin tumours.

VITAMIN C AND PLASMA CHOLESTEROL

Ever since Myasnikov1 reported that large doses of
' vitamin C could retard atherogenesis in cholesterol-fed
rabbits, there has been interest in the mechanism and the
possible relevance of this observation to lipid metabolism and
atherosclerosis in man. The attention ofbiochemists has been
directed mostly towards effects on the metabolism of
cholesterol, rather than on that of lipoproteins. The most
popular species has been the guineapig, which resembles man
and differs from most other laboratory animals in being
unable to synthesise vitamin C.2 Ginter1 found that acute
vitamin C deficiency in guineapigs led to an increase in
cholesterol synthesis and a reduction in cholesterol
conversion to bile acids, leading to an increase in carcass
cholesterol.3
These observations were difficult to interpret on account of

the complex metabolic changes in these circumstances, but
they prompted investigation of the effects of chronic
hypovitaminosis C in the same species. Increases in plasma
and liver cholesterol and a decrease in the fractional rate of
turnover of total body cholesterol were recorded and were
shown to be consequent upon diminished bile acid
synthesis.1 A positive correlation between bile acid synthesis
rate and ascorbic acid concentration in the liver was also
reported,4 due possibly to an indirect effect on microsomal
7-alpha-hydroxylase,3'6 and evidence of atherogenesis in
scorbutic animals and its partial prevention by vitamin C
administration was presented.7,8
Do these findings have any relevance to hypercholestero-

laemia and atherosclerosis in man? Two questions have been
addressed in this regard: "Is megadose therapy with vitamin
C of any value in the treatment ofprimary hypercholestero-
laemia in well-nourished individuals?"; and "Is subclinical
hypovitaminosis C an important cause of excesssive low-
densitv-lipoprotein cholesterol (LDL) in man?" The
published work relating to the first question is difficult to
assess because of differences between clinical trials and

imperfections in the design and reporting of some of them.
Although the possibility of an effect of 1-4 g/day in normo-
cholesterolaemic healthy individuals can be excluded,4"12 a
less consistent picture has emerged from the more relevant

17. Fischer M, Kamanabroo D, Sonderkamp H, Proske T. Scintigraphic imaging of
carcinoid tumours with mI-metaiodobenzylguanidine. Lancet 1984; ii: 165.

1. MyasnikovAL. Influence ofcertain vitamins on cholesterolaemia and the development
of experimental atherosclerosis. Klin Med USSR 1950; 28: 3.

2. Chatterjee IB. Majumder AK, Nandi BK, Subramaniam N. Synthesis and some major
functions of vitamin C in animals. Ann NYAcad Set 1975; 258: 24-47.

3. Ginter E. Ascorbic acid in cholesterol and bile acidmetabolism./I////TV YAcadSci 1975;
258: 410-21.

4. Ginter E, Nemec R, Cerven J, Mikus L. Quantification of lowered cholesterol
oxidation in guinea pigs with latent vitamin C deficiency. Lipids 1973; 8: 135-41.

5. Ginter E. Marginal vitamin C deficiency, lipid metabolism and atherogenesis. Adv
Lipid Res 1978; 16: 167-220.

6. Bjorkhem 1, Kallner A. Hepatic 7a-hvdroxylation ofcholesterol in ascorbate-deficient
and ascorbate-supplemented guinea pigs. J Lipid Res 1976; 17: 360-65.

7. Willis GC. An experimental study of intimal ground substance in atherosclerosis. Can
Med Assoc J 1953; 69: 17-22."

8. Willis GC. The reversibility of atherosclerosis. Can Med Assoc J 1957; 77: 106.
9. Khan AR, Seedarnee FA. Effect of ascorbic acid on plasma lipids and lipoproteins in

healthy young women. Atherosclerosis 1981; 39: 89-95.
10. Elliott HC. Effects of vitamin C loading on serum constituents in man. Proc Soc Exp

BiolMed 1982: 169: 363-67.
11. Mennc IV,Grey PC, Kotzc JP. Sommers DE K, Brown JMM, Spies JH. Ascorbic acid

and blood lipid and uric acid levels of students. S Afr Med J 1975; 49: 2225-28.
12. Crawford GPM, Warlow CP. Bennett B, Dawson AA, Douglas AS, Kerridge DF,

Ogston D. The effect of vitamin C supplements on serum cholesterol, coagulation,
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studies of subjects with primary hypercholesterolemia.
When Peterson et al" gave 4 g/day to 9 such individuals for
two months, plasma cholesterol and LDL levels were

unchanged. Ginter14 on the other hand, reported mean
reductions of 15-70 mg/dl when three groups of hyper-
cholesterolaemic subjects (n= 11-24) with initial mean
cholesterol levels of 255-355 mg/dl were given 0-3-0-45
g/day. Ginter also reported a significant reduction of plasma
cholesterol when hypercholesterolaemic patients were given
1 g/day for 12 months.'3 Treatment was initiated at the time
of the "seasonal deficit" (presumably winter). Clearly more
work is needed in this area before any definite conclusions can
be drawn. A double-blind placebo-controlled trial in
heterozygous familial hypercholesterolemia might be
worthwhile, in view of the evidence that ascorbate has a

positive effect on LDL receptor synthesis in cultured human
Smooth muscle cells.16
The notion that vitamin C might influence plasma LDL in

the general community has not been strengthened by cross-
sectional studies of plasma cholesterol concentration and
plasma or leucocyte ascorbate concentrations, which have
yielded conflicting results.1'"21 Since the prevalence of low,
ascorbic acid concentrations increases with age,24'25 some
workers have examined the possibility that the age-related
rise in plasma cholesterol may be secondary to
hypovitaminosis C. When vitamin C was given to 6 elderly
men of average age 77 yr, all of whom initially had low
leucocyte ascorbate concentrations , a 15% decrease in LDL
concentration was observed; no change occurred, however, in
a similarly treated group of elderly women.26 Dobson et al27
recorded a 14% reduction of plasma cholesterol when 1 g of
vitamin C per day was given to 4 men and 6 women ofmean
age 58 yr for 6-12 months. The same workers examined the
hypothesis that the well-recognised seasonal variation which
occurs in plasma cholesterol might be causally related to
reciprocal seasonal changes in vitamin C consumption. After
noting a 16% rise in plasma cholesterol and a 27% fall in
leucocyte ascorbate during the winter months in healthy
subjects, they gave vitamin C, 1 g/day, for one year to a
separate group and observed no seasonal changes. These
results are perhaps the most rewarding in this rather
confusing sphere, and provide at least some encouragement
for further clinical trials.

1 3. Peterson VE, Crapo PA, Weininger J, Ginsberg H, Olefsky J. Quantification ofplasma
cholesterol and triglyceride levels in hypcrcholesterolemic subjects receiving
ascorbic acid supplements. Am J Clin Nntr 1975; 28: 584-87.
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DNA in Medicine
TABLE 1-SOME COMMONLY USED RESTRICTION ENDONUCLEASES

AND THEIR SPECIFICITIES*

THE TOOLS

Part I

C.M.Steel

Medical Research Council Clinical and Population Cytogenetics
Unit, Western General Hospital, Edinburgh EH4 2XU

The presence of a genetic disease implies an abnormality
in, or absence of, at least one specific sequence of bases (a
gene) in the patient's DNA. In theory, the application of
molecular biology to genetic disease can offer diagnosis (by
analysis of the affected sequence), understanding of
pathogenesis (by relating the DNA lesion to a defective gene
product), and cure (by repair or replacement of the relevant
stretch of DNA). In practice, although diagnosis and
understanding of pathogenesis have already been achieved
for the haemoglobinopathies, as will be shown in a later
article in this series, these are very remote prospects for the
great majority ofgenetic disorders. Focusing on a single gene
is a laborious task and there are about 100 000 genes in the
human genome. Even so, the techniques ofmolecular biology
can provide some diagnostic information and the list of
conditions in which they are of real clinical value is growing
steadily.
It would be foolhardy to predict when cures by genetic

engineering, in the sense of therapeutic manipulation of
DNA, will become a reality. Genes can be transferred from
one cell or organism to another but the main purpose of these
procedures is to ask the questions—How are genes normally
organised and how is their function regulated? Answers to
both will be required before gene therapy can be
contemplated seriously in man.

first catch your dna

This raw material ofmolecular genetics is present in great
abundance in every nucleated cell but it is very prone to
partial digestion by enzymes (nucleases) which are likewise
ubiquitous. For controlled cleavage and analysis DNA
preparations must be pure. Careful extraction ofDNA from
the source tissue is thus a critical step. Nowadays DNA is
routinely prepared from peripheral blood leucocytes,
essentially by extraction in phenol and precipitation with
ethanol.
At this stage, the DNA should be in the form ofcontinuous

double strands comprising hundreds of thousands of
nucleotides; for most purposes more manageable lengths are
wanted. The laboratory version ofthe domestic liquidiser can
achieve this but the fragments created by mechanical
shearing tend to have blunt ends—ie, the two DNA strands
snap straight across and leave no tail ofsingle-stranded DNA.
Since such tails are useful when it comes to recombining
different DNA fragments, it is more usual to chop up DNA
by means of one of the favourite, most powerful (and most
expensive) tools of the molecular biologist, a restriction
enzyme.
Restriction endonucleases, to give them their proper name,

are extracted from microorganisms; they digest double-
stranded DNA at specific sites, each one recognising and
acting upon a precise sequence of four or more nucleotides.
More than 150 restriction enzymes have been described,
though only about one-fifth of these are in regular use (see
table i for nine popular ones). If the chosen enzyme is one like

Enzyme Sequence cleaved

BamHI G|G ATCC
CCT AGlG

BgU
G C C N N N NlN G G C +
C G G NlN'N'N'N'C C G

EcoRI GlA A T T C
CTT A A|G

Haelll GGCC
CC|GG

Hindlll AIAGCTT
TTCG A|A

Mspl
ClCGG
GGC|C

PstI CTGCAlG
G|A C G T C

TaqI
TlC G A
agcIt

Xbal TlCTAG A
AGATClT

*The sequence recognised and cleaved by a restriction enzyme is typically a
palindrome—ie, it reads the same from left to right or, when inverted, from
right to left.
-f- = any base and N' = its pairing counterpart.

EcoRl, which cuts the two DNA strands at points which are
slightly offset from each other, then not only are single-strand
tails created at the ends of each fragment but also the exact
sequence of the bases on those tails is known, and, by use of
the same enzyme to digest DNA from another source,
compatible "sticky ends" can be created so as to promote
linking or annealing between the two fragments (fig 1).

establishment of a genomic library

The cleaved DNA can be sorted into pieces differing in
molecular weight (and length) by high speed centrifugation
or by electrophoresis in an agarose gel. However, to isolate for
detailed analysis a particular DNA sequence from the mass of

Double — stranded DNA
from source A

Double - stranded DNA
from source B

Digest with ECoRI
and mix

Aatt
*4TT

®O0o TtAA

aatt gooe ^

ecco
4-base single strand tails
produced by the specific
cleavage pattern of ECoRI

TTAA1

Annealing takes place

Fig 1—Use ofEcoRI to promote DNA recombination.
When fragments join up, although adenine and thymne must always be

opposite each other there is no other restriction on the way that links form. One
fragment from source A may anneal with another from the same source or,

equally well, with fragment from source B. Arrangement oforiginal fragments
in new recombinant molecule is therefore random.
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Phage particle with
'foreign' fragment
incorporated into its
DNA core

Phage injects'
its DNA

into bacterium

Phage replicates.
Insert fragment is copied

each time
<s>

§ Si

TABLE II-CHARACTERISTICS OF VECTORS FOR CLONING

RECOMBINANT DNA

Size of vector Maximum size of
Class of vector DNA (kb) "foreign DNA" insert (kb)

Plasmid 3-15 15

Phage about 50 25
Cosmid 25 50

Infected bacterium

disrupts, releasing
phage'particles

which infect further
bacteria and

cycle repeats

Fig 2—Use of phage as DNA vector.

fragments, it is normally necessary to go through the process
of cloning to produce large numbers of identical copies. In
practice, it is useful to generate fragments from total DNA by
incomplete digestion, sometimes with a number of different
restriction enzymes. This ensures that there are not too many
very small pieces in the mixture, that any given sequence (eg,
a particular gene) will be represented on a variety ofdifferent
fragments, and that there is a good chance of the gene being
intact on at least one of the fragments (ie, the DNA has not
been cleaved within the gene itself). A complete collection of
such cloned random DNA fragments from a single organism
is known as a "genomic library"—a treasurehouse of
information, even though very few of the "books" have yet
been read from cover to cover. Research workers can borrow
from this library, thus avoiding duplication of effort.

CLONING DNA FRAGMENTS

In principle, each isolated DNA fragment is introduced
into a simple, rapidly dividing organism (normally a
bacterium) in which the inserted piece replicates along with
the host DNA. When enough copies have been generated, the
amplified foreign DNA is recovered from the bacterial
colony. To begin with, it is necessary to "package" the DNA
fragment, making use of systems which evolved millions of
years ago with precisely the properties required to ensure
insertion and replication in a foreign host. There are three
such systems.
The simplest self-replicating unit in nature is the bacterial

plasmid, a short circular length ofDNA encoding a very few genes,
often including one for antibiotic resistance. The circle can be
opened by restriction enzyme digestion and a new fragment inserted
to complete the circle once more. This new "recombinant" plasmid
will be the vector whereby extraneous DNA will be introduced to
the bacterial host.
An alternative vector is a bacterial virus (phage) ofwhich the most

widely studied is phage lambda, an agent which replicates in certain
strains of Escherichia coli. Phage DNA is larger than plasmid DNA
and more difficult to manipulate. There are, however, important
advantages. Phage will accommodate a larger insert of foreign DNA
and the recombinant DNA will replicate many thousand-fold in a

1 kb (kilobase) ofDNA = a length of 1000 base pairs.

single bacterial cell, emergingwithin complete virus particles which
will reinfect surrounding bacteria and so repeat the cycle of
amplification (fig 2).
A third class of vector is a synthetic hybrid ofplasmid and phage,

known as a cosmid. It comprises the DNA fragment to be cloned
plus two plasmid elements—namely, an antibiotic resistance gene
and a short sequence required to start the process ofDNA copying
in the bacterial host. The cohesive end sequences are derived from
phage. They are essential for making circular the DNA in the
bacterial host (itselfa prerequisite for replication) and for packaging
of the DNA in a viral capsid to render it infectious to further
bacteria.
The main, properties of these vectors are summarised in table n.

Much ingenuity has gone into their construction. Desirable
properties have been identified and introduced more or less to order,
including specific restriction endonuclease sites at optimal
positions, genes for resistance to a variety of antibiotics, and
regulatory sequences which will influence the expression of the
inserted DNA fragment in a host cell. Attention has also been
directed towards the bacterial hosts in which they will grow, largely
to ensure containment (ie, on safety grounds); for example, systems
are designed such that only crippled strains of bacteria, which
require special conditions for their survival, can support replication
of the recombinant DNA.

Gene for

ampicillin
resistance

< Hind III site

Gene for

tetracycline

Cleave with

Hind ID
(

and mix with cloned DNA

fragments also derived from
Hind III cleavage. o

resistance
"*Oo» ^

—oOb6t1
——

Joining takes place with some recombination
i. some plasmids now have inserts of cloned fragments.

. . A takes up
I recombinant plasmid

Grow

in^roth with Ampicillin
Change to
Tetracycline

I selective poison
growing bacteria

Growth of organisms
derived from A and C.

B killed

Further growth of organisms
derived from C.
A now static.

C killed, A unaffected

Return to Ampicillin

Further growth of A organisms
exclusively carrying recombinant

plasmid.

Fig 3—Selection for recombinant plasmids.
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e.g. after restriction enzyme

digestion.

DNA fragments
stratified

by size

Overlay with
cellulose nitrate to

blot off a replica,
denature to separate
DNA strands

Incubate replica
with cloned DNA

fragment, single-stranded
and radio-labelled.

Iff
"l ly Wash and

autoradiograph
•»,/«-«

/»* ***

S

Position on

original gel
of DNA
fragment

- bearing
sequence
homologous
to the
cloned
'probe'

'probing

Fig 4—Southern blotting.

We can nowmix the collection ofrandom fragments oftotal
genomic DNA with vector DNA (eg, plasmid) in linear form.
Physical conditions are adjusted to give maximum likelihood
of closure of each plasmid circle by insertion of just one
genomic fragment. The preparation can be cleaned up by
sucrose gradient centrifugation, to pick out a band of DNA
that corresponds to the molecular weight of plasmid plus a
reasonable size of insert. A suitable strain of E coli is then

exposed to this DNA in the presence of a high concentration
of ionic calcium, which encourages entry ofthe DNA into the
bacteria. Thereafter, the antibiotic resistance provides a very
convenient means of selection for the presence of a plasmid
butwill not distinguish between bacteria which have taken up
recombinant plasmid and plasmid that has repaired itself
without an insert. To make this distinction the simplest
strategy is to use a vector with two antibiotic resistance genes
(for antibiotics X and Y, say) ensuring that the restriction
enzyme opens up the circle in the middle ofone of them (Xr).
Thus in the recombinant plasmid the DNA insert disruptsX'
but not Y.
Selection for bacteria carrying the recombinant vector is

done in three stages—first, growth in antibiotic Y, to
eliminate organisms that have taken up no DNA at all;
secondly, growth in a cytostatic concentration ofantibiotic X
but with addition of a selective poison for growing bacteria;
thirdly, a return to growth in antibiotic Y, allowing fresh
growth of bacteria that have survived the second selective
step. Because of the very rapid growth rate of E coli, this
seemingly tortuous series ofmanoeuvres is highly efficient;
even ifonly 1 organism in 10 000 has taken up a recombinant
plasmid, a mass culture consisting exclusively of that tiny
subpopulation can be produced in a matter of days (fig 3).
Under the circumstances described, it will be a

heterogeneous population, different bacteria harbouring
plasmids with different inserted fragments. Conventional
bacteriological procedures, however, allow colonies ofE coli
to be grown from single organisms, and, if enough colonies
are picked from enough plates, virtually every DNA
fragment from the original mixture should be represented in

Fig 5—Picking bacterial colonies amplifying a specific DNA
sequence.

the set of isolates forming this genomic library. Recovery of
each fragment from a bacterial colony requires application of
several of the tools already described—namely, size
separation of the DNA fragments from vector and E coli,
cleavage ofthe recombinant plasmid with the same restriction
enzyme used for the insertion step (so that the cuts will be
precisely at the points of insertion), then further size
separation of the insert fragment from plasmid DNA.

HYBRIDISATION

It is the most fundamental property of single-stranded
DNA that it will hybridise with (ie, line up in very close
apposition to) another single strand composed of a
complementary base sequence, adenine opposite thymine,
guanine opposite cytosine. This property is widely exploited
in molecular biology. For example, ifwe have cloned a single
gene (see later) and we wish to identify the genomic fragment
on which it is carried, then after restriction enzyme digestion
and running the fragments in an agarose gel as described
earlier, we make a copy of the gel by overlaying it with a sheet
of cellulose nitrate. Some of the DNA will transfer to the
cellulose nitrate. Mild alkaline denaturation will ensure that
it is in single-strand form. The sheet can then be exposed to a
probe, consisting ofmultiple copies of the cloned gene which
have incorporated a radioisotope (usually32 P). This must also
be in single-strand form and will make a tight double strand
whenever it meets its complementary sequence. Surplus
radioactive cloned DNA will not bind elsewhere and can be
washed away. The cellulose nitrate sheet is then dried and
covered in photographic emulsion or a sheet of X-ray film
which, when processed, will reveal a band or bands
corresponding to the positions on the original gel of the
fragments carrying the gene in question (fig 4). This process
is known as "Southern blotting" after its originator, Dr E. M.
Southern. Thanks to the somewhat ponderous wit of the
molecular biologist, the analogous procedure in which the
DNA sequence is hybridised to complementary RNA is
known as "northern blotting" while the binding of antibody
to protein antigen on a nitrocellulose gel transfer has been
christened "western blotting".

Agar plate with
growing colonies

Overlay with sterile filter to
take replica, leaving most of each

colony still growing

Denature DNA to separate strands and
incubate with radiolabeled cloned probe

develop replica

Autoradiography
identifies colonies in which

specific DNA sequence is
being amplified

Return to original plate,
identify the correct colonies
from positions on the replica,
pick them and grow them up.
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sequence recognised
by probe

Synthesise corresponding DMA
sequence, knowing base triplet

code for each amino acid

Insert in vector and ** «*

'clone up' to produce •» ^

v radio - labelled probe
^

whole insulin gene -

sequence recognised
by probe

Fig 6—Use ofknown protein sequence (insulin) to identify and isolate
corresponding gene.

Each fragment carries at least part of sequence recognised by cloned probe:
most carry additional parts of insulin gene as well and therefore could be used
as probes to find, in original digest, more fragments carrying other parts of
same gene. However, in this (fortunate) example, fragment 6 bears whole gene.

The same principle can be applied to the identification of
bacterial colonies in which a specific DNA sequence is being
cloned (fig 5). Hybridisation can also be carried out in situ.
For example, individual cells infected by a virus can be
identified in a tissue section by probing with a virus-specific
fragment. A given sequence can even be localised to a
particular chromosomal region by hybridisation to
metaphase spreads.

OBTAINING A PROBE

Where do cloned specific sequences ("probes") come from?
The honest molecular biologist would reply "most of them
come from friends in the business", but at some stage each of
them has had to be worked for.
If the aminoacid sequence of the protein encoded by a particular

gene is known—insulin would be a good example—the
corresponding DNA sequence can be inferred from a knowledge of
which base triplet encodes each aminoacid. A short segment of this
DNA can be synthesised and may be used to search a genomic
library for cloned fragments containing the complementary
sequence. The hope, and indeed the expectation, is that some or all
of these fragments will include the rest of the relevant gene (fig 6).
Alternatively, if the messenger RNA transcript from a particular

DNA sequence is present in great abundance in a specialised cell, as
with globin mRNA in the reticulocyte, it can be purified and
complementary DNA (cDNA) can be synthesised by use of a viral
reverse transcriptase. The cDNA can then be inserted in a vector
and cloned. There are also several procedures whereby less
abundant mRNA species can be used to generate cDNA copies so
that, ultimately, a complete cDNA library for a given organism may
be produced.
A third way to obtain an identified DNA sequence which can be

used as a probe is by mapping its approximate position in a genomic
library in relation to sequences which have already been clearly
identified. For example, the positions of very many genes in the
human X chromosome have been mapped, mainly by family studies.
If now we have a probe which identifies a known gene, say the one
encoding the enzyme hypoxanthine-guanine phosphoribosyl
transferase (HGPRT) which lies close to the tip of the long arm of
chromosome X, a genomic library can be searched to find any

Fragment 1

Fragment 2

^, Fragment 3
probe Fragment 4

Arrangement of genes on
a small region of 1 chromosome

Possible arrangement of fragments
identified with fragment 2 as probe.

Possible arrangement of cloned random fragments recognised
by probe for part of the 0 gene sequence.

sequence recognised
by probe

Fragment 6

Fragment 7

Fragment 8

Fragment 9

Fragment 10

i and downstream' respectively of the D gene,
d to probe the genomic library.

sequence recognised
by probe

Fragment 11

Fragment 12

Fragment 13

Fragment 14

Fragment 15

Note fragment 7 carries part of the C gene sequence. Note fragment 14 c s part of the E gene sequence.

Fig 7—"Walking" the genome.

fragments carrying the HGPRT gene. Since the original digestion
was incomplete and may have involved more than one restriction
enzyme, there will be several such fragments, most of which will
also include sequences extending to either side of the HGPRT.
They can be used as the starting point of a search for the DNA
sequences representing genes known to be very close to HGPRT. If
necessary, some of the HGPRT-carrying fragments can themselves
be used as probes to find clones of adjacent segments which have
overlapping sequences upstream or downstream of, but not
including, HGPRT. The relative positions in the genome of these
overlapping fragments can be worked out and the DNA analysed
until the complete gene sequence of this part of the chromosome is
understood. This process of finding and analysing a succession of
overlapping cloned fragments is known as "walking the genome"
(fig 7).

Double-stranded fragment exposed to mild denaturation
producing single stranded breaks

i
Supply 'DNA-repair'

enzymes plus
3ZP labelled
nucleotides
A.C.G and T

'Patches' with labelled nucleotides
now larger than the original gaps

Fig 8—Nick translation to make a DNA frag¬
ment sequence highly radioactive.

Having identified a cloned fragment which promises to be useful
as a probe, we must incorporate radioisotope into it. This is
generally done by "nick translation" (fig 8).

To be concluded
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Maternal and Child Health
CHANGES IN MATERNAL AND CHILD

MORTALITY RATES IN THREE ISOLATED
GAMBIAN VILLAGES OVER TEN YEARS

W.H.Lamb Frances A. Foord
Colette M. B. Lamb R. G. Whitehead

Medical Research Council Dunn Nutrition Unit, Cambridge, and
Keneba, The Gambia, West Africa; and Department of Child Health,

Royal Victoria Infirmary, University of Newcastle,
Newcastle upon Tyne

Summary As an adjunct to the general nutrition
research programme, the MRC Dunn

Nutrition Unit has provided for the past 10 years a
continuous medical service to three adjacent rural Gambian
villages. There have been substantial reductions in annual
childhoodmortality rates. Perinatal mortality fell from 109-6
to 45 • 5 per 1000 births, infant mortality from 148 • 5 to 24 • 5
per 1000 live births, and mortality in children aged 1 -4 years
from 109-1 to 13- 3 per 1000. There have been no pregnancy-
related maternal deaths in the community for 8 years; 16
could have been expected given current estimates ofmaternal
mortality elsewhere in rural Gambia. Of all the health and
nutritional interventions introduced the single most
important factor has apparently been the on-the-spot,
24 h availability of a physician or qualified midwife.

introduction

detailed records of births and deaths have been
maintained in the four adjacent Gambian villages ofKeneba,
Manduar, Kanton-Kunda, and Jali since 1950. Birth and
mortality rates, high even by the standards of the developing
world, remained essentially constant over the period
1951-75.'
In 1974 the overseas component of the Cambridge-based

Dunn Nutrition LTnit was transferred from Kampala,
Uganda, to Keneba and a permanently staffed nutritional
research laboratory was established, backed by an outpatient
clinic with a referral capability. The practical objective of the
programme was to identify those crucial nutritional and
health-related factors causing the high mortality, morbidity,
and poor nutritional status of the mothers and children in the
West Kiang district and to introduce appropriate
interventions in a scientifically controlled manner. On the
tenth anniversary ofour field station in West Kiang we report
on the changes that have occurred in maternal and child
mortality.

subjects and methods

The West Kiang district of The Gambia has been described
previously.1-4
Since 1974 a succession of four qualified midwives and six

paediatric registrars, the latter all seconded from the department of
child health, University of Newcastle, have lived in Keneba and
have provided continuous, free-of-charge, medical care. Each week
general clinics are open to all 2000 inhabitants ofour three principal
survey villages, Keneba, Manduar, and Kanton-Kunda. A weekly
clinic for children under 3 years and an antenatal clinic are also held.
24 h emergency cover is provided throughout the year by the
physician and midwife. To ensure easy access to these services in
Keneba by the other two survey villages, transport both to and from
the clinic is free. Records are kept of all attendances and laboratory
investigations, both generally and on an individual basis. In 1983
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there were more than 19 000 visits. Any person requiring hospital
admission or further investigation is transported to the ward of the
Medical Research Council Laboratories in Fajara, or the
Government hospital in Banjul, both 150 km away.
Special attention is given to pregnant or lactating mothers and all

children from 1 week until breast-feeding stops at around 2 years.
The children are seen routinely every 6-8 weeks and domiciliary
visits are made if they fail to attend when called. Further, the
mothers are encouraged always to bring the child to the clinic at any
time during an illness. Prevalent morbidity, nutritional status,
haemoglobin concentration, and blood films for malaria
parasitaemia are assessed at these clinics and immunisations
appropriate to the age of the child are given—BCG, diphtheria-
pertussis-tetanus-toxoid, polio, measles, yellow fever, and (since
May, 1983) meningococcal polysaccharides (type A and C). Women
are called to attend the antenatal clinic every 4-6 weeks during
pregnancy, at longer intervals during lactation, and for
contraception or gynaecological problems. All women are
immunised against tetanus during the antenatal period with repeat
doses every 5 years. A standard antenatal examination is carried out
by the midwife with reference to the physician. Laboratory
investigations are as for the children with urine examination in
addition.
At approximately 30 weeks' gestation the mother is given a "cord-

pack", containing a sterile scalpel blade, string, gentian violet, and
cotton wool. Both mothers and traditional midwives are instructed
in using the items provided at the time of delivery and for later care
of the umbilical cord. The proportion of labours for which the
traditional midwife or family request the services of the unit
midwife or physician is increasing, and by 1983 virtually all
primigravid deliveries and almost 30% of all other deliveries were
attended, usually at the mother's home. The policy of the unit has
always been to support the traditional village midwives, but, in the
event of a major difficulty arising, transfer to hospital can be
achieved within 3 h. Postnatal checks ofmother and child routinely
take place from 1 to 5 days post partum, and again not more than 6
weeks later.
As well as our clinical service a dispenser trained and equipped by

the Government was resident in Keneba from 1954 to 1982, when a
rural hospital built by the Chinese Government was opened 20 km
away. It also provides frequent clinics and antenatal services.
The regular enumeration of children and adults, initiated by Sir

Ian McGregor, has been continued as part of our research
programme, and records are available of births and deaths since
1951. These data are collected monthly from literate village elders
selected and paid for this task.
A fourth village, Jali, 6 km from Keneba but not part ofthe regular

survey, does have limited access to our medical services, as well as
those of the Government dispenser, and births and deaths are
recorded as in the other villages.

results

From 1974 to 1983 there was a progressive fall in deaths in
preschool children (table i). The annual proportion ofdeaths
to live births also fell. Standardised child mortality rates have
been calculated biennially (table ii). All the rates fell over the
decade, by a factor ranging from 2 for stillbirths up to 6 for
infant deaths.
Since 1975 no pregnancy-related maternal deaths have

been recorded in the three survey villages. Some idea of the
potential mortality, however, can be gained from the fact that
in 1983 19 women were referred to hospital, 9 antenatally and
10 perinatally, for various complications including severe
ante-partum or post-partum haemorrhage, pre-eclampsia,
and obstructed labour.
We have compared these statistics with those for other

areas ofrural Gambia. In the nearby village ofJali, despite the
provision of a Government dispensary and the fact that many
of the children are brought to our clinic on an irregular basis
when ill, mortality remains high. For 1981-83 the perinatal
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been properly immunised with tetanus toxoid. Hence, the
simplest form of protection is to ensure that all patients
awaiting elective surgical treatment have written evidence of
immunisation with toxoid in the past 5 years. Failure to do so
might indeed have medicolegal repercussions. There seems
no justification for giving antimicrobial prophylaxis against
tetanus in elective surgery. Rubbo24 drew attention to the
importance of immunological protection of those undergoing
lower limb surgery, and recommended either immunisation
with toxoid before operation or passive protection at the time
of surgery and active immunisation later. Heredia,2'
reporting from a Bombay hospital with an average
postoperative tetanus rate of only 0-025%, advised active
immunisation of all patients undergoing major elective
surgery.
For patients having emergency operations and who have

not been actively immunised, there is a choice between
immediate protection by preoperative administration of
human antitetanus immunoglobulin, and peroperative anti¬
microbial prophylaxis. In countries where tetanus is rare and
where most people have been actively immunised, the
unimmunised patient should probably be given human
antitetanus immunoglobulin. By contrast, in rural
developing countries where tetanus is common and where
active immunisation is little practised, preoperative
metronidazole or penicillin might be preferable—24-hour
cover in clean operations and 5-7 days' cover in cases where
the operation is long or gross contamination has arisen.
"Tetanus can and should become a disease of historical

significance only."26

CONCORDANCE IN CYTOPATHOLOGY

Yet another branch of pathology has been having a go at
external quality assessment—this time diagnostic
cytopathology. Assessing and improving the degree of
concordance amongst those who are mainly engaged in
pattern recognitionwith the aid ofa microscope has long been
considered far more difficult than securing consensus among
laboratories making quantitative measurements. The attempt
is also less well tolerated by histopathologists and
cytopathologists, some of whom regard it as a slur on their
professional competence. But as Husain et al1 point out, in
their assessment of a proposed standard approach in cervical
and sputum cytology, comparisons of "performance" in
microbiology—that is, pattern recognition of the appearance
or behaviour ofmicro-organisms—have long been accepted as
a part of that branch of pathology, so this is not the basic
difficulty. The main obstacle to interlaboratory comparisons
in cytopathology is that there is no way ofproviding identical
cytological specimens for simultaneous examination in
several laboratories. National, or even local, external quality
assessment by a method analogous to that in clinical
chemistry, haematology, or microbiology is therefore out of
the question.
20. Keighley MRB. Microorganisms in the bile: A preventable cause ofsepsis after biliary

surgery. Ann R Coll Surg Engl 1977; 59: 328-34.
21. Maddocks AC, Hilson CRF, Taylor R. The bacteriology of the obstructed biliary tract.

Ann R Coll Surg Engl 1973; 52: 316-19.
22. Pyrtek LJ, Bartus SH. Clostridium welchii infection complicating biliary-tract surgery.

N Engl J Med 1962; 266: 689-93.
23. Fukunaga FH. Gallbladder bacteriology, histology, and gallstones. Arch Surg 1973;

106: 169-71.
24. Rubbo SD. Prevention of postoperative tetanus. Lancet 1958; ii: 268-69.
25. Heredia AF. Prevention of tetanus in cold surgery in the tropics. In: Patel JC, ed.

Proceedings of International Conference on Tetanus, 1963. Bombay, 1965: 640.
26. Furste W. Current status of tetanus prophylaxis. Industr Med 1969; 38: 251-61.
1. Husain OAN, Butler F.B, Woodford FP. Combined external quality assessment of

cytology and histology opinions: a pilot scheme for a cluster of five laboratories.
J Clin Pathol 1984; 37: 993-1001.

By contrast, in the otherwise closely related specialty of
histopathology there is no great difficulty in conducting
interlaboratory surveys with up to 20 near-identical,
adjacent sections of tissue, and self-help schemes of
mutual comparison are commonplace.2,3 The assessment of
concordance in judgmental interpretations has progressed
beyond simple calculation of percentage agreement or
disagreement now that kappa statistics can be applied to the
analysis.4 This is a technique borrowed from the sphere of
psychological testing which compensates for the inherent
probability that some degree ofrandom agreementwill occur.
The cytopathologists have now attacked their basic

difficulty by comparing results from a "cluster" of five or six
laboratories to which the same (stained) specimen is sent in
turn.1,6 The number in the cluster must be small enough to
keep the length of each cycle acceptably short, but large
enough for a clear majority opinion to emerge; this then
becomes the reference opinion, taken to be the correct one. In
the self-selected, highly expert laboratories which took part in
the trial a clear majority emerged for virtually all the 120
smears circulated. This might ofcourse not be the case when
less experienced laboratories took part in similar schemes;
and there remains the danger that the majority opinion might
not be right.
Traditionally, cytological "suspicion" of the presence of

malignancy has been checked by a "definitive" diagnosis
resting on histological examination of the corresponding
tissue (eg, from a cervical or lung biopsy). This trial therefore
assessed the degree ofconcordance not only within the group
of cytopathologists but also with the corresponding
histological opinion. The cytologists agreed rather better
with one another than with the histological opinion, and
Husain et al argue cogently that the histological opinion is not
the appropriate reference point in the assessment of the
accuracy of cytological reporting. The samples are, after all,
different in origin and the correlation between them is
expected to be imperfect even if both the histological and
cytological readings are correct. Agreement amongst the
relevant histopathologists, assessed as a by-product of the
trial, was as good as (for cervical tissue) or better than (for
respiratory tract tissue) that for the corresponding
cytologists.

Several pointers for the future emerged. First, being
obliged to interpret smears prepared and stained in other
laboratories, not to one's own specifications and preferences,
proved less hampering than had been predicted. Similarly,
the fear that there would be no easily attained consensus, only
a confrontation between individual opinions each with an
equal claim to being right, proved unfounded except in a tiny
minority of cases. Each of the participating laboratories
contributed cases, and this was felt to be important; however,
the selection of suitable smears proved to be one of the most
time-consuming elements of the trial. Participants also had to
be restrained from the impish insertion of unusual or
equivocal smears. Rapid feedback of the fact ofdisagreement
with the expected result (so that the smear could be re¬
examined before being forwarded) was found to be an
essential feature for maintaining interest and consolidating
trust in the majority opinion.

2. Sherwood AJ, Hunt AC. An external quality assessment scheme in histopathology.
J Clin Pathol 1984; 37: 409-14.

3. Thomas GDH, Dixon MF, Smeeton NC, Williams NS. Observer variation in the
histological grading of rectal carcinoma. J Clin Pathol 1983; 36: 385-91.

4. Silcocks PBS. Measuring repeatability and validity of histological diagnosis—a brief
review with some practical examples. J Clin Pathol 1983; 36: 1269-75.

5. Evans DMD, Shelley G, Clcary B, Baldwin Y. Observer variations and quality control
of cytodiagnosis. J Clin Pathol 1974; 27: 945-50.
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DNA in Medicine

THE TOOLS

Part II

C.M. Steel

Medical Research Council Clinical and Population Cytogenetics
Unit, Western General Hospital, Edinburgh EH4 2XU

diagnostic application of probes

Ideally, a cloned gene would be used to pull out the
complementary sequence (ie, the same gene) from the
genomic DNA ofa particular organism, or patient, to study it
in detail. However, very few human genes have been cloned
to date and even fewer have been analysed to the point where
the complete nucleotide sequence is known and the
significance ofvariations in that sequence is understood.
For the present, a more general application of the

technology is in the analysis of restriction length
polymorphisms (RLPM). It may seem a paradox that clones
of unknown sequences probing genes of unknown function
can yield precise diagnostic information. Nevertheless it is
true, and the principle is as follows.
Nucleotide sequences recognised by different restriction

enzymes are scattered throughout the nuclear DNA. If the
DNA from a given individual is digested completely by a
single restriction enzyme, a characteristic set of fragments
will be produced, the same set from the DNA of every cell
(there may be exceptions in cancer cells, as will be discussed
in a later article). However, the positions ofmany restriction
sites can vary from one individual to another without
affecting genetic fitness. Thus the fragments produced by
digestion ofA's DNA with, say, EcoRIwill not be exactly the
same as those produced by digestion of B's DNA with the
same enzyme (unless A and B are identical twins). The
position of restriction enzyme sites is inherited and thus
provides an example of extreme variation within the species
(genetic polymorphism).
Let us take a disease with a clear genetic component. Its

inheritance is controlled by a small number ofgenes. Nothing
need be known about the function or location of these genes
but let us suppose that the major contribution to the disease
(call it "B disease") comes from an altered gene, B'. The
normal gene (B) or its variant (B') must exist as a DNA
sequence somewhere in the genome and be passed from
generation to generation. For diagnosis we want to
distinguish between an individual who carries B' and one
who does not. There is a good chance that, within any family,
at least one restriction site very close to the B gene will be
missing or altered in position relative to the B' allele. This
means that, ifwe choose the correct restriction enzyme, the B
sequence will be carried on a DNA fragment of different
length from the one bearingB'. We then want a probe which
recognises some part of the corresponding fragment, not
necessarily the B or B' genes themselves.
The first requirement is clinical contact with several large

and cooperative families in which individuals with disease,
carriers, and unaffected members can be clearly identified.
Finding a suitable probe and choosing the right restriction
enzyme is almost entirely a matter of trial and error. DNA is
prepared from as many family members as possible, digested
with restriction enzymes, and run on agarose gels. The larger
the B-carrying fragment, the greater the chance ofpicking out

DNA sequences including B and B' alleles are also near identical but
note one additional Bam HI restriction site close to B. A cloned probe
X' recognises a DNA region very close to the gene.

Total DNA digested with ECoRI and with Bam HI,
Southern blots probed with 'X'.

ECoRI Bam HI ECoRI Bam HI ECoRI Bam HI

Results

Homozygous B Heterozygous B.B' Homozygous B' .B'

Fig 9—Identifying abnormal gene by restriction length poly¬
morphism.

ECoRI digests are uninformative because restriction fragment-bearing B' i:
identical to the bearing B but B' gene is carried on larger BarnHI fragment
than normal allele in this family. Where abnormal gene has been introduced to
population by single ancestor ("founder effect") the same restriction length
polymorphism can be used for population screening. Otherwise each family
must be assessed independently though the same probe may be ofvalue for all
families.

from a genomic library a probe that will hybridise to it but,
equally, the greater the chance that meiotic crossing-over will
have occurred between the B sequence and the relevant
polymorphic restriction site. If the restriction site is very
close to the B gene ("tightly linked") then within a given
family the B and B' alleles will be identified, with a high
degree of certainty, by the corresponding restriction length
fragment (fig 9).
Much effort is now being applied to finding probes and

RLPMs for many genetic diseases and to improving the
specificity of those already described for conditions such as
Huntington's chorea, Duchenne muscular dystrophy, and
retinitis pigmentosa.

levels of gene activation

Selective gene activation and variation in levels ofexpiession are
the basis of the process of differentiation whereby, for example, a
nerve cell differs from a muscle, blood, or liver cell. Gene expression
is measured in terms of the amount of mRNA being produced by
transcription of the corresponding DNA. This is one of the few
instances where the molecular geneticist is chiefly concerned with
quantitative information, usually in northern blots ofprobe DNA to
extracted cellular mRNA. The technique is relevant both to
conditions where differentiation may be disturbed (notably
malignancy) and to gene transfer experiments in which the object is
to demonstrate the function ofextraneous DNA in a new host cell or

organism.

gene sequencing

An end-point common to many studies in molecular genetics is
the complete sequencing of a DNA fragment, whether that
fragment is one picked at random from a genomic library, a
suspected mutant sequence hybridising to a cloned standard gene,
the complete genome of a plasmid or virus, or an elongated piece of
genomic DNA removed from a library with a short synthetic probe.
Two basic methods are currently available. Both depend on
producing four series of fragments of the total DNA, all the
fragments in each series terminating in a specific nucleotide,
guanine, adenine, thymine, or cytosine (fig 10).
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Specific Cleavage Site

Fig 10—DNA sequencing (Maxam and Gilbert technique).
DNA sequence radiolabeled at one end is partly digested under four

different reaction conditions each of which cleaves nucleotide chain at

particular base guanine alone, adenine or guanine, thymine or cytosine and
cytosine alone, respectively. Digests are in four parallel tracks of gel, and the
bands, read off from below, reveal sequence of bases starting from the one
adjacent to.the point of labelling. Thus in the example above the sequence is
X* ATAGCTAGC, where X* is the unknown labelled nucleotide. The
Sanger technique is similar in principle but in that case a new labelled DNA
strand is synthesised in one direction under four different conditions such that
the chain is terminated at each of the four bases in turn.

ELECTRON MICROSCOPY OF DNA MOLECULES

Remarkably, it is possible to look directly at DNA molecules and
to see the physical process of DNA/DNA or DNA/RNA
hybridisation. Strictly speaking, what is visible is the accumulation
of electron-dense shadowing (usually with platinum/palladium)
around the nucleic acid itself but the effect is to show, for example,
the loops of plasmids with different sized inserts or the association
of probes with complementary fragments. This approach provides
direct confirmation of the organisation ofgenomic DNA into exons,
which anneal with complementary RNA or with cDNA copies,
forming a strand of double thickness, and introns from which no
mRNA is transcribed and which therefore remain as thin non-

hybridised loops (fig 11).

GENE TRANSFER

The transfer of a gene from one individual to another—for
example, to repair an inherited defect or, as a later article in
this series will show for crops, to improve the genome—is per¬
haps the ultimate aim ofmolecular biology. The technology
required for identification, isolation, cloning, and sequencing
is already available for many genes. The major outstanding
difficulty is the fact that, within the genome, structural genes
are packaged—that is to say, they are split up into coding
sequences (exons) interspersed with non-coding DNA
segments (introns) and flanked on either side by sequences
which exert important controlling influences on gene
expression.
Although the basic genetic code is the same for all

organisms, the mechanisms whereby gene function is
regulated are different in bacterial cells and those of
eukaryotes in which the nucleus, containing multiple
chromosomes, is highly organised and distinct from the
cytoplasm. For several years it has been possible to insert
foreign (including human) genes into bacteria, along with
controlling sequences necessary to ensure its expression, and
hence to force the bacteria to make that gene's product. This
is now the method of choice for manufacturing human
interferon and insulin on a commercial scale. Similarly, use
can be made of cells which are programmed to switch on a

great many genes, to obtain temporary transcription and
translation of foreign DNA. The Xenopus toad oocyte is a
favourite target for this type of experiment. Cloned DNA or
purified RNA can be introduced by micro-injection and the
protein product recovered for biochemical and functional
characterisation. In that case, the foreign DNA does not have
to become integrated into the genome of the toad cell.
By contrast, the fate ofa gene inserted into a human cell will

depend very much on whether, and where, it becomes
integrated into the rest of the genome, and as yet we have no
techniques for controlling the process of integration. For
these reasons, most experiments involving gene transfer into
human or other eukaryotic cells have been of an analytical
nature rather than serious attempts at gene therapy.
Nevertheless it is possible to introduce a gene which will
function in the cells of a host animal. For example, in the
"supermouse" experiment, the gene for rat growth hormone
was inserted by microinjection directly into the nuclei of
fertilised mouse eggs. The mice which grew from these eggs
were much larger than their littermates and had high levels of
growth hormone in their serum.

One has a segment deleted, and corresponding undeleted sequences from
other molecule form single-stranded DNA loop (A). In another region, two
different sequences are present which cannot hybridise in heteroduplex and
form two unpaired strands (B and C). Two strands derived from parental DNA
molecules are otherwise homologous and hybridise to form duplex DNA (D).
Heteroduplex analysis thus allows position and size ofhomologous and hetero¬
logous sequence to be mapped. Bar represents 0-25 ^m.
(Figure from Dr L. W. Coggins, Beatson Institute for Cancer Research,

Glasgow.)

Fig 11—Electron micrograph (a) and interpretative drawing (b) of
heteroduplex DNA molecule formed by denaturing and hybridising
two DNA molecules which are identical in all but two respects.
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SIMPLE DNA TRANSFECTION

As in bacteria, animal cells will take small pieces of DNA
from their immediate environment, in the presence of a high
concentration of calcium ions. Although the process is
inefficient, the technique is useful, particularly where a DNA
fragment of special interest has been cloned and is in pure
form in many millions of copies. Cells which have taken up
extraneous DNA can be selected by mixing in with the gene
whose uptake is desired an additional cloned fragment such as
a gene for neomycin resistance, conferring selective
advantage for growth of the cells in vitro. In that specific
instance, the cells would be cultured, after transfection, in the
presence of a concentration of neomycin toxic to the great
majority. Survivors should therefore represent cells in which
the neomycin resistance gene was active, and experience
shows that a proportion of these would have taken up other
DNA fragments in addition.

VECTORS FOR GENE TRANSFER TO ANIMAL CELLS

DNA viruses which parasitise eukaryotic cells must, by
definition, have the necessary apparatus to ensure replication
of their own DNA in that environment. They are therefore
potentially useful vectors for introducing foreign DNA, akin
to the plasmids or phages used as vectors for lower organisms.
The small RNA retroviruses, which integrate very efficiently
into cellular DNA, are widely used in this way and larger
DNA viruses, such as SV40 or adenoviruses, can also be
effective tools for integrating packaged genetic material into
the host cell genome. Unfortunately the sites of integration
appear to be random, so transcriptional control is a matter of
chance. One exciting possibility within sight of clinical
application is to reconstruct a virus to generate specific
immunity. For example a gene encoding a major surface
antigen of the hepatitis B virus can be introduced into a strain
of vaccinia. Rabbits inoculated with this agent produce
antibodies against hepatitis B. However, there are
understandable anxieties about using genetically
manipulated vaccinia for human immunisation.

Fig 12—Computer drawn histogram from suspension of human
chromosomes labelled with fluorescent dye and analysed as they
pass through laser beam on "flow sorter".

Numbers of objects on vertical axis, fluorescent signal on horizontal.
Largest chromosomes (numbers 1 and 2) give peak on extreme right, smallest
(19-22 + Y) are in series of narrow peaks on left. Chromosomes included in
any part of the histogram can be separated physically by placing electronic
"gates" about peaks.
(Figure from Dr D. K. Green, MRC Clinical and Population Cytogenetics

Unit, Edinburgh.)

TRANSFECTION OF LARGE DNA FRAGMENTS

Because of the size restriction on inserts in vectors one can

seldom package an entire gene with all the flanking sequences
which have roles to play in ensuring normal or near-normal
function in the cell. On the other hand, whole chromosomes
or maj or chromosome segments, by which a given gene can be
inserted into a new host, intact and in its normal setting,
cannot be generated in the form of innumerable identical
copies so that there is an unavoidable element of randomness
in gene transfer experiments involving uncloned blocks of
DNA.

CELL FUSION AND CHROMOSOME-MEDIATED GENE

TRANSFER

Cell fusion, whereby the entire nuclei of two separate cells
(often from different species) are merged, a technique which
has been practised for over twenty years, is a genuine example
of genetic engineering. In most cases, the products
("heterokaryons") are unstable and, over successive rounds
ofdivision, the chromosomes derived from one parent cell are
ejected. The same principle, however, can be used to fuse part
of the nucleus of one parent, as a "mini-cell", containing a
few chromosomes only, with the complete nucleus of
another, selection in culture being used to retain a specific
functioning element of the transfected genetic material. The
next stage ofsimplification is to prepare single chromosomes
from one cell type. These can be sorted by size in a
fluorescence-activated cytopherometer, to give reasonably
pure preparations of a particular group or even of a specific
chromosome (fig 12). From a knowledge of which genes are
carried on which chromosomes, a preparation ofthis kind can
be selected to attempt chromosome-mediated gene transfer.
The chromosome "soup" is applied to target cells, again in
the presence of calcium ions. Some of the cells will take up
intact chromosomes. These will tend to break up in the
process and, in some instances at least, a part of the
transfected material will become stably inserted into the host
cell genome and may be detectable as an extra band in a host
cell chromosome. The fact that the newly integrated material
is large enough to be visible in this way implies that it consists
of a very much larger stretch ofDNA than could possibly be
introduced by means of any currently available vector.

THE FUTURE

There is no apparent limit to the potential applications of
molecular biology. Practitioners in every branch ofmedicine
are going to find it increasingly difficult to avoid becoming
involved, however indirectly, in the new technology. While
there is always room for totally new techniques, the essence of
DNA is its simplicity and there remains enormous scope for
further developments in diagnosis and therapy by use of the
basic tools outlined above.
I thank Dr Brian Cohen and Dr Elizabeth Thompson for their help in the

preparation of this article. The line diagrams were drawn by Mr Norman
Davidson, Mr Douglas Stuart, and Mr Sandy Bruce of the MRC Clinical and
Population Cytogenetics Unit.
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SUMMARY

Binding of 12SI-iodohydroxybenzylpindolol to ^-adrenoceptors has been examined in lympho-
blastoid cell lines from members of 5 families affected by manic-depressive disorder. Cell lines
from 6 manic-depressives, 7 unaffected relatives and 11 non-psychiatric controls were examined.
Binding was reduced to less than half of control values in cell lines from 4 out of 6
manic-depressives and only 1 out of 18 unaffected relatives or controls. All the cell lines with
reduced /^-adrenoceptor binding came from 3 families; members of the remaining 2 families
showed normal binding. These findings suggest that genetic heterogeneity is present in
manic-depressive disorder and that a ^-adrenoceptor defect may influence genetic susceptibility
to the disorder.

INTRODUCTION

Twin (Bertelson, Harvald & Hauge, 1977; Slater & Cowie, 1971), pedigree (Slater & Cowie,
1971; Gershon et al. 1976) and adoption (Mendlewicz & Rainer, 1977; Cadoret, 1978) studies
show that genetic factors are important in the affective psychoses. This is particularly so for the
bipolar manic-depressive (MD) subgroup of patients in whom both manic and depressive
illnesses occur (Bertelson et al. 1977; Slater & Cowie, 1971; Gershon et al. 1976). The mode of
inheritance ofMD disorder is complex; several genetic theories have favoured a single dominant,
gene with reduced penetrance although there is controversy as to whether the gene is autosomal
or X-linked (Winokur, Clayton & Reich, 1969; Goetzl et al. 1974; Mendlewicz & Fleiss, 1974;
Cershon & Bunney, 1976). Recently, more sophisticated analyses of pedigree data confirm a

tendency for vertical transmission in MD families, but cannot distinguish single locus from
polygenic models or a mixture of these (Gershon et al. 1977; Bucher & Elston, 1981). The
problems of genetic heterogeneity within the MD subgroup and overlap between clinical
categories limit the potential of this approach for identifying specific modes of inheritance. On
the other hand, although genetic polymorphisms in enzymes and proteins concerned with
central nervous system function have been described (Omenn & Motulsky, 1972; Rundle et al.
1977; Weinshilboum, 1979; Comings, 1979; Dorusef al. 1983), only small effects on susceptibility
to MD disorder have been reported.
Most current hypotheses relating to the causes of affective psychosis are concerned with the

function ofmonoamine neurotransmitters in the brain (Ashoroft et al. 1972; Baldessarini, 1975;
14 HO K 48
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Van Praag, 1980). Studies of cerebrospinal fluid and peripheral monoamine metabolite
concentrations have shown abnormalities in MD patients (Van Praag, 1980; Christensen el qJ
1980), but these have not led to a clearer understanding ofmonoamine function in this disorder
(Baldessarini, 1975). More recently neuroendocrine strategies have been employed to examine
changes in monoamine receptor responsiveness in the brain (Checkley, 1980), although thel
problems of drug selectivity and amine interactions are substantial. On the basis of suc&l
clinically derived data, together with a much larger body of evidence on central monoamine
metabolism in experimental animals, several workers have postulated altered adrenergic or

serotonergic receptor responsiveness in the affective psychoses (Ashcroft et al. 1972; Sulaer
Vetulani & Mobley, 1978; Bunney et al. 1977). We therefore decided to investigate the
^-adrenoceptor as a possible genetic susceptibility 'marker' in MD patients.
In order to carry out a biochemical genetic study of this nature, the assumption was made

that major gene influences are present in some patients at the extreme of the genetic-
environmental continuum. The MD probands were therefore ascertained on the basis of severe
illness of early onset and a family history of affective disorder in two generations. To allow for
the possibility of genetic heterogeneity between families, samples from unaffected members of
the probands' families were used as controls, so that within- and between-family comparisons
could be made. Since many MD patients are on continuous medication or show intermittent
neuro-endocrine abnormalities (Sachar & Baron, 1979), which complicate the conduct or
interpretation of biochemical assays, it was decided to raise cultured cell lines from affected and
unaffected subjects. Lymphoblastoid cell lines are of B lymphocyte origin and can be established
by co-cultivation of lymphocytes with a source of Epstein-Barr virus (Steel, 1972; Glade &
Beratis, 1976). /^-Adrenoceptors can be reliably characterized in human lymphocytes and S49
lymphoma cells using radioligand binding techniques (Williams, Snyderman & Lefkowitz, 1976;
Ross et al. 1977).

METHODS

Cultured cells

Lymphoblastoid cell lines were established as described previously (Steel, 1972) from
lymphocytes isolated from 10-20 ml heparinized blood on a Ficoll-Hypaque gradient (Boyum,
1968). EB-virus from the marmoset cell line B95/8 was used to transform cells. Transformation
was apparent within 4—8 weeks in about 70 % of cultures set up. After subculture of transformed
cells, they were maintained in stationary culture in an atmosphere of air at 37 °C in Ham's F10
(Biocult) growth medium supplemented with 0-08% sodium bicarbonate, 0-015% glutamine,
10 % tryptose phosphate broth (Difco), 15 % foetal calf serum and buffered with 12-5 mM MOPS
to pH 7-2. Penicillin 100 units/ml and streptomycin 100 /j,g/ml were added routinely. Lines were
subcultured at 4-7 day intervals and experiments were carried out in the mid- or late-exponential
phase ofgrowth on the morning after addition of fresh medium. The karyotypes of cell lines were
determined using 2 x SSC-trypsin-giemsa G-banding.
Cell lines from non-psychiatric controls were selected from those available in the Unit that

had been in culture for similar lengths of time to the family lines. They included 7 normal donors
and 4 with chromosome anomalies.
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Receptor and 5'-nucleotidase assays

Cells (5-10 x 107) were harvested by centrifugation at 900 £ for 5 min after removing the top
layer of medium. Dead cells were removed by layering on to 11 % Hypaque and centrifugation
at 1500 g for 5 min. The cells were washed twice in phosphate buffered saline, suspended in 8 ml
Tris HC1 20 mM pH 7-5/NaCl 0-9% and disrupted in a nitrogen cavitation bomb after
equilibration at 400 p.s.i. for 30 min on ice. The homogenate was centrifuged at 900 g for 5 min
at 4 °C to remove nuclei and whole cells. The supernatant was centrifuged at 60000 g for 15 min
at 4 °C and the pellet resuspended by hand homogenization in Tris-saline at a protein
concentration of 0-5—1-5 mg/ml. This particulate fraction contained 75 % of the //-adrenoceptor
binding present in initial homogenates and was used routinely for //-adrenoceptor and ouabain
binding and 5'-nucleotidase assays.

//-adrenoceptor binding was measured with 125I-( + )iodohydroxybenzylpindolol
(125I-( + )HYP; Amersham International, ~ 2200 Ci/mmol), as described by others (Sporn &
Molinoff, 1976). 125I-( + )HYP (10-200 pM) was incubated with membranes (75—200 fig protein)
in duplicate at 30 °C in Tris HC1 20 mM pH 7-5/NaCl 0-9%/ascorbic acid 1 mM in a volume of
0 25 ml. Non-specific binding was determined by addition of 0-3 fiM ( + ) propranolol. Specific
binding was defined as the difference between total and non-specific binding, each determined
in duplicate. Binding reached equilibrium after 90 min and separation was achieved by addition
of 2 5 ml Tris-saline containing 01 mM (+ ) propranolol (37 °C), filtering over Whatman GF/C
filters and washing with 3 x 10 ml Tris-saline (37 °C) under low vacuum.
The disks were dried and counted in a scintillation counter in 0-4 % omnifluor/67 %

Toluene/33% triton X-100 or in a A counter. Specific binding was linearly related to protein
concentration in the range of 01—1-0 mg/ml in the assay mixture and represented about 75%
of total binding at 40-50 pM 125I-( + )HYP. Binding was saturable, high affinity and showed
the kinetic and pharmacological properties of 'true' //-adrenoceptors (Wright & Hubbard,
in preparation). Binding was stereospecific with (— )propanolol > (+ )propranolol = ( —)iso-
prenaline > (— )adrenaline > (— )noradrenaline > (+ )isoprenaline > phentolamine. Phentol-
amine did not have a significant effect on non-specific binding. Non-psychiatric control cell lines
were assayed in duplicate at a single, saturating concentration of I25I-( + )HYP (200 pM).
3H-ouabain binding to sodium pump sites was carried out as follows. Membranes (50—100 fig

protein) were incubated in triplicate at 37 °Cwith 100 nM 3H-ouabain (Amersham International;
49 Ci/mmol) in Tris HC1 20 mM pH 7-5/NaCl 0-9% in a volume of 0-25 ml. Binding reached
equilibrium within 30 min and separation was carried out by addition of 5 ml Tris-saline (4 °C),
rapid filtration over GF/C filters and a further wash with 5 ml Tris-saline (4 °C), under high
vacuum. Filters were dried and counted in Aquasol (NEN) in a scintillation counter. Specific
binding was defined by addition of 10 pM. ouabain and was linearly related to protein
concentration in the range used.
5'-nucleotidase was determined by the method of Belfield & Goldberg (1968). Membranes

(75-150 fig) were assayed in duplicate at 37 °C in a volume of 3 ml and the decrease in
absorbance at 265 nm measured by continuous spectrophotometric assay over 60 min.
Protein was determined by the dye-binding method of Bradford (1976).

14-2
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Ascertainment and diagnostic criteria
The probands were ascertained from a Lithium Register to meet the criteria of (1) bipolarMj)

disorder, (2) onset (treatment or admission) before 25 years of age and (3) family history of
affective disorder (mania, depression, cyclothymic personality) in two generations. Psychiatric
diagnoses in probands were made on the basis of hospital case records and interviews using the
Research Diagnostic Criteria of Spitzcr, Endicott & Robins (1975). At least two informative
family members were interviewed to obtain the pedigree structure and details of psychiatric
illness in relatives. The diagnoses in relatives were made in the same way as the probands.

Family histories
The family pedigrees are shown in Figs 1—5. There was no history of consanguinity in any

of the families.

Family A : The proband (III3) has bipolar disorder with onset at age 16 years. The mother
(II,) has bipolar disorder with schizoaffective episodes. The brother (III!) has unipolar major
depressive disorder. A deceased great-aunt (I3) is described as having a cyclothymic personality
but this could not be confirmed.

Family B: The proband (IHi) has bipolar disorder with onset at age 22 years. One sister (III2)
has bipolar disorder with schizoaffective episodes; two sisters (III3 and III4) and a brother (III7)
have bipolar disorder. A maternal aunt (II9) has chronic intermittent depressive disorder.
Family C: The proband (II6) has bipolar disorder with onset at age 22 years. A brother (IIj)

has bipolar disorder and a deceased paternal aunt had a probable depressive disorder. The
deceased father (I2) had a severe drinking problem. A daughter of II3 is reported to have anorexia
nervosa.

Family D : The proband (III2) has bipolar disorder with onset at age 16 years. Her mother
(II5) has bipolar disorder and a deceased maternal aunt (II4) had major depressive disorder and
a single manic illness which was possibly secondary to organic factors. The maternal grandfather
is reported to have had a cyclothymic personality which could not be confirmed and a maternal
uncle (II!) has probable bipolar disorder. A son of IIj is reported to have anorexia nervosa.

Family E: The proband (IIIj) has bipolar disorder with onset at age 13 years. The father (II4)
had major depressive disorder and died recently. A paternal uncle (II3) has major depressive
disorder. II3 and II4 showed schizoaffective features insufficient to meet the criteria for
schizoaffective disorder.

Statistical Methods

Significance testing of the data shown in Table 1 was by analysis of variance after root
transformation to equalize the variances. Individual or group comparisons were made by E-tests.
The data in Table 2 were examined by Student's <-tests.

RESULTS

Fig. 1 shows the binding of 12SI-( + )HYP to cell lines from Family A. There is no difference
in the number of binding sites (Bmax) or binding affinity (Kd) between two independently
derived cell lines (SH4 and SH2) from the proband (III3) and a line (TOY4) from the unaffected
maternal aunt (II4).
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Fig. 1. Family A.

Figs. 1-5. 125I-( + )HYP binding to lymphoblastoid membranes from families A-E. Binding isotherms
and Seatchard plots of the same data are shown together with the pedigree for each family. Subscripts
on the pedigrees refer to the cell line raised from each individual. £ definite affective disorder;
© probable affective disorder; P possible affective disorder.
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Fig. 2 shows the binding of 125I-( + )HYP to cell lines from family B. Cell lines from the
proband (HUTJ and affected brother (III7; HEGj) show significant reductions (P < 0-001) in
the number of binding sites (Bmax) but no change in affinity (Kd) compared with two
independently derived cell lines from the unaffected father (II2; HUCj, HUC2) and a line from
the unaffected brother (III6; HUAj). The unaffected mother's (II5) cell line (DUTJ shows a
reduction in the number of binding sites (P < 0 001) similar to those of the affected members,
with no change in affinity, //-adrenoceptor binding is reduced to between 32 % and 53 % of the
mean family control value in cell lines from these three individuals. Excluding the cell line
DUTj, the mean Bmax of combined family controls is 6-03 fmol 125I-( + )HYP mg"1 protein.
Fig. 3 shows 125I-( + )HYP binding to cell lines from family C. Two independently derived

cell lines from the proband (II6; ICHj and ICH2) show reductions (not reaching statistical
significance) in the number of //-adrenoceptor binding sites (Bmax) but no change in affinity
(Kd) compared with a line from the unaffected mother (Ij; ROSJ. //-adrenoceptor binding is
reduced to 49% of the mean family control value (P < 0-01).
Fig. 4 shows 125I-(±)HYP binding to cell lines from family D. As in family A, there is no

difference in the number of //-adrenoceptor binding sites (Bmax) or binding affinity (Kd)
between cell lines from the proband (III2; KIT2) and unaffected father (II6; JOFj).
Fig. 5 shows 125I-( + )HYP binding to cell lines from family E. There is a reduction in the

number of //-adrenoceptor binding sites (Bmax) but no change in binding affinity (Kd) in a
cell line from the affected father (II4; ARY4) compared with the unaffected sibling (III2; JAYj 2)
(P < 0-01) and with the combined family controls (P < 0-001). Binding is reduced to 33% of
the mean family control value.
The results from all the cell lines are summarized in Table 1. In two of the families (A and

D) there is no difference in //-adrenoceptor binding (Bmax or Kd) between cell lines from affected
and unaffected members. In the remaining three families (B, C and E), //-adrenoceptor binding
(Bmax) is reduced in the cell lines from affected members compared with lines from unaffected
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members, with the exception of the cell line (DUT) from the unaffected mother (II5) in family
B, which shows a similar reduction in binding to the affected cell lines.
The specificity of the reductions in ^-adrenoceptor binding was examined using two

membrane markers. 3H-ouabain binding to sodium- and potassium-activated adenosine tri¬
phosphatase (Na+K+ATPase) and 5'-nucleotidase activity were determined in cell lines from
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Table i. 125I-( + )HYP binding to //-adrenoceptors in cell lines from manic-depressives, their
unaffected relatives and non-psychiatric controls

(Maximum binding (Bmax) and dissociation constants (Kd) were estimated by linear regression
analysis of Scatchard plots. The mean is.E.M. of separate experiments is shown, with the number
of experiments in parenthesis. Signiticance testing was by analysis of variance.)

Number of I26I-( + )H YP 125I-(i)HYP
Cell Clinical binding sites binding affinity

'amily lines status Bmax (fmol mg-1 protein) Kd (pM)
A SH„ SH2 bipolar 5'93 ±0 80 (4) 4+2I 1 I-I (4)

TOY, normal 5'47±°'86 (4) 61017 0 (4)
B HUT, bipolar 1 90±0-50 (5)1 83-2122-2 (5)

HEG, bipolar 2-48 ±0-49 (4)1 47+±9"3 (4)
HUC„ HUC2 normal 7-12±065 (5) 43'2±7'7 (5)
HUA, normal 6-85 + 1-77 (3) 68-5 120-6 (3)
DUT, normal 3'20 + 1*12 (4)2 90-0135-5 (4)

C ICH„ ICH2 bipolar 2-97 ±0-5 1 (4)3 40-418-1 (4)
ROS, normal 4-6410-33 (4) 33-615-7 (4)

D kit2 bipolar 6 26 + 0-42 (4) 58-4±5-9 (4)
JOF, normal 7-3710-78 (4) 53'9 ±9'5 (4)

E ARY, depressive 2*02 i 0*27 (4)4 52-8129-3 (4)
JAY„ JAY2 normal +75 ±0-48 (5) 37-617-1 (4)

Non-psychiatric (NP) Control 6-8310-63 (17)
cell lines (n = 9)

95 % probability limits 304-10-62
(mean + 2 s.d.)

1 Comparisons with (HUC, HUA), combined Family Control and NP Control cell lines show significant
differences (F = 27-0, P < 0 001; F = 151, P < 0 001; F = 24-5, P < 0001, respectively).

2 Comparisons with (HUC, HUA) combined Family Controls (less DUT) and NP Control cell lines show
significant differences (F — 16-2, P < o-ooi; F — 7-4, P < o-oi; F = 14-3, P < 0 001, respectively).

3 Comparisons with combined Family Control and NP Control cell lines show significant differences (F = 7-4,
P < 001 \ F = 14-3, P < o-oo 1).

4 Comparisons with JAY, combined Family Control and NP Control cell lines show significant differences
(F = lo g, P < 0 01; F = 15 9, P < 0 001; F = 25-5, P < o ooi).
Comparisons of combined MD with combined Family Control and NP Control cell lines show significant

differences (F = 4-8, P < 0-05 ; F = 10-7, P < o-oi).

Table 2. Specificity of //-adrenoceptor binding defect: comparison of 125I-( + )HYP binding to
//-adrenoceptors, 3H -ouabain binding to Na+K+ATPase and 5'-nucleotidase activity in cell lines
from manic-depressive (HEG, ARY) and normal (HUC, JAY) subjects

(The mean + s.E.M. of 3-6 duplicate experiments is shown.)

5'-nucleotidase

Clinical status
of donors

Manic-depressive
Normal

125I-(±)HYP binding
fmol mg-1 protein

2*25 ±0-27'
5-94+ 0-55

3H-ouabain binding
pmol mg-1 protein

0-57 + 0-04

o-54±o-is

activity
nmol min-1 mg-1

protein
293 ±026
3-09 + 0-43

Comparison with normal cell lines, P < o-ooi by Student's Ctest.

affected and normal subjects which differed in //-adrenoceptor density. The results are shown
in Table 2. In contrast to the //-adrenoceptor differences, there are no significant differences in
the number of 3H-ouabain binding sites or in the activity of 5'-nucleotidase. This suggests that
the //-adrenoceptor binding defect is specific. The possibility that a particular cytogenetic change
had occurred in some cell lines in vitro was examined by analysis of karyotypes using G-banding.
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Fig. 6. Summary of I25I-( + )HYP binding results on individual cell lines from normal and manic-
depressive members of families A-E. The cross-hatched area shows the 95% probability limits
(mean + 2 s.d.) for 9 non-psychiatric control cell lines.

In each case, the modal karyotype is diploid, although minor clones with cytogenetic
abnormalities are present in some lines. There is no cytogenetic change that can be correlated
with the //-adrenoceptor differences.
I25I-( + )HYP binding to 11 cell lines derived from the non-psychiatric (NP) control group

was examined to determine the frequency of the //-adrenoceptor binding defect in this group.
All cell lines show greater than 4-5 fmol 125I-( + )HYP bound per mg protein so there is no overlap
with the abnormal lines in families B, C and E (Table 1 and Fig. 6). The mean binding in this
group is 6-83 + 0-63 fmol 125I-( + )HYP per mg protein when two cell lines (PRAj and ROKJ
with very high binding (18-06 and 26-32) are excluded. The latter are being investigated further.
The binding in this group differs significantly (P < 0-001) from the lines in families B, C and E
from MD subjects together with the line DUTj (P < 0 001). The results for all the cell lines are
summarized in Fig. 6.

DISCUSSION

The cells used in this study have been serially passaged over many cell generations and
exposed to identical conditions in culture. Any persistent defect is therefore presumed to be
genetically coded. The finding that cell lines from three out of the five MD families show
significant //-adrenoceptor binding defects in affected members might suggest that there is
genetic heterogeneity within MD disorder, with a subgroup in whom susceptibility is partially



210 A. F. Wright and others

determined by a //-adrenoceptor defect. Alternatively, the receptor differences could be
coincidental to the illness, since four affected subjects have the defect and two do not. The latter
possibility is supported by the presence of the receptor defect in one unaffected individual (If .

Fig. 2). However only one out of 20 cell lines from unaffected subjects (9 from the families, ll
non-psychiatric controls) shows reduced //-adrenoceptor binding. This line is derived from the
mother (II5; Fig. 2) of five MD children who has a sister with a depressive disorder. Single gene
influences on susceptibility to MD disorder will not be fully penetrant, so that what is required
of a potential genetic 'marker' is not that it should be present exclusively in affected subjects
but that it should show an increased frequency in this group compared with normal individuals
(Gershon et al. 1977). This is found, for example, in ankylosing spondylitis, previously regarded
as a polygenic disorder (Carter, 1969), where the HLA-B27 allele exerts a 'major' gene influence
on susceptibility although only 20 % ofcarriers have evidence of the disease (Calin & Fries, 1975).
It is therefore quite possible that the proband's mother (II5) in family B is an asymptomatic
'carrier'.

Although all cell lines have been in culture for similar periods of time, it was possible that
a particular cytogenetic change had occurred in some cell lines in vitro resulting in a change in
//-adrenoceptor binding properties. The phenotypes of lymphoblastoid cell lines are relatively
stable in culture; they are identical to blood cells from the donor (Povey et al. 1973) and in 101
lines cultured for an average of more than three years there was no good evidence of a change
in electrophoretic phenotype at a single locus (Povey et al. 1980). Although this evidence is based
on cytoplasmic enzymes, there is nothing to suggest that a change in the phenotype of any
cellular protein is anything but a rare event within this time scale in culture. Prolonged culture
of lymphoblastoid cell lines does, however, lead to non-random gains and rearrangements of
chromosomal material (Steel, Shade & Woodward, 1980; Shade, Woodward & Steel, 1980). This
could lead to a change by gene dosage in the measured activity of those proteins coded by the
abnormal chromosome regions, although it would seem unlikely that the 6 cell lines with reduced
receptor binding could show the same or similar chromosomal changes. Cytogenetic analysis
of the cell lines excluded this possibility by showing the karyotypes to be diploid with only minor
clonal abnormalities which could not be correlated with the receptor differences.
The specificity of the reduction in //-adrenoceptor binding was examined by measuring the

activity of the plasma membrane-associated enzyme 5'-nucleotidase and 3H-ouabain binding
to sodium pump sites. Since the //-adrenoceptor binding studies were carried out on particulate
fractions, a non-specific reduction in //-adrenoceptor binding could arise from a difference in cell
fractionation or from a generalized defect in the turnover of membrane proteins. The finding
of normal 5'-nucleotidase activity and sodium pump site density in MD cell lines showing
reduced //-adrenoceptor density (Table 2) suggests that this defect may be specific.
We therefore tentatively suggest that genetic heterogeneity is present within the bipolar type

of manic-depressive illness. There is no indication that this can be related to any clinical
subdivisions, for example those with or without schizoaffective episodes or responsiveness to
lithium prophylaxis. The ascertainment of probands with onset before the age of 25 years and
a two-generation family history of affective disorder is likely to be atypical of MD patients as
a whole, to the extent that two-thirds of MD patients have a later onset (Loranger & Levine,
1978) and about 60% have no identifiable family history (St. Louis Series: Winokur et al. 1969).
Family history (FH)-positive manics have not been found to differ from FH-negative manics
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with respect to clinical, demographic and other variables (Taylor & Abrams, 1980). Some bias
towards the ascertainment of probands with larger numbers of affected relatives cannot be
excluded. It has been reported that there is a subgroup of bipolar patients with an X-linked
dominant susceptibility gene (Mendlewicz & Fleiss, 1974; Gershon & Bunney 1976). Selection
of lymphoblastoid lines with either the affected or normal X-chromosome being expressed (due
to X-inactivation) might explain the failure to find a //-adrenoceptor defect in some families.
X-linkage cannot be excluded from the pedigree data but would be unlikely in family C
(assuming I2 is a carrier); also where more than one cell line was raised from a single subject,
the binding results were similar. Families A and D could show a separate, X-linked abnormality.
Recently, a //-adrenoceptor locus has been assigned to chromosome 5 using somatic cell hybrids
(Sheppard et at. 1983). Since biochemical evidence shows the receptor to consist of a single
polypeptide (Venter & Fraser, 1983; Homey et at. 1983; Cerione et at. 1983), it may be possible
to demonstrate genetic linkage between MD disorder (or the receptor defect) and chromosome
5-specific recombinant DNA probes (see Skolnick, Willard & Menlove, 1984), in the absence of
conventional markers for this chromosome.

//-adrenoceptor binding in family B falls into two discontinuous classes (Fig. 2), suggesting
the genetic segregation of a receptor defect. The three subjects (lllj, III, and II5) with reduced
binding would on this hypothesis be heterozygous for a receptor deficiency allele. The residual
binding is rather less than the 50 % expected from the normal allele on gene dosage, but
deviations from this occur in heterozygotes for some enzyme deficiencies (Fallon et at. 1964;
Goldstein, Campbell & Gartler, 1973). The affected members of families C and E show 49% and
33% respectively of the binding in combined family controls, which is consistent with the partial
deficiency hypothesis. The binding defects were in each case due to a reduction in maximum
binding (Bmax) rather than binding affinity. Inherited complete or partial receptor deficiencies
have been described in a variety of human disorders (Griffin & Wilson, 1980; Brown & Goldstein,
1976; Kolterman et at. 1979; Perez-Palacios et at. 1975; Bernal et at. 1976), the commonest being
the LDL receptor defect in familial hypercholesterolaemia, which affects about 0-2 % of the
general population (Brown & Goldstein, 1976).
The physiological role of //-adrenoceptors in the central nervous system is not well understood

but it is likely to be mediated by cyclic AMP and to serve a neuromodulatory function
(Kupfermann, 1979; Moore & Bloom, 1979). There is evidence to suggest that the therapeutic
action of a variety of structurally different antidepressants and of electroconvulsive therapy
is mediated by an increase in the release of noradrenaline in the brain (Schildkraut, 1975; Crews
& Smith, 1980; Deakin et at. 1981; Schultz et at. 1981; Hallberg, Almgren & Svensson, 1981).
This action may be delayed in onset by presynaptic inhibitory a-adrenoceptors (Crews &
Smith, 1980) and is counteracted by a compensatory reduction in postsynaptic //-adrenoceptors
(Sulser, Vetulani & Mobley, 1978; Deakin et at. 1981; Schultz et at. 1981), but the increase in
release found with continued treatment would seem to be greater in its effect on spontaneous
neuronal firing than the loss of responsiveness (Schultz et at. 1981). While the adrenoceptor
subtype is probably the major postsynaptic receptor, /?2 receptors are located in blood vessels,
glial cells, and certain microneurons (Minneman, Pittman & Molinoff, 1981; Ebersolt et at. 1981).
Although the latter are not directly innervated, only 5% of adrenergic terminals make specific
synaptic contacts (Descarries, Watkins & Lapierre, 1977) and a reduction in receptor density
might be most significant where the concentrations of neurotransmitter are low. In the
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peripheral nervous system, adrenoceptors of /?2 type are also present on nerve terminals
(presynaptic), where they enhance neurotransmitter release, particularly at low levels of
stimulation (Langer, 1979). In the central nervous system, presynaptic /?2- and jix- adrenoceptors
have been reported (Levin, 1982; Ueda, Goshima & Misu, 1983). Lymphoblastoid cells have been
shown to contain predominantly ^-adrenoceptors (Wright and Hubbard, in preparation). These
subtypes are pharmacologically defined (Lands et al. 1967) and show molecular differences,
although the subunit structure and characterization remain to be fully resolved (Venter &
Fraser, 1983; Cerione et al. 1983; Homey et al. 1983).
Reductions in ^-adrenoceptor function have been reported in untreated MD patients using

peripheral blood leucocytes (Pandey et al. 1979; Extein et al. 1979). It is also known that the
/?2 agonist salbutamol is a fast-acting and effective antidepressant (Lecrubier et al. 1980;
Belmaker, 1981). The possibility that some MD patients have an inherited ^-adrenoceptor defect
that contributes to susceptibility would therefore appear to be a real one that requires further
investigation in larger numbers of patients and in other diagnostic groups.

This work was carried out in part during receipt of a Medical Research Council Training Fellowship to
A.F.W. We wish to thank Dr G. Fink, Dr H. W. Reading, Dr I. A. M. Glen and Dr L. J. Whalley for advice
and discussion; Dr A. D. Carothers and Miss L. Smith for help with statistical analyses; Mr N. Davidson for art
work and photography; Mrs S. Lochrie and Miss Katie Rae for typing the manuscripts. The work was presented
at the Biochemical Genetics Workshop, Royal Free Hospital School of Medicine, London in November 1981.
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The First International Workshop on
Monoclonal Antibodies to Human MHC
Class II Antigens was held in Edinburgh from
August 29 to September 2, 1983. The meet¬

ing arose out of an informal postal informa¬
tion exchange organized from the MRC Cy¬
togenetics Unit in Edinburgh, in which some
30 groups had taken part. Just over 100
monoclonal antibodies were submitted to the

Workshop and these were distributed to
about 25 laboratoires. Other groups also pre¬
sented data at the meeting, including results
on a number of reagents not formally in¬
cluded in the Workshop panel.

The declared aim was to classify the avail¬
able reagents and, in so doing, to learn some¬
thing more of the genetics, biochemistry, ex¬
pression and function of human MHC class
II antigens. The Workshop was attended by
60 scientists from the USA, Australia and
Europe, who compressed a great deal ofwork
into 5 days.

The essential groundwork for the meeting
was provided by reviews of the molecular
genetics of the human MHC class II region

from J. Silver (Michigan), D. Capra (Dallas)
and C. De Preval (Geneva). The multiple sub-
locus model now seems extremely secure and
while the Workshop findings shed little light
on the question of whether there are one or
two a chains and one or two p chains encoded
in the SB region, the assignment of a single a
and three polymorphic P chains to the DR
region was consistent with both biochemical
and serological data presented during the
week. The DC region is believed to encom¬

pass two a and two p chains, all of which are
polymorphic.

Early sessions covered studies on bio¬
chemical characterization of the reagents.
Some groups (D. Capra, Dallas; J. Silver,
Michigan) had carried out amino acid se¬

quencing of antigens precipitated by selected
monoclonals and were able to confirm ho¬

mologies of DR and DC molecules with
mouse I-E and I-A locus products respective¬
ly. R. Accolla (Lausanne), G. Corte (Genova),
P. Antonelli (Seattle) and S. Goyert (Michi¬
gan) described 2-D peptide mapping of pre¬
cipitates while A. Ziegler (Tubingen) had ex-
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tensive data both on sequential immuno-
preciptiation of B cell surface glycoproteins
and a precipitation of chemically separated
class II a and p chains. An alternative ap¬

proach, binding of monoclonals to cellulose
acetate gel transfers ('western blotting') of
reduced and unreduced class II antigens,
was used by B. Cohen (Edinburgh) to estab¬
lish the a or p chain specificity of many of
the antibodies.

The Workshop then moved on to discuss
serological analyses of the reagents. A few
groups (F. Brodsky, V. Maino, Becton-Dick-
inson, Calif.; H. Festenstein, J. Sachs, Lon¬
don Hospital; N. Tanigaki, Roswell Park; J.
Johnson, Munich; W. Liebold, Nuremberg; P.
Stastny, Dallas) had been able to screen all,
or a substantial proportion of the Workshop
panel against sets of typed cell lines (often
homozygous typing cells). Others had set out
to assess the activity of individual antibodies
relative to that ofwell-defined reagents using
a variety of binding-inhibition assays (R. Ac-
colla, Lausanne; G. Corte, Genova; R. Tosi,
Rome,; R. Winchester, New York; S. Radka,
N. Carolina).

The great majority of the reagents exam¬
ined were reactive against class II p chains
or against determinants displayed only by in¬
tact dimers. Only one monoclonal antibody
(DA-147) was clearly directed against an a
chain epitope. Furthermore, about three
quarters of the Workshop panel showed little
specificity for the products ofdifferent sublo-
ci, reacting against determinant common to
SB, DR and DC-encoded antigens. Of the
rest, sublocus specificity was often indicated
by allotype restriction. At least four reagents
(BT 3.4, Genox 3.53, Leu 10 and F5C9) had
closely related, but not identical, anti-DC i

activity, one (IVD12) was specific for DC 3
and other (Tii 22) appeared to be pan-reac¬

tive with all DC alleles. Only one probable
SB-specific reagent (MHM4) was included in
the panel but data on another (ILR-1) were
presented by 5". Shaw (Bethesda). A group of
DR-specific antibodies which showed allo¬
type restriction within the DR subset proved
exceptionally useful in classifying the rela¬
tionship between the MT2-3, NG1-2 and
other serologically defined subdivisions of
the human MHC class II system. Data from
R. Tosi (Rome), G. Corte (Genova), R.S. Ac-
colla (Lausanne), D. Capra (Dallas) and F.
Koning (Leiden) suggested very strongly that
both the NG1 specificities and those defined
by MT2 and 3 are carried on p chains of the
DR series. MT1 on the other hand, corre¬

sponds to DC1 which, in turn, is synony¬
mous with MB 1. It follows thatMT1,2 and 3
are not an allelic series.

Cautionary notes were sounded by the ob¬
servations that certain monoclonal anti¬
bodies may 'see' determinants on different
locus products. For example, BT 3.4, though
predominantly active against DC1, also pre¬

cipitates a DC-like molecule from a DR 4,4
homozygous cell line, while SG 171 and 2.06
reacted with a DR product in all haplotypes
except DR7 where they precipitated DC. In¬
terestingly, several of the reagents predomi¬
nantly reactive against DR antigens failed to
bind at all to DR 7,7 homozygous cells sug¬

gesting that there may be some unusual fea¬
tures to that allotype. Moreover, findings of
an extensive idiotypic cross-reactivity (or re¬
currence) amongst the anti-HLA-DR mono¬
clonal antibodies raised in BALB/c mice sug¬

gest that the use of other strains of mice and
other species would produce reagents specific
for other as yet not defined class II determi¬
nants (D. Charron, Paris). Pursuing the same
issue further, P. Antonelli (Seattle) showed
that a panel of DR 4,4 homozygous cells
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encompassed at least six distinct DR P mole¬
cules distinguishable on 2D-PAGE. The up¬
shot of these findings is that assignment of
antibody specificity to a given sublocus prod¬
uct may be of limited validity at present. The
most powerful tool for making such assign¬
ments was described by R. de Mars (Madi¬
son). It involves sequential isolation and
characterization ofcloned lymphoid cell lines
that are loss mutants, first for one haplotype
of the MHC region (on the short arm of chro¬
mosome 6) and subsequently for varying por¬
tions of the residual haplotype. 51. Shaw (Be-
thesda) reported extensive analysis of the
Workshop panel on such loss mutants. In the
light of the foregoing discussion it is clear
that more loss mutants of this type, spanning
a wide range of class II allotypes, will be
required before definitive statements can be
made about the target antigens recognized by
monoclonal antibodies. When these mutants

will become available, however, they will be
of enormous value in establishing the func¬
tional roles of different class II antigens.

The role of metabolic intermediates, i.e.
immature cytoplasmic forms of class II anti¬
gens, in contributing to the extent of bio¬
chemical variation found among the glyco¬
proteins precipitated by monoclonal anti-
class II antibodies was discussed repeatedly
during the meeting. It may be particularly
relevant to the exciting findings reported by
C. de Preval (Geneva) who has examined the
expression of human genes for MHC class II
a, p and 'invariant' chains co-transfected into
mouse L cells. The peptide maps of the prod¬
ucts precipitated by monoclonal antibodies
are unexpectedly complex and raise the pos¬

sibility ofdifferential splicing and translation
of a single RNA transcript to yield multiple
proteins from a single gene. The data may,
however, be interpreted as demonstrating the

antigenic activity ofmetabolic intermediates
or the consequences of interaction between
human and murine MHC genes. Further de¬
velopments in this field are awaited with
interest.

H. Rahmsdorf (Karlsruhe) discussed ob¬
servations on the possible function of the
class II-associated invariant chain. Invariant
chain is not found in early pre-B cells nor in
fully differentiated plasmocytoma cells but
appears as the B cell begins to move down the
differentiation pathway, its rate of synthesis
being inversely related to cell growth rate,
suggesting that it may play a regulatory role
in B cell maturation.

The control ofexpression of class II mole¬
cules was one of the major subjects discussed
at the meeting. R.S. Accolla (Lausanne) re¬

ported on the generation of la-negative vari¬
ants after y-ray mutagenesis and immunose-
lection with monoclonal antibodies and com¬

plement. Although the selection was per¬
formed with la subset-specific reagents the
interesting finding was that the variants had
lost expression of all detectable class II mo¬
lecular subsets. Molecular analysis showed
that such variants are probably the result of
transacting events affecting the transcription
of many, if not all, class II genes. One very

significant outcome of the meeting was the
recognition that differential expression of
class II sublocus products does occur and that
this may be of considerable importance in
cellular function and differentiation. The in¬
formation came from several sources. P.

Stastny (Dallas), R. Winchester (New York)
and others noted differential reactivity of cer¬
tain antibodies with normal B cells and

monocytes, indicating that many monocytes
are DC negative (but SB and DR positive) in
the resting state. K. Guy (Edinburgh), C. Na-
varrete (London) and D. Charron (Paris) re-
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ported similar findings in leukaemias (in¬
cluding CLL, hairy cell leukaemia and AML).
In some cases, DC expression could be in¬
duced by activation of the relevant cells (with
TPA in the case of CLL cells). N. Ling (Bir¬
mingham) showed that a small percentage of
circulating T cells have measurable surface
DR antigens and that, on activation of T
cells, DR is expressed earlier than DC. D.
Mason and S. Fuggle (Oxford) contributed
striking immunohistochemical findings using
sections of lymph node, tonsil, thymus, kid¬
ney, breast and stomach to map the tissue
distribution of different class II antigens.
These data were supplemented by studies
from P. Evans (Southampton) using sections
of kidney from a panel of fully tissue typed
individuals. The discriminating power of
these techniques was a revelation to many

participants. A few reagents, for example, are
selective for the mantle zone of lymphoid fol¬
licles. Others will stain dendritic reticulum

cells, still others vascular endothelium and so

on. This approach provides an excellent ex¬
ample of the value of co-ordinated multi¬
centre studies in which the biochemical and

serological data on antibody specificity can
be brought to bear on interpretation of im¬
munohistochemical patterns.

Functional analysis of class II antigens is
still in its infancy but several useful studies
were reported, including surveys on inhibi¬
tion of mixed lymphocyte reactions (W. Lie-
bold, Nuremberg; A. Moretta, Lausanne) or

primed-lymphocyte interactions (G. Pawelec,
Tubingen) by monoclonal antibodies. In gen¬

eral, more complex systems depending on

SB, DR or DC-restricted antigen presenta¬
tion by accessory cells, yielded the clearest
results and preliminary reports on such sys¬
tems by E. Ball (Dallas), E. De Freitas (Phil¬
adelphia) and F. Koning (Leiden) showed
that it is possible to identify the part played
by specific determinants in certain physiolog¬
ical interactions. In this line the effect of
monoclonal antibodies on the capacity of T
cells to produce and/or to respond to IL-2
was also examined (A. Moretta, Lausanne).

The Workshop concluded by turning to
the future with confidence in the techniques
now available to dissect the structure, genet¬
ics and function of class II antigens. It was
agreed that a 'core' ofmonoclonal antibodies
and of homozygous typing cell lines should
be established for use by all participants in
future workshops to facilitate comparisons
between different laboratories. The study of
class II antigens has reached an exciting
phase and with continued multi-centre col¬
laboration rapid progress is assured.
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SUMMARY

Cells from Burkitt's lymphoma (BL) and from the majority of human B-cell neoplasms
show karyotypic changes that characteristically involve chromosomal breakage and recom¬
bination in addition to some chromosome gains. These aberrations increase as the tumours
progress in vivo, and a similar tendency is seen in BL-derived lymphoid lines in vitro.
Epstein-Barr virus (EBV)-transformed lymphoblastoid lines of non-malignant origin also deve¬
lop karyotypic abnormalities on prolonged culture, but these are predominantly nonrandom
gains of whole chromosomes (i.e., non-disjunction events). They have never been observed
to acquire the 8;14 translocation, which is an almost constant feature of BL. Nevertheless,
there is some concordance between the pattern of chromosome gains found in long-term
cultured lymphoblastoid lines and that seen in direct preparations from B-cell neoplasms.
Many of the lymphoblastoid lines that have become aneuploid are tumorigenic in immuno-
suppressed mice, indicating that EBV-transformed human B cells can acquire a malignant
phenotype in the absence of specific chromosomal translocations. It is suggested that the
predominance of chromosomal breakage and recombination events in the karyotypic evo¬
lution of BL and other lymphoid neoplasms comes about because chromosomal instability
(which varies within a population) is a major risk factor for lymphoid malignancy, interacting
with other risk factors, including impaired T-cell function and EBV to determine the clinical
and epidemiological patterns of Bl and related neoplasms.

INTRODUCTION

Ever since the clinical and epidemiological features of Burkitt's lymphoma (BL) were des¬
cribed (Burkitt, 1958, Burkitt & O'Conor, 1961; Burkitt, 1962), the tumour has been a source
of fascination to cytogeneticists. The underlying reasons for their interest, however, have
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shifted perceptibly with the passing decades. In the 1960s, the predominant concern was the
relationship between chromosomal aberrations and a possible viral etiology (Jacobs et al.,
1963; Kohn et at., 1967; Miles & O'Neill, 1967; Toshima et at., 1967; Nadkarni et at., 1969;
Gripenberg et at., 1969). By the 1970s, when banding techniques had been refined to the
point where a consistent translocation was demonstrable, interpretations tended to focus on
the roles of transposable elements and position effects in the regulation of gene expression
and cell behaviour (Zech et at., 1976; Mitelman & Levan, 1976; Klein, 1979; Sager, 1979;
Cairns, 1981; Evans, 1981), while more recent discoveries have directed attention towards
the sites of chromosomal breakage and the precise positions, within the genome, of cellu¬
lar one genes, c-myc in particular (Klein, 1981; Dalla-Favera et at., 1982; Neel et at., 1982;
Taub et at., 1982; Rowley, 1983; Battey et at., 1983).

Whatever the current variation, the constant theme in all studies of chromosomes in malig¬
nancy is still Boveri's conviction that the disorder must ultimately be understood at the level
of the heritable properties of individual cells (Boveri, 1914). BL occupies a special position
in this quest because it is uniquely amenable to propagation in vitro and because it is a
tumour of B lymphoid cells which, according to Nossal (1982), 'may well be the best under¬
stood of all the mammalian cells'.

Many tumours of human B lymphocytes are, of course, not BL, and information on cytoge¬
netic abnormalities in these malignancies has accumulated very rapidly (Mitelman & Levan,
1978,1981; Fukuhara et at., 1979; Gahrton et at., 1980; Hurley et at., 1980; Kaneko et at.,
1982; Sandberg, 1981; Yunis et at., 1982).

Chromosomal changes also occur on prolonged culture of Epstein-Barr virus
(EBV)-'immortalized' B cells from healthy donors (Macek et at., 1971; Zech et at., 1976; Steel
et at., 1977,1980; Shade et at., 1980), and these can be accompanied by changes in cellu¬
lar properties, the relationship of which to malignancy is discussed below. Our purpose in
reviewing these cytogenetic data is to find a pattern that may be of general relevance to the
development of malignancy in human B lymphoid cells.

Cytogenetic findings in BL

By far the most consistent aberration in BL cells is a reciprocal translocation between
the long arms of chromosomes 8 and 14 (Manolov & Manolova, 1972; Jarvis et at., 1974;
Zech et at., 1976; Manolova et at., 1979). Using conventions of the Paris Conference, 1971
(1972) and the International System of Human Cytogenetic Nomenclature (ISCN) (1978), it
is denoted by t(8; 14)(q24,q32). More recently, two 'variants' of this translocation have been
described in which the same fragment of 8q is exchanged either with the short arm of chro¬
mosome 2, t(2;8)(p12;q24) or with the long arm of chromosome 22, t(8;22)(q24;q11) (Ber-
ger et at., 1979; Miyoshi et at., 1979; van den Berghe et al., 1979). A feature common to
all three, the precise significance of which is still uncertain but which can hardly be coinci¬
dental, is the physical approximation of the terminal fragment of 8q (carrying the c-myc one
gene) to a locus encoding either the heavy chains (chromosome 14) or the x (chromo¬
some 2) or X (chromosome 22) light chains of human immunoglobulins (Lenoir et al., 1982).

The 8;14 translocation or one of its variants has been found in the great majority, perhaps
90%, of the Burkitt tumours from which adequate metaphase preparations have been obtain¬
ed. This applies to cases from the endemic areas of Africa as well as to European, North
American, Japanese and North African patients (Douglass et al., 1980a; Biggar et al., 1981;
Miyoshi et al., 1981; Lenoir et al., 1982; Sakurai et al., 1982; Bernheim et al., 1983). These
consistent translocations are not dependent on any association of EBV with the tumours,
nor are they strictly confined to BL, since identical aberrations have been recorded in
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B-cell acute leukaemias of the L3 type (FAB classification, Bennett et a/., 1976) and in cer¬
tain non-Burkitt's lymphomas (Slater et at., 1979; Berger & Bernheim, 1982; Rowley & Testa,
1982; Yunis et at., 1982). In many such instances, it is accepted that the cells involved are
of Burkitt type', but in others the cellular origins of the tumours are unclear. It therefore
remains debatable whether all the conditions characterized by the 8;14 translocation or its
variants represent a pathological continuum.

Additional cytogenetic aberrations are common in BL, particularly as the disease progres¬
ses in vivo or on propagation of the tumour-derived lines in vitro (Tough et at., 1968; Gri-
penberg et at., 1969; Ikeuchi et at., 1971; Macek et at., 1971). Typically, the changes involve
multiple breakage and recombination events, sometimes leading to the formation of 'marker'
chromosomes, the components of which cannot be identified with certainty even in banded
preparations (Jarvis et at., 1974; Steel et at., 1977; Douglass et at., 1980b; Shade et at.,
1980; Steel et at., 1980; Biggar et at., 1981). The tendency to chromosomal breakage is also
evident from the presence of visible gaps and breaks, sometimes multiple, in a variable pro¬
portion of metaphase spreads from freshly cultured biopsy material and from established
cell lines (Fig. 1) (Toshima et at., 1967; Tough et at., 1968; Gripenberg et at., 1969; Ikeuchi
et at., 1971). Furthermore, isoenzyme studies (Povey et at., 1980) have shown that BL-deri-
ved lines tend to lose functioning elements of their genome progressively with time in culture,
a tendency that is most readily explained by physical deletion of chromosome fragments in
the course of breakage and rearrangement.

The breakpoints involved in these secondary aberrations (secondary in the sense that
they tend to arise after the malignant phenotype has been established) are scattered
widely throughout the chromosome complement. There are, however, at least two changes
that recur with a frequency that demands attention. The first is duplication of a substantial
segment of the long arm of chromosome 1; the second is trisomy 7 (Manolov et at., 1971;
Zech et at., 1976; Slater et at., 1979; Shade et at., 1980; Douglass et at., 1980a; Steel et at.,
1980; Berger & Bernheim, 1982; Bernheim et at., 1983). Both have been described in direct
preparations from BL biopsies and from L3 leukaemias, as well as in established cell lines.
They therefore appear to be associated with early stages of tumour progression, if not with
the primary events determining the emergence of a malignant phenotype (Fig. 2).

As detailed cytogenetic studies of BL and related neoplasms continue to be reported,
further associations may be demonstrated between the disorders and particular chromoso¬
mal aberrations; but of the claims made in the pre-banding era, most were either for chro¬
mosomes that were simply of similar abnormal morphology and which proved, on banding,
to have a variety of different derivations (Steel, 1971), or for minor structural variations (cen-
tromeric attenuations and secondary constrictions) not specific to any particular disorder or
type of culture (Miles et at., 1968). The most intriguing of the latter variety is the 'C-group
marker', recognizable by a pronounced secondary constriction near the distal end of the long
arm (Fig. 3). It was described by several groups in the 1960s, its incidence in different lines
ranging from under 10% to more than 80% of metaphase spreads. A number of workers,
however, found no trace of it in lines that they had initiated; others reported it in new lines
established from the blood lymphocytes of healthy donors by co-cultivation with irradiated
cells from a marker-positive culture (Henle et at., 1967; Kohn et at., 1967; Miles & O'Neill,
1967; Toshima et at., 1967; Kurita et at., 1968; Huang & Moore, 1969; Gerber et at., 1969).
In our own experience, two copies of the marker were demonstrable in a high proportion
of the cells of a line, F137, imported from another laboratory. The markers were both num¬
ber 7 chromosomes, rather than number 10s as had generally been held, although in a few
spreads other chromosomes also showed subterminal secondary constrictions. None of the
lines initiated in our laboratory (including several established by co-cultivation with irradiated
F137) showed any consistent chromosomal constriction (Steel et at., 1971; Steel, 1972).
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Fig. 1. Metaphase chromosomes from Burkitt's lymphoma line Jijoye, stained with orcein.
Arrows indicate multiple sites of chromatid and chromosome breakage



CYTOGENETICS OF B LYMPHOID MALIGNANCY 269

Fig. 2. G-banded karyotype from a Namalwa cell (Burkitt's lymphoma-derived line). Arrows
indicate partial reduplication of 1q (probably q24-q41 inverted), t(8;14)(q24;q32) and other
rearrangements. There is also trisomy 7. Ab Ch, abnormal chromosomes (unidentified
markers)
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Fig. 3. Secondary constrictions in the long arms of a pair of C-group chromosomes (
group marker') in Jijoye cell. Orcein stain
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This 'marker', the origin and significance of which once aroused lively debate (Huang et
al., 1970; Whang-Peng et at., 1970) seems to have faded quietly away without any solution
to the mysteries that surround it. Although localization of the EBV genome at specific sites,
marked by achromatic chromosome regions, has been found in Namalwa and in one other
cell line, in neither case was a C-group chromosome involved, and no correlation between
virus integration and the C-group marker has been demonstrated (Henderson et al., 1983).
We can add nothing to the tentative suggestion, made more than ten years ago, that the
occurrence or otherwise of the marker is influenced by culture conditions prevailing during
the early period of growth in vitro (Steel et al., 1971). Perhaps it would be appropriate to
revive the tradition of naming distinctive cytological features and call this the 'Marie Celeste'
chromosome.

Cytogenetic changes and malignant phenotype in long-term cultures of EBV-transformed
lymphoblastold cell lines

B lymphocytes from healthy donors 'immortalized' by EBV infection have the morpho¬
logy of blast cells and proliferate indefinitely in vitro. They almost invariably have a diploid
karyotype when first established, but after 12 to 18 months in culture nearly all have acqui¬
red some chromosomal abnormality.

From data accumulated in our laboratory during more than ten years we know that the
process of karyotypic evolution in such lines is nonrandom. The most characteristic chan¬
ges are gains of one or more of chromosomes 3, 7, 8, 9, 12 and 21. By contrast, with the
exception of the maldivision that gives rise to an isochromosome for the long arm of chro¬
mosome 8, which is a very common feature, breakage and recombination events are rela¬
tively uncommon and, in consequence, unidentifiable abnormal chromosomes rarely occur
(Fig. 4) with one solitary and, perhaps, significant exception (Jean et al., 1979). Neither the
8;14 translocation nor its variants t(2;8) and t(8;22) characteristic of BL have ever been seen
to arise in EBV-transformed lymphoblastoid cells, even on prolonged culture (Steel et al.,
1977; Venuat & Rosenfeld, 1978; Shade et al., 1980; Steel et al., 1980).

The question then arises: What is the significance of nonrandom karyotypic changes ari¬
sing in vitro in cell lines of non-malignant origin? Do they merely represent progressive adap¬
tation to culture conditions, or is there a concurrent shift towards a malignant phenotype?
The latter view receives some support from a comparison of the nonrandom gains occur¬
ring in lymphoblastoid cell-line (LCL) cells with trisomies recorded in B-cell neoplasms (Fig.
5). Trisomy 7 has already been discussed as a feature of BL. Gains of chromosomes 3, 8,
9, 12 and 21, singly or in various combinations, have also been described not infrequently
in that tumour (Douglass et al., 1980a; Biggar et al., 1981; Berger & Bernheim, 1982). In the
non-Burkitt B-cell lymphomas, the findings in respect of trisomies are rather similar; gains
of chromosomes 3 and 12 seem particularly common (Mark et al., 1979; Reeves & Pickup,
1980; Kaneko et al., 1982; Yunis et al., 1982) and iso-8q has been recorded at least once
(Kakati et al., 1980), while trisomy 12 has emerged as the most consistent aberration in
chronic lymphocytic leukaemia (Gahrton et al., 1980; Hurley et al., 1980; Gahrton & Robert,
1982). Such evidence is, of course, merely circumstantial; direct proof of the oncogenicity of
aneuploid LCLs is clearly out of the question. A high (>10%) cloning efficiency in agarose
has been shown by Nilsson and Ponten (1975) to be a characteristic of lymphoma-derived
lines not shared by newly-established diploid LCLs. Older LCLs that have acquired chromo¬
somal aberrations in vitro can show considerably enhanced colony formation in semi-solid
media (Nilsson et al., 1977; Mcintosh, 1981), but this falls well short of proof that such lines
have become malignant. The most acceptable evidence must be the demonstration of tumo-
rigenicity in a xenotransplantation system that clearly differentiates cultured cells of known
malignant provenance from those that can reasonably be called benign. Among the publica-
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Fig. 4. G-banded karyotype of ORI, cell. The line was derived from a healthy adult female
by infection with Epstein-Barr virus in vitro. On prolonged culture, it has acquired several
of the characteristic changes seen in lymphoblastoid lines, including trisomy 7, trisomy 9
and gain of iso 8q (arrowed). There is no other structural rearrangement and no uniden¬
tifiable marker chromosome
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tions describing xenotransplantation of LCL cells in a variety of immunocompromised hosts,
information on the frequency of successful 'takes', the 'age' of the lines in vitro or their
karyotypes at the relevant time is often absent or incomplete (Christofinis, 1969; Imamura
et at., 1970; Adams et at., 1971; Deal et at., 1971). Nilsson and his colleagues (1977) esta¬
blished a clear distinction between BL-derived cultures and 'young' (<12 months 'in vitro')
diploid LCL, in that the former readily produced tumours on subcutaneous inoculation into
nu/nu mice while the latter never did so. They and others (Eva et at., 1982) have commen¬
ted that 'older' aneuploid LCLs may be tumorigenic in such a system, but this was not the
experience of Diehl et at. (1977), and no formal study of the relationship between acquired
chromosomal changes and xenotransplantability of human LCLs has yet been reported.

Fig. 5. Cumulative gains and losses of whole chromosomes in direct preparations from
B-cell malignancies (196 cases) and in 40 lymphoblastoid cell lines (LCLs) maintained in
culture for more than two years. In both sets of data, gains of chromosomes 3, 7, 12 and
21 are conspicuous. Data for LCLs are from the authors' laboratory (see Steel et at. [1980]
for technical details). B-cell malignancies include African and non-African Burkitt's lym¬
phoma, other B-cell lymphomas and L3 leukaemias; for data, see Mark et at., 1979; Dou¬
glass et at., 1980a,b; Kakati et at., 1980; Reeves & Pickup, 1980; Biggar et at., 1981; Ber-
ger & Bernheim, 1982; Kaneko ef at., 1982; Yunis et at., 1982). Structural rearrangements,
which were frequent in preparations from malignant cells, are not represented. Simi¬
larly, i8q, a recurring feature in the LCLs, is not included among the recorded chromosome
gains
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In our laboratory, we have tested a number of possible xenotransplantation models, of
which the most satisfactory has proved to be the neonatally thymectomized, cytosine-ara-
binoside protected, total-body-irradiated CBA mouse system originally described by Steel et
at. (1978) and adapted in Edinburgh by Hay et at. (manuscript submitted). Animals prepared
in this way are robust but will permit the growth of subcutaneously implanted human tumours
and tumour cell lines. Our criteria for tumorigenicity are stringent. An implant or inoculum
must grow to a size greater than 1 cm in diameter in the original animal and must then be
successfully passaged to at least one more animal by reimplantation of a 1-mm3 fragment.
All of nine BL-derived lines (including two that are EBV genome negative) have passed this
test. None of eight diploid B LCLs tested within twelve months of establishment in vitro has
shown progression even to a palpable mass. Eighteen long-established LCLs with aneu-
ploidy acquired in vitro, have been tested, and eight of them have given rise to transplantable
tumours.

By serial testing of a given line (using stocks recovered from liquid nitrogen storage), it is
possible to trace the emergence of a malignant phenotype, as defined in this system. Within
individual cell lines, malignant change coincides with gains of particular chromosomes and
not with structural rearrangements. Details of the cytogenetic and phenotypic evolution of
the lines will be published separately (Morten et at., in preparation). Table 1 summarizes the
karyotypes of the tumorigenic cell lines and the frequency of tumour takes. Direct metaphase
preparations from the xenotransplanted tumours were also analysed, and in all cases the
karyotypes corresponded to those of the in-vitro cultures at the time of implantation. The
data confirm that EBV-transformed human B lymphoid cells can become tumorigenic in the
absence of the chromosomal rearrangements most characteristic of BL.

Significance of chromosomal abnormalities in B-cell malignancy

The fact that a particular chromosomal aberration is associated with malignancy does not
prove that the relationship is causal, still less that the chromosomal change is sufficient on
its own to induce the malignant phenotype. In the case of the tumorigenic subline of ODY,,
in which trisomy 8 is the only visible karyotypic change, such a simple relationship is un¬
likely in view of the fact that constitutional trisomy 8, well recognized in man (Chandley et
at., 1980), has been accompanied by malignancy in only one recorded case (Riccardi, 1976).
We interpret the findings in ODY, as evidence that trisomy 8 can be a late event influencing
the change from the 'transformed' to the malignant state in certain B lymphoid cells.

The position is rather different in respect of the 8;14 translocation, which has never
been described as a constitutional aberration (Rowley & Testa, 1982). The very consistency
of its association with BL argues that it must be a major contributor to the evolution of the
tumour. Nevertheless, if the translocation were the only change required, it would imply a
switch from normality to malignancy in a single step, which runs counter to current thinking
on mechanisms of carcinogenesis (Cairns, 1981; Klein, 1981). In particular, it would conflict
with recent evidence that more than one transforming sequence requires to be activa¬
ted before a malignant phenotype can be fully expressed (Klein, 1983). This evidence, as it
relates specifically to BL, indicates that the translocated c-myc gene could be one of these
sequences, though its level of activation in BL-derived lines may not be appreciably high¬
er than in EBV-immortalized lymphoblastoid cells (Westin et at., 1982; Battey et ai, 1983;
Erikson et ai, 1983). Another has been identified as B-lym (Diamond et at., 1983), the locus
for which is not involved in the 8;14 translocation or its variants (Lane, 1983).

It is becoming increasingly clear that in many, if not all, neoplasms a small number of
very precise molecular events precede and precipitate malignant change. In certain instan-
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CelllineOrigin (subline)

'Age'invitroKaryotype3

Tumorigenicity0

Category

ODY,(21680) ODY,(6589) ED,

Non-tumourcellsfrom maleWaldenstrom's macroglobulinaemia Infectious mononucleosis

4years
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47XY+8 Diploid 47XY,+8,14p+,21p+

4/5 0/20 6/20

PRA, PRA,(17221) PRA,(11536) PEN2b(21687) PEN2(7627) SM1, SM11(19599) MAZ, SEJ5
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ces these are 'flagged' by specific chromosomal changes associated with a given tumour.
The chromosomal changes tend to be either reciprocal translocations or deletions, and a
cellular one gene is likely to be found at one of the breakpoints (Rowley, 1983). In many
cases of malignant disease only a normal karyotype has been found, as is not unusual, for
example, in B-cell chronic lymphatic leukaemia (CLL) (Gahrton & Robert, 1982). The reasons
may be, in part, simply technical. It can be difficult to obtain metaphase spreads from the
malignant cells, which, in any case, may be greatly outnumbered by dividing non-malignant
cells in the tissue under investigation. Furthermore, detailed interpretation of the karyotypes
of neoplastic cells is notoriously difficult, since the chromosomes tend to be fuzzy and con¬
tracted. New techniques that yield extended or prometaphase chromosomes are leading
to the identification of aberrations formerly beyond the limits of resolution (Yunis et al.,
1981,1982); nevertheless it must be recognized that lesions at the molecular level, which are
heritable and capable of altering cell behaviour, need not involve a sufficiently large segment
of the genome to be detectable on visual chromosome analysis.

There is an obvious discrepancy between the rather large number of chromosomal chan¬
ges frequently recorded in human B-cell lymphomas or leukaemias and the minimum num¬
ber required for the establishment of malignancy. This need not imply that the 'extras' (espe¬
cially those aberrations that appear to have no consistent disease associations) are neutral
with respect to the malignant properties of the cells that carry them. Clinical evidence (admit¬
tedly limited) suggests, on the contrary, that lymphomas and leukaemias with multiple aber¬
rations have a particularly bad prognosis (Gahrton & Robert, 1982; Kaneko et al., 1982) and,
further, that aberrations generated by breakage and recombination may be of more sinister
import than gains of entire chromosomes (Williams et al., 1982).

Studies of hybrids between malignant and non-malignant cells of both mouse and man
indicate that a number of genes carried on different chromosomes can influence the expres¬
sion or suppression of a malignant phenotype (Wiener et al., 1974; Klinger et al., 1978), and
a similar conclusion was reached from analysis of the relationship between karyotype and
oncogenicity in SV40-transformed hamster cell lines (Hitotsumachi et al., 1971). Of the wide
variety of karyotypic changes, structural and numerical, found in human B-cell neoplasms,
the great majority may therefore be contributing to tumour progression by altering the over¬
all genetic balance of the cells rather than by activating specific one genes.

Mechanisms involved in generating an abnormal karyotype on somatic cells

Abnormalities of chromosome number (monosomy, trisomy or polysomy) arise from
non-disjunction at mitosis; i.e., the pair of chromatids forming a metaphase chromosome
fails to separate as the spindle fibres retract, so that one daughter cell receives both and
the other neither. Isochromosomes are also believed to arise as the chromatids are about
to separate, a maldivision of the centromere resulting in the two long arms or the two short
arms remaining attached to each other (de la Chapelle, 1982). Other structural aberrations
can arise at different stages in the cell cycle, characteristic lesions being produced accord¬
ing to whether the damage occurs before or after DNA replication (Evans, 1979). A com¬
plete chromosome break will leave one portion separated from the centromere. Because
such an acentric fragment cannot attach to the spindle fibres, it will not survive many rounds
of division. The broken end of a chromatid can rejoin another broken end, so that if two or
more breaks occur in the same cell a variety of conformations can be produced, including
translocations, ring chromosomes, inversions and internal deletions. Finally, internal redupli¬
cation of part of a chromosome can arise through a variety of mechanisms, including un¬
equal crossing-over between sister chromatids (Schimke et al., 1978).
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All of these processes can lead to genetic imbalance within the cell and all contribute to
the aberrations that characterize B-cell malignancies. It is noteworthy, however, that in the
majority of lymphomas, including BL, chromosomal breakage appears to be the principal
mechanism whereby karyotypic change is generated, whereas in LCLs that have acquired
neoplastic potential in vitro, and in a minority of in-vivo malignancies, notably CLL (Gahr-
ton & Robert, 1982) and small-cell lymphocytic lymphoma (Yunis et at., 1982), non-disjunc¬
tion and maldivision events predominate (Fig. 6).

We suggest that this difference is not only real, but of profound significance in the etio¬
logy of human B-cell malignancy.

Structural versus numerical chromosomal aberrations: causes and consequences

Gain or loss of a whole chromosome (or formation of an isochromosome) can, in the
absence of dosage compensation, be expected to change the level of expression in the cell
of all the genes it carries by up to 50%. Experimental findings agree well with this figure
(Marino & Giannelli, 1975; Braunger et at., 1977; Soos et a/., 1981). Breakage and recom¬
bination, however, cause both loss of fragments of the genome close to the breakpoints
and, at least in some instances, potent activation of particular genes through their physi¬
cal transposition (Sager, 1979). Thus, translocations and deletions are likely to affect fewer
genes but to alter their level of expression and its control more dramatically than chan¬
ges in chromosome number. It follows that breakage and recombination, occurring at ran¬
dom but coupled with selection from within a substantial population of cells, offer a series
of 'short-cuts' for the evolution of a more malignant phenotype.

This argument is in keeping with current explanations for the occurrence of specific
translocations or deletions in particular neoplasms, and conveniently accounts for the pre-
valance of structural chromosomal aberrations in BL and most other B-cell lymphomas. The
question then is: why do EBV-transformed lymphoblastoid cells tend to follow a different
route to acquire malignant properties or prolonged culture? The answer we would offer is
that the option of repeated chromosomal breakage is not open to all cells.

Non-disjunction affects an appreciable proportion of cells in any culture, the frequency
rising with the age of the donor (Evans, 1975). External factors, such as radiation and cer¬
tain chemicals, do increase the incidence of aneuploidy; and there is some evidence for
genetic regulation of non-disjunction (Jacobs, 1978; Br0gger, 1979); nevertheless, the process
appears much less susceptible to individual variation and much less dependent on environ¬
mental influences than chromosomal breakage (Evans, 1975,1979,1980).

By way of contrast, in cultured cells from normal individuals, the background level of
structural aberrations is close to zero, but the range of physical and chemical agents that can
damage chromosomes (clastogens) is legion. Among the better known are ionizing radiation
and cytotoxic drugs; hence the strong suspicion that therapy contributes to the aberrations
seen in late-stage tumours, and indeed to the incidence of second neoplasms after success¬
ful treatment of lymphomas (Rowley & Testa, 1982). These particular factors however, can¬
not account for the 8;14 translocation and other aberrations found in untreated BL or for
the accumulation of further rearrangements in vitro by lymphoma-derived lines. Viruses com¬
monly cause extensive chromosomal damage (Harnden, 1974a), sometimes preferentially
inducing breaks at specific sites (zur Hausen, 1967; McDougall, 1970); but there is no con¬
vincing evidence that EBV is directly responsible for any of the aberrations seen in cultu¬
red lymphoid cells, either of lymphoma or of non-malignant origin. Indeed, superinfection of
EBV-neqative lymphoma lines with EBV is reported to induce no further cytogenetic chanqe
(Zech ef a/., 1976).
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Fig. 6. Numerical and structural chromosomal aberrations in tumorigenic B-cell lines. 15 B
cell lines, which were tumorigenic by the criteria specified in the text, are plotted accord¬
ing to the number of chromosome gains and the number of breaks giving rise to aber¬
rations found in each modal karyotype. BL-derived lines are represented by filled cir¬
cles, lymphoblastoid lines of non-malignant origin by open circles. Two BL-derived lines
(EB1 and EB3) were near-tetraploid and could not be scored, though in each case multiple
structural aberrations were present. The characteristic t(8;14) in BL-derived lines has not
been scored for the purpose of counting breakpoints. Unidentifiable markers are scored
as two breaks and unidentified additional material on a chromosome arm as one break.

Duplication of a major part of a chromosome (e.g., gain of 8q in i8q) is scored as a chro¬
mosome gain. These arbitrary conventions introduce some inaccuracies into the scoring,
but their overall effect is to reduce, rather than to exaggerate, the obvious difference in
prevalence of chromosomal breakage between BL-derived and lymphoblastoid lines
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Of the many other extraneous factors that have been reported to increase the fre¬
quency of chromosomal breakage, malnutrition (Newberne & Zeiger, 1978) and mycotoxins
(Fishbein, 1978) could be involved in the initiation of BL in endemic areas, but a much more
significant factor is likely to be genetic variation in sensitivity to ubiquitous clastogens. Much
of our knowledge of the biology of chromosomal damage comes from studies of autosomal
recessive conditions showing increased spontaneous or induced chromosomal alterations
such as ataxia telangiectasia (Harnden, 1974b), xeroderma pigmentosum (Cleaver & Boot-
sma, 1975), Fanconi's anaemia (Schroeder & Kurth, 1971) and Bloom's syndrome (German,
1974). In some cases, the underlying defect is in one of the pathways of DNA repair; in
others, there appears to be a primary abnormality of DNA replication; but, in many, the mole¬
cular basis for the disorder is still unknown (Evans, 1982). Within any large population there
is an appreciable number of individuals whose chromosomes are prone to spontaneous or
induced breakage. These will include a very few persons with one of the recognized chro¬
mosomal breakage syndromes, a much large cohort of heterozygotes for these autosomal
recessive' conditions, homozygotes and heterozygotes for as yet undefined disorders of the
same general type and, perhaps, others who simply represent the extreme end of the nor¬
mal range for chromosomal stability (Evans, 1975; Berg, 1979; Evans, 1980,1982; Hed-
dle et al., 1983). In some persons, the propensity to chromosomal breakage may be con¬
fined to particular tissues; in others, breakage may tend to recur at particular 'fragile sites'
(Sutherland, 1979) or there may be restricted sensitivity to a specific clastogen. What these
persons are likely to have in common, however, is an increased risk of malignant disease:
a well-recognized feature of the known chromosome instability syndromes. In fact, an
underlying chromosome instability has already been identified in some 'cancer families' (Cer-
venka et al., 1977).

Risk factors and clinical patterns of B-cell malignancy

Impairment of T-cell immunity has already been clearly identified as a risk factor for
human lymphocytes, the majority of which are of B-cell type. EBV is implicated in the chain
of events leading to the emergence of a proportion of these tumours by inducing prolifera¬
tion of B cells and thereby generating an enlarged population from which a malignant clone
eventually arises (Klein, 1979; Klein & Purtilo, 1981; Purtilo, 1981). In 'endemic' BL, there
is evidence for a measure of immune deficiency predating the tumour (de-The et al., 1978),
and holoendemic malaria has been indicted as a potential immunosuppressive factor on
both epidemiological and experimental grounds (Burkitt, 1970; Wedderburn, 1970; Hargis &
Malkiel, 1979; Rooney et al.1). What has been lacking hitherto has been a definition of
the risk factors operating at the stage between non-malignant (or pre-malignant) polyclonal
lymphoproliferation and frank malignancy. Our interpretation of the differences in karyotypic
evolution between EBV-transformed LCLs in vitro and the majority of human B-cell tumours
(including BL) is that the latter tend to occur in individuals who are prone to high rates of
chromosomal breakage and that this proneness constitutes a major risk factor for B-cell
malignancy in man.

The hypothesis is as follows:

(1) Malignancy in B lymphoid cells requires a minimum of genetic change, which is not
necessarily accompanied by a visible chromosomal aberration.

(2) The degree of malignancy is considerably increased by particular genetic changes
that may be specific to a given stage of cellular differentiation and can be brought about by
characteristic chromosomal translocations.

1 See p. 249
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(3) These translocations (and hence the neoplasms) are most likely to occur in individuals
with a genetic predisposition to spontaneous or environmentally-induced chromosomal in¬
stability, in whom the tumours are liable to progress rapidly as successive structural rearran¬
gements take place in the genome.

(4) B-cell neoplasms can also occur in patients who have normal chromosomal stability;
but in these cases the tumours do not show the characteristic translocations. They tend to
progress rather slowly and to evolve karyotypically by non-disjunction rather than by mul¬
tiple breakage and recombination events.

There are certain corollaries to this outline. In the clinical context, it follows that tumours
arising in individuals who are not chromosome breakage-prone will either take a long time
to evolve - and hence will present in the elderly - or will tend to occur in people who dis¬
play another risk factor to an extreme degree, for example, those with the X-linked immu¬
nodeficiency syndrome and patients on immunosuppressive therapy. It is entirely in keeping
with this prediction that CLL, classically a disease of the elderly with a slowly progressive
clinical course, is one of the few B-cell neoplasms that does not show a multiplicity of chro¬
mosomal rearrangements. Furthermore, the scanty cytogenetic data available on monoclo¬
nal B-cell malignancies supervening in immunodeficient or immunosuppressed patients sug¬
gest that they show rather limited chromosomal change (Frizzera et al., 1981; Abo ef a/.,
1982). Purtilo et al.1 report, however, that BLs in some American patients with acquired
immune deficiency syndrome do have 8;14, 2;8 or 8;22 translocations. It may be that these
individuals show the unfortunate concurrence of two risk factors; immunodeficiency
and chromosomal instability.

Since the known chromosomal instability syndromes are genetically determined, there is
some expectation that lymphomas dependent on a pre-existing propensity to chromosomal
breakage should show familial clustering. In fact, the emergence of malignancy could still be
a fairly rare event even in a predisposed individual, since it may require the chance occur¬
rence of a particular combination of genetic changes in a single cell. Ffowever, there is some
evidence for familial occurrence of multiple cases of BL and indeed for BL and chronic mye¬
loid leukaemia occurring in first-degree relatives, the only known connection between the
two disorders being that both are characterized by chromosomal translocations (Brubaker
et al., 1980). Complete ascertainment of family medical histories is not easy in rural Africa,
and the genetic component in 'endemic' BL may be underestimated at present. Cells that
show a high frequency of structural aberrations can also undergo changes in chromosome
number, and, although they will be less dependent upon non-disjunction to generate gene¬
tic imbalance, they may be expected to show the same patterns of chromosome gain or
loss as cells from normal (i.e., non-breakage-prone) individuals. The lack of complete con¬
cordance between LCLs in vitro and lymphomas in vivo in terms of the distribution of chro¬
mosome gains - notably the high frequency of iso-8q in the former and its rarity in the lat¬
ter - may be related to the precise stage of differentiation represented by EBV-transformed
LCL cells or it may reflect an adaptation to conditions of culture that is independent of the
emergence of a malignant phenotype.

Finally, there is a prediction that EBV-immortalized cells from donors with proven chromo¬
somal instability should evolve rapidly in vitro, by means of structural chromosomal rearrange¬
ments, to become tumorigenic. This appears to be borne out by observations of Ernberg and
his colleagues (cited in Zeuthen, 1983) on lines derived from ataxia telangiectasia patients:
the only line in which in-vitro acquisition of t(8;14) has been reported was in fact derived

' See p. 231
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from one such patient (Jean et at., 1979). One line in our own study (MAZ,) shows an accu¬
mulation of structural aberrations and regularly produces rapidly growing tumours on xeno¬
transplantation, even though it has been in culture for a much shorter period than the majo¬
rity of our tumorigenic cultures. MAZ, is derived from a patient with Down's syndrome
(karyotype 47XX 21 +), one of the conditions known to be associated with an increased
sensitivity to induced chromosomal breakage (Sasaki et at., 1970). Interestingly, among the
acquired aberrations in this line is a partial duplication of the long arm of chromosome 1
very similar to that recorded as a recurring feature in BL and certain other lymphomas.

The hypothesis can, of course, be tested more directly by following the behaviour in vitro
of EBV-transformed lymphoblastoid lines from the peripheral blood of BL patients and their
close relatives or by applying quantitative tests of genetic stability to the same groups. If,
by these means, it is confirmed, several questions will arise: Is the chromosomal breakage
spontaneous or induced? If the latter, by what is it induced? Further, if lymphoma-suscep-
tible individuals can be identified by their chromosomal instability, can they be protected?
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Summary Fifteen haemophiliac patients acquired
antibodies to human T-lymphotropic virus

type III during 1984. One batch of factor VIII concentrate
given to all these patients is presumed to be the cause of the
seroconversion. A further eighteen patients who received the
same batch did not seroconvert and one other patient became
seropositive but had not received this batch. Before
transfusion of the implicated batch the patients had low
T-helper-cell numbers and T-helper/suppressor ratios;
neither changed in those who seroconverted. The probability
of seroconversion was independently related to the pre¬
existing low T-helper/suppressor ratio, the number ofvials of
the implicated batch transfused, and the total annual factor
VIII consumption. Ten other patients received a batch of
factor IX concentrate from the same donor plasma; none of
these patients seroconverted.

Introduction

Substantial evidence has accumulated that the most

likely cause of the acquired immunodeficiency syndrome
(AIDS) is human T-lymphotropic virus type III (HTLV-III,
otherwise known as lymphadenopathy-associated virus).
Transfusion of red cells, platelets, or factor VIII and IX
concentrates may result in the appearance ofanti-HTLV-III,
and in a small proportion ofseropositive recipients symptoms
of the AIDS-related complex or AIDS will develop.1,2 Tests
for anti-HTLV-III on stored serum samples from
haemophiliacs have shown that seroconversion was first
detectable in 1978 in the United States,3 and no later than the
following year in the United Kingdom (R. A. W., R. S. T.,
unpublished).

In contrast to haemophiliacs elsewhere in the UK, almost
all patients attending the Edinburgh Haemophilia Centre
have received factor VIII and IX concentrates prepared
exclusively from locally collected plasma by the Scottish
National Blood Transfusion Service (SNBTS). Until
recently there were no reported cases ofAIDS in Scotland and
it therefore seemed possible that our patients might not have
been exposed to HTLV-III. However, the long incubation
period between infection and the appearance ofAIDS means
that some symptom-free carriers of HTLV-III might have
donated blood. We have previously reported reductions in
the absolute T-helper-cell numbers and the helper/
suppressor ratio in our patients; because our donor
population was apparently AIDS-free, we concluded that
these immune changes were the result of infusion of factor
VIII concentrates per se rather than infection by HTLV-III.4
We have now confirmed, by testing stored serum samples,
that at the time of our previous study4 (spring 1983) all the
patients who received solely SNBTS blood products did not
have anti-HTLV-III.
As part of the continuing assessment ofour haemophiliacs,

we have now observed that sixteen of our patients acquired
anti-HTLV-III during 1984; all but one of these patients had
received a common batch ofSNBTS factorVIII concentrate.

Patients and Methods

Anti-HTLV-III was detected as described previously5 in serum
samples which had been collected periodically from all patients and
stored at -20°C. Lymphocytes were counted with a 'Coulter S
Plus'. Subsets were quantified by indirect immunofluorescence
with T4 or T8 specific monoclonal antibodies in the first layer.4
Statistical analysis of differences between groups for any variable
was done by the Wilcoxon rank sum test and of the changes within
groups by the Wilcoxon signed rank sum test. The effect ofseveral
variables simultaneously on the probability of seroconversion was
investigated by means of multiple linear logistic regression.
Thirty-four patients with haemophilia A (twenty-nine severe, five

moderate) ofmean age 27-6 years (range 10-49), eight patients with
haemophilia B (four severe, four moderate) ofmean age 26 • 2 years
(range 8-56), and one patient with severe von Willebrand's disease
(aged 56) were studied. Antibodies to factor VIIIC were present in
three patients with severe haemophilia A. Serum samples collected
in late 1983 and early 1984 were all negative for anti-HTLV-III.
During 1984 all patients in this study were treated on demand

with multiple batches of SNBTS factor VIII concentrate of
intermediate purity. In addition to factor VIII, two patients with
haemophilia A with antibodies to factor VIIIC and all the patients
with haemophilia B received SNBTS factor IX concentrate
('Defix'). The former two patients also received 'FEIBA'(Immuno).
Two haemophilia A patients (one with an anti-factor VIII inhibitor)
also received commercial high-purity factor VIII concentrates.
No patient was known to have risk factors for developing

antibodies to HTLV-III other than the replacement therapy.
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Results

Between April and October, 1984, anti-HTLV-III
developed in sixteen patients with haemophilia A (see table).
The transfusion records of these patients showed that all but
one had received a common batch (A) ofSNBTS factor VIII
between March and May, 1984. Of all the other batches of
factor VIII transfused during this period, the next most likely
implicated batch (B) was transfused during January, 1984,
and was given to only nine of the sixteen patients who
seroconverted. The source of HTLV-III in the one patient
with severe haemophilia A who did not receive batch A
remains obscure, but he did receive batch B. He had an
orthopaedic operation in November, 1983, covered by
SNBTS factor VIII, but since January, 1984, he had received
treatment on only 3 occasions with factor VIII from batch B.
He had not received any commercial factor VIII.

In addition to the fifteen patients who are known to have
seroconverted a further eighteen patients received the
implicated batch A. Serum samples from these patients have
been collected at least 4 months (in some cases up to 8 months)
after transfusion of batch A and have been negative for anti-
HTLV-III. The shortest time from first infusion to the

presence of detectable antibody was 31 days.6 However, for
most patients it is difficult to estimate the minimum time
between infusion and the development of anti-HTLV-III
because the patients had repeated infusions of the implicated
batch (fig 1) and the serum samples were taken only
periodically, mostly every few months. One of the patients
who received 81 bottles of the implicated batch was negative
at 20 weeks but positive at 40 weeks.

Lymphocyte subsets were investigated in twenty-four of
the patients during the spring of 19834 and in the autumn of
1984 (table). In 1983 the patients in whom anti-HTLV-III
later developed had lower T-helper/suppressor ratios (mean
1-51, median 1-24) than those who did not seroconvert
(2-11, 2-10) and the controls (2-05, 1-93). The difference
between the two patient groups just failed to reach statistical
significance (p = 0-06). In 1983 the absolute T-helper-cell
numbers in those who subsequently seroconverted were
significantly lower than those in the controls, whereas there
was no difference between the controls and those who did not

seroconvert (table). T-suppressor-cell numbers were normal
in both groups. There were no significant changes in helper
and suppressor numbers or in the helper/suppressor ratio
between 1983 and 1984.

(Juration of exposure
to implicated batch HTIV -III se«opos't<\e

10

Weeks

Fig 1—Relation between time of infusion of batch A, number of vials
transfused, and development of anti-HTLV-III.

The fift.-en patients who seroconverted used significantly
more vials of batch A (p<0-01) and also had a higher annual
factor VIII consumption (p<0 -01) than the eighteen patients
who did not seroconvert (figs 2 and 3). These three factors
were assessed simultaneously by applying multiple linear
logistic regression analysis to the data from the 24 patients
with complete observations. The effect of the helper/
suppressor ratio was significant (p<0-02); the number of
vials of batch A used and annual factor VIII consumption
achieved significance only at the 10% level (two-tailed test).
In the circumstances of this study it could be argued that one-
tailed tests would be reasonable for these variables, in which
case significance at the 5% level would be achieved. The
fitted equation with all three terms included was:

cxp(0-83-2-32 Th/Ts +0-074 n + 0-034 ann)
p 1 + exp (0-83-2- 32 Th/Ts + 0-074 n+0-034 ann)

where n is the number of vials of batch A and ann the total
annual usage of factor VIII (in thousands of units). Eight of
nine patients with a helper/suppressor ratio of ^1-5
seroconverted compared with six offifteen with higher ratios;
eight of nine patients using more than 40 vials of batch A
seroconverted compared with seven of twenty-three with
lower usage; eleven of thirteen patients using more than
75 000 units of factor VIII seroconverted compared with four
of nineteen using less.
All patients are clinically well; two patients have persistent

splenomegaly which appeared after the infusion of batch A.

LYMPHOCYTE SUBSETS OF PATIENTS WHO RECEIVED BATCH A FACTOR VIII AND FACTOR IX"

Mean (n) (range)

T helper T suppressor Th/Ts

Batch and recipients n 1983 1984 1983 1984 1983 1984

Batch A, factor VIII
HA and VWD, 0-64+ (14) 0-62f (15) 0-54 (14) 0-70 (15) 1-51+(74 1 • 14+ (15)
scroconverted 15 (0-32-1-45) (0-14-1-47) (0- 10-0-90) . (0-28-1-80) (0-58-3-10) (0-27-3-30)
HA and VWD, no 0-84 (10) 0-77f (15) 0-46 (10) 0-54 (15) 2-11 (10) 1-60 (15)
seroconversion 18 (0-53-1-45) (0-30-1-42) (0-22-1-23) 0-28-0-90) 1-18-2-95) (0-33-2-40)

Batch C, factor IX
HB, seronegative 8 0-86(7,) 0-78 (3) 0-56(4) 0-48fj; 1 • 70 (4) 1 -67 (3)

(0-47-1-36) (0-78-0-79) (0-36-0-87) (0-39-0-52) (0-73-2-50) (1-50-2-00)
HA with inhibitors,
seronegative 2 0-70,0-93 0-51, 0-73 0-96, 1-83

Normal male controls 22 1 -09 (22,1 (0-6-2-01) 0-56 (22) (0-22-1-21) 2 05 (22) ( •59-3-93)

HA = haemophilia A; HB = haemophilia B; VWB = von Willebrand's disease.
•Batch C, derived from the same source plasma as batch A.
+p<0-005 for difference between patients and controls.
+p<0-005 for difference between patients who did and did not seroconvert.
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Fig 2—Number of vials ofbatch A of factor VIII transfused in patients
who scroconverted and those who remained seronegative.

In one of these patients, reported in detail elsewhere,6 a
glandular-fever-like illness developed, with lymphadeno-
pathy, splenomegaly, grossly atypical peripheral blood
lymphocytes, and appearance of anti-HTLV-III after
transfusion of batch A.
The batch of SNBTS factor IX concentrate (C), prepared

from the same source plasma as batch A was identified, and
transfusion records revealed that it had been given to ten
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Fig 3—Total factor VIII consumption during 1984 of patients who
scroconvcrtcd and those who remained seronegative.

patients, eight with haemophilia B and two with haemophilia
A with anti-factor VIII inhibitors. All ten patients have been
tested at least 4 months after therapy and none has detectable
antibody to HTLV-III. Lymphocyte subset data were
available on only small numbers and no conclusions can
therefore be drawn. The average number of vials transfused
per patient was only 12-5 (range 3-21).

Discussion

Scotland is one of the few parts of the western world where
the frequency of anti-HTLV-III antibody in patients with
haemophilia A at the beginning of 1984 was low. Until then
the development of anti-HTLV-III in our patients could be
attributed to the occasional use ofcommercial blood products
in a few patients; no cases were attributable to SNBTS factor
VIII. This low prevalence ofantibody contrasts with that in
north America. Anti-HTLV-III antibodies began to appear
in haemophiliacs in 1978 in the United States3 but did not

appear until 1979 in English haemophiliacs. During the past
7 years there has been a steady increase in the prevalence of
antibodies so that now over 90% of some haemophilia
populations have anti-HTLV-III antibodies.7
An important feature of our study is that the patients'

lymphocyte subsets were measured during the spring of 1983
when all those who had received exclusively SNBTS factor
VIII were negative for anti-HTLV-III. We have thus been
able to compare lymphocyte subset data before and after
infection with HTLV-III. It is commonly assumed that the
reduction in T-helper-cell numbers is a result of the HTLV-
III virus being tropic for T-helper cells.8 Our finding in this
study that T-helper-cell numbers and the helper/suppressor
ratio did not change after infection supports our previous
conclusion that the abnormal T-lymphocyte subsets are a
result of the intravenous infusion of factor VIII concentrates
per se, not HTLV-III infection. It is possible, however, that
there will be a progressive time-dependent fall in T-helper-
cell numbers as a result ofHTLV-III infection, but only long-
term follow-up will reveal this.
Analysis of the data on this relatively small number of

patients showed that the chance of developing anti-HTLV-
III is dependent upon the helper/suppressor ratio, the
number of transfused vials of presumed HTLV-III-infected
factor VIII, and the total annual consumption of factor VIII.
Our data show low helper-cell counts and helper/suppressor
ratios in 1983, when the patients were negative for anti-
HTLV-III and that those with helper/suppressor ratios <1 • 5
were more susceptible to infection; this finding supports the
hypothesis of Levy and Ziegler9 that infection by an AIDS
virus could be considered as an opportunistic infection in an
immunomodulated host.
If it is true that all but one of our seropositive patients

developed anti-HTLV-III as a result of the transfusion of a
single contaminated batch of factor VIII, it is interesting that
only half the patients who received this batch of factor VIII
concentrate acquired the antibody. Possible explanations are
that the apparently seronegative patients had developed
antibody below the level ofdetection or that because of their
abnormal immunological status they did not produce specific
antibodies readily. A negative antibody test may reflect the
absence of viral infection or replication in the lymphocytes.
To determine the true viral status of these anti-HTLV-III-
negativc haemophiliacs we would have had to attempt viral
identification or isolation from their lymphocytes.
The pool ofsource plasma from which the implicated batch

of factor VIII was prepared was identified by the SNBTS.
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The factor IX batch (C) prepared from the same pool of
plasma had been given to eight patients with haemophilia B
and two with haemophilia A with anti-factor-VIII inhibitors.
None of these individuals showed seroconversion when
tested up to 4 months after infusion of this batch. Patients
with haemophilia B have fewer lymphocyte subset
abnormalities, a lower prevalence ofantibodies to HTLV-III,
and are less likely to develop AIDS than those with
haemophilia A.10 It is possible that the HTLV-III virus is
preferentially excluded from the factor IX concentrate during
its manufacture.
The Scottish Protein Fractionation Centre has developed a

programme to study possible methods for preventing the
transmission ofviral infections by blood factor concentrates.
Although this project was initially conceived to reduce the
risk of hepatitis transmission, the expertise developed was
put immediately into effect after the finding of HTLV-III
antibodies in our Scottish patients. All SNBTS factor VIII
concentrates are now heat treated. It is hoped that this will
eliminate further HTLV-III infection, but only close follow-
up of the patients will substantiate this expectation.
We thank Dr B. Bennett, Dr C. D. Forbes, Dr G. R. Tudhope, and Dr A.

Sharp, for kindly allowing us to include patients under their care, and Mrs P.

Stewart, for typing the manuscript. This work was supported by the Medical
Research Council and the Cancer Research Campaign.
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ENDOMETRIOSIS AND OVULATORY
DISORDER: REDUCED FERTILISATION
IN VITRO COMPARED WITH TUBAL AND

UNEXPLAINED INFERTILITY
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Summary In-vitro fertilisation (IVF) was carried out
once for each of 104 couples who had a single

cause of infertility. The group with tubal damage was used as
the reference for normal fertilising capacity of both oocytes
and sperms: the IVF rates were 68% (71/105) per mature
oocyte and 88% (37/42) for couples from whom mature
oocytes were recovered. Couples with poor sperm/mucus
penetration had reduced IVF rates: 32% (12/38) per oocyte
and 60% (9/15) per couple. Sperm function, which was
judged normal by means of standard seminal analysis and
mucus penetration, was confirmed by normal IVF in un¬
explained infertility: 63% (37/59) per oocyte and 90% (18/20)
per couple. Despite favourable sperm function in their
partners, women with endometriosis (without tubal damage)
had reduced IVF rates: 33% (19/58) per oocyte and 60%
(9/15) per couple. These findings .indicate that ovulatory
disorder is present in endometriosis and suggest that it causes
the associated infertility.

Introduction

endometriosis is a well established cause of infertility (or
strictly subfertility), and the association is evident even in the
absence of damage to the fallopian tubes and ovaries.1
However, the causal link is unknown and treatment is of
unproven value.2 Autoimmune reactions,J-s accentuated
macrophage activity,6-8 and prostaglandin release have been
reported as local interfering effects ofendometriosis, though

the last of these is controversial.9 Another hypothesis is that
endometriosis and infertility are consequences of ovulatory
disorder: the pelvic peritoneum may lose its protection
against implantation of endometrial cells that reach it by
retrograde menstruation, due to lack of the follicular
hormones which results from failure of the follicle to rupfure,
despite ripening and luteinisation.10,11
We have found the in-vitro fertilisation rate per oocyte in

couples with chronic unexplained infertility to be slightly but
significantly reduced.12 Further analysis of the data
suggested that the reduction was limited to couples with
minor endometriosis, which had been ignored because of its
uncertain importance. We now have sufficient findings to be
conclusive.

Patients and Methods

As part of a research programme approved by the Ethics
Committee of the Bristol and Weston Health District, infertile
couples were offered a single attempt at in-vitro fertilisation (IVF)
and embryo replacement when the woman required a routine
diagnostic laparoscopy, irrespective of the results of previous
investigations.
All women in the study had normal ovarian cycles, within 3-6

weeks duration and with mid-luteal progesterone levels of >30
nmol/l,'! and the men had normal semen by standard analysis. A
motile normal sperm density ofat least 4 x 106/ml (mean ofat least 2
samples) was defined as normal (product of sperm density,
proportion with forward progression, and proportion with normal
morphology14).
Only couples with an isolated cause of infertility in the following

mutually exclusive groups were studied. (1) Tubal damage was
defined by laparoscopic evidence of bilateral tubal occlusion or
damage clearly interfering with oocyte pick-up, due to
inflammatory disease but not endometriosis. Patients with damage
due to endometriosis were excluded. (2) Failure of sperm/mucus
penetration was defined by a negative1 ,15 or poor12,14 result on
postcoital testing (PCT) in at least 2 cycles when the cervical mucus
was fully developed. Women in whom mucus did not develop fully
were excluded. A positive PCT (present in all the other groups) was
defined by at least 1 forward-progressing sperm in every high-
power-microscope field (x 400) about 12 h after coitus. (3) Un¬
explained infertility was defined by the presence of a normal
ovarian cycle, healthy pelvic organs at laparoscopy, normal seminal
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SUMMARY

Tumours were raised in both congenitally athymic ('nude') Swiss mice and in neonatally thymectomized, Ara-C-
protected, whole-body irradiated CBA mice by subcutaneous inoculation of cells from a variety of cultured human
lines. In both types of animal, tumours tended to grow massively at the site of inoculation, with some infiltration
of adjacent tissues but only rarely with evidence of metastatic spread. Tumours derived from Burkitt's lymphoma
(BL) lines or from EB virus-transformed lymphoblastoid cell lines (LCL) were all classified as high grade malignant
lymphomas with a limited range of appearances on conventional histological examination. In the material studied
there were no consistent features distinguishing BL-derived from LCL-derived tumours. Cell lines originating from
other haematopoietic malignancies tended to produce tumours interpreted as immunoblastic lymphomas though
there were distinctive characteristics in some cases, such as highly convoluted or pleomorphic nuclei in the cells of
some tumours derived from T-cell leukaemia lines and plasmacytoid differentiation in tumours originating from
myeloma lines. Malignant cell lines of epithelial origin gave rise to tumours with the histological appearances of
anaplastic carcinomas readily distinguishable from the high grade lymphomas produced by haematopoietic cells.
key words— Lymphoblastoid cell lines, Burkitt's lymphoma, tumour xenografts.

INTRODUCTION

Several animal models have been described for
the demonstration of tumorigenicity by inoculation

* Present address: The Paterson Laboratories, Christie
Hospital and Holt Radium Institute, Wilmslow Road, Manches¬
ter, U.K.

ofcultured human cell lines (for review see reference
1). The most widely adopted is the homozygous
nu-nu mouse2 but in recent years the neonatally
thymectomized, Ara-C-protected, total-body
irradiated CBA mouse has been shown to have
some advantages in terms of cost and ease of
husbandry.35
Tumorigenicity has been assessed by the growth

0022-3417/86/040293-08$05.00
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of visible and palpable masses at the site of inocula¬
tion, with or without the additional criterion of suc¬
cessful passage to a second animal. Relatively little
attention has been given to the histology of such
masses although Fogh and Hajdu comment that
'classification of histologic type of the [cell line-
derived] tumours in the nude mouse, when com¬
pared with the human tumour of origin, provides
a valuable method for identification. The degree of
differentiation observed for nude mouse tumours

usually corresponds well with that of the original
human tumour, even after long periods of cultiva¬
tion, and is not necessarily related to the degree of
differentiation of the cells in culture'.6
The present study was undertaken to examine the

gross pathology and histological features of
tumours resulting from xenotransplantation of a
variety of cultured human cell lines, with particular
emphasis on comparisons between Epstein-Barr
virus (EBV)-transformed lymphoblastoid cell lines
(LCL), presumed to be of non-malignant origin,
and Burkitt's lymphoma (BL)-derived lines.
Tumours from these two types of cell lines were
raised both in nude mice and in neonatally thymec-
tomized, Ara-C-protected, whole-body irradiated
CBA mice. Tumours from the other cell lines
included in the study were raised only in the latter
animals.

MATERIALS AND METHODS

Cell lines and xenografts

Long-term cultures of the human cell lines listed
in Table I were maintained in standard culture
medium (usually Ham's Fl0 or RPM1 1640) with
10 per cent fetal calf serum at 37°C. Before inocula¬
tion into a recipient animal, cells were harvested,
checked for viability by dye exclusion (only cultures
showing 75 per cent viability, or better, were
inoculated) washed and resuspended at about 108
cells ml~1 in phosphate buffered saline or in culture
medium without serum.

Animals

Homozygous 4-5 weeks old nu/nu mice (of both
sexes) of Swiss background from 1FFA/CREDO
(Lyon, France) and OLAC Shaw's Farm (U.K.)
breeding colonies were used in our experiments.
Nude mice from the two colonies showed the same

susceptibility to the growth of xenotransplanted
tumour cells.
One or two days before inoculation of the cells,

whole-body irradiation of the animals was carried
out to a dose of 4-8 Gy (Caesium bomb, 137Cs, 0-48
Gy min~]). A group of four mice was used for the
evaluation of tumorigenicity of each cell line. Dif¬
ferent numbers of the cells, L4xl06, 4xl06,
10 x 106 and 25 x 106 were injected subcutaneously
at four sites on the flanks of each mouse. The
observation time of the inoculated mice ranged
from 4 to 22 weeks, depending on tumour growth.
The volume of each tumour was estimated every
week by measuring the maximal and minimal
diameter.
CBA mice from a breeding colony at the Animal

Unit, Western General Hospital, Edinburgh, Scot¬
land, were prepared and maintained as described in
detail elsewhere.5 Briefly, they were thymectomized
at age three weeks. Between three and six weeks
later they were given a single intraperitoneal injec¬
tion of cytosine arabinoside (Ara-C, 200 mg kg"1)
and 48-72 h later irradiated with 7-2-7-35 Gy X-
rays (250 V: 0-3-0-4 Gy min1). The animals were
inoculated with cells in one site on each flank (via
the groins) on a single occasion either on day 1 or
between days 14 and 28 post-irradiation. The
inoculated dose was almost always 107 viable cells
per site. Mice were examined regularly thereafter
for the presence of visible and palpable masses and
were killed when these grew to a size which threat¬
ened to impair the animals wellbeing (generally >
1 cm max. diameter) (Fig. 1). Animals in which no
tumours developed, or in which they appeared but
subsequently regressed, were killed three months
after inoculation.

Pathological examination
Animals were submitted to autopsy. Tumour

masses and any organs which appeared abnormal
were removed. Small portions were retained for re-
establishment in tissue culture and in some cases

fragments were fixed in iced cacodylate-buffered
glutaraldehyde for electron microscopy. The bulk
of the material was placed in 10 per cent formol
saline and left to fix overnight. Thereafter the tissue
was embedded in wax or plastic. Sections were cut,
mounted and stained with haematoxylin and eosin.
Additional sections from many of the blocks were
stained with PAS, with Gordon and Sweet's reti-
culin method and with methyl-green pyronin.7
Fragments taken for transmission electron
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Table I—Human cell lines producing tumours in mice
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Cell line Origin*
EBVt
Status Characteristics in vitro

Mouse}
bearing
tumours

RAJ1 b.l. (African) + Lymphoblasls, suspension culture, slight clumping N + C
eb, B.L. (African) + Lymphoblasts, suspension culture, no clumping C
eb4 B.L. (European) - Lymphoblasts, suspension culture, slight clumping c
RAMOS B.L. (African) — Lymphoblasts, suspension culture, clumps and c

isolated cells
bl18 B.L. (Nth-African) + Lymphoblasts, suspension culture, clumps isolated

opl 1 c

N

bl31 B.L. (Caucasian) — Lymphoblasts, suspension culture, enormous dense N

clumps
bl36 B.L. (Nth-African) + Lymphoblasts, suspension culture, big clumps and N

isolated cells
bl38 B.L. (Caucasian) + Lymphoblasts, suspension culture, no clumping N
bl53 B.L. (Caucasian) — Lymphoblasts, suspension culture, no clumping N
bl60 B.L. (Nth-African) — Lymphoblasts, suspension culture, no clumping N

SM, LCL (cord blood) + Lymphoblasts, suspension culture, but tends to C
adhere to surfaces

ODY, LCL (Waldenstrom's) + Lymphoblasts, suspension culture, slight clumping c
PEN,b LCL (Klincfcltcr's) + Lymphoblasts, suspension culture, no clumping c
BLA, LCL (Acute leukaemia) + Lymphoblasts, suspension culture, prominent c

clumping
IARC171 LCL (From BL patient + Lymphoblasts, suspension culture, slight clumping N

and b95§) (intermediate in size, crumble clumps)
IARC277 LCL (From BL patient) + Lymphoblasts, suspension culture, slight clumping N

(intermediate in size, crumple clumps)
k562 Myeloid/erythro leukaemia — Suspension culture, no clumping C
HL60 Acute myeloid leukaemia — Suspension culture, no clumping c
Rch Acute lymphatic leukaemia — Suspension culture, no clumping c
MOLT4 Acute lymphatic leukaemia — Suspension culture, no clumping c

(T cell type)
RPM18402T Acute lymphatic leukaemia — Suspension culture, slight clumping c

(T cell type)
CCRF/CEM Acute lymphatic leukaemia — Suspension culture, no clumping c

(T cell type)
HSB: Acute lymphatic leukaemia - Suspension culture, with clumping c

(T cell type)
JURK.AT Acute lymphatic leukaemia — Suspension culture, no clumping c

(T cell type)
U266BI Myeloma — Suspension culture, slight clumping c
RPM18226 Myeloma — Culture clumpsf but adheres strongly to surfaces c
u937 Histiocytic lymphoma - Suspension culture, no clumping c
Hela Carcinoma, cervix — Monolayer, epithelioid cells c

Hep2 Carcinoma, larynx - Monolayer, epithelioid cells c

mcf7|| Carcinoma, breast — Monolayer, epithelioid cells c
EJ81.8D Carcinoma, bladder — Monolayer, epithelioid cells c

* BL = Burkitt's lymphoma, LCL = Lymphoblastoid cell line.
t Presence or absence of EB nuclear antigen expression by anticomplcment immunofluorescence.
J N = nude mouse (Lyon laboratory). C = Immunosuppressed CBA mouse Edinburgh laboratory).
§MCF7 produced tumours only in animals maintained on twice-weekly injections of oestradiol.
|| B95 Strain of EB virus added to cultures.
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microscopy were post-fixed with uranyl acetate and
embedded in epoxy resin. Ultra-thin sections were
cut, stained with osmium tetroxide and examined
on a Philips 300 electron microscope.
In the first instance, histological examination was

carried out by the pathologist (A.B. or G.T.O'C.)
in the centre where the tumour had been established
and with full knowledge of the identity of the
inoculated cell line. Subsequently, a representative
selection of haematoxylin and eosin stained slides
(30 in all) comprising tumour sections from each
category of cell line included in the study, was
exchanged between the two centres. These slides
were coded and were therefore reported upon
'blind' by the second pathologist.

RESULTS

In every case the two pathologists agreed on the
diagnostic classification of the tumour sections
examined. The findings can be summarized as
follows.

Tumours derived from BL-derived and from lym-
phoblastoid cell lines
In both nude and immunosuppressed CBA mice,

BL-derived and LCL-derived tumours typically
formed well-circumscribed spherical masses. There
was often some involvement of the overlying skin
and/or of underlying muscle and connective tissue
(confirmed histologically as local infiltration) but
this may have been a consequence of penetration
of these tissues by the inoculating needle as local
spread was generally limited and there was no evi¬
dence of distant metastasis. The tumours were usu¬

ally well vascularized although some of the larger
masses had become necrotic at the centre.
Histologically they showed only small amounts of

connective tissue stroma and little or no infiltration
with inflammatory cells of host origin except at the
tumour margins. Areas of focal necrosis were com¬
mon in some tumours but the predominant appear¬
ance in all cases was of sheets of cells without a

clearly defined architectural arrangement. Reticulin
staining confirmed the absence of any follicular
development. Mitotic figures were common and all
the tumours were classified as diffuse undifferenti¬
ated high grade malignant lymphomas. Within this
broad category, however, there was some variation
in appearance. At one end of the range were
tumours mainly composed of medium sized, rela¬

1b
Fig. 1—Mice bearing tumours derived from human lymphoid
cell lines as described in the text, (a) Homozygous nu/nu. (b)
Immunosuppressed CBA

tively uniform cells, reminiscent of Burkitt's lym¬
phoma but with a somewhat greater degree of
nuclear pleomorphism. At the other extreme were
lymphomas of immunoblastic type comprising
larger cells with a high degree of pleomorphism and
interspersed with appreciable number of binucleate
or multinucleate giant cells (Fig. 2). The distibution
of tumour types, derived from different lines and
arising in the two mouse systems, is set out in Table
II. It shows no correlation with the origins of the
cell lines (BL versus LCL) nor with their growth
characteristics in vitro.

Tumours from other cell lines ofhaemopoetic origin
With two exceptions, these tumours were indis¬

tinguishable macroscopically from those produced
by BL and lymphoblastoid cell lines. The two excep¬
tions were xenografts of Reh (acute leukaemia,
'null' cell type) and of RPMI 8402T (acute
leukaemia, T cell type). The former produced soft
fleshy masses spreading in the subcutaneous plane,
sometimes coalescing with tumours from the
opposite flank, while the latter gave rise to tumours
with a marked tendency to spread into the thigh,
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Fig. 2 Sections of tumours from immunosuppressed CBA mice showing the histological appearances produced by different lym¬
phoid cell lines, (a) 'Immunoblastic lymphoma' with numerous multinucleate tumour giant cells from BL line EB4. (b) 'Malignant
lymphoma' composed of medium sized cells but with a degree of nuclear pleomorphism, from lymphoblastoid line ODY,. Both
H and E stained sections, x 330

in two instances completely encircling the femur
with extensive infiltration of voluntary muscle but
not of hone or marrow. The groin lymph nodes were
also heavily infiltrated with 8402T cells.
Microscopically all of the lines gave rise to

tumours which were classified as diffuse high grade
malignant lymphomas. Most were composed of
large highly pleomorphic cells and some tumour
giant cells were in evidence. There were, however,
additional distinguishing features in some cases.
Tumours from MOLT4 (T cell ALL) and from
HL60 (AML) comprised somewhat smaller cells
than others. Of the five derived from T-cell lines,
HSB2, MOLT4, CCRF.CEM, JURKAT and RPMI

8402T, all but the first were notable for the very
marked degree of nuclear pleomorphism or con¬
volution (Fig. 3).
Two myeloma lines RPMI 8226 and U266B1

showed some evidence of plasmacytoid differenti¬
ation although this was more apparent at the
electron microscope than the light microscope level
for 8226 while the reverse was true of U266B1 (Fig
6, 7).

Tumoursfrom carcinoma-derived cell lines

Xenografts from HeLa, Hep2 and EJ.18.8D all
produced rapidly growing spherical masses which.

Table II —Classification of BL-derived and LCL-derived 'high grade lymphoma' xenografts according to histological
criteria

'Burkitt type'—medium sized cells, Intermediate-to-large 'Immunoblastic' large pleomorphic cells with
relatively uniform forms multinucleate forms

In immunosuppressed In immunosuppressed In Immunosuppressed
In nude mice CBA mice CBA mice In nude mice CBA mice

BL38 RAMOS (BL) RAJ 1 (BL) EB, (BL)
ODY, (LCL) PEN2b (LCL) BL18 RAJ1 (BL)

BL53 BLA, (leukaemia LCL) BL31 EB, (BL)
1ARC171 (LCL) BL36 SMI, (LCL)

BL60
IARC277 (LCL)
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nut ilkilss and in at least one inr.tunco there was
macroscopic and histological evidence of tumour
spread In llir pni ta llf.patis (Fig. 4).
Histologically tumours from all these lines were

poorly differentiated but recognizable as car¬
cinomas and readily distinguishable from the high
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Fig. 4—Metastatic deposit of tumour from human breast car¬
cinoma cell line MCF7 from the region of the porta hepatis of
an immunosuppressed CBA mouse treated with twice-weekly
inoculation of oestradiol. H and E stain, (a) x 100: (b) x 250

Fig. 3—Lymphomas produced in immunosuppressed CBA mice
by inoculation of human T-cell lines. Note highly convoluted
nuclei, (a) From cell line MOLT4. (b) From cell line 8402T. Both
plastic-embedded H and E stained sections, x 520

however, remained localized at the site of inocula¬
tion. MCF7 was studied in the course of collabora¬
tive experiments with Dr W. R. Miller, Department
ofClinical Surgery, Edinburgh University. Inocula¬
tions of this line grew only in mice treated with
twice-weekly subcutaneous injections of oestradiol
(0-2 ng animaU1) and even then, the tumours were
slow growing, reaching less than 1 cm in maximum
diameter after three months. Nevertheless, they did
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Fig. 5—Tumour from immunosuppressed CBA mouse injected
with the human laryngeal carcinoma cell line Hep2. Plastic-
embedded, Ft and E stained sections x 250



Fig. 6— Material from human myeloma cell line U266 Bl. (a)
Tumour in immunosuppressed CBA mouse. Light microscope
section H and E, x 250. Note margination of nuclear chromatin
characteristic ofmyeloma cells, (b) Electron micrograph of same
tumour, x 3000. (c) Electron micrograph of original cell line,
x 3000. Note the absence of concentrically-arranged rough
endoplasmic reticulum in b and c

Fig. 7—Material from human myeloma cell line RPM1 8226.
(a) Tumour in immunosuppressed CBA mouse. Light micro¬
scope section. HandE, x 250. Note that the chromatin margina¬
tion is less marked than in the case of U266 Bl tumour (Fig. 6a).
(b) Electron micrograph of same tumour, x 3000. (c) Electron
micrograph of original cell line, x 3000. Note the pronounced
development of concentrically arranged rough endoplasmic reti¬
culum in b, not seen in the original cultured line (c) nor in the
tumour derived from U266 Bl (Fig. 6b)

HUMAN CELL LINES IN IMMUNE-DEPRIVED MICE

grade lymphomas produced by other xenografts.
They tended to form cords or clusters of cells with
surrounding vascular connective tissue (Fig. 5). In
keeping perhaps with its slower growth, MCF7 pro¬
duced the least anaplastic of the epithelial tumours
but the tissue of origin could not be identified.

DISCUSSION

It is clear from this study that xenografts of
Burkitt lymphoma-derived and of lymphoblastoid
cell lines produce the same limited histological spec¬
trum of tumours, all classifiable as diffuse, poorly
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differentiated, high grade malignant lymphomas.
While more extensive studies on a much larger series
of xenografts might reveal subtle distinctions
between tumours derived from different lines it
would not be possible, on the basis of the present
data, to state whether a section of such a tumour
originated from a Burkitt or a tumorigenic lym-
phoblastoid cell line, nor whether it arose in a nude
mouse or an immosuppressed CBA.
The claim of Fogh and Hajdu6 that, on

xenotransplantation, long established cell lines can
re-express distinctive characteristics of the tumours
from which they originated, receives support from
several of our observations, notably the appearance
of highly indented nuclei in T-cell-derived lym¬
phomas, the abundant, concentrically arranged
rough endoplasmic reticulum in tumours from
RPM1 8226 and the fact that tumours from HeLa,
Hep2, EJ.18.8D and MCF7 were identifiable as car¬
cinomas rather than lymphomas or sarcomas.
Hence, despite the rarity of distant metastases

and the somewhat limited nature of local spread,
it is evident that xenotransplantation, using either
of the systems described here, is not simply an exten¬
sion of in vitro culture but does have something in
common with the process of tumour growth in the
original host species. This is an important conclu¬
sion for any work related to the induction, promo¬
tion or suppression of malignancy in human cells
since in vitro characteristics such as morphology,
anchorage dependence, serum requirements or
growth in semi-solid media correlate only sweakly
with tumorigenicity while, for obvious reasons, the
natural host cannot be used to provide the ultimate
test.
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Hp A S1-SELECTED, CHROMOSOME-MEDIATED TRANSFORMANTS
v IN PHENOTYPE IN VITRO AND TUMORIGENIC POTENTIAL
IS VIVO
p j. Porteous1'6, J.E.N. Morten1'4, M.E. Foster1, G. Cranston1, E. Weir-Thompson1, A. Busuttil2,
q j. Bostock3'5 and C.M. Steel1
>MRC Clinical and Population Cytogenetics Unit, and 2Pathology Department, Western General Hospital,
Crewe Road, Edinburgh EH4 2XU; and 2MRC Mammalian Genome Unit, Department ofZoology,
University ofEdinburgh, West Mains Road, Edinburgh EH9 3JT, UK.

Transfection of mouse CI27 cells with mitotic chro-
^ 'S isolated from a human EJ bladder carci-
no i line gave rise, at high frequency, to foci of
transturmed cells. Independent, HRASI-selected
chromosome-mediated transformants displayed dis¬
tinctive cellular morphologies in monolayer culture
and colony-forming abilities in low-melting-point aga¬
rose. Subcutaneous inoculation of neonatally thymec-
tomized, Ara-C-protected, total-body-irradiated CBA
mice was used to compare the tumorigenic potential
of each transformant. Significant quantitative and
qualitative differences in tumorigenicity were found
between transformants which correlated with differ¬
ences :n malignant phenotype observed in vitro. The
se zy of the tumorigenicity assay is such that rare
transformation events can be selected directly in vivo.

Focus formation in monolayer cultures of transfor¬
mation-competent cells, following transfection with tu¬
mor-derived DNA, has been instrumental in the
isolation and subsequent characterization of human
oncogenes (Goldfarb etal., 1982; Shih and Weinberg,
1982; Tabin etal., 1982; Reddy etal., 1982). NIH3T3
cells have been the most widely used indicator cells in
studios of this type but the culture conditions required
I'o spontaneous transformation and reliable focus
formation are exacting. A number of other transfor¬
mation-competent cell lines have been tested and in
certain circumstances may have particular advantages
over NIH3T3 cells (Liboi et al., 1984; Hynes et al.,
1985; Colburn et al., 1985). However, all appear to
suffer from the same shortcomings as NIH3T3 cells.
The mouse C127 cell line is an immortal but morpho¬
logically non-transformed cell line derived from a
mammary tumour of an RIII mouse (Lowy et al.,
IT'-', and much favoured by experimentors interested
in ate papilloma virus-mediated cellular transfor¬
mation (Dvoretzky et al., 1980; Allshire and Bostock,
1986). In agreement with other workers (Dvoretzky et
"I., 1980), we find that C127 cells give a lower back¬
ground of spontaneous transformation and generally
appear to be less sensitive than NIH3T3 cells to batch
variation in foetal calf serum.
A variety of different mechanisms are known which

can convert a proto-oncogene to an actively transform¬
ing oncogene; only some of these events are recog-
ni/i'd by the conventional DNA-mediated gene transfer
I [ f) and focus-forming assay (Krontiris and
C ooper, 1981; Perucho et al., 1981; Bishop, 1985).
Beyond the biological constraints on the assay, there is
n lurther limitation imposed upon the length of DNA
sequence which can be transferred intact. At around
50kbp (Ruddle, 1981), this falls short of the length of
UNA which must be involved in certain proto-onco-
gene activation events. Chromosomal rearrangements
;uc commonly associated with neoplastic events and
progression to tumorigenicity (Klein, 1981; Yunis,

1983; Morten et al., 1984). In chronic myelocytic
leukaemia, c-abl may be separated by over lOOkbp
from the activating BCR region on the Philadelphia
9:22 translocation chromosome (Heisterkamp et al.,
1983; Shtivelman et al., 1985). The technique of chro¬
mosome-mediated gene transfer (CMGT) might pro¬
vide a useful extension to the focus-forming assay as
extensive contiguous lengths of DNA can be trans¬
ferred intact (Miller and Ruddle, 1978).
Morphological transformation is a useful indication

ofmalignancy but may not directly reflect tumorigenic
potential (Keath et al., 1984). Subcutaneous inocula¬
tion of neonatally thymectomized, Ara-C protected,
total-body-irradiated CBA mice (Hay et al., 1985) is a
convenient and reliable method for detecting human
tumorigenic cells of lymphoblastoid (Morten et al.,
1984) or epithelial (Busuttil et al., 1986) origin. This
experimental tumour assay has yet to be tested with
transformants obtained by transfection of mouse cells
with human tumour material.
In this report we test the following: (i) mouse C127

cells as a robust and reliable alternative to NIH3T3
cells in selection for the malignant phenotype (DMGT
and CMGT); (ii) the ability of mitotic chromosomes
isolated from EJ bladder carcinoma cells to induce
malignant transformation (CMGT); (iii) the ability of
our experimental mouse tumour assay to detect quali¬
tative and quantitative differences in tumorigenic po¬
tential; and (iv) the experimental mouse tumour assay
in direct selection for transformants, following DMGT
and CMGT.

material and methods

Cell lines

EJ-18-8D has been described by Hastings and Franks
(1983). It is a cloned derivative of the original human
EJ bladder carcinoma and has an essentially diploid
chromosome complement. It is also tumorigenic in
nude mice. The mouse C127 cell line is an immortal
but morphologically non-transformed line derived from

4Present address: Paterson Laboratories, Christie Hospital and
Holt Radium Institute, Wilmslow Road, Manchester M20 9BX,
UK.

5Present address: Animal Virus Research Institute, Pirbright,
Woking, Surrey, GU24 ONF, UK.

6To whom reprint requests should be sent.

Received: May 16, 1986.
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a mammary tumour of an RIII mouse (Lowy et al.,
1978). Transformed derivatives of mouse C127 cells
were obtained by transfection with either plasmid-
cloned HRAS1 (pEJ), with high-molecular-weight EJ
DNA, or with mitotic chromosomes isolated from EJ-
18-8D (see below). All cultures were grown on Dul-
becco's MEM supplemented with 5% foetal calf serum
(Gibco Biocult, Paisley, UK) under 10% C02 at 37°C.
DNA and chromosome transfection
C127 cells (5 X 105 cells per 100-mm diameter dish,

seeded for 18 hr previously) were transfected with
plasmid (10 /xg per dish) or high-molecular-weight
DNA (25 /xg per dish) by the DNA/CaP04 co-precip-
itation method of Graham and van der Eb (1973), as
modified by Parker and Stark (1979). Essentially the
same procedure was used for transfection with mitotic
chromosomes isolated from EJ-18-8D (Porteous,
1985). To prepare the chromosomes for transfection,
EJ-18-8D cells were arrested in mitosis with Colcemid
(0.1 /xg/ml for 18 hr), swollen in 0.075m KC1, and
lysed in 0.1 % digitonin, 15mM Tris HCI, 3mM CaCl2,
pH 7.0, then the released chromosomes were purified
free of whole cells, nuclei and cellular debris by dif¬
ferential centrifugation (Porteous, 1985). Primary
transfection dishes were split 1 to 4 after 24 hr and
thereafter fed twice weekly until foci of transformed
cells were seen overgrowing the flat monolayer back¬
ground of non-transformed cells.

Tumorigenicity assay
The assay used was a modification of a method

originally described by Steel et al. (1978) and adapted
in the authors' laboratory (Morten et at., 1984; Hay et
al., 1985). Neonatally thymectomized, Ara-C pro¬
tected, total-body-irradiated CBA mice were injected
subcutaneously and bilaterally with up to 107 cells per
site in a volume of 0.2ml. Tumorigenicity was estab¬
lished by the appearance of a progressively growing
cell mass. This was histologically diagnosed as tumour
and could produce further tumours on passage to at
least one other prepared mouse by subcutaneous im¬
plantation of 1-mm' fragments. Mice were examined
regularly over a 12-week post-inoculation period, un¬
less killed earlier because of a large tumour burden.
Tumours were removed under sterile conditions and,
in many cases, cell lines were re-established from
biopsy samples. Tumours were stored frozen at
— 70°C.

Direct selection for tumorigenicity
For direct tumorigenic selection of EJ DNA-me-

diated transformants, C127 cells were transfected with
a co-precipitate of 20 /xg EJ DNA and 1 /xg pSV2-neo
per plate. Primary transfection dishes were split 1 to
10 24 hr post-transfection, and Geneticin G418 (400
/xg/ml) was added to select for pSV2-neo-transfected
cells. Geneticin G418 is an aminoglycoside antibiotic
which blocks protein synthesis in eukaryotic cells;
pSV2-neo encodes a detoxifying phosphotransferase
(Southern and Berg, 1982). Surviving cells were pooled
after 18 days' selection and growth. Aliquots of 107
cells were then inoculated at single sites into immuno-
suppressed mice, as described above.
For direct tumorigenic selection of the EJ chromo¬

some-mediated transformant, each plate of C127 cells
was transfected with a co-precipitate of 1 /xg pSV2-
neo and chromosomes isolated from approximately

2 x 106 mitotic EJ-18-8D cells. Cells from each prj
mary transfection dish surviving Geneticin G418 selec¬
tion (400 /xg/ml) were cultured for 10 days before
injection into single sites of immunosuppressed
(see above).

Cloning of transformants
Foci of transformed cells appearing on a monolayer j

background of transfected C127 cells were isolated
with cloning rings. To obtain transformants free of co.
isolated, non-transformed cells, primary monolayer
cultures were plated in 0.25% low-melting-point aga¬
rose on a 0.5% base, supplemented as for monolayer
culture. Individual, well-isolated colonies of trans¬
formed cells were then picked and monolayer cultures
re-established. Alternatively, primary focus isolates i
were plated at low density in monolayer culture and
cloning rings were utilized to re-isolate individual
transformed colonies. No difference between the two
cloning techniques was found in any aspect of the
malignant phenotype. However, having first selected
by focus formation on monolayer cultures, cloning in
low-melting-point agarose was found more convenient.

DNA techniques
Plasmid DNA was prepared by the alkaline/SDS

lysis protocol, as described by Maniatis et al. (1982).
High-molecular-weight DNA was prepared from cell
pellets for transfection and restriction endonuclease
digestion by modifications of established methods
(Porteous, 1985). To prepare DNA from tumours,
polyamine-stabilized nuclei were first isolated from
freshly excised or thawed material, according to Mar¬
shall and Burgoyne (1976). The tumour DNA was then
purified from the isolated nuclei as for cell line DNA
(Porteous, 1985). Restriction endonucleases for DNA
characterization were variously supplied by New En¬
gland Biolabs (CP Laboratories Ltd, Bishop's Stan¬
ford, UK), GIBCO BRL, Renfrew (UK) and NBL,
Gamblington, UK and used according to manufactur¬
ers' instructions. Agarose gel electrophoresis, South¬
ern (1975) transfer, radiolabelling of DNA probes
(Rigby et al., 1977), DNA hybridization, filter wash¬
ings and autoradiography followed adaptations of stan¬
dard procedures (Porteous, 1985). DNA probes were
nick-translated to a specific activity of about 108 cpm
per /xg. Hybridization was in 5 X SSC, 5 X Den-
hardt's, 0.1% SDS, 0.1% sodium pyrophosphate, 100
/xg/ml sonicated salmon sperm DNA for pBK1.8. Hy¬
bridization with pEJ was in 4 X SSC, 50 /xg/ml hepa¬
rin, 0.1% SDS, 0.1% sodium pyrophosphate at 68°C
(Singh and Jones, 1984). Nitrocellulose filters were
washed to 0.1 x SSC at 68°C.

RNA techniques
Total RNA was prepared from cell pellets by the

guanidinium hydrochloride method, according to Has-
tie etal. (1979). The RNA was electrophoresed through
1.5% denaturing agarose gel and transferred to nitro¬
cellulose according to Meehan et al. (1984). Hybrid¬
ization protocols were as for Southern transfers except
that, following hybridization with nick-translated DNA
probes, the filters were washed to 2 X SSC at 68 °C.
Plasmids

The pEJ (gift of Dr. R. Weinberg) contains a 6.6kbp
human genomic BamHI fragment, which was cloned
from EJ DNA-transfected NIH3T3 cells; it encodes
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RESULTS

ASI-mediatedfocus formation in mouse C127 cells
[, 1 bladder carcinoma, the actively transforming

,nc ic is known to be HRAS1 (formerly denoted c-
Ha-'tf-s-l) (Der et al., 1982; Parada et al., 1982). The
iransformationally active HRAS1 DNA sequence was
first isolated and characterized following DNA-me-
diated gene transfer (DMGT) from human EJ (or T24)
bladder carcinoma to NIH3T3 cells (Goldfarb et al.,
1982; Shih and Weinberg, 1982; Tabin et al., 1982;
Reddy et al., 1982).
When pEJ, a plasmid containing the active HRAS1

.■one, was co-precipitated with CaP04 and applied to
nio vcr cultures of C127 cells, foci of transformed
,.ro appeared at a frequency of at least 1 in 104
recipient cells and were clearly visible at 10 days post-
iransfection. When freshly transfected cells were plated
m 0.25% low-melting-point agarose, colonies of divid¬
ing cells arose with comparable frequency. With high-
molecular-weight EJ DNA as HRAS1 donor material,
foci appeared about 2 weeks post-transfection at a
frequency of about 1 in 106 recipients. These focus-
forming frequencies are in close agreement with cor¬
responding experiments using NIH3T3 cells as recipi¬
ent ih and Weinberg, 1982).
With mitotic chromosomes prepared from EJ-18-8D

as donor [chromosome-mediated gene transfer
(CMGT)], foci appeared after about 4 weeks, at a
frequency of around 1 in 5 X 105 recipients.
Transformants arising following pEJ or EJ DMGT

exhibit some variation in cellular morphology in
monolayer culture; the examples shown in Figure 1 b
and c are typical representatives. In contrast, those
arising following CMGT (Fig. 1 d to h) typically
displa quite distinct morphologies. These differences
are ected in a number of other phenotypic indices
such as adherence to tissue culture dishes and growth
potential in low-melting-point agarose (Fig. 3). The
majority of CMGTs, but not DMGTs, can be distin¬
guished unequivocably on these criteria alone.
At the molecular level, all the CMGTs express

HRAS1 and to similar levels (Fig. 2).

Tumorigenicity ofHRAS1-selected CMGTs
An important question is whether the morphological

diff ices between CMGTs observed in vitro are re-

flecioa in differences in their degrees of tumorigenicity
in vivo. The tumour incidences for the EJ-18-8D donor
cell line, the C127 recipients and the various HRAS1-
selected CMGTs are summarized in Table I. At the
highest inoculum used, 107 cells per site, tumours
appeared with EJ-18-8D and all of the HRAS1-selected
CMGTs between 1 and 3 weeks post-inoculation. Un¬
der this condition, there was no significant difference
'n tumour incidence between the various CMGTs. The

low but variable frequency of "negative" sites is ex¬
plained by the need to kill mice bearing heavy unilat¬
eral tumour burdens. From our other results, it is
likely that tumours would have developed bilaterally if
the observation period could have been extended. No
tumours were detected following inoculation of non-
transformed cells of which, in total, 2.6 X 108 were
tested over a 12-week observation period.
In an attempt to detect quantitative differences in

tumorigenicity between CMGTs, we reduced the num¬
ber of cells step-wise to 103 per inoculum. With the
exception of E65-7, all of the transfectants produced
tumours from inocula of 104 cells per site and E65-5
gave rise to tumours at high frequency with as few as
103 cells per inoculum. With E65-7 no tumours were
recorded from inocula of less than 105 cells.
In a further series of experiments, the effect of co-

inoculating HRAS1-selected CMGTs with an excess
of non-transformed mouse C127 cells was examined.
These results are summarized in Table II. We again
see significant differences between the 3 CMGTs
tested, with the relatively reduced tumorigenic poten¬
tial of E65-7 being confirmed. However, it is interest¬
ing to note the protective effect of co-inoculation with
C127 cells. With excess C127 cells, tumours arose
from as few as 103 E65-7 cells present in the inoculum.
The transfectant E65-5 repeatedly produced tumours
from as few as 10 cells originally injected, confirming
a tumorigenic potential many times higher than any
other transfectant yet tested. Although E65-6 and E65-
7 show the same "cut-off" point, it is clear from the
frequency and time course of tumour development
(Fig. 3) that E65-6 is significantly more tumorigenic
than E65-7, again in agreement with the data shown in
Table I. The time-course also graphically demonstrates
the aggressiveness of E65-5 in tumour formation.

We have examined the histology of tumour masses
arising from these 3 transformants by haematoxylin
and eosin staining of conventional sectioned and of
plastic-embedded, thin sections (Fig. 4). In all 3 cases,
the appearances are those of highly malignant spindle-
cell sarcomas with abundant mitoses. The tissue mor¬

phology is quite distinct from that seen in tumours of
epithelial or of lymphoid origin (Busuttil et al., 1986).
There are some characteristic differences between tu¬

mours from different transformants. E65.5 consis¬
tently produces a very well defined and dense tumour
mass clearly demarcated from adjacent tissues, which
it does not invade (Fig. 4a,b). In contrast, E65-7 forms
a much less dense tumour mass and shows little encap¬
sulation. In addition, there is significant infiltration of
fibro-connective tissue, fat and voluntary muscle (Fig.
4g,h). E65.6 (Fig. 4d,e) displays an intermediate phe-
notype with limited infiltration of host tissue. The
whorls of cells in the inner tumour mass are character¬
istic of E65-6 and E65-7.
As a further phenotypic index, we show representa¬

tive colonies of each transformant after 10 days' growth
in 0.25% low-melting-point agarose (Fig. 4c,/, i). In
the first week following plating, there was no discern¬
ible difference in anchorage-independent growth be¬
tween E65-5, E65-6 and E65-7. However, E65-7
showed little further growth beyond this point (Fig. 41)
whereas E65-5 and E65-6 continued expanding to day
10 and beyond. E65-5 (Fig. 4c) typically grew to a
larger cell volume and significantly higher cell density
than E65-6 (Fig. 4f).
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Cell inoculum Tumour incidence1
Persite EJ-I8-8D CI27 E65-5 E65-6 E65-7 E65-9 E67-1

TABLE I - TUMORIGENIC POTENTIAL OF HRASI-SELECTED CMGTs; EFFECT OF THE ABSOLUTE CELL INOCULUM

107
2x 106
5 x I05
1.25 x10s
!06
<104

lO4
103

11/12
NT2
NT
NT
NT
NT
NT
NT

11/14
4/4
4/4
4/4
4/6
2/2
3/4
3/4

Figure 1 - Morphology ofHRASl-transfected cells in monolayer culture, (a) C127 cells; (b) representative pEJ-transfected
C127 clone; (c) representative EJ DNA-transfected C127 clone; (d-h) independent EJ chromosome-transfected C127 clones;
(d) E65-5; (e) E65-6; (/) E65-7; (g) E65-9; (h) E67-1. Light microscopy.
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'Tumour incidence is given as the proportion of scorable sites which developed a tumour over a 12-week observation period. Sites were discounted if
mice died before any tumours developed under a given condition. Sites were included if a tumour-free mouse died of unrelated causes after a tumour
was detected in other mice under the same experimental condition.-2NT, not tested.

Direct selection oftransformants by tumour formation
The focus-forming assay is an invaluable but exact¬

ing technique as it relies upon the use of immortalized
cells, just one step removed from full transformation.
Furthermore, focus formation following transfection
with EJ DNA or chromosomes is a rare event and
great care must be taken in the maintenance of C127
or equivalent cells to ensure reproducible results. Our
results above suggest that an in vivo assay, with tumour
formation as its end point, can select for transformants
which account for no more than 1 in 104 of the inocu¬
lated cells. This is still an order of magnitude lower
than the expected ratio of transformed to untrans-
formed cells on a primary transfection dish. However,
this ratio would be greatly reduced in our favour if the
only cells injected were those which had incorporated
new DNA. In DMGT each transfected cell incorpo¬
rates about 0.1% of a genome equivalent (Perucho et
al., 1980). The overall transfection frequency for a
single copy gene, such as HRAS1, is approximately 1
in 106 (Shih and Weinberg, 1982) because on average
only approximately 1 in 103 cells are transfectable.
Co-precipitation of pSV2-neo with EJ DNA and sub¬
sequent growth in Geneticin-G418-supplemented me¬
dium will effectively select for those cells which have
taken up DNA/CaP04 co-precipitate. We would then
expect approximately 1 in 103 of G418-resistant cells
to also show the transformed phenotype through
HRAS1 expression. A frequency of this order would
bring us well within the selection range of the tumori-
genicity assay (Tables I and II).
In one experiment, 6 dishes, each seeded with 5 X

105 C127 cells, were co-transfected with a total of 120
fig EJ DNA and 6 fig pSV2-neo. After 18 days' growth
and selection of G418 resistance, surviving cells were
pooled and aliquots of 107 cells inoculated at single
sites into immunosuppressed mice. The time course of
tumour formation is shown in Figure 5.
Although DMGT and CMGT both involve forma¬

tion of co-precipitates with CaP04, it is not certain
that the cells competent for CMGT and for DMGT
belong to the same sub-set. We tested this by adding
pSV2-neo to EJ chromosomes in a CMGT experiment,
as described in "Material and Methods".
A molecular analysis of both direct selection exper¬

iments is shown in Figure 6. All 4 tumours arising

Figure 2 - Expression of HRAS1. Northern transfer,
probed with pEJ, of total RNA extracted from EJ-18-8D (lane
1), C127 (lane 2), E65-6 (lane 3), E67-1 (lane 4), E65-7 (lane
5) and E65-5 (lane 6).

E65-6

E65-7
▲ A

Weeks Post-Inoculation

Figure 3 - Relative tumor incidence. The percentage of
sites forming tumours with E65-5 (•), E65-6 (■) and E65-
7(A) is shown as a function of time for the 10 transformed
cells per 107 C127 cells co-inoculation condition (Table II).
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TABLE II -TUMORIGENIC POTENTIAL OF HRASI-SELECTED
CMGTs; EFFECT OF CO-INOCULATION WITH EXCESS

UNTRANSFORMED CI27 CELLS

Transformed cells
per I07 CI27s

Tumour incidence1
E65-5 E65-6 E65-7

104 2/2 2/2 1/2
I03 2/2 3/4 1/4
102 3/4 0/2 0/4
10 2/4 0/6 0/8

'Tumour incidence was scored as for Table I.

from the DMGT direct tumour selection experiment
were indistinguishable at the molecular level. The re¬
sults from 3 are shown. Each DMGT tumour contains
a 6.6kbp BamHI fragment which hybridizes to pEJ
insert and must have been derived from EJ DNA (Fig.
6a). Their patterns of hybridization to the cloned hu¬
man DNA repeat element pBK1.8 are indistinguish¬
able (Fig. 6b). This is strong evidence for the repeated
selection in vivo of the same initial transformation
event from the pooled, DNA-transfected cells.
Direct selection following CMGT also gave rise to

tumours, one of which is analysed in Figure 6. It too
contains the HRAS1 gene, seen as a 6.6kbp BamHI
fragment in Figure 6a. The hybridization to pBK1.8
(Fig. 6b) shows not only that about 10 times as much
human EJ DNA was co-transferred but also that the
majority of these sequences are different from those
co-transferred following DMGT. By comparison with
the hybridization signal to total EJ DNA, this amounts
to 0.5% of the human genome in the CMGT transfor-
mant and 0.05% for the DMGT transformant(s).

DISCUSSION

The ability of EJ DNA/CaP04 co-precipitates to
transform competent mouse cells is well established
(Krontiris and Cooper, 1981; Shih et al., 1981) and
such transformants are also tumorigenic in the nude
mouse (Krontiris and Cooper, 1981). Our results dem¬
onstrate that mouse C127 cells provide a useful alter¬
native to NIH3T3 cells in such studies. We know that,
in addition to HRAS1, NRAS and KRAS2 also actively
transform C127 cells. It will be of interest to see the
extent to which CI27 cells overlap or extend the range
of oncogenes detected by NIH3T3 cells.
Our present data constitute the first demonstration

that EJ-derived mitotic chromosomes can also transfer
the transformed phenotype, including anchorage-inde¬
pendence and tumorigenic properties, to untrans-
formed mouse cells. The longer period to focus
formation, compared with DMGT, probably reflects
the increased time needed for stable integration and
active expression of isolated chromatin. In this regard,
C127 cells may have a significant advantage over
NIH3T3 cells for CMGT experiments. At least in our
hands, it is possible to maintain flat monolayers of
C127 cells without spontaneous focus formation for
significantly longer than in the case of NIH3T3 cells.
The wide range of cellular morphologies in HRAS1-

selected CMGT contrasts with the more consistent
DMGT phenotype and may be the consequence of the
different mode of gene transfer.
Although the fragment size of transfecting DNA is

rarely more than lOOkbp (Shih et al., 1979), DMGT
typically results in the overall incorporation of approx¬

imately 2,000bkp of donor DNA (Perucho et al
1980). Random concatenamerisation and rearrange!
ment of the non-selected, co-transfected DNA cer¬
tainly occurs (Perucho and Wigler, 1980), so that
sequences of more than about 50kbp are rarely trans¬
ferred intact (Ruddle, 1981). The consistency of the
transformed phenotype following DMGT may be ac¬
counted for by this homogenization process. In con¬
trast, it is known that much longer lengths of DNA
can be transferred intact following CMGT (Miller and
Ruddle, 1978). Pleomorphism of transformed pheno¬
type could thus arise through variable co-transfer of
DNA sequences which may modify aspects of cellular
morphology. It cannot be explained simply by varia¬
bility in the level of HRAS1 expression (Fig. 3).
Our study extends previous work (Morten et al.

1984; Busuttil et al., 1986) by demonstrating the value
of quantitative results obtainable in the immunosup-
pressed mouse tumorigenicity assay. This assay has
considerable advantages over the nude mouse assay. It
is substantially less expensive and the breeding and
maintenance conditions are far less demanding (Hay et
al., 1985). Without these advantages the extensive
study described here could not have been undertaken,
nor the significant and characteristic differences in
tumorigenicity between different HRASl-selected
CMGTs revealed.
Our experimental tumour assay detects both quali¬

tative and quantitative differences between different
transformants. These can be correlated with various
differences in the malignant phenotype observed in
vitro. E65-5 reaches the highest cell density in mono¬
layer culture (Fig. Id) and shows the strongest anchor¬
age-independent growth (Fig. 4c) of all the HRASl-
selected CMGTs. In the tumour assay, it is also the
most aggressive (Fig. 3) and has the highest tumori¬
genic potential (Tables I and II). E65-7 represents the
opposite extreme, never reaching a high cell density in
monolayer culture (Fig. 1J) and showing limited ca¬
pacity for anchorage-independent growth (Fig. 4;j. It
is far less aggressive in tumour formation (Fig. 3) and
has a markedly lower tumorigenic potential (Tables I
and II). The remaining HRASl-selected CMGTs, in¬
cluding E65-6, show intermediate phenotypes (Tables
I and II; Figs. 3 and 4f). It is important to note that the
morphological characteristics of each transformant are
quite stable and that cell lines re-established from tu¬
mour material are phenotypically indistinguishable
from the input cells.
Using this immunosuppressed mouse tumour assay,

Morten et al. (1984) showed that tumorigenicity of
lymphoblastoid cell lines, acquired during prolonged
culture in vitro, was associated with chromosome
gains. Progression from primary transformation to ma¬
lignancy is frequently characterized by amplification
of cellular oncogenes associated with transposition
events and the appearance of amplified units of DNA.
These amplified structures may be in the form of
"double minutes" or "homogeneously-staining chro¬
mosomal regions" (Schwab, 1985). N-myc, for exam¬
ple, is known to be amplified in neuroblastomas,
retinoblastomas and small-cell lung cancer, although
its precise function and role in progression to malig¬
nancy are still uncertain (Schwab, 1985). Transfection
of cloned oncogenes, such as N-wyc, or with DNA or
chromatin from premalignant stages, coupled with the
sensitivity of our tumorigenicity assay, might help
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Figure 4 - Tumour histology and anchorage-independent growth. Representative histological sections stained with hae-
matoxylin and eosin are compared with typical colonies at 10 days' growth in 0.25% low-melting-point agarose.
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Weeks post-inoculation.
Figure 5 - Direct selection of EJ DNA-mediated trans-

formants by tumour formation. C127 cells were co-trans-
fected with EJ DNA and pSV2-neo with selection for G418
resistance, as described in the text. Mass cultures were in¬
oculated (approximately 107 cells per site) 18 days post-trans-
fection (=0 weeks) and tumour development was monitored.

define the elements essential for progression to
tumorigenicity.
It will now be of interest to see whether oncogenes

other than HRAS1 are similarly active in CMGT and
show a range of transformed phenotype and tumori-
genic potential. It is of note that DMGT fails to detect
actively transforming genes in the majority of tumour
DNAs (Krontiris and Cooper, 1981; Perucho et al.,
1981; Bishop, 1985). On the other hand, mouse chro¬
matin from certain chemically transformed cell lines
has been shown to be actively transforming whereas
the corresponding naked DNA was ineffective (Shih et
al., 1979). Thus CMGT also has the potential to reveal
new transforming genes. These might include trans¬
forming sequences which, in functional form, are too
large to be transferred intact by DMGT, or proto-
oncogenes transcriptionally activated by chromosomal
rearrangement.
Direct selection of tumorigenic cells following in¬

oculation of mass populations of cells transfected with
tumour-derived DNA has recently been described us¬
ing nude mice (Blair et al., 1982; Fasano et al., 1984).
This mode of selection has the considerable advantage
of objectivity compared with visual detection of focus
formation (Blair etal., 1982; Fasano etal., 1984). We
have shown that the same approach is practicable with
our experimentally immunosuppressed mice (Figs. 5
and 6). A total of 3 x 106 C127 cells were co-trans-
fected with pSV2-neo and EJ DNA in our direct selec¬
tion experiment. From our previous focus-formation
experiments, we might have expected 3 independent
transformation events. In point of fact, all 4 tumours
which arose contained the same pattern of pSV2-neo
integration (data not shown) and co-transfer of human
DNA sequences along with HRAS1 (Fig. 6). This
must mean that all 4 tumours arose out of a single,
initial transformation event. To ensure that all potential

2 3 4 5
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Figure 6 - Molecular analysis of directly selected tu¬
mours. Lane 1, EJ-18-8D; lane 6, C127; lanes 2-5, tumours
selected directly following co-transfection of C127 cells with
pSV2-neo DN'A and EJ chromosomes (lane 2) or EJ DNA
(lanes 3-5). (a) BamHI-digested DNA probed with 6.6kbp
BamHi insert of pEJ: 10 fig of DNA per lane except EJ-18-
8D (2.5 fig), (b) Bglll digest DNA probed with pBK1.8; 5/ig
of DNA per lane except EJ-18-8D (5ng).

tumorigenic events were recovered and not just the
most aggressive, it would be necessary to inoculate the
products of individual transfection dishes separately.
Finally, the ability to directly select tumours, follow¬

ing co-precipitation and transfection with pSV2-neo
and EJ mitotic chromosomes (Fig. 6), is an important
observation as it implies that the same subpopulation
of cells is competent to take up, integrate and express
both naked DNA and isolated chromatin. This obser¬
vation considerably widens the scope of practical ex¬
perimentation, the limits of which are now being tested.
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Introduction

The advances in molecular and cellular biology during
the last two decades have brought a new understanding of
the nature of many diseases. This applies particularly to
genetic conditions but also, in some degree, to
malignancy and to immunological disorders. Under¬
standing, however, does not necessarily provide practical
help for patients, and while the one should ultimately
lead to the other, there is natural impatience for evidence
that benefit is being reaped from the substantial invest¬
ment in basic sciences. Nowhere is this impatience more
intense than in relation to diabetes, for no other disease
illustrates more clearly the promise of new developments
in biology or the practical difficulties that lie in the way of
their translation into new forms of treatment.

Put at its simplest, insulin-dependent diabetes repre¬
sents a failure of insulin production by the pancreatic islet
beta cells. Correction of the defect, however, requires
more than simple restoration of insulin secretion. Equally
important, for example, is the linking of that secretion to
the blood glucose level. Both functions can be performed
by the 'artificial pancreas' but the very size and complex¬
ity of that machine is testimony to the remarkable
properties of the intact pancreas.

Islet Cell Transplantation

One attractive approach to the problem of diabetes is the
transplantation of viable functioning beta cells either in
an intact pancreas or after isolation of the islets of
Langerhans. Considerable success has been achieved in
inbred mice and rats made diabetic using alloxan or
streptozotocin.1,2 Islets from histocompatible animals
function well after engraftment, for example in an
omental pouch, under the renal capsule or, most
effectively of all, by embolization of the liver via the
portal vein.3 Grafting across a histocompatibility barrier
presents major problems, however, and would of course
be necessary in nearly every case in man. The antigens
most active in triggering allograft rejection belong to the
Major Histocompatibility Complex (MHC) class II series.
They are normally expressed on only a subset of
nucleated cells, notably B lymphocytes, monocytes,
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dendritic reticular cells, and some endothelia.4 'Purging'
islet beta cell preparations of MHC class ll-positive cells
by in vitro culture at low temperature and/or by treatment
with anti-class II antibody plus complement can be
dramatically effective in prolonging graft survival in the
experimental setting.5 There is, however, a fundamental
distinction to be drawn between chemically induced
diabetes in animals and the naturally occurring disease in
man where there is good reason to believe that the
immune system is involved in destruction of the beta
cells. Unlike the experimental animal, the patient with
type I diabetes who receives an islet cell allograft is
already primed to recognize and react to antigens on the
implanted tissue.6 Furthermore, there is evidence that in
the course of the disease, whether as a triggering factor or
as a secondary phenomenon, some of the beta cells
themselves are induced to express MHC class II antigens.7
It is very likely that the same sequence of events would be
seen in the graft, inducing the same vicious cycle of
immune stimulation and beta cell destruction that caused
the disease in the first place. Massive immunosuppression
would certainly be required, and of course cortico¬
steroids, still the mainstay of most immunosuppressive
regimes, are highly diabetogenic in their own right.
Cyclosporin A may prove a useful alternative but doubts
remain about its long-term effects.8,9
Consideration might be given to genetic manipulation

of cultured islet cells so that they lose the capacity to
express MHC class II antigens. The principle of selecting
for such 'deletion' mutants has already been applied
successfully to human lymphoid cells,10,11 but it does
require a rapidly dividing population and thus introduces
another major difficulty in obtaining islet beta cell
preparation for grafting. Growth of mouse, rat, and dog
islets has been demonstrated in vitro. However, the rate
of cell division and the number of doublings achieved
both fall far short of what would be required (when
translated into human terms) to meet the forseeable need
for donor tissue, given the expected difficulty in obtaining
starting material.1,2,12 Perhaps the most disappointing
aspect of this work to date has been the failure to obtain
appreciable growth and functional maturation of fetal
pro-islets.13"16 In other areas of tissue culture, notably as
applied to bone marrow, an enormous amount has been
learned in recent years.17,18 For example, precise con-
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ditions have now been established for the propagation
of cells representing early stages in the haemopoietic
lineage. It may therefore prove possible to identify
specific growth factors that can support massive prolife¬
ration of fetal pro-islets and their progeny in vitro.
Research in this area certainly deserves encouragement.
Naturally some concern must surround the use in man

of cells that have been grown under the artificial
conditions of tissue culture, particularly if mutations have
been induced to obscure their identity. We know so little
of the normal constraints limiting the size of individual
organs that we cannot predict with any confidence how
such an allograft might behave. At the very least, the
donor beta cells might increase in number to the point
where insulin production was excessive; at worst they
might be tumorigenic. It would therefore seem an
essential precaution to provide some form of physical
containment for the graft so that, if necessary, it could be
removed in part or in toto. Fortunately, techniques for
encapsulation of viable and functioning islets are being
developed19 and perhaps it is not too fanciful to predict
that, in time, one option for the management of diabetes
will be the insertion into a peritoneal pouch of a
semi-permeable membrane enclosing cultured human
beta cells which can be augmented, reduced or renewed
as necessary at intervals of a few years.

Genetic Manipulation of Non-beta Cells

Expressing the Insulin Gene
The problems of obtaining donor beta cells and of
inhibiting graft rejection could perhaps be circumvented
if some of the patient's own cells could be induced to
secrete insulin. Since all nucleated cells (with the
exception of sperm and ova) contain a full set of the
individual's genes, any fibroblast, epithelial cell or

leucocyte could, in theory at least, assume the functions
of an islet beta cell if only the appropriate genes could be
'switched on'. Unfortunately, the processes of selective
gene activation and inactivation that underlie cellular
differentation are almost total mysteries and there is no
reason to expect that manipulation of endogenous gene
expression will become a real therapeutic prospect in the
forseeable future.

Instead of reactivating the cell's own 'dormant' genes,
it may, paradoxically, prove easier to introduce artifically
constructed gene systems into cells and to make them
function there. Cloned genes encoding specialized func¬
tions can be inserted (by a process known as 'transfec-
tion') into cells such as fibroblasts that do not normally
express these functions. Under certain conditions the
transfected genes can be transcribed and translated in the
new environment.20 Examples include globin and immu¬
noglobulin genes,20,21 those encoding histocompatibility
antigens,22 oncogenes,23 and, perhaps the most spec¬
tacular instance, the gene for growth hormone (in the
so-called 'supermouse' experiment).24

Synthetic genes for the A and B chains of human insulin
are used, as inserts in bacteria, for the production of
much of the human insulin currently prescribed. The
native gene was cloned from human cells some years
ago.25 However, when that gene is introduced into the
mouse genome, the synthesis and secretion of-human
insulin become subject to the same regulatory processes
that control the production of mouse insulin and both
genes are expressed only in islet beta cells.26 If therefore
an insulin gene is to be introduced, for example, into
cultured skin fibroblasts from a diabetic patient, some
further genetic manipulation will be necessary to ensure
its expression in that cellular environment. But even if this
can be achieved, it will represent only one small step
towards creating substitute beta cells. First of all, the
product of the native gene is proinsulin (more accurately,
preproinsulin) which has to be cleaved in a specific
manner to release C-peptide and form the active insulin
molecule. Cleavage of proinsulin, which is just as much a
specialized function of beta cells as its synthesis, involves
the expression of genes for at least one and probably two
endopeptidases. Proinsulin has some hypoglycaemic
effect but is much less active than insulin itself.27 It might
therefore be necessary to insert these endopeptidase
genes (which have yet to be identified) into the fibroblasts
in addition to the insulin gene. This requirement for
multiple gene insertion is not, in itself, a major obstacle
since, in principle, any number of DNA fragments can be
transfected, serially or simultaneously, into cultured cells.
Although the uptake of DNA is a random and usually
inefficient process, the rare cell (say one in ten million)
that has acquired the optimum combination of new gene
inserts can be cloned selectively from the mass culture.21

Control of Insulin Production

A much more difficult issue is how to regulate insulin
synthesis and secretion in line with physiological
requirements. Merely engrafting a genetically engineered
clone of the patient's own fibroblasts that can produce a

steady output of insulin will not cure his diabetes. In the
intact pancreas the output of insulin responds to changes
in the blood glucose level by at least three mechanisms.
The rapid release of stored insulin from the secretory

granules of the beta cells seems to be activated by
transmitter peptides from autonomic nerve endings within
the islets.28,29 The second level of control affects the rate

at which amino acids are assembled on the messenger
(m)RNA template from the proinsulin gene, to form the
protein molecule. This 'translation' process seems to be
highly sensitive to small variations in plasma glucose
levels and responds within minutes by increasing or
reducing proinsulin production.30 Thirdly, insulin output
is regulated at the stage of transcription, that is, the
reading of the proinsulin gene DNA into mRNA. In the
normal islet beta cell, this evidently does not provide 'fine
tuning'. Changes in the output of proinsulin mRNA can
only be demonstrated in response to rather gross alter-
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ations in the ambient glucose level and the effect is both
slower in onset and more prolonged than is the case for
translational control.30,31
Crude though transcriptional control may be, it is the

only mechanism which we have begun to understand in
molecular terms. In attempting to engineer a substitute
beta cell, therefore, the problem of tissue restriction for
insulin gene expression and the need to build in some
mechanism whereby the system can respond to an
environmental signal will both have to be tackled at this
level.

In the relatively small number of genes whose organi¬
zation has been analysed in detail, the rate of transcrip¬
tion is under the control of a set of DNA sequences
flanking the structural gene itself (Figure 1). These include
the 'operator' which is essentially an 'on/off' switch and
the 'regulator gene' whose product binds to the operator
to throw the switch. The product of the regulator,
however, can also bind to a specific chemical in the
intracellular environment and in forming the complex
may be either activated or inactivated in terms of its
ability to bind to the operator. Different regulator
products interact with different molecules and hence
different genes are responsive to different environmental
signals.32,33 In the 'supermouse experiment' for example,
the growth hormone gene was spliced to control elements
from a metallothionein gene. The normal function of that
gene is to detoxify heavy metals and it is transcribed only
when the regulator product combines with metal ions
such as zinc. Hence, in the genetically engineered cell,
growth hormone production could be turned on simply
by adding zinc to the animals' diet.24
To date, although there are examples of regulator

products that bind to simple sugars, none has been
described that is specific for glucose itself. It would not be

i © :
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Figure 1. Diagram of an idealized synthetic gene complex and
its function following transfection to create an artificial beta cell.
The enhancer is non-specific in function: it can come from any
organism and in its normal role need have nothing to do with
insulin synthesis. The regulator, promoter, and operator
sequences must be compatible with each other; in practice this
involves being taken en bloc from a naturally occurring glucose
sensitive gene complex. They can, however, be detached from
the structural genes which they normally control and be spliced,
as shown, to the insulin gene. It is not uncommon in nature for
groups of functionally related structural genes to be linked, as
here, to a single operator so that all are turned on or off in
concert.
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surprising if one is eventually found, and a likely place to
search would be among organisms such as yeasts that are
highly efficient fermenters of sugars. Since the genetic
code is universal, it is possible for the various elements of
a synthetic gene assembly to come from organisms that
occupy widely different positions on the phylogenetic
tree.

In addition to regulator and operator sequences, there
are other components of genetic units that influence the
rate of transcription of the structural gene. These include
the 'promoter' sequence that lies between regulator and
operator and, for some but not all genes, an 'enhancer'
which can be a short distance away on either side of the
rest of the complex.32,33 These elements too can be
responsive to environmental signals though their inter¬
actions with intracellular molecules appear to be more

complex and are certainly less well understood than is the
case for the regulator and its product.
There is thus a considerable way to go before we can

envisage a 'package' comprising the human proinsulin
gene spliced to control elements that would link its
transcription rate to the blood glucose level, plus genes
for the proinsulin cleavage enzymes, such a package
being capable of insertion en bloc into some readily
accessible cell type that is amenable to propagation in
tissue culture. Thereafter it might still prove exceedingly
difficult to put all the components of an 'artificial beta
cell' together in such a way that the timing of the insulin
response to a glucose load is correct. Nevertheless, once
we have reached the stage of worrying about timing, a

genetically engineered 'cure' for diabetes really will be in
sight.

Conclusion

The fact that it is possible to identify the major problems
to be overcome is evidence of the progress that has
already been made in cell and molecular biology.
Without pretending to know the answers to any of the
questions raised by this outline, it is reasonable to predict
that some diabetic patients now alive will see the day
when their blood glucose levels are kept within physio¬
logical limits without injected insulin. There are long-
term prospects for two alternative approaches to the
restoration of near-physiological control of blood glucose
leves in diabetes. One depends upon developments in the
grafting of donor islet cells. Advances are needed in the
manipulation of cells to reduce their immunogenicity and
in the field of tissue culture where methods of growing
large quantities of cells from limited amounts of donor
tissue, particularly from fetal proislets, are required. The
second approach involves the transfection of genes for
the synthesis and processing of insulin into skin fibro¬
blasts from the diabetic patient, or other cells readily
amenable to growth in tissue cultue, so creating artificial
beta cells. The necessary techniques of molecular biology
are still at an early stage of development but it is possible
to forsee a time when this will become a practical
therapeutic option.
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Genes and chromosomes

Since, by definition, the property of malignancy is passed on to successive
generations of cells, there is a very strong a prioriargument, clearly enunciated
by Boveri as early as 1914, that the underlying lesion will be found in the
genetic material of the cell (Boveri 1914). This is consistent with a wealth of
empirical observations on the association between malignancy and chromo¬
some aberrations and with more recent findings on alterations in the structure
or expression of specific DNA sequences (oncogenes) in tumour tissue. It
remains to be shown, however, precisely how such changes affect the normal
regulation of cell growth and differentiation so as to produce the phenomenon
we know as malignancy. The lymphomas occupy a special position in this
regard, first because a great deal is already known about the processes involved
in maturation and function of the normal lymphocyte—Sir Gustav Nossal
(1982) has remarked that the B lymphocyte 'may well be the best understood of
all the mammalian cells'—secondly because lymphocytes are (so far as we
know) unique in requiring structural rearrangements in their DNA in order to
express their differentiated functions, and thirdly because lymphomas are
more accessible and more amenable to study as viable in vitro systems than the
great majority of tumours. Nevertheless, even in the case of the lymphomas
many problems and paradoxes must be resolved before we can truly claim to
have a coherent explanation of the sequence of events leading to malignant
change.
This chapter does not pretend to reach that goal. Instead, it seeks to present

an up-to-date account of the relevant areas of molecular biology and cell
genetics, pointing out the major gaps in our understanding and occasionally
speculating on how they may eventually be bridged. Readers who are unfamili¬
ar with the field but who wish to enquire furthermay find the original literature
daunting both in scale and in technical obscurity. Fortunately, most of the
topics to be covered have already been subjects of excellent review articles and
priority has been given to these in the selection of references.
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GENE REARRANGEMENTS IN NORMAL LYMPHOID CELLS

Ig genes

The most distinctive feature of the highly developed immune system ofhigher
organisms is its capacity to mount specific responses to a vast range ofdifferent
antigens. For a long time it was difficult to reconcile apparent somatic diversity
on such a scale with the evident need to conserve genetic fidelity within species
and within the cells ofeach member ofa given species. A number of hypotheses
proved unsatisfactory. For example, the view that antibody diversity lay in
variable three-dimensional folding of a limited number of amino acid sequ¬
ences could not be sustained once the rules governing tertiary structure of
proteins had been worked out. Similarly, the proposition that a complete set of
genes encoding every conceivable antibody specificity was part of the endow¬
ment of every cell was first shown to be unlikely (though not impossible) on the
grounds that a disproportionate fraction of the total genome would be required
for the purpose, and subsequently proved quite wrong when nucleic acid
reassociation kinetics demonstrated that the number ofcopies ofgenes showing
even moderate homology with Ig constant region DNA was in the region of
hundreds, rather than hundreds of thousands per cell.
One of the greatest triumphs ofmolecular biology in the 1970s was the steady

unravelling of the processes by which cells of the B-lymphoid series 'shuffle'
their DNA in order first to generate Ig genes encoding proteins that differ from
one clone to another, and secondly to switch the transcription of heavy-chain
constant region from one DNA sequence to another, so altering the class of
immunoglobulin produced. By these means, a relatively small set of Ig genes,
inherited in the germ-line, can be manipulated in the population of specialised
cells to generate a huge repertoire of antibodies with different specificities and
functional properties (Hozumi & Tonegawa 1976).

Ig structure and germ-line Ig genes

The unit of immunoglobulin is the 'domain', a sequence of some 110 amino
acids containing a single intra-chain disulphide bridge. This domain unit is
believed to represent the very beginning of an immune system in phylogeny
since, not only are immunoglobulin chains built up from domains that are
clearly related in evolutionary terms, but some degree of homology is shown
with the unit structure of other immunologically relevant proteins including
the T-cell receptor (of which more later), the antigens of the major histocom¬
patibility complex andfi2 microglobulin (Bradley 1974; Gordon 1984; Hood et
al 1985). A complete immunoglobulin molecule consists of a pair of identical
heavy chains and a pair of identical light chains, the former comprising four or
five domains each, the latter two. The N-terminal domain of both light and
heavy chains determines the antibody specificity and is termed the variable or
'V' region while the other domains make up the constant 'C' regions and
determine the class of immunoglobulin (Fig. 5.1). Immunoglobulins ofclassM
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N terminal

'Constant'

Region

Secreted Ig | ~ ~
Terminates in
hydrophilic sequence

Variable

Constant

achain fichain

?Hydrophobic
sequence
for membrane
insertion.

T cell receptor (Ti).

membrane-bound Ig
terminates in
hydrophobic sequence.

C terminal

Immunoglobulin.

I;ig. 5.1 Basic structures of immunoglobulin and T-ccll receptor molecules. X.B. No attempt
is made to convey the actual shape of the antigen-combining site which, in the case of the
Ig molecule, brings the amino-acid sequences of the three hypervariable regions into close
proximity. The same is likely to be true for the Ti a/? dimer. Post-translational modification
of the molecules by glycosylation is not shown. The position of the disulphide bridge (or
bridges) linking Ti a and fi chains is not precisely known.

normally exist as pentamers and those of class A as dimers of the 'complete'
molecule described, but assembly and linkage of the pentamer or dimer occurs
after the gene rearrangement, transcription and translation with which this
chapter is concerned. There is a further important distinction between
immunoglobulin destined for secretion and those molecules produced by the
same cell, of the same Ig class and antibody specificity, which are to be built
into the cell membrane. The two structures differ only in the C-terminal region
of the heavy chain wheremembrane-associated Ig molecules have an additional
sequence of hydrophobic amino acids that becomes embedded in the lipid
bilayer of the membrane (Alt et al 1980; Gordon 1984). The mechanism
whereby this difference comes about is illustrated in Figure 5.2.
The genes encoding human immunoglobulin chains are found at three

chromosomal sites representing the kappa light chain (chromosome 2 short
arm, 2pl3), the lambda light chain (chromosome 22 long arm, 22ql 1) and the
heavy chains (chromosome 14 long arm, 14q32) (Erikson et al 1981; Kirsch et al
1982; Malcolm et al 1982; Emmanuel et al 1984). At each of these locations
there is a cluster of sequences encoding different variable regions, a second
cluster encoding J (for 'joining') sequences and, in the case of the heavy-chain
region, these are separated by an unknown (but small) number of D ('diversi¬
ty') sequences. Finally, some distance downstream (i.e. in the 3'direction since
transcription proceeds from 5' to 3') are the constant region genes.
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V DJ s
Cm (6 Exons)

Primary RNA
Transcript

Messenger RNA

Poly(A)

Poly(A)

Tig. 5.2 Transcription and translation of Ig heavy-chain genes. Note the Cn sequence actually
consists of six exons separated by non-translated introns. The fourth exon terminates in a
stop codon which, however, is excised and read-through in the case of membrane-bound
Ig. The fifth and sixth exons encode the trans-membrane hydrophobic 'anchor' sequence.
L = leader sequence, important in transport of the Ig molecule within the cytoplasm but
excised before secretion or incorporation in the cell membrane. S = switch region. In some
IgM-secreting plasma cells this has been excised from the rearranged gene, suggesting that
such cells are incapable of switching to another class of heavy chain

Somatic rearrangement of Ig genes and the generation of antibody
diversity

In the germ-line configuration there is no contiguous or even near-contiguous
set of DNA sequences from which a messenger RNA could be transcribed to
encode a complete immunoglobulin chain. This is achieved by somatic
rearrangement of the immunoglobulin genes, a process which occurs only in B-
lymphoid cells. Indeed the onset of Ig gene rearrangement denotes the very
earliest evidence of differentiation of haemopoietic stem cells along the B-cell
pathway (Korsmeyer et al 1981).
Starting with the heavy-chain cluster, the intervening stretches of DNA

between one of the V genes and one of the D sequences and between that D
sequence and one of the J genes are excised, creating a contiguous VDJ
sequence encoding the whole variable domain. The diagrammatic presentation
of Ig gene rearrangement in Figure 5.3 represents the current 'orthodox' view
of the process, but it should be noted that recent work has shown a rather
different mechanism to be operative, at least in some instances. According to
the 'new scheme', V-D-J contiguity can be achieved by looping and inversion
of the DNA segment bearing the relevant sequences, without excision of
intervening DNA. This can only work where the segments to be joined are in
opposite orientations (3'-5' and 5'-3') before rearrangement but that has
actually been demonstrated in a number of cases (Baltimore 1986). The
processes ofDNA excision (or inversion and annealing) to form rearranged VDJ
sets are dependent upon highly conserved short sequences of bases flanking
each of these regions. The conserved sequences occur in paired sets of seven
and nine nucleotides separated by 12 or 23 random bases, a spacing which
corresponds to one and two complete turns respectively of the DNA helix.
These heptamer-nonamer sequences are believed to function as recognition
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signals for the enzyme systems involved in the rearrangement of Ig genes
(Tonegawa 1983). Variation between the immunoglobulin products of differ¬
ent B-cell clones is generated not only by apparently random combinations
from within the V, D and J sequence pools but also by some inconstancy of the
numbers of bases excised (and indeed inserted) at the points of VD and D-J
joining. These junctions correspond to hypervariable regions in the Ig chains
and thus have a major influence on the three-dimensional structure and charge
of the antibody-combining site (Poljack 1975). Even after rearrangement of the
genes to form a contiguous VDJ sequence, somatic point mutation creates still
greater variability in the base sequences encoding the hypervariable segments
of the immunoglobulin molecule (Tonegawa 1983). In the case of the light
chains, somatic rearrangement involves only the formation ofa contiguous V-J
sequence. The kappa genes are rearranged before lambda but some time after
the heavy-chain rearrangement. It has been suggested that terminal deoxynu-
cleotidyl transferase (TdT), which is expressed at the time when the heavy-
chain rearrangement is in progress, is involved in that process but is not
required for light-chain V-J joining (Desiderio et al 1984).
Transcription of a complete Ig-chain gene involves the reading-off into

mRNA of the newly formed VDJ (or VJ) sequence plus the nearest down¬
stream constant region sequence and any intervening DNA. Splicing of the
mRNA then produces a final transcript as a template on which the relevant
protein can be synthesised (Fig. 5.3). Assembly of the heavy and light chains
into complete immunoglobulin molecules takes place in the cytoplasm and is
followed by secretion or incorporation into the cell membrane.

Errors in Ig gene rearrangement

The essential element of randomness in the gene rearrangements that generate
immunoglobulin sequence diversity means that the processes are error prone.
It is likely that in a number ofB-cell precursors no productive rearrangement of
the genes is achieved and that these cells die without progeny. There is,
however, a built-in allowance for a certain failure rate. Because of the
phenomenon ofalleleic exclusion, whereby only one ofa given homologous pair
of immunoglobulin genes is expressed, only one of the two heavy-chain
sequences and only one of the four light-chain sequences needs to be rear¬
ranged successfully. As mentioned earlier, the programme of events dictates
that the heavy-chain rearrangement takes place first. Evidently the cell 'tries
out' the process of excision and reannealing on either the paternal or the
maternal gene cluster and if an error arises that precludes the transcription of
an acceptable heavy-chain mRNA, it proceeds to rearrange the sequences on
the other member of the chromosome 14 pair. Thereafter, provided a normal
heavy chain can be synthesised, rearrangement is attempted in one kappa-gene
cluster, followed if necessary by the other kappa region and, if still unsuccess¬
ful, by each of the lambda clusters in turn (Korsmeyer et al 1982). Very little is
known of the mechanisms that control this sequence or of the signals telling the
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cell that a given rearrangement has been successful. Certain consequences,
however, are relevant to the identification of individual B cells and their
progeny and hence to the subject of B-cell leukaemias and lymphomas.
For example, the extent of Ig gene rearrangement is ameasure of the state of

differentiation of the B cell. Thus, as mentioned earlier, the earliest evidence
that a cell is committed to the B-lymphocyte lineage is the finding of a change
from the germ-line configuration in at least one of the heavy-chain sequences.
This situation is found in the majority of cases of childhood acute lymphoblas¬
tic leukaemia and in some lymphoblastic lymphomas. The next identifiable
stage of maturity is the pre-B cell in which a heavy-chain sequence is
rearranged and expressed so that n chain is present in the cytoplasm (Abney et
al 1978). Light-chain rearrangement, however, has not occurred so that no
complete Ig molecules are produced either for secretion or for insertion into the
cell membrane (Siden et al 1981). When light-chain gene rearrangement takes
place there is a good chance that one or other of the kappa sequences will be
productively assembled. Hence kappa-producing B cells outnumber lambda
producers in man (their imbalance is evenmore striking in the mouse) (Bradley
1974). Where both Kappa sequence rearrangements have been faulty, they are
sometimes excised so that a cell synthesising Ig with lambda light chains may
have no kappa genes (Korsmeyer et al 1982). Because of the ordered sequence
of events described, cells in which the heavy chain genes remain in the germ-
line configuration but one or more light-chain sequences are rearranged should
not normally exist. Similarly, there should be no cells in which a lambda gene
has been rearranged while the kappa sequences are in the germ-line configura¬
tion. While studies on lymphomas, leukaemias and myelomas have contributed
enormously to our understanding of the molecular events leading to normal
immunoglobulin production, from time to time there are reports of leukaemias
or lymphomas in which the relationship between gene rearrangement and Ig
expression seems to have broken down or in which 'non-permissible' combina¬
tions of gene rearrangements have been found. In such cases there is a strong
suspicion that violation of the 'molecular rules' is a fundamental aspect of the
malignant state (Gordon 1984).

Clonality in normal and malignant lymphoid tissue

Ig gene arrangements may be used to demonstrate clonality. Because the
process of V-J or V-D-J joining involves excision or repositioning of variable
amounts of intervening DNA, when the total DNA is digested with restriction
enzymes and subjected to gel electrophoresis followed by probing with a cloned
Ig sequence ('Southern blot' procedure) (Steel 1984), the fragments bearing
rearranged genes will be of different sizes to those bearing the corresponding
germ-line sequences. In a population of normal lymphoid cells from tonsil,
lymph node or blood, or in cases of polyclonal proliferation, the diversity of
antibody specificities and the corresponding diversity in Ig gene arrangements
is such that no particular fragment size will predominate and the non-germ-line
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sequences will simply produce a smear on the Southern blot. However, where a

malignant clone of cells bearing a rearranged Ig gene sequence forms a

significant proportion of the tissue under investigation, the homogeneity of the
rearranged sequence will ensure that a discrete band is detectable on blotting
with the appropriate probe. This approach provides rather more precise
evidence of clonality than identification of the predominant Ig heavy- and
light-chain classes and can, of course, be applied to situations where Ig genes
are rearranged but not expressed (Arnold et al 1983; Cleary et al 1984).

Heavy-chain class-switching
Each heavy-chain gene cluster contains a series of sequences encoding constant
region domains which specify the class (M,G,A, etc.) and hence certain
functional properties of the complete molecule. These are located 3' (down¬
stream) of the J sequences and, in man, in the order n, 8 , 7 3, 7 1, £ 2, a 1,
7 2, 74, £' 1, a 2 from 5' to 3'. The classical shift from predominantly IgM to
IgG antibody production in the course of a primary immune response is
mediated at the single cell level by a switch from transcription ofV-D-J-C/x to a
V-D-J-C7 combination. While this happens, the V-D-J sequence, determin¬
ing the structure of the variable domain and hence the antibody specificity,
remains unchanged (Fig. 5.4). This is just one instance of the general property
of heavy-chain class-switching which is most simply explained by stating that a
given V-D-J sequence can be brought into proximity with each of the CH
region sequences in turn by excision of the intervening C H genes. This means
that switching can only occur in the order predetermined by the physical
arrangement of the Ch genes from 5' to 3'. Recombination of V-D-J and CH
genes involves specialised 'S' (for 'switch') regions lying 5' to each of the CH
regions. The S regions characteristically include multiple repeats of the base
sequences TGAGC and TGGGG and recombination at these sites is believed
to be facilitated either by homology between the repeats or by specific
'recombinase' enzymes using the repeats as recognition sequences. According
to this scheme, a B cell will first express IgM because /x is the nearest CH region
3' to the rearranged V-D-J sequence. At a later stage the cell and its progeny
may switch to produce, say, Ig73 then Ig7l then Ig74 by looping out the
intervening CH sequences between V-D-J and the S regions flanking the C73,
C yl and Cy4 genes in turn. Alternatively, it may become a fully differentiated
plasma cell still producing IgM, i.e. without undergoing any class switch
(Abney et al 1978; Honjo & Kataoka 1978; Shimizu & Honjo 1984).
In practice, the situation appears to be more complex and in some circum¬

stances the cell may switch the class of Ig synthesised, without further
rearrangement of the DNA, by transcribing the rearranged V-D-J sequence
together with a whole series ofC H genes. The huge primary RNA transcript is
then differentially spliced to determine the class of heavy chain ultimately
translated from it. The mechanism of multiple Ch gene transcription and
differential splicing certainly takes place in the case of immature B cells
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a) Differential Splicing.
Cp exons Cdexons

L V DJ S / a s , , s S S S

M mRNA 5mRNA

b) Class Switching.
Primary Transcript

L V 0 J S CM C5 C73 S C71 S C<2 S Ccr, S C72 s C74 s S Ca2

(M_;;ieciG;gn;e,,,—
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L V 0 J 5 07,5 0(2 5 Ca, S C72 S C74 S C(, S Ca2

Ac,ivjeGene -—(7,-producing cell)

Primary Transcript

Fig. 5.4 Changing expression of heavy-chain constant region. In the configuration shown in
a), the ceil may produce IgM and IgD simultaneously. Class-switching, as shown in b), is a
later event and some authorities suggest that it is preceded by a stage in which the primary
RNA transcript may span several heavy-chain C regions, the class of Ig produced being
determined by differential splicing to produce messenger RNA specific, for example, for
y, heavy chain while the C/a gene is still retained in the genome (Shimizu & Honjo 1984).

synthesising IgM and IgD simultaneously. The C6 sequence is immediately
downstream of C/j. and is unique in having no 5' flanking S region. However,
other instances of transcription of a whole series of CH genes may reflect a
transitory phase in the switching process or may represent an aberration,
particularly of some malignant B cells. Similarly, it is uncertain whether the
report of C H class switching at a very early stage of ontogeny, before light-
chain genes have been rearranged, is a consequence of malignancy in a
particular myeloma cell line (Cebra et al 1984; Shimizu & Honjo 1984).

Immunoglobulin gene enhancer elements

Rearrangement of the structural genes encoding Ig chains does not in itself
account for the very high rates of transcription and translation seen particularly
in terminally differentiated B cells (plasma cells). Part of the explanation lies in
the existence of 'enhancer' sequences, previously described only in certain
viruses, where their function seems to be to ensure the efficient replication of
the organism in a host cell. The first eukaryotic enhancer sequences to be found
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were within mouse Ig gene clusters. They consist of relatively short stretches of
repetitive DNA located between the J and the C domain sequences. In the
heavy-chain cluster the enhancer lies upstream of the switch region and is thus
conserved during the looping-out process of class switching. The Ig enhancer
DNA has some sequence homology with the SV40 viral enhancer and in gene
transfection experiments it has been shown to exert a powerful influence on the
rate of transcription of Ig genes in B-lymphoid cells.Within fairly broad limits,
the orientation and position of the enhancer sequence in relation to the Ig
structural genes is immaterial (Banerji et al 1983; Boss 1983; Gillies et al 1983;
Potter 1984; Calame 1985). While other levels of control, still poorly under¬
stood, are undoubtedly important, the existence of an active enhancer element
in the Ig gene clusters may be highly relevant in the context of B-cell
malignancy where questions arise about the inappropriate activation of other
genes which may be brought into juxtaposition with the Ig enhancer through
insertion, transposition or chromosome translocation. These issues are dis¬
cussed in a later section.

The T-cell receptor and its genes

More than 20 years ago tissue-graft rejection experiments demonstrated that
specific antigen recognition is a property of T as well as B cells and as our
understanding of T-cell participation in humoral immunity has grown, this
concept has been strengthened. Indeed the similarity between T and B cells in
terms of antigen specificity is so great that immunoglobulin molecules, or at
least their variable domains, were at one time widely believed to constitute the
T-cell surface receptor for antigens (Krawinkel et al 1976). The truth, which is
only now emerging, is in fact not very far removed from that concept. The T-
cell receptor 'Ti' consists of a pair of peptide chains a and_/?, each consisting of
two domains, one 'constant', the other 'variable', both showing appreciable
sequence homology with immunoglobulin. The relevant DNA sequences,
however, are quite separate from those encoding Ig chains. The Ti-gene cluster
is on chromosome 14 in man, at qll (Croce 1985), while the Tij8 cluster is
located at the distal end of chromosome 7 long arm (7q35-q36) (Le Beau et al
1985). In the case of the fi chain, somatic diversity is generated by rearrange¬
ment among V, D, J and C germ-line sequences (Davis 1985) though the
amount of variation is more limited than in the case of Ig heavy chains (Fig.
5.3). The same statements probably apply to the a-chain genes though they
have been less extensively studied as yet. Conserved heptamer-nonamer
sequences with characteristic 12 and 23 nucleotide spacing are found flanking
the Ti gene V, D and J segments and are thought to subserve the same
'recognition' function as their counterparts among the Ig genes. A third T-cell
'receptor' gene cluster, encoding a y chain of very similar structure to the
others, has been mapped to the short arm of chromosome 7 (7pl5) in man
(Murre et al 1985). The y chain is not associated with the Ti a andfi chains on
the cell surface and its function is at present unclear. One point of interest is
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that Ti y -chain diversity appears to be much greater inman than in the mouse.
The a and fi chains are believed to form a dimer similar to the antigen-binding
N-terminal domains (F ab) of Ig heavy and light chains (Fig. 5.1) and this
structure is very closely associatedwith the C-cell 'marker' antigen T3 complex
in the cell membrane (Fabbi et al 1984; Sims et al 1984; Siuetal 1984; Acuto &
Reinherz 1985; Barthetal 1985; Hood etal 1985; John & Owen 1985; Lefranc&
Rabbitts 1985; Rabbitts et al 1985; Yague et al 1985).
The timing ofTi-gene rearrangements in relation to thymocyte maturation is

much less well defined than the corresponding series of events among the Ig
genes in B cells. Nevertheless, it is stated with some confidence that certainT-
cell lineage-specific surfacemarkers, unrelated to the Ti-gene products, appear
while the Ti genes are still in their germ-line configuration so that Ti-gene
rearrangement is not the earliest sign of differentiation. Rearrangement does,
however, take place during early intrathymic maturation and the fi chain
appears to be rearranged before the a chain. Expression of the receptor at the
cell surface occurs some time after gene rearrangement and seems to coincide
with expression of the T3 complex, an event which is taken to mark functional
maturity of the T cell. The Ti y-chain genes are also rearranged very early in T-
cell ontogeny though whether before or after the ^-chain genes is at present
unknown (Samelson et al 1985; Trowbridge et al 1985).
The Ti fi- and 7-gene clusters evidently include two and three constant

region sequences respectively, C/?,, Cfi2, C7„ C72, C73 but each of these is
associated with its own flanking J region in an arrangement analogous to that of
the Ig lambda cluster and there is no evidence for class switching in the
production of T-cell receptor.
In summary, the similarities between B and T cells in the mechanisms

whereby they generate diversity of antigen-responsiveness are very striking
(Fig. 5.3). They almost certainly draw upon the same pool of ancestral genes
and of molecular strategies that have evolved to provide a highly sophisticated
immune system. Nevertheless, they may differ in at least two ways which could
be significant in relation to the initiation of malignant change. First, while
diversity is generated in both cell types by recombination among a limited
number of gene sequences and by variability in the number of bases excised
around the junction points, it is not yet clear whether Ti genes, like Ig genes,
undergo further diversification by point mutations within hypervariable re¬
gions (Augustin & Sim 1984; Siu et al 1984). Secondly, there is at present no
evidence for potent enhancer elements associated with any of the Ti-gene
clusters.

Just as identification of restriction fragments bearing rearranged Ig genes
can be used to confirm clonal (usually malignant) expansion of a B-cell
population, so, in theory, can specific rearrangements of one or more of theTi-
gene clusters be used to identify T-cell clones. In practice, both Ti fi andTi 7-
gene probes have proved valuable for this purpose in established T-cell lines
(mainly of malignant origin) and in a variety of T-cell leukaemias and
lymphomas. One might expect a clear distinction between malignancies of B-
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and T-cell origin, the former showing rearrangements of Ig genes but germ-
line configuration of Ti genes and the latter the reverse. The limited evidence
published so far suggests that, in themajority of instances, findings accordwith
this prediction. There are, however, a few puzzling and possibly very important
exceptions, particularly of B-cell leukaemias or lymphomas in which rear¬
rangements can be demonstrated in both gene systems (Knowles et al 1985;
Lefranc & Rabbitts 1985; Murre et al 1985; O'Connor etal 1985; Waldmann et
al 1985).

ONCOGENES

Oncogenes were originally identified as those elements of the genome of
oncogenic viruses which were responsible for transforming the host cell, and
their names were derived from the viruses in which they were found, thus 'src'
from Rous sarcoma virus, 'mos' fromMoloney sarcoma virus, 'erb' from Avian
erythroblastosis virus and so on. Subsequently in most cases a cellular
homologue, the 'proto-oncogene', from which the virus is believed to have
acquired its transforming sequence, has been identified and the distinction is
now made between corresponding V (viral) and 'c' (cellular) oncogene
sequences (Krontiris 1983; Willecke & Schafer 1984; Bishop 1985a; Pimentel
1985). In recent years a number of cellular oncogenes have been found by
transfecting a partially transformed cultured cell line (usually the mouse
fibroblast line NIH/3T3) with DNA from a variety of malignant tissues,
including lymphomas and leukaemias. When fully transformed anchorage-
independent colonies, the malignant properties of which can generally be
confirmed by inoculation into immunodeprived mice, grow out from the target
line after such transfection, the newly acquired DNA sequences can be
retrieved, cloned, and shown to have transforming properties by further
rounds of transfection. They can then be sequenced and/or compared to known
oncogenes by nucleic acid hybridisation (Shih etal 1979; Cooper etal 1980). In
the majority of cases, transforming sequences derived by this procedure from
human tumours or tumour cell lines have had homology with one of the rat
sarcoma virus (ras) oncogenes. However, there are exceptions, including a
small number of new 'c' oncogenes for which no viral counterpart has yet been
found. Some of the latter have been reported from lymphomas ofboth B and T-
cell type (Table 5.1). It need hardly be stressed that since the original oncogenic
viruses, bearing their v-oncogenes, usually show selectivity for their target
tissues, it is very likely that different oncogeneswill transform cells ofdifferent
tissues with different levels of efficiency. Hence an assay for in vitro transfor¬
mation based upon a single target cell type, the mouse fibroblast, may be
insufficient for detection of all naturally occurring c-oncogenes and may be
quite inappropriate for the analysis of haematopoietic malignancies. Many
laboratories are looking for assay systems to supplement the NIH/3T3 cell line
(Jonak et al 1984; Armelin et al 1985) and no doubt several alternatives will be
available within the next few years.
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Oncogene products

Having discovered oncogenes, biologists naturally turned to the fundamental
question; 'What do they do?' If we understood this fully we might understand
the molecular basis ofmalignancy, and preliminary data certainly provide some
intriguing pointers. Some oncogenes appear to encode peptides very similar to
tissue growth factors, for example, the v-sis gene product (from simian sarcoma
virus) is related to platelet-derived growth factor (PDGF) and that of B-Lym
(from some chicken and human lymphomas) to transferrin (Goubinetal 1983;
Robbins et al 1983; Waterfield 1983). At least one, erb-B, has a protein product
resembling the transmembrane and internal domains of the receptor for
epidermal growth factor (EGF) (Downward et al 1984) while the c-fms
product is related to the receptor for a mononuclear cell growth factor CSF-1
(Sherr et al 1985). The products of several others which prove to be structurally
related, though the proto-oncogenes map to different parts of the human
genome, have tyrosine-specific protein kinase activity. In the context ofhuman
lymphoma, the oncogene myc is of particular importance, as will be discussed
later. A certain amount is known about its protein product including the fact
that it binds strongly to DNA (Moelling et al 1984; Moelling 1985); the same
may be true ofother oncogenes whose products are found chiefly in the nucleus.
Finally, the ras family ofoncogenes appear to encode proteins which bind GTP
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and are concentrated on the inner aspect of the cell membrane. An ingenious,
though still largely speculative, hypothesis links all of these apparently
disparate functions of oncogene products (Fig. 5.5). The internal domain of a
growth factor receptor typically has tyrosine kinase activity and it is postulated
that the normal signal from growth factor binding is transduced to the interior
of the cell by a change in the conformation, and hence the activity of the
enzyme. There follows a transfer of energy and of signal, via phosphorylated
proteins, through the cytoplasm. In this scheme, the GTP-binding proteins act
as energy-coupling factors on the inner cell membrane participating in the
transmission of signals from hormones to the cytoplasm. Eventually the signal
is passed to the nucleus where the rate of expression of certain genes is altered
with consequent enhancement of cell growth. There is thus a continuous chain
of signal from extracellular growth factor to nucleus which may be subverted at
several points by oncogene products, maintaining the cell inappropriately in a
state of continuous stimulation (Hunter 1984; Bishop 1985b; Kelly 1985;
Newmark 1985).

Activation of oncogenes

A second obvious question is: 'How can a particular DNA sequence be
oncogenic if it is a normal constituent of the genome?' Again, a number of
possible explanations have been suggested, each of which may apply in
different circumstances. The oncogene may not in fact be identical to the
corresponding normal sequence but altered so subtly that very close homology
is preserved. A great deal of evidence has been accumulated to show that this is
precisely what happens to the ras gene family. Single base substitutions at
critical positions in H-ras, K-ras and N-ras result in specific substitutions of
the amino acids at positions 12, 31 or 61 in the 21KD polypeptide product
common to all three genes (Pimentel 1985). These changes are accompanied by
greatly enhanced transforming ability. Alternatively, the oncogene may be
amplified so that there is simply more of it. This too has been demonstrated in
the case of c-myc (classically in the human myeloid cell line HL60, but also in
neuroblastoma and lung cancer lines). Other oncogenes, including Ki-ras, abl
and erb-B have also been found amplified in a variety of cultures derived from
human malignancies (Little et al 1984; Alitalo 1985). In some instances the
amplification of an oncogene has coincided with the appearance of homogene¬
ous staining regions (HSRs) on particular chromosomes orwith large numbers
of 'double minute' acentric extra chromosomes and in situ hybridisation has
demonstrated that these karyotypic features are the actual sites of oncogene
amplification (Nowell et al 1983; Alitalo et al, 1983). Although there are

exceptions e majority of examples of gross amplification on oncogenes have
been found in cultured cell lines rather than in primary tumour tissue and the
level ofamplification can fluctuate between sublines of the same culture or even
within the same subline, as culture conditions are changed. The contribution of
oncogene amplification to the malignant phenotype is therefore uncertain.
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A third mechanism whereby an oncogene could transform a cellwould be by
End a change in the level of expression, that is in the amount of RNA transcript
/^ and/or ofprotein product, without any alteration in the number ofcopies of the
1985 gene or in its structure. This concept can be refined to accommodate even quite
hard low levels of expression but in cells in which the gene is normally completely

silent. The most widely favoured view ofoncogene function in the normal and
abnormal state is that they require to be expressed in particular tissues at
particular stages of differentiation and then are inactivated. Inappropriate

1886 activation (in the wrong cell type or at the wrong stage of differentiation) or a
failure to 'switch off would lead to uncontrolled proliferation. The implication

un here is that the structural oncogene may be perfectly normal but the mechan-
£ M isms which regulate its expression are disturbed. V-oncogenes, commonly

differ in structural detail from their proto-oncogene counterparts but, in
addition, they are unlikely to be subject to the same regulatory constraints in
the host cell. Thus there are at least two possible mechanisms whereby a virus
carrying a v-oncogene could achieve its transforming effect.

C-myc activation in Burkitt's lymphoma

The concept of disturbed regulation of oncogene transcription is derived, in
large measure, from studies on expression of the c-myc oncogene in lymphoid
cell differentiation and in Burkitt's lymphoma (BL). That tumour holds a
particular fascination for tumour biologists because it has promised so much
and yet for every answer it has provided, it has thrown up three or four new
questions. This has certainly been the case in working out the relationship
between c-myc and the immunoglobulin genes and the role of specific
chromosome translocations in the malignant transformation of the Burkitt cell.
In outline, the situation is very simple. The c-myc gene is located on the distal
end of the long arm of chromosome 8 (8q24) but, due to a specific reciprocal
translocation, it is moved to a new position close to one of the immunoglobulin
clusters, usually the heavy chain set at 14q32 but sometimes kappa (*2pl3) or
lambda (22q 11). Because the immunoglobulin genes are active in the B cell, the
translocated c-myc gene is 'turned on' and fails to respond to the 'off signal as
the cell matures. A B cell in which c-myc remains active is unable to progress
beyond a certain stage of differentiation but is driven to continue proliferating.
There is no shortage of experimental evidence to support this interpretation

of events. A translocation involving the distal end of8q is present in the tumour
cells of virtually every case of BL and the breakpoint on that chromosome is
always within or very close to the c-myc gene. C-myc consists of three exons,
the first ofwhich is not translated but may contribute to control ofexpression of
exons 2 and 3. In the commonest form ofchromosomal rearrangement found in
BL, the myc sequences are moved to chromosome 14 which has brokenwithin
the C/i switch region of the Ig heavy-chain cluster. The residue of the
chromosome 14 telomere, including the heavy-chain VDJ sequence, moves to
chromosome 8. In the variant translocations involving Ig light-chain genes,
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chromosome 8 breaks just distal to the third c-myc exon so that c-myc stays in
its original location, while the break on chromosome 2 or 22 occurs between the
light-chain J and C sequences, the latter moving to chromosome 8 (Dalla-
Favera et al 1982; Nowell et al 1984b). Among the appreciable number of
Burkitt lymphoma cell lines studied in some detail, there is considerable
variation in position of the breakpoints around the c-myc gene. The second and
third exons always stay together and generally show no alteration from the
normal base sequence but the first exon can be separated from the others or, if
translocated with them, may accumulate many point mutations (Rabbitts et al
1984). On the other hand, the breakpoints in the Ig genes seem to be restricted
to certain very precise regions (Bernard et al 1983). Furthermore, each joining
of Ig and myc sequences occurs only in a particular orientation, 'head-to-head',
with the 5' end of the residual C/u switch region facing the 5' end of the second
myc exon in the case of the 8:14 translocation but 'head-to-tail' with the 3'end
of the third myc exon justaposed to the 5'end of the Ck orC\sequenceinthe8:2
or 8:22 translocations (Klein & Klein, 1985). In all cell lines bearing one of
these translocations, c-myc mRNA can be detected, though often at quite low
levels (Taub et al 1984). Where it has been possible to distinguish between
transcripts from a translocated and a normal c-myc allele, it has been found that
the latter is virtually silent in the lymphoma cells (ar-Rushdi et al 1983; Croce et
al 1983; Robertson 1983). Recent studies have shown that expression of c-myc
from activated mouse spleen cells is suppressed by fusion with a Burkitt
lymphoma line, indicating that the signal or signals required to switch off a
normalmyc gene are operating (Feo et al 1985). Conversly, in fusions between a
translocation-carrying Burkitt line and an EB virus-transformed B-lympho-
blastoid line, it was the translocated myc gene that was turned off. This did not
occur when the fusion partner was a plasmacytoma line (Croce et al 1984).
Hence it seems that in Burkitt's lymphoma cells c-myc expression is not quite
autonomous but is 'deregulated' in the sense that continued expression of the
rearranged gene is inappropriate to the stage ofmaturity of the lymphoma cells
(Leder et al 1983; Nowell et al 1984b).
It has proved difficult to demonstrate the cellular transforming activity of c-

myc alone, however, it does enhance malignant transformation of primary rat
embryo fibroblasts when introduced along with H-ras. If the myc sequence has
been coupled to a strong viral promotor to ensure a high rate ofexpression, the
transforming efficiency is substantially increased (Land et al 1983a). Two
independent groups have identified transforming oncogenes in Burkitt's
lymphoma cell lines, in addition to deregulated c-myc. In one instance each the
second gene was identified as N-ras (Murray et al 1983) or K-ras (Lenoir et al
1984) but in six other lines it was B-Lym (Diamond et al 1983).
More extensive studies are clearly required to clarify the position but an

acceptable interpretation would be that more than one combination of activat¬
ed oncogenes is capable of conferring malignant properties on human B cells.
These and more general findings on co-operativity between different onco¬
genes or between oncogenes and viral or chemical tumour-promoting factors
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(Hsiao et al, 1984;) seem to confirm thewell-established concept ofmalignancy
as a multi-step process and suggest that deregulation of c-myc expression may
be one of the steps involved in the production of some human B-cell lympho¬
mas (Land et al 1983b; Newbold & Overell 1983; Ruley 1983; Cunningham &
Weinberg 1985). Extensive data from mouse and rat plasmacytoma cell lines
not only support the involvement of an activated myc gene but show that in
these malignancies too, activation is accompanied by a specific translocation
between the myc and the immunoglobulin heavy-chain loci (Klein 1981;
Sumegi et al 1983). It seems inconceivable that such consistent patterns ofgene
rearrangement in neoplasms of related cell types could have arisen by chance.
Nevertheless, although we appear to have most of the pieces of jigsaw and can
see the picture that they produce, they do not yet fit together quite as neatly as
they might.
The nagging difficulties that remain can be divided into four categories,

which are discussed in turn below.

The break site within the Ig cluster correlates with the class of Ig produced
Whether the Ig cluster involved in the translocation with c-myc encodes a

heavy or a light chain, the V and C regions usually become separated, obviating
any possibility of transcription from that allele. Yet there is a very strong
correlation between the site of the break within the Ig locus and the class of
immunoglobulin produced by the cell from the other allele. Thus in almost
every case of Burkitt's lymphoma (BL) where the break involves the switch
region immediately upstream of dp, the heavy chain transcribed from the
active allele is p. In the analogous mouse plasmacytoma (MPC), the secreted
Ig is commonly of class A and c-myc is juxtaposed to the excluded allele at the
a switch region. Klein & Klein (1985) suggest that the correlation reflects co¬
ordinate class switching in both the functional and non-functionally rearranged
allele and, further, that in BL the majority of target cells for malignant
transformation are at an early stage of maturity, having undergone no class
switching. By contrast, in MPC the target cells aremainly among gut-associat¬
ed lymphoid tissue in which the switch to IgA occurs early. In either case, they
postulate, the DNA of the switch region flanking the functional C sequence,
together with its counterpart on the excluded allele, is in a state of'readiness for
action', perhaps represented by hypomethylation, rendering it particularly
prone to breakage and hence to reassociation with the translocated c-myc.
A similar correlation is observed in the variant 8:2 and 8:22 translocations,

the former being associatedwithA"-producing and the latterwith A-producing
lymphomas (Lenoir et al 1982). Since the K and A clusters are not alleleic,
explanations offered in the case of the heavy chains cannot apply. However,
recalling that A genes are rearranged only if both K rearrangements are
unproductive and that the .K-gene clusters are then often excised, Klein &
Klein (1985) argue that a translocation involving c-myc and a iAlocus would be
excised in aAKproducing cell, thereby removing the oncogenic stimulus. In
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the reverse situation, a cell with a productively rearranged Kgene would not go
on to rearrange the A sequences and hence would provide no opportunity for
a Amyc/translocation. The logic is unimpeachable but there exist occasional
unexplained 'maverick' Burkitt cell lines which produce K light chains yet
carry an 8:22 translocation (Magrath et al 1983; Hollis 1984)!

The activator of translocated c-myc

The enhancer sequence described in an earlier section and believed to be
responsible for high levels of expression of active Ig genes in the late stages of
B-cell differentiation, would seem to be an ideal candidate as the means

whereby translocated c-myc is irreversibly 'turned on', particularly as it is
known to act on structural genes some distance upstream or downstream and
regardless of their orientation (Hayday et al, 1984). However, since the Ig
cluster breaks at the switch region of the heavy-chain gene or just upstream of a
light-chain C exon, the enhancer normally remains with the VDJH or VJL
sequences and therefore, except in rare instances, is far removed from the site of
c-myc/Ig interaction (Battey et al 1983; Robertson 1983; Corcoran et al 1985,
Rabbitts 1985). It is possible that other, less well-defined, regulatory elements
remain in the Ig clusters and are sufficiently powerful to prevent inactivation of
the translocated c-myc (Calame 1985; Grosschedl & Baltimore 1985). Alterna¬
tively it has been suggested that the first (untranslated) exon of c-myc or its
flanking promotor sequences, have a regulatory role and that if they are
separated from the second and third (coding) exons or subject to mutation or
even detached from more distant upstream controlling elements, myc gene
expression will be disturbed (Lederetal 1983; Perry 1983). This might provide
a satisfactory explanation in the case of the 8:14 transloction but where one of
the light-chain loci is involved, the threemyc exons and all upstream sequences
remain intact; indeed the first exon is furthest from the breakpoint in
chromosome 8.

The expected level of activation of c-myc
In general terms c-myc activity in normal haematopoietic cells appears to
decline as differentiation proceeds, though it rises with mitogenic activation
(Westin et al 1982; Kelly et al 1983; Reitsma et al 1983; Gonda &Metcalf 1984).
Now Burkitt's lymphoma is usually regarded as a tumour of relatively
undifferentiated B cells, showing onlymodest development of rough endoplas¬
mic reticulum at the ultrastructural level, secreting little immunoglobulin and
only occasionally having undergone a class switch from p to another heavy
chain (Nilsson 1978; Magrath 1981). Although other interpretations of the data
would place the Burkitt progenitor cells somewhat later on the differentiation
pathway (Gordon 1984), Epstein Barr virus-transformed B-lymphoblastoid
cell lines of non-malignant origin tend to secrete more immunoglobulins and
are probably somewhatmoremature than BL-derived counterparts (Srivastava
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& Minowada 1983); they do not carry 8:14 or any other transloctions involving
c-myc. Both cell types proliferate vigorously in culture. A priori, and setting
aside the question of the translocation, one might expect the Burkitt lines to
have the higher level ofc-myc activity. In fact no consistent difference has been
found (Bernard et al 1983; Taub 1984), but evidence cited earlier suggests that
an inactivation signal is operating in the Burkitt cells to silence the normal (i.e.
non-translocated) myc gene. In the absence of excessively high levels of
expression of the translocated allele, it is hard to explain why such inactivation
should operate in the Burkitt cell lines and not in B cells transformed by EB
virus. In other words, the observed levels ofexpression ofc-myc do not seem to
account for the differentiation arrest (if that is what it is) ofBurkitt cells at their
relatively early stage of ontogeny.

The role of Epstein Barr virus
There is no question that Epstein Barr virus (EBV) is capable of immortalising
human B-lymphoid cells. The targets may be at the pre-B stage (characterised
by cytoplasmic /x chain but without membrane or secreted Ig) or much later in
ontogeny up to the point where class switching has taken place and consider¬
able amounts of immunoglobulins are being secreted (Katsuki et al 1977; Steel
et al 1977a; Fu et al 1980). The virus is responsible for polyclonal B-cell
proliferation in vivo which is usually terminated by autochthonous cytotoxic
T-cell reaction (Steel & Ling 1973; Klein et al 1981; Rickinson et al 1981). In
vitro it will also induce B-cell proliferation leading to the outgrowth ofcell lines
which tend to become clonal and which will continue growing indefinitely.
These lymphoblastoid cell lines never show the characteristic 8:14, 8:2 or 8:22
translocations of Burkitt's lymphoma but, on prolonged culture, do become
aneuploid with preferential gains of chromosomes 3, 7, 8, 9, 12 and 21 and a

high frequency of an isochromosome for the long arm of 8 (Steel et al 1977b;
Shade et al 1980; Steel et al 1980). Many such aneuploid lines also acquire a
malignant phenotype as judged by their ability to form tumours on inoculation
into immunocompromised mice (Morten et al 1984; Steel et al 1985). Early,
diploid, lymphoblastoid lines are non-tumorigenic in this assay. In terms of c-
myc expression, lymphoblastoid lines are comparable to short-term cultures of
mitogen-stimulated peripheral blood cells (Westin et al 1982; Kelly et al 1983)
and in the author's laboratory no dramatic change has been recorded in the
structure of the c-myc gene or in its level of expression when a lymphoblastoid
line becomes tumorigenic (E. Thompson and P.G. Middleton, unpublished
results) although the data are consistent with modest amplification of the gene
on prolonged culture and there is one published report of an increase in c-myc
transcription correlating with the acquisition of a malignant phenotype in a
lymphoblastoid line (Croce et al 1984).
Epstein Barr virus was, ofcourse, first identified in cultured tumour material

from an African case of Burkitt's lymphoma and the epidemiological associa¬
tion of the virus with the tumours in the so-called 'endemic' areas is well
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known. It is, however, well established that there is no consistent link between
Burkitt's lymphoma and EB virus throughout the rest of the world (de The
1985). Virus-positive and virus-negative tumours show the same (near 100%)
incidence of chromosome translocations involving c-myc. It can therefore be
concluded that Epstein Barr virus is not essential for oncogenic transformation
of human B cells and that it does not induce the specific translocations seen in
Burkitt's lymphoma. Nevertheless, it may well contribute to a pre-neoplastic
expansion of a target cell population in which an 8:14 or variant translocation
may arise, leading to outgrowth of a malignant clone. That is the sequence of
events postulated in 'endemic' BL and in some cases of AIDS-associated
lymphoma in which the 8:14 translocation has been demonstrated. In both
situations the proliferation of EB virus-transformed B cells is abetted by
defects in T-cell function (Klein 1979; Purtilo et al 1985).
It remains to be established exactly how EB virus exerts its transforming

influence. The viral genome, which is very large compared to that of an
oncogenic RNA virus, does not appear to include sequences homologous with
any known oncogene and more than one EBV gene seems to be required for B-
cell immortalisation (Mark & Sugden 1982). At least four EB virus-encoded
mRNAs are present in all B cells transformed by the virus (Dambaugh et al
1986). The translation product of one of these is a 48K DNA-binding nuclear
protein known as EB nuclear antigen (EBNA) (Hennessy et al 1983; Kieff et al
1985). EBNA appears to form a complex with a 53K DNA-binding protein
(p53) ofhost cell origin which is commonly expressed in cells transformed by a

variety of agents (Crawford 1982; Luke & Jornvall 1982). It is tempting to
speculate that there is some rleationship between the function of EBNA and
that of DNA-binding proteins encoded by other transforming virues and by
oncogenes such as myc, but at present there is very little direct evidence either
for or against such a notion (Mongneau et al 1984). Another EB virus gene
encodes a protein (LMP) expressed in the plasma membrane of infected cells
and behaves as an oncogene on transfection into mouse 3T3 or rat I cells,
producing altered morphology, reduced serum requirements and tumorigenic-
ity in nude mice (Wang et al 1985).
It is not, in fact, necessary for a virus to carry a v-oncogene in order to

transform a target cell. There are many instances ofactivation ofcellular proto-
oncogenes by integration of viral promotor or enhancer sequences at specific
sites in the host genome (Willecke & Schafer 1984; Gough 1985). It would
therefore be important to know where EB virus integrates in human B-cell
chromosomes. Unfortunately this information is very difficult to obtain
because, in the great majority of transformed lines, there aremultiple complete
copies of the virus replicating as circular non-integrated episomes. In situ
hybridisation has yielded results in only two lines: Namalva, derived from an
African Burkitt lymphoma, and IB4, a lymphoblastoid cell line established by
infecting cord blood lymphocytes in vitrowith EB virus. Specific hybridisation
of an EBV-derived probe to the short arm of chromosome 1 (lp35) and to the
long arm of chromosome 4 (4q25) was found in Namalva and IB4 cells
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respectively (Henderson et al 1983; Kieff et al 1985). It could be relevant that
both N-ras and B-Lym have been assigned to the short arm of chromosome 1
by in situ hybridisation (Ryan et al 1983; Morton et al 1984) but much more
information is required to establish that the associations are other than
fortuitous. A third proto-oncogene, fgr, has been mapped to the same chromo¬
some arm and recent evidence suggests that this oncogene is activated in human
B-lymphoid cells as a consequence of infection by EB virus (Cheah et al 1986).
In the fullness of time it may well become apparent that the amount of space

devoted in this chapter to the consideration of c-myc is out of proportion to its
importance in the total spectrum of human lymphomas. Nevertheless, it is not
yet possible to treat any other lymphoma-associated oncogene in such detail
and it is quite likely that the arguments surrounding c-myc in Burkitt's
lymphoma foreshadow those that will apply shortly to some other oncogenes in
other tumours. As in the case of Burkitt's lymphoma, so in other lymphoid
malignancies, the starting-point on the road to an understanding ofmolecular
pathology is the finding of specific chromosome aberrations and it is appropri¬
ate to review these now.

Recurring cytogenetic abnormalities in human lymphoma

Even tumours that show every feature of rapid growth, including the presence
of many mitotic figures in histological sections, can prove frustrating to the
cytogeneticist. For reasons that are still not fully understood, it is extremely
hard to obtain adequate numbers of good quality metaphase spreads from
malignant tissue. Among other difficulties is the apparent tendency of tumour
cell chromatin to remain incompletely condensed so that the chromosomes
have a fuzzy outline and produce indistinct banding patterns. Within the past
decade, however, painstaking work in many laboratories has resulted in the
development ofmethods that yield much improved chromosome preparations.
The most important advance has been the introduction ofculture synchronisa¬
tion techniques, arresting cell division in pro-metaphase or early metaphase,
when the chromosomes are very long. 'High resolution' banding of such
preparations allows very detailed analysis of the karyotype (Yunis 1981).
Synchronisation also has the effect of improving the quality of metaphase
preparations from many leukaemias and lymphomas and has therefore been of
particular value in these conditions. Nevertheless, careful accumulation ofdata
will need to be continued for many years before a full and clear picture emerges
of the relationship between specific chromosome aberrations and particular
histological categories of lymphoid malignancy.
It is obvious from even the most superficial reading of the relevant literature

that many lymphomas are characterised by a plethora ofchromosome breakage
and recombination events and it seems likely that many are random consequ¬
ences of an underlying chromosomal instability whose relationship to the
malignant process is discussed later. Some specific structural aberrations,
however, occur with a frequency that requires a more precise explanation and it
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is fair to say that chromosome analysis is assuming an increasingly prominent
place in the diagnosis and classification of lymphoid malignancy.

Translocations involving 14q32

The translocation t(8; 14) (q24;q32) has already been considered in relation to
Burkitt's lymphoma of both 'endemic' (EB virus-associated) and 'sporadic'
type. It is also a consistent feature of one form ofacute lymphocytic leukaemia,
the L3 type (FAB classification; Bennett et al 1976), a finding which is not
surprising since the condition is commonly regarded as a leukaemic variant of
Burkitt's lymphoma (Slater et al 1979; Berger &Bernheim 1982). However, the
identical translocation has now been reported in a high proportion of cases of
small non-cleaved cell (non-Burkitt's) and diffuse large-cell immunoblastic
lymphomas (Kaneko et al 1982; Rowley & Testa 1982; Bloomfield et al 1983).
The same breakpoint on the long arm of chromosome 14 is involved in

rearrangements found in many lymphomas, giving rise to several recurring
translocations of which the two most clearly identified are t( 14; 18) (q32;q21)
and t( 11; 14) (ql3;q32). The former is very strongly associated with follicular
lymphoma (mainly small cleaved-cell ormixed small and large cleaved) and the
latter occurs in some cases of small-cell lymphocytic lymphoma and B-cell
CLL (Fleischmann & Prigogina 1977). The original reports of the 14/18
translocation as a marker for follicular lymphoma came from Minneapolis
(Yunisetal 1982, 1984; Bloomfield et al 1983). Confirmation of the finding in a
series of Scottish lymphoma patients studied in the author's laboratory (Dr
Fiona Ross, unpublished observations) demonstrates the universality of the
association and the consistency of histological classification of lymphomas on
the two sides of the Atlantic.

Other structural aberrations in B-cell lymphoma

A deletion of the long arm of chromosome 6, del 6(q21 or q23) and an iso-
chromosome for the long arm of chromosome 17, i( 17q) have each been
recorded in several of the cases reported in the large series cited above.
They show less distinct associations with particular histological subtypes of

lymphoma than the various translocations involving 14q32 but the situation
may change as more data are gathered. It is also very likely that other structural
aberrations, though less frequent than those already identified, will be added to
the list of specific cytogenetic features of lymphoma.

Structural aberrations in T-cell lymphomas and leukaemias

Cytogenetic data on T-cell lymphomas and leukaemias are even less complete
than is the case of their B-cell counterparts but the findings reported to date are
certainly intriguing. A few recurrent aberrations appear to be common to both
B- and T-cell neoplasms. These include deletions of the long arm of chromo-
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some 6, involving particularly the segments q21 to q23, and an isochromosome
for 17q (Yunis et al 1982, 1984; Bloomfield et al 1983; Nowell et al 1984a;
Whang-Peng et al 1985).
Other groups stress the consistency of aberrations affecting chromosome 14

in a variety of T-cell malignancies, with a recurring breakpoint at 14q 11
(Ueshima et al 1984; Croce et al 1985) in at least some of which the Ti-chain
gene has been shown to be directly involved (Lewis et al 1985). In some
instances, a break at 14q32, as in B-cell lymphomas, has been reported
(Ueshima et al 1981; Miyamoto et al 1983), but in these cases theremay be more
complex rearrangements, incompletely analysed at the time and including a
break at 14q 11. For example, inversion of the long arm of 14, inv( 14) (q 11 ;q32),
and translocations t( 14; 14) (ql l;q32) and t inv(14);22 have been demonstrated
in later studies of patients with T-cell leukaemia (Hecht et al 1984; Zech et al
1984; Baer et al 1985; Sadamori et al 1985; Hayashi et al 1986). It remains to be
explained why a deletion of 6q should be the predominant Finding in some
studies ofT-cell lymphoma/leukaemia while a recurring break at 14ql 1 stands
out in others (Fig. 5.6).

igK

Gains and losses of whole chromosomes

While multiple structural aberrations can coexist with gain or loss of complete
chromosomes in the same malignant cell, there is some tendency for cases to
segregate into those in which chromosome breakage and recombination events
predominate and those in which monosomy or (more commonly) trisomy of
particular chromosomes occurs without structural aberrations. This applies to
lymphomas and leukaemias of B, T and null type (Mark et al 1979; Hurley et al
1980; Kakati et al 1980; Reeves & Pickup 1980; Gahrton & Robert 1982;
Kaneko et al 1982; Rowley & Testa 1982; Whang-Peng et al 1982; Yunis et al
1982, 1984; Bloomfield et al 1983) and where trisomy occurs there is an overall
trend towards selective gains of chromosomes 3, 7,12, 18 and 21 (Bloomfield et
al 1983; Steel et al 1985). The most clear-cut example is the association of
trisomy 12 (often as the only abnormality) with chronic lymphocytic leukaemia
and small-cell lymphocytic lymphoma, a finding which is documented in
virtually every substantial cytogenetic survey of B-cell malignancies.
There is some concordance between this pattern of non-random chromo¬

some gains in vivo and the cytogenetic evolution of EB virus-transformed
lymphoblastoid cell lines in vitro, already described, in which trisomy 3,7,8,9,
12 and 21 are the most striking features. Since B-cell lines which have become
aneuploid on prolonged culture are also liable to have acquired a malignant
phenotype, it seems that the genetic imbalance resulting fromgains ofparticular
chromosomes can contribute to tumorigenicity (Morten et al, 1984).
Evidence pointing to a similar conclusion had already emerged from

experiments involving hybridisation of normal and malignant cells (Wiener et
al 1974; Klinger et al 1978) and from an analysis of malignant potential in
relation to karyotype among cloned sublines of SV40 transformed hamster cells

c myc >
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(Hitotsumachi et al 1971). A molecular basis for the correlation between
specific chromosome gains and malignancy has yet to be established but the
effect appears to be different, at least in degree, from that of structural
aberrations since those lymphomas and leukaemias characterised by numerical
chromosome abnormalities alone tend to run a more chronic course and to

carry a better prognosis than those in which there are translocations, deletions
or other breakage and recombination events (Williams et al 1982,1985; Steel et
al 1985; Whang-Peng et al 1985).

Chromosome
2 Chromosome

6
Chromosome

7

c mos

c myc

Fig. 5.6 Partial human karyotype illustrating chromosomal locations of some genes relevant to
lymphoid cell differentiation and malignancy and sites of recurring chromosome breakage in
lymphomas. Lines connect breakpoints involved in reciprocal translocations.
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Molecular events in specific chromosome translocations associated with
lymphoid malignancy

Since the immunoglobulin loci at 14q32, 2pl3 and 22ql 1 and the Ti a-chain
locus at 14ql 1 are sites where DNA scission and rearrangement occur in the
course of lymphocyte ontogeny, an obvious connection with the fact that they
are also sites of recurring chromosome breakage in lymphoid malignancy has
been emphasised by several commentators. The other Ti genes, fi on 7q35 and
7 on 7p 15, may enter the picture too since breaks involving both regions have
been recorded in lymphocyte clones from patients with ataxia telangiectasia
(McCaw et al 1975; Aurias et al 1980; Taylor 1982) among whom there is a
substantially increased risk of leukaemia/lymphoma, particularly of T-cell
type. The conclusion does indeed seem inescapable that involvement of these
particular sites in structural chromosome aberrations in lymphoid cells is
directly attributable to the molecular events, described earlier, that determine
diversity and specificity of immune reactions. However, each translocation
requires two breakpoints and in the majority of lymphomas only one of these
corresponds to an immunoglobulin or T-cell receptor gene locus. Consistency
of the second breakpoint may not reflect particular fragility of the DNA at that
site but rather selection for a particular recombination event, either because it
confers a growth advantage to the cell (for example by deregulation of the c-
myc oncogene in an 8:14 translocation) or because the DNA structure in that
region favours recombination with an Ig or Ti locus. There is evidence that
both of these factors are operative.
A particularly elegant study by Tsujimoto and his colleagues (1985b) has

demonstrated that the 14:18 translocation characteristic of follicular lympho¬
ma, almost certainly occurs because heptamer-nonamer sequences homolo¬
gous to the Ig and Ti-gene 'recognition' signals, and with the same 12 or 23
nucleotide spacing, are found on chromosome 18(q21). Incorrect, yet very
precise, annealing ofDNA from the two different chromosomes may therefore
be accomplished by the enzyme systems actively involved in Ig gene rearrange¬
ment. The second element determining recurrence of specific translocations is
the enhancement of cell proliferation that must result from them. The 14:18
translocation is again a source of some supporting evidence since, in a number
of independently ascertained cases, the same specific DNA sequence, very
close to the breakpoint on chromosome 18, was shown to be activated following
translocation to the Ig heavy-chain region (Tsujimoto et al 1985a). It is
postulated that this is a c-oncogene, designated bcl-2, for which no viral
counterpart has yet been described (Tsujimoto et al 1984a). By similar
reasoning, a rearranged sequence close to the breakpoint on chromosome 11,
(ql3), consistently translocated to the heavy chain locus in the 11:14 transloca¬
tion characteristic of diffuse B-cell lymphomas, has been designated a putative
oncogene bcl-1 (Tsujimoto et al 1984b), although there is at present no direct
evidence for bcl-1 activation.
The argument that new oncogenes will be found by analysing sequences
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adjacent to the points of consistent DNA rearrangement in tumours is
supported not only by the well-known correlations between recurrent translo¬
cation in human malignancies and the sites ofknown proto-oncogenes (Rowley
1983; Nowell et al 1984b) but also by data from experimental tumours in
animals. A good example is the mouse mammary carcinoma induced by amilk-
transmitted retrovirus MMTV. This virus carries no recognisable oncogene
and following infection of susceptible cells, the provirus appears to insert at
multiple random sites in the host genome. Mammary tumours, however, seem
to arise only when the MMTV provirus has integrated at one of two specific
sites very close to defined host sequences, designated Int 1 and Int 2, which
then come under the influence of the powerful MMTV promotor. A gene
within one or other of these sequences is activated in most, if not all, MMTV-
associated tumours but not in normal mouse breast tissue. There is therefore a

strong presumption that they behave as cellular oncogenes (Dickson et al 1984;
Nusse, et al 1984).

Chromosome aberrations, antioncogenes and regulation of
oncogene expression
While there are satisfactory explanations for the specificity of at least some
recurrent translocations in leukaemia and lymphomas and good data to
implicate particular DNA sequences in tumorigenicity, the precise mechanism
ofoncogene activation is, inmost cases, obscure, as has been discussed earlier in
relation to c-myc and Burkitt's lymphoma. It is implied, if not always clearly
stated, in most commentaries on translocations and neoplasia that an oncogene
is activated by being brought into juxtaposition with a region of the genome
that is itself transcriptionally active by virtue of the particular state of
differentiation of the cell. However, it is too early to dismiss the possibility that
in some cases the crucial factor in oncogene activation is detachment from a
normal flanking regulatory sequence. Knudsen (1985) has coined the term
'antioncogene' to describe regions of the genome which behave as dominant
repressors of the malignant phenotype, whose existence is inferred from the
association of certain hereditary forms of cancer with specific homozygous
chromosomal deletions.
In Wilm's tumour (nephroblastoma), for example, there is evidence for a

homozygous deletion on chromosome 11 (1 lp 13) and it has been suggested that
this region included a repressor for the adjacent (but not deleted) structural
gene encoding an insulin-like growth factor, ILG II, transcription ofwhich is
increased in the tumour tissue. If ILG II behaves as a growth factor for
embryonic renal cells then the mechanism of oncogenesis in this instance is
comparable to that proposed for several other deregulated or amplified
oncogenes (Reeve et al 1985; Scott et al 1985).
There is an inherent difficulty with the oncogene repressor or 'antioncogene'

hypothesis in its simplest form. If physical separation of an oncogene from its
repressor is amajor factor in its activation then a single translocation or deletion
event should be sufficient for malignant transformation. This may be consist-
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ent with most of the cytogenetic findings in lymphomas and leukaemias but in
the case of hereditary tumours the evidence suggests that a lesion must be
effectively homozygous (i.e. present in both homologous chromosomes) before
the tumorigenic phenotype is expressed. In fact, the problem may be more
apparent than real. As Knudsen (1985) has pointed out, a deletion ormutation
that conferred tumorigenicity in the heterozygous state would be lethal and
hence would not persist long enough in a species to be recognised as a genetic
trait. Furthermore, in addition to regulatory genes influencing adjacent loci on
the same chromosome ('in cis') there are others which act 'in trans' (i.e. at a
distance, affecting structural genes on other chromosomes). A given potential
oncogene would be under the influence of both copies of the latter type of
regulator or repressor and hence a homozygous deletion might be required for
release from control. This situation could apply in the case of hereditary
retinoblastoma where the antioncogene is believed to be included within a
consistently deleted region on chromosome 13 (13q 14), but the deregulated
oncogene may be N-myc which is assigned to chromosome 2 (2p23) (Schwab et
al 1983; Lee et al 1984; Knudsen 1985).
In practice, there are almost certainly several levels of control, both positive

and negative, operating both in 'cis' and in 'trans' over the rate of transcription
and translation of any oncogene. While one particular control system may
dominate the others, as seems to be implied by the association of specific
translocations with certain histological categories of lymphomas, other less
direct regulatory influences may still play a part and hence determine, for good
or ill, the degree to which the malignant phenotype is expressed. It may be
these 'secondary' levels of control that underlie the non-random patterns of
chromosome gain and loss observed in many lymphomas and leukaemias.

Chromosome instability as a risk factor in lymphoid malignancy
The findings discussed above go a long way towards explaining the well-
recognised link between clastogenesis (the production of visible chromosome
damage) and carcinogenesis; a link which can be demonstrated with ionising
radiation, a wide range of chemical substances and even certain viruses (Evans
1983; Nichols 1983). Although it is rarely possible in individual cases to
identify external agents that may have contributed to the genesis of lymphoma
or leukaemia through the induction of chromosome aberrations, some relevant
information has been gathered from studies on a group of inherited disorders in
which the primary defect appears to be in one or more of the DNA repair
processes normally active in every cell. A common characteristic of these
conditions, which include ataxia telangiectasia, xeroderma pigmentosum,
Bloom's syndrome and Fanconi's anaemia, is an increased susceptibility to
spontaneous or induced chromosome breakage. Furthermore, all of them are
associated with an increased risk ofmalignancy; neoplasms of the haemopoietic
and lymphoid systems being particularly common (German 1983). While the
steps on the road to overt tumour development may not be identical in all of
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these disorders or even in different patients with the same disorder, it seems
clear that chromosome instability is causally related to malignancy. Now it can
be argued that the recognised chromosome breakage syndromes represent only
one extreme ofa genetically determined property showing continuous variation
within the population at large and bearing some relation to the risk of
developing malignant disease (Hsu 1983; Steel etal 1985). Several quantitative
measures of genetic stability are now available, based, for example, on rates of
spontaneous or induced chromosome aberrations, of sister chromatid ex¬

changes or of specific mutations (Gebhart 1981; Strauss & Albertini 1982) and
there are at least some preliminary indications that such measurements may
distinguish cancer patients and their first-degree relatives from control sub¬
jects (Cervenka et al 1977; Evans 1983; Hsu et al 1985). Nevertheless, an

adequate test of the significance of genetic instability in relation to cancer in
general, or to lymphoma in particualr, has yet to be carried out.
Attention has been drawn in some recent publications to the possible

correlation between certain 'fragile sites' visible on metaphase chromosomes
and the position of specific translocations associated with lymphomas, leu¬
kaemias and othermalignancies (Sutherland 1979; Yunis 1983, 1984; Lebeau &
Rowley 1984; De Braekeleer et al 1985). Fragile sites are subdivided into the
'common' and the 'rare' varieties, the former being present in all individuals,
probably in homozygous form, the latter being confined to a few members of
the population and inherited in a Mendelian fashion. 'Common' fragile sites
number about 70 and are considered to be of no consequence in respect to
susceptibility to malignant disease but, as might be expected from their
frequency, several appear to coincide with the breakpoints involved in recur¬
rent translocations found in tumours, including, for example, 8q24. The
majority of fragile sites are revealed or enhanced by folate deprivation in vitro
though some can only be detected after addition ofbromodeoxyuridine (BrdU),
aphidicolin, or other chemical agents, to the culturemedium (Bergeretal 1985).
Of 18 'rare' fragile sites, a few are located at chromosome regions commonly
involved in translocations characteristic of lymphoma (Fig. 5.6) and there are
occasional reports of correspondence between a constitutional fragile site and a
translocation-bearing tumour in the same individual, for example, a patient
with a small cell lymphocytic lymphoma carrying t( 11; 14) (ql3;q32) who also
showed the constitutional fragile site at 1 lq 13 (Yunis 1983). The fragile sites
themselves appear as regions of extreme attenuation affecting both chromatids
of ametaphase chromosome. Although theymay look like gaps, this is generally
a staining artefact and actual chromosome or chromatid breaks are rare. The
exact state of the DNA or of the chromosome 'scaffold' at the site of such an

attenuation is poorly understood but similar appearances are not usually
generated by X-rays or other clastogens known to promote structural chromo¬
some rearrangements, such as translocations. There therefore seem to be
fundamental differences between the molecular processes giving rise to the two
phenomena. Whether the apparent correlations between fragile sites and
tumour-specific translocations are statistical 'flukes' orwhether the abnormali-
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ty that generates a fragile site may, in certain circumstances, also give rise to
breakage and rearrangement of the DNA will no doubt become clear in the
course of the next few years.

Conclusion

While lymphoma and leukaemia may be precipitated and sustained by distur¬
bances of immune function, at some critical point they become diseases of
DNA. Whether we choose to look at them with a molecular, a cytogenetic or a
morphological bias, the approaches seem destined to converge. As they do so
there is every reason to expect a revolution in our understanding of the
conditions with dramatic consequences for clinical diagnosis and ultimately for
treatment.
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SUMMARY

When mice were immunized with a mixture of human M HC class 11 a and (1 glycoprotein chains, the
predominant antibody response was anli-a, and from a subsequent fusion experiment over 60
hybridonras showing anti-a activity were generated, compared with 1 1 anti-/f sccrctors. These
findings contrast with the relative paucity of anti-a monoclonals described previously. Use of a
miniaturized Western blot screening protocol was a critical factor in the present study since the anti-a
monoclonals do not bind to the surface of living B cells and would therefore be missed in conventional
screening assays. After glutaraldehydc fixation of target B lymphocytes or B-ccll lines, the majority of
anti-a monoclonals do react in a radio-immunobinding assay, although none binds as strongly as

pan-reactive anti-/f chain antibodies. This suggests that the immunogenic epitopes of a chains arc

normally concealed by the three-dimensional folding of the a/! dimer. The anli-a monoclonals were
all monomorphic but varied in the extent of their reactivity with a chains separated on one-
dimensional and two-dimensional IEF gels. The most reactive antibodies identified up to seven
distinct components among mature class II antigens from solubilizcd cell membranes.

INTRODUCTION

Monoclonal antibodies have proved very valuable in the
analysis of human MHC class II antigens, which are transmem¬
brane glycoprotein dimers comprising non-covalently linked a
ar ! ;• chains. Almost all antibodies studied in detail, however,
lip c been reactive with the /J chain or with intact dimers
(Igarashi et al., 1986). The first a-chain specific monoclonal
antibody was described from this laboratory (Steel et al., 1982;
Guy et a!., 1982), and four more have since been reported from
other centres (Korman et al., 1982; Adams, Bodmer & Bodmer,
1983; Fermand, Schmitt & Brouet, 1985; Knudsen & Strom-
inger, 1986). This total, however, falls far short of the number
required to provide a comprehensive panel of anti-a reagents
comparable to that available for MHC class II /? chains (Steel,
h Such a panel should help to resolve the continuing
uncertainty over such questions as the number of a chains
expressed in man, the extent of their polymorphism, and the
constraints on association between a and [I chains encoded at
different loci (DP, DQ and DR) within the major histocompati¬
bility complex (Cohen, Deane & Moxley, 1984a; Bach, 1985;
Giles & Capra, 1985; Korman et al., 1985). We now report the
production of more than 50 monoclonal antibodies specific for
f "" ppondence: Dr B. B. Cohen, Medical Research Council, Clinical

'pulation Cytogenetics Unit, Western General Hospital, Crewe
K'Md. Edinburgh EH4 2XU, U.K.

MHC class II a chains. All appear to be directed against
framework determinants (since they show no allotype restric¬
tion), but there is variation in affinity for biochemically distinct
subsets of a chains. The results of this study suggest that MHC
class II a chains are highly immunogenic, that their antigenic
determinants are generally less accessible than those of the /!
chains on the surface ofliving human cells, and that the relative
paucity of anti-a reagents among monoclonal antibodies de¬
scribed hitherto is a consequence of the screening procedures
commonly used.

MATERIALS AND METHODS

Antigen preparation
MHC class II antigens were prepared from the washed,
mechanically disaggregated cells of 12 tonsils, yielding 5 x lO9
cells, which were lysed in NP40 buffer (Jones, 1980) and the
clarified lysate passed twice over an affinity column of CNBr
Sepharose 4B to which had been bound monoclonal antibodies
CR3.43, DA6.231 (both anti-[I chain) and DA6.I47 (anti-a
chain) (Steel, 1984), each at 14-16 mg Ig/g Sepharose. The
column was washed exhaustively with lysis buffer, followed by
PBS, centrifuged dry and incubated at 4° with successive 1-ml
aliquots ofO-1 m glycine/HCl, pH 2-5, a procedure that not only
detaches the antigen, but weakens the bond between a and [1
chains (Cohen et al.. 1984b). Each eluate was tested for content

255



256 B. B. Cohen, D. N. Crichton & C. M. Steel

I 2 3 4

a

P

Figure 1. Assay of mouse sera, by Western blotting, for antibodies
against MHC class II antigens. MHC class II glycoproteins from a lysate
of a human B-lymphoblastoid cell line (107 cells/ml in NP40 buffer) were
separated in 12-5% SDS-PAGEgels (Laemmli, 1970) and transferred to
cellulose nitrate (Towbin et at., 1979; Cohen et at., 1984a). Strips were
cut and probed with serum or with control antibodies. Lane 1:
preimmune serum; Lanes 2 and 3: sera from the same animal taken on
Days 56 and 92, respectively, of the immunization protocol described.
Lane 4: mixture of monoclonal antibodies DA6.147 and CR3.43 (anti-
MUC class II x and ji chains, respectively). Mouse sera were diluted
1:40 in PBS; monoclonal antibodies were used as undiluted hybridoma
supernatant. Bound antibody was detected with l25I-rabbit anti-mouse
Ig (Cohen et at., 1984a) followed by autoradiography for 16 hr. Note
that immunized mouse showed anti-x chain response alone on Day 56
with additional (weak) anti-/? chain activity by Day 92. An identical
pattern was observed in sera from the second animal.

of MHC class II antigens by Western blotting with DA6.147 and
CR3.43 (Towbin, Staehelin & Gordon, 1979; Cohen et a!.,
1983a). The first five cluates were strongly positive for both
chains, yielding a total of 1 -87 mg protein, 60% of this being in
the second fraction, which was then used to immunize two adult
BALB/c mice.

Immunization protocol
Protein eluate (10 pg in complete Freund's adjuvant) was

injected subcutaneousiy on Day 1, and the same amount, in
incomplete adjuvant, subcutaneousiy on Day 27. By Day 45
there had been no detectable antibody response, so a further
subcutaneous injection of 250 pg protein, in incomplete
Freund's adjuvant, was given. Thereafter an antibody response

developed (Fig. I) and on Day 93 one animal was given an
intravenous boost of 100 pg protein without adjuvant. It was
killed on Day 96 and the spleen used for hybridoma production.

Hybridization and screening
Mouse spleen cells (4-6 x !07) were fused with 107 cells from the
non-secreting mouse plasmacytoma linex63.NSl using
polyethylene glycol in a standard protocol (Kennett et al., 1978).
The fusion products were distributed in 100-/(1 aliquots in six

flat-bottomed 96-wcll microtitre plates, with mouse peritoneal
macrophages as feeders. Culture medium was RPMI-1640 with
10% fetal calf serum plus HAT. Between 7 and 20 days after
fusion, growth was observed in the majority of the 576 wells
Supernatant fluid from each well was screened by indirect radio-
immunobinding to glutaraldehyde-fixcd cells from human B-
and T-Iymphoid lines using, as the second layer, l25I-labelled
F(ab')2 fragment of rabbit anti-mouse Ig (Williams, Galfre &
Milstein, 1977; Guy et al., 1982) and by a miniaturized Western
blotting procedure using a series of 2 mm wide nitrocellulose
strips bearing one of three different preparations of human
MHC class II antigens; intact a/I dimers, a and /? chains
separated by boiling in SDS with mercaptoethanol, or a and /?
chains split by acid treatment (Cohen et al., 1983a; Cohen et al.,
1984b). This procedure required only 100 /(I of hybridoma
supernatant per blot (Fig. 2).

Further characterization ofantibodies
Hybridomas of interest were cloned by limiting dilution and
grown up to yield larger volumes that were tested for Ig class and
subclass by Ouchterlony double diffusion. Specificity was

investigated further by repeat Western blotting and by indirect
radio-immunobinding to a panel of glutaraldehyde-fixed MHC
homozygous typing B-lymphoblastoid cell lines representing the
DR allotypes 1 to 8 inclusive. Each assay was carried out in
duplicate; human T-cell lines and the class Il-negative leukae¬
mia cell line K562 served as negative control targets. Positive
control monoclonals included well-characterized monomorphic
antibodies directed against MHC class II a and fl chains,
leucocyte common antigen and /i2 microglobulin. Negative
control antibodies were mouse monoclonals directed against
Cortisol and mouse sperm (Crichton & Cohen, 1983; Crichton et
al., 1985). In order to standardize binding levels between
experiments, the counts obtained with hybridoma supernatants
under test were always compared with those given by saturating
concentrations of two pan-reactive anti-/i chain monoclonals,
DA6.231 and CR3.43. These two reagents always gave very
similar results and their mean value was taken as the 100%

binding level.
In these experiments hybridoma supernatants were used

undiluted but each was also tested in a series of doubling
dilutions for quantitative binding to glutaraldehyde-fixed cells
from a pool of human B-lymphoblastoid lines.

Peripheral blood lymphocytes depleted of T cells by 'E*
rosetting(Hutchins & Steel, 1983) were also used, both fresh and
after glutaraldehyde fixation, as targets for antibody binding. In
addition to the radio-immunobinding assay described above,
indirect immunofluorescence was used in some experiments, the
second layer being a FITC-conjugated F(ab')2 fraction of rabbit
anti-mouse Ig (Sigma, Poole, Dorset). For fresh cells, the
incubations, each of 30 min, were carried out on crushed ice and

• * * *mm & m * ■ * 1 * * *a
• C #* « ' « 0

Figure 2. Western blot screening of hybridoma supernatants. Culture supernatants (100-/4 aliquots) were incubated with 'mini-strips'
(20 x 2 mm) ofcellulose nitrate to which had been transferred the MHC class II antigen region from SDS PAGE gels as described in the
text. This representative auloradiograph shows the activity of 84 hybridoma supernatants against acid-split antigen preparations. Note
that the great majority of positive supcrnatants contain anti-x chain activity.
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ihe cells were fixed in 1 % paraformaldehyde before examination
I owcytophcromctry (FACS4; Bcctor-Dickinson, Mountain
\ v, CA) or by eye. using a Leitz Ortholux fluorescent
microscope with Plocm's incident illumination.

A subgroup of the monoclonal antibodies, selected to

represent a wide range of cell-binding characteristics, was
examined further by Western blotting onto cellulose nitrate
transfers of human MHC class II antigens separated by
isoelectric focusing in a 7% polyacryamide gel, using a 4-6-5 pH
gradient (LKB 'Ampholine') in 1% NP40 and 8 m urea.
[Subsequent studies have shown that more consistent separation

uman MHC class II a chains is achieved by substituting a pH
Jicnt of2-5-5 ('Pharmalyte\ Pharmacia, Uppsala, Sweden).]

Three antibodies that gave different patterns of reactivity in this
analysis were then examined by blotting onto solubilized class II
antigens separated in two dimensions: IEF in pH 4-6-5 tube gels
with NP40 and urea as above, followed by electrophoresis in
12-5% polyacrylamide with SDS (Laemmli, 1970). The pre¬

viously described anti-a monoclonal DA6-147 (Cohen et at.,
1983a) was also included in the analysis.

iymphoblastoid cell lines in the radio-immunobinding assay,
although the counts bound per cell were five- to ten-fold lower.

None of the anti-a chain antibodies bound to living (unfixed)
peripheral blood lymphocytes as judged by radio-immunobind¬
ing or by indirect immunofluorescence. Unfixed cells from B-
lymphoblastoid lines did give positive results in radio-immuno¬
binding assays with the antibodies classified as 'strong' binders
to fixed cells, but the counts were highly variable from one

experiment to another, and on indirect immunofluorescence it
was apparent that only a minority of cells was reacting, I I 5%

DA6.I47 +

m* *

RESULTS

From the initial Western blot screen, 62 supernatants appeared
to contain antibody reactive only with a chains; 11 others had
anti-/i chain activity alone; seven bound to both chains, and four
recognized a chain plus unidentified lower molecular weight
components. Of the 62 that appeared a-chain specific, six were

positive in the indirect radio-binding assay with both T- and B-
Iymphoid cells. Multiple reactivity in the screening tests could
: vc been due to the presence of more than one clone in some

lis or to the production of an antibody recognizing epitopes
shared by more than one polypeptide. As yet, the question has
not been investigated since priority has been given to character¬
izing the 56 antibodies reactive only with a chain on Western
blotting and which did not bind to T cells. The majority were Ig-
yl, three were y2a, one y2b and two p. The antibody activity of
each clone was confirmed by repeating the Western blot
screening procedure. Five of the hybridomas either failed to
grow or stopped secreting specific antibody at this stage. The
naining 51 monoclonals were tested further by indirect radio-

i .tmunobinding to the homozygous typing cell panel.
Each anti-a monoclonal showed a consistent level of binding

to the entire panel, i.e. none showed any DR allotype preference.
Fifteen failed to bind at all (counts not significantly different
from negative controls). Almost all of the remainder could be
classified as 'weak' binders (mean counts bound 6-15% of those
obtained with the pan-reactive anti-/7 chain monoclonals) or
'strong' binders (mean counts 30-50% of DA6.231 and CR3.43

lues). Nine of the 15 'weak' and ten of the 18 'strong' cell
nders contained at least four times the minimum saturating

concentration of antibody. A definite plateau binding level
could not be demonstrated in the dilution curves for the

remaining supernatants, which included the three whose cell
binding levels placed them between the 'weak' and 'strong'
categories defined above. The Ig yl monoclonals were distri¬
buted almost equally between negative, 'weak' and 'strong' cell
binders, but all six antibodies of other Ig classes were in the
'strong' category. The pattern of reactivity for the different
onoclonal antibodies was the same when glularaldehyde-fixed

i -depleted peripheral blood lymphocytes were substituted for

1DI2.2

4A5.I

%
5F2.3

Figure 3. Binding of representative monoclonals to MHC class II
antigens separated by two-dimensional gel electrophoresis. Acid-treated
lysate from a human B-lymphoblastoid cell line was concentrated 30-
fold in the Ccntricon Miniconccntrator (Amicon, MA). Twenty-
microlitre aliquots of concentrate were focused in pH 4-6-5 Ampholine
polyacrylamide tube gels, followed by SDS-PAGE in the second
dimension (Deane el at., 1983) and Western blotting with the monoclon¬
al antibodies indicated. The figures show the a chain regions of four
typical autoradiographs.
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Rodent fibroblast tumours expressing human myc and ras genes:
Growth, metastasis and endogenous oncogene expression

A.H. Wyllie1, K.A. Rose1, R.G. Morris1, C.M. Steel2, E. Foster2 & D.A. Spandidos3'4
1 Department of Pathology, University Medical School, Edinburgh; 2MRC Clinical and Population Cytogenetics Unit,
Edinburgh; 3Beatson Institute for Cancer Research, Glasgow, UK; and 4Hellenic Institute Pasteur, Athens, Greece.

Summary The effects of expression of human c-myc and both mutated (T24) and normal forms of human
Ha-ras-l were studied in an aneuploid rat fibroblast line (208F). Mutated T24 Ha-ras was also studied in a
near-diploid cell derived from early passage Chinese hamster lung fibroblasts (CHL). In contrast to the
parental fibroblasts, cells expressing any of the human oncogenes engendered rapidly growing tumours in
immune-suppressed animals. Blood- and lymph-borne metastases were observed from both ras- and myc-
expressing cells. In general ras-expressing cells were more aggressive than those expressing myc. In the 208F
background, expression of c-myc was associated with an incidence of mitosis similar to that in tumours
expressing T24 Ha-ras, but incidence of single cell death by apoptosis was higher. Quantitatively, expression
of human oncogene mRNA was constant during growth in vivo, and similar to that sometimes observed in
human neoplasms. Of 9 endogenous proto-oncogenes, 7 showed no change in expression from the parental
fibroblasts, but c-abl and c-fos were strongly expressed in all cells expressing human ras or myc. Thus these
tumorigenic cells, although transfected with single human oncogenes, all expressed oncogenes with both
nuclear- and membrane-associated products.

There is much evidence that cellular oncogenes of the ras
and myc families play a role in carcinogenesis (reviewed by
Klein & Klein, 1986; Weinberg, 1985), but surprisingly little
is known of their contribution to the pathology of
established tumours, and in particular to features of malig¬
nancy such as growth by infiltration or metastasis. In human
neuroblastomas, there is a suggestive but incomplete
correlation between aggressive clinical course and amplifi¬
cation (with overexpression) of N-myc (Brodeur et al., 1984;
Rosen et al., 1986). High levels of ras expression occur
frequently in primary human neoplasms of many types
(Slamon et al., 1984; Spandidos & Agnantis, 1984;
Spandidos & Kerr, 1984; De Bcrtoli et al., 1985; Spandidos
et al., 19856; Kurzrock et al., 1986) but there is no evidence
that this is necessary or sufficient for maintenance of the
malignant phenotype (Gallick et al., 1985; Williams et al.,
1985). Rodent fibroblasts in which expression of ras genes
(with or without mutational activation) has been induced in
vitro, do acquire metastatic ability, however, as judged by a
pulmonary embolisation assay (Muschel et al., 1985;
Thorgeirsson et al., 1985). Moreover, the metastatic pheno¬
type appears almost immediately on expression of the
inserted ras genes (Bradley et al., 1986). Ras-expressing cells
develop a constellation of new features. Some of these could
be expected to favour autonomous growth, such as the
production of tumour growth factors (Ozanne et al., 1982;
Anzano et al., 1985; Pragnell et al., 1985; Spandidos, 1985;
Marshall et al., 1985) and release from pre-existing control
by exogenous trophic stimuli (Kasid et al., 1985; Racker et
at., 1985; Zahn & Goldfarb, 1986), whilst some correlate
strongly with invasive and metastatic ability, such as
increased sialylation of surface glycoproteins (Collard et al.,
1985). Ras gene expression, however, is also associated with
enhanced cellular capacity to act as a target for NK
cytocidal activity (Johnson et al., 1985; Trimble et al., 1986)
a feature likely to militate against successful metastasis
(Nicolson & Poste, 1983; Hanna & Schneider, 1983). Any
relationship between ras expression and metastatic capacity
is likely to be influenced in addition by as yet unknown
cellular factors since ras expression appears to have little to
do with metastatic potential in murine cell lines of melanoma
(Kris et al., 1985) or epithelial origin (Muschel et al., 1985).
Even in fibroblasts there is evidence that the induction of

Correspondence: A.H. Wyllie.
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metastatic potential by ras expression may be inhibited by
products of other genes (Pozzatti et al., 1986).
In this paper we observe the effect of human c-myc and

Ha-ra.j-1 genes on early and late passage fibroblasts,
inoculated subcutaneously into immune-suppressed mice.
Expression of the oncogenes is ensured through their linkage
to strong viral transcriptional enhancer elements (Spandidos
& Wilkie, 1984; Spandidos, 1985). In particular we ask
whether the tumours containing these oncogenes differ in
their growth properties at the site of inoculation or in their
metastatic ability, whether the abilities to metastasise by
lymphatic and haematogenous routes are conferred together,
or independently of each other, and whether expression of
endogenous proto-oncogenes is altered.

Materials and methods

Cell lines

All cell lines were maintained in Dulbecco's modification of
minimum Eagle's medium (MEM), supplemented to 10%
with new-born calf serum and penicillin and streptomycin.
The genesis of the cell lines has been fully described
elsewhere (Spandidos & Wilkie, 1984). CHL cells derived
from early passage hamster fibroblasts, whereas the 208F cell
line originated from Fisher rat fibroblasts (Quade, 1979) and
is aneuploid in karyotype. From the 208F cell line 3
derivative lines were obtained through insertion of mutated
(T24) and non-mutated human Ha-rcw-l and human c-myc
genes in high expression vectors, by the calcium phosphate
transfection technique. A single derivative cell line from
CHL fibroblasts was also studied, containing the mutated
(T24) human Ha.-ras-\ gene (hereafter called simply T24 Ha¬
ras). Each derivative line was expanded from a single clone.
A satisfactory wyc-expressing CHL transfectant has not been
obtained. The plasmids used for transfection were pH05Tl,
pH06Nl and pMCGMl, containing the entire T24 Ha-ras
gene, the entire normal human Ha-ras-l proto-oncogene,
and the entire human c-myc gene respectively (Spandidos &
Wilkie, 1984; Spandidos, 1985). In pH05Tl the ras gene is
situated adjacent to the SV40 early promoter-enhancer
sequence; in pH06Nl, both SV40 and Moloney virus LTR
enhancers are present; whilst in pMCGMl, the Moloney
virus LTR sequence is linked to the human myc gene. All
the plasmids contain the aminoglycoside phosphotransferase



f c. />? ST&Z I—

■ITISH MEDICAL JOURNAL VOLUME 296 27 FEBRUARY 1988 593

CLINICAL RESEARCH

IIV antigen and antibody detection: variable responses to
nfection in the Edinburgh haemophiliac cohort
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stract

■quential serum samples from 18 haemophiliac patients
>osed simultaneously to human immunodeficiency virus type 1

1) in early 1984 were tested retrospectively for sero-
ical markers of infection. Assay for total antibodies to HIV
ablished that the time to seroconversion might be as long as
I days after exposure to contaminated factor VIII; serum
-nples were also tested by Western blotting, by enzyme linked
nunosorbent assay (ELISA) for specific antibodies to
'elope and core proteins, and for p24 antigen by two assay
terns during the two years after infection. The studies showed
t five of the 12 patients for whom serum samples obtained
ween exposure and seroconversion were available had
isient p24 antigenaemia. Although amounts of total antibody
—IIV and of antibodies to envelope proteins rose continuously
ing the two years of the study, amounts of antibody to the
e protein were variable and tended to decline in patients
3 became symptomatic. Two patients had persistent p24
igenaemia that began four months after seroconversion; these
Tents remained asymptomatic. One patient who developed the
uired immune deficiency syndrome (AIDS) had transient

Tgenaemia at the time ofseroconversion but failed to show any
-igen for the rest of the study; progression to AIDS was
ompanied by an increase in antibodies to envelope proteins.
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Much of the variability in the course of infection with HIV
must represent the differences in the susceptibility of the patients
to infection.

Introduction

Patients with haemophilia A are one of the groups at risk from
infection with the human immunodeficiency virus type I (HIV 1)
because they are treated with factor VIII concentrates. Infection
with the virus is associated with the appearance of specific antibody
that persists throughout the disease.' Detection of the antibody is
the current method ofdetermining past exposure to the virus and is
used for screening blood donors and subjects at risk of infection.
Antibody can be detected by several methods, including enzyme
linked immunosorbent assays (ELISAs), radioimmunoprecipita-
tion, and Western blotting assays with purified virus as the antigen.
These tests differ in sensitivity and specificity.2' Antibodies are
directed against all the structural proteins encoded by the gag
(group specific or core), pol (polymerase), and env (envelope) genes
as well as the non-structural proteins.4 There is a prolonged stage of
infection with HIV 1, often lasting for several years, during which
the patient is free of symptoms. It is not known what proportion of
patientswill eventually develop the full acquired immune deficiency
syndrome (AIDS); laboratory tests that could predict the time
course of progression in each patient would be of great clinical
value.
Free HIV protein, particularly p24, a core protein, is often

detected in serum samples from patients at certain stages of
infection. There is evidence that transient antigenaemia occurs
immediately before seroconversion.5 A decrease in reactivity
with HIV core proteins measured by Western blotting and a
commercially available test for antibody against the core protein in
serum samples from patients who have progressed to develop AIDS
has been observed.6"8 Immune complexes' and free viral antigen10
have been detected in patients with AIDS after the loss of reactivity
to p24. These findings suggest that there is a balance between the
rate of viral replication and the ability of the immune system to clear
the released virus.
In a previous report infection with HIV was described in a cohort

of haemophiliac patients from south east Scotand who had been
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maintained solely on locally produced factor VIII." In most
serological studies, including those in haemophiliac patients, the
precise time of exposure is unknown. In this study, however,
infection was acquired from a single batch of factor VIII during
a short period starting in March 1984. Furthermore, the low
prevalence of HIV 1 infection in Scotland in 1983, when blood for
the batch was collected, makes it probable that the batch was
contaminated by a single donation. The whole cohort may therefore
have been exposed to a single strain of HIV 1. This fact may

antibody. Clinical state was determined in early 1987 and the patients
divided into "well" and "unwell" groups.

Western blotting—Purified HIV 1 viral lysate (Dupont) (20 pig) was
applied to the top of a band of polyacrylamide gel (12-5% acrylamide, 0'6%
NN-methylene-bis-acrylamide) 17 cm wide and electrophoresis carried out
by the discontinuous buffer system of Laemmli.12 After overnight blotting
the nitrocellulose sheet was blocked in 1% bovine serum albumin and 1%

gelatin for 20 minutes at room temperature. Test or control serum was
diluted 1/50 in phosphate buffered salinewith 0-2% Tween 20 and incubated
with a 2 mm strip of nitrocellulose for two hours at room temperature. The
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fig 1—Relation between transfusion of factor VIII contaminated with HIV and detection of p24 antigen and
antibody specific for HIV. Boxes indicate length of time for which infected batch was administered; figure in box is
total number ofunits transfused.

become important should important variations in pathogenicity or
antigenicity be discovered between different isolates of HIV.
Infection in the cohort was investigated by retrospective testing of

stored serum samples from the patients. Antibody specific for HIV
was measured by Western blotting and by an ELISA using whole
virus, envelope protein, or core protein as antigen. Concentrations
of antigen in serum were measured by two commercially available
ELISAs. The data were compared with the clinical state of the
patients to determine whether progression to AIDS or AIDS related
complex correlated with any of the serological measurements.

Patients and methods

Thirty two haemophiliac patients were inadvertently transfused with a
contaminated batch of factor VIII from the Scottish National Blood
Transfusion Service in March 1984. There was no evidence of. exposure to
HIV 1 before or after this in any of the patients. Eighteen patients underwent
seroconversion after transfusion, and these form the study group. One
patient (case 2) underwent seroconversion after leaving Edinburgh, and
although some clinical information about him was available serum samples
could not be tested and he was omitted from the study. Serum samples were
taken from the other patients for unrelated reasons at varying intervals from
before transfusion to the time ofwriting; samples were stored at -20°C and
tested retrospectively (up to 30 months' follow up). The concentrations of
p24 antigen were measured before seroconversion and at four monthly
intervals thereafter for the duration of the study. Amounts of antibody
against HIV weremeasured in all positive samples, and amounts of antibody
against envelope protein were measured immediately after seroconversion,
after one year, and after two years. Antibodies against core protein were
measured in the same samples, and more often in any patients whose amount
of antibody fell during any part of the study. No samples were available for
three patients after the first year of infection, and so they could not be
included in the comparison of clinical progression and amounts of core

second antibody was horseradish peroxidase conjugated antihuman IgG
(Scottish Antibody Production Unit) diluted 1/200 in phosphate buffered
saline with Tween 20 and incubated in the same way as the first antibody.
The substrate was diaminobenzidine in phosphate buffered saline, pH 7-6.
Measurement of total antibody (anti-HIV)—A direct binding assay

(Dupont) was used to compare amounts of antibody. The test is a two step
indirect ELISA comprising a first incubation of a 1/11 dilution of test serum
in an antigen coated well and a second incubation with an alkaline
phosphatase conjugated antihuman IgG conjugate, and a colour reaction test
with paranitrophenol. Three serum samples with antibody to HIV 1 were
diluted serially in serum samples that had yielded negative results when
tested in this assay. There was an exact linear relation between the amount of
antibody and optical density in the range 0-0 8. Unknown samples were
tested at two dilutions (generally 1/100 and 1/1000, final test dilutions 1/1100
and 1/11 000) in the assay that included multiple replicates of the control
serum that had yielded a positive titre diluted at 1/1000. Simple division of
the test optical density (providing that the value lay in the range 0-0 8) by the
control positive optical density gave an amount of antibody relative to
the positive control. Results were expressed in units (U), with the positive
control arbitrarily assigned 1000 U.
Antibody against core and envelope proteins—The Abbott confirmation

(envelope/core) assay is a competition assay between antibody to HIV
labelled with horseradish peroxidase and test serum at a 1/5 dilution for
cloned deoxyribonucleic acid (DNA) core protein (mainly p24) and cloned
DNA envelope protein (mainly unglycosylated gp41). Serial dilutions of
positive samples were made in samples that had yielded negative results and
tested in the Abbott envelope/core confirmation assay. Optical density
readings of test samples (at two appropriate dilutions) were related
graphically to a standard dilution curve of the amount of antibody in the
positive control serum. The difference in antibody dilution was used to
calculate a relative antibody level provided that the optical density values
were in the range 015-0-80. Results were expressed in units (as defined
above).
Antigen (p24) detection—The antigen capture ELISA (Dupont) was used

for most of the study. Results were expressed in pg/ml calculated from a
standard curve. Samples yielding positive results were also tested by the
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bott ELISA with good reproducibility and comparable sensitivity. The
sence of antigen in samples from two patients in whom it had reappeared
;r seroconversion was confirmed by neutralisation with neutralising and
ttrol antisera from Abbott, and independently by human control samples
t were positive and negative for antibody to HIV.

suits

NICAL COURSE OF INFECTION

dthough the 18 patients in the study were infected at about the same time
i the same material, they differed in their current clinical state of HIV
ction. Ten patients (cases 1-10) remained asymptomatic. Table I
:s details of the remaining eight patients, who developed symptoms
ire March 1987 (cases 11-18). Two of the patients classified as well also
eloped splenomegaly; although this may be the result ofHIV infection,
•nomegaly may occur in haemophiliac patients for other reasons. There
no other evidence ofprogression of disease in these two patients, and so
7 were classified as well. The unwell group (eight patients) comprised
se with AIDS, AIDS related complex, and persistent generalised
=phadenopathy.

TABLE I—Clinical stale ofunwell patients

Case No Development of symptoms

11 Normaiat I2months;persistentgeneralisedlymphadenopathyat 17months
12 Disease similar to glandular fever at seroconversion; AIDS related complex at nine

months, AIDS at 13 months
13 AIDSrelatedcompIexat28months
14 AIDSrelatedcomplexat29months
15 Persistent generalised lymphadenopathy at 11 months
16 AIDS related complex at 31 months (onset probably 25-26months)
17 Normal at sixmonths; persistent generalised lymphadenopathy at 12months
18 AIDSrelatedcomplexat22months

SEROCONVERSION

Figure 1 shows the time taken for HIV antigen and antibody to appear
after transfusion of the contaminated factor VIII. Antigen was detected in
serum samples from five patients before or at the time of seroconversion.
The actual prevalence of antigenaemia may have been higher as, because it is
a transient phenomenon, its detection depends on having a sample taken at
the appropriate time. The antigenaemia seemed to last a fairly short time, the
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longest periods being 35 days in case 12 and 70 days in case 8. The antigen
concentration varied between patients, ranging from 20 pg/ml (case 6) to
3600 pg/ml (case 18). This latter figure was the highest observed and may
have been related to the transfusion of a large amount of factor VIII
(109 units) over only 35 days.
Serum samples were tested by Western blotting and for antibody against

envelope protein by ELISA for the earliest signs of seroconversion. The two
tests were in complete agreement about which samples did and did not show
antibody. There was no evidence that antibody against envelope protein was
detectable before the appearance of antibody reactivity by Western blotting
in any of the patients. Western blotting was less sensitive for antibody to
gp41 than the specific ELISA, as nine of the first positive samples reacted
only with core proteins (p24 and pr55) in the Western blotting assay.
Reactivity with gp41 in the Western blotting assay appeared some weeks

*Serum samples were negative for p24 antigen.

later in these patients. The appearance of anticore protein reactivity was
delayed when measured by the specific ELISA in two patients (cases 5 and
11). Their serum samples were, however, positive for p24 antibody by
Western blotting, reflecting the difference in sensitivity of the two tests.
Absence of anticore protein reactivity in the presence of serum antigen was
observed in case 11 at 196 days, although one patient (case 12) showed serum
antigen and anticore protein reactivity at the same time (35 days). One
patient (case 10) was unusual in that the first positive and all subsequent
serum samples during the two year follow up failed to react with core
protein and to p24 in the Western blotting assay and were negative for
p24 antigen.
The time to seroconversion after transfusion varied among individual

patients. One patient (case 11) developed antibody at least 160 days after first
transfusion, though antibody appeared in serum from case 12 between days
30 and 36. There seemed to be some association between the amount of
factorVIII transfused and the time to seroconversion, but the varied times of
sampling for each patient made this difficult to prove.

FOLLOW UP PERIOD

Figure 2 shows units of total antibody specific for HIV and antibody
against envelope protein in all patients over the two year follow up period.
There were consistent upward trends in both the well and unwell patients,
with large individual variations. There was no statistical difference,
however, in the average units of antibody to HIV between the well and
unwell groups at one year or at two years after transfusion. Similarly, there
was no significant difference in antibodies against envelope protein between
the two groups. Within the unwell group there were no consistent

differences in units of antibodies among the patients with persistent
generalised lymphadenopathy, AIDS related complex, or AIDS.
Antibody to core protein was also measured by ELISA, but the same sort

of upward trend was not observed in all patients. Eight patients, seven well
and one with persistent generalised lymphadenopathy (case 15), showed
steadily rising numbers of units ofantibody to core protein over the two year
follow up period, although there was considerable variation in the values
finally achieved. Serum samples from all eight patients were negative for
p24 antigen throughout.
Four patients showed falls in the number of units of antibody to core

protein within months of seroconversion (table II). To confirm this
observation the same serum samples were tested by Western blotting; those
from case 12 are shown in figure 3. There was good correlation between the
observed intensity of the p24 band and the number of units of anticore

0

protein antibody in all four patients, although samples negative for the
antibody as measured by ELISA often showed a weak p24 band by blot.
In case 1 small amounts of p24 antigen were detected 271 days after
exposure and persisted for the remainder of the follow up period. One
patient (case 13) may have had small amounts of antigen on more than one
occasion after seroconversion, but samples were not always reactive and
were negative by the Abbott antigen test. All samples from the other two
patients were negative for antigen.
Two patients showed a different pattern (table III, fig 4); one (case 14)

showed rising amounts of antibody to core protein after seroconversion and
then a fall, becoming negative by the ELISA and unreactive with p24 by
Western blotting. Antibody reappeared, however, some months later, and
the amount continued to rise for the rest of the study period. A similar
pattern was observed in case 8. A rising concentration of p24 antigen was
detected in this patient from day 245 onward, despite the reappearance of
antibody to core protein. One patient (case 16) (table III) was harder to
categorise as he showed fluctuating amounts of anticore protein antibody
after seroconversion and weak p24 blot reactivity, and was consistently
negative for p24 antigen.

Discussion

Testing serum samples after transfusion of the implicated batch
of factor VIII allowed an estimate of the incubation period before
seroconversion. This turned out to be variable, ranging from less
than 35 days in one patient to over 160 days in another. There was
some evidence that seroconversions occurred more rapidly in

table II—Patients in whom anticore antibody levelsfell duringfollow up period

Case No Diagnosis

12* AIDS

13* AIDS related complex

17* Persistent generalised lymphadenopathy

Well

J Days after transfusion 36 101 123 243 416

\ Titres (units) 2-7 8-4 5-7 2-8 1-

J Days after transfusion 27 117 180 330 807

\ Titres (units) 0 2-7 4-7 0 0

J Days after transfusion 83 212 381 728 916

| Titres (units) 1-7 75 15 15 0

[ Days after transfusion 77 271 475 629

j Titres (units) 1-6 0 0 0

( Antigen (pg/ml) 0 20 18

607
1-2

808
0

104

*Serum samples yielded negative results to p24 antigen.

TABLE III—Patients in whom anticore antibody levels rose afterfalling orfluctuated duringfollow up period

Case No Diagnosis

14* AIDS related complex

16* AIDS related complex

8 Well

Days after transfusion 85 107 210 231 416 540 694
Titres (units) 1-7 1-9 0-5 0 11 26 4-

Days after transfusion 14 198 258 327 433 887
Titres (units) 0 11 4 11 4 9

Days after transfusion 150 245 332 598 844
Titres (units) 1-4 1-7 0*5 7-9 89
Antigen (pg/ml) 0 35 20 80 200

833
18
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atients who were given larger amounts of the implicated batch of
tctor VIII. This would emphasise the association found previously
etween the larger amount of the contaminated batch used by
tese 18 patients compared with the 14 patients who remained
ironegative."
There was a transient antigenaemia, which was variable in both
egree and duration, in at least five patients before seroconversion,
milar to that reported by Allain et alS A particularly high

p24

P17

123 243 416 523 607 808

Days after transfusion

; 3—Reactivity ofsequential serum samples from case 12 inWestern blot assay.

ncentration (3600 pg/ml) was found in one patient who had been
/en a lot of factor VIII over a fairly short period. The delayed
pearance of antibody to core protein by specific ELISA on
roconversion noted by Allain et al6 was found in this study, but the
rum samples were reactive with p24 on Western blotting,
licating the low sensitivity of the ELISA for the antibody. By
ntrast, the ELISA for the antienvelope protein antibody was more
isitive for glycoprotein antibody than the Western blotting assay.
All patients showed rises in amounts of antibody to HIV and to
velope protein during the follow up period. Five patients
veloped AIDS related complex and AIDS despite rising titres of

antienvelope protein antibody, indicating that this antibody is not
protective once patients are infected. The rise in titres may indicate
continual stimulation of the immune system by viral replication;
if this is the case the similar amounts of antibody in the well and
unwell groups indicate a poor prognosis for patients even if they
remain asymptomatic.

• Although antigen could readily be detected before seroconversion,
only two patients (both well) showed long term antigenaemia. This
is a low prevalence compared with the results of other investigators
and may reflect the short time that the patients had been infected.10
It is notable, however, that the patient who developed AIDS
remained negative for p24 antigen after seroconversion despite

N

p65

pr55
p51

p45

gp41

pr40

p33

9 p24

P17

107 231 330 416 540 694

Days after transfusion

FIG 4—Reactivity of sequential serum samples from case 14 in Western blot assay.

frequent testing. Similarly, serum samples from at least three of the
four patients with AIDS related complex yielded consistently
negative results over the study period.
Levels of antibody to core protein were the most variable

measurement, both among individuals and with time, and they
correlated to a certain extent with clinical outcome. Patients with
steadily rising antibody titres were well, except for one with
persistent generalised lymphadenopathy. Conversely, all patients
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with AIDS or AIDS related complex showed abnormal losses of the
antibody. There were, however, two well patients and one with
persistent generalised lymphadenopathy who also showed loss of
antibody to core protein. It is certainly possible that these patients
may subsequently develop symptoms, but none had any clinical
evidence of immunosuppression at the time of writing. The
importance of the reappearance ofantibody to core protein observed
in two patients is not clear; one had AIDS related complex, so it does
not seem to reflect recovery from infection.
This small cohort of haemophiliac patients allowed us to study the

antigen and antibody responses to HIV infection acquired at a
known time from a single source. Although the infectious dose
administered to each patient was different, much of the variability
in the course of infection was clearly the result of differences in
susceptibility of the patients to infection. Human leucocyte antigen
and other population markers have been investigated as possible
related factors (unpublished observations).

PS was funded by the faculty ofmedicine, University of Edinburgh. The
study was supported by the Medical Research Council and Scottish Home
and Health Department. We thank the staff of the hepatitis and AIDS
reference laboratory, Edinburgh, for making available stored serum samples
from the haemophiliac patients.

Abstract

Ninety nine consecutive insulin dependent and 101 non-diabetic
pregnant women were examined by ultrasonograph to assess
early fetal growth. In 42 of the diabetic mothers and three of the
non-diabetic mothers the scan showed early intrauterine growth
delay. At 4-5 years of age all children available for study were
evaluated by the Denver developmental screening test. Only 23
of the 34 children of diabetic mothers with early intrauterine
growth delay had normal test scores compared with 46 of the 50
children of diabetic mothers with normal intrauterine growth.
The children failed in personal-social development, gross motor
development, and particularly in language and speech develop¬
ment. Children of diabetic mothers with normal early fetal
growth had scores very similar to those of the children of non-
diabetic mothers, ofwhom 76 of the 86 tested had normal scores.
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relation to psychomotor

GORM GREISEN,

This study suggests that children with a history ofgrowth delay
in early diabetic pregnancy should be screened for possible
developmental impairment.

Introduction

We have shown that growth of the embryo in very early diabetic
pregnancy may be impaired, so that ultrasound scanning at eight to
14 weeks shows a smaller fetus than expected from the menstrual
history.' Such growth retarded fetuses have an increased risk of
malformations.2 There is clinical evidence that impaired metabolic
compensation at conception and in early pregnancy may be related
to early intrauterine growth delay13 as well as to malformations.4
This paper reports the results of the Denver developmental
screening test56 in children aged 4 years with a history of fetal
growth delay in early diabetic pregnancy. The study tested the
hypothesis that these children would show developmental delay.

Patients and methods

During October 1976 to February 1980 ultrasound scanning (JFP) with
measurement of fetal crown-rump length was performed in 99 insulin
dependent diabetic mothers (about half of all diabetic pregnancies) and 101
non-diabetic mothers (2 4% of non-diabetic pregnancies). Details of these
studies have been reported.2' Three fetuses of the non-diabetic mothers and
42 of the diabetic mothers were smaller than normal in early pregnancy—
that is, retrospectively defined as a female fetus being seven ormore days and
a male fetus five or more days smaller than expected from the menstrual
history.8 In the diabetic women delivery was induced 18 to 20 days before
term. All infants of the diabetic mothers and some infants of the non-diabetic
mothers were admitted to the neonatal intensive care unit.

Early growth delay in diabetic pregnancy:
development at age 4

MINNA BLOCH PETERSEN, S0REN ANKER PEDERSEN,
JAN FOG PEDERSEN, LARS M0LSTED-PEDERSEN
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mixed lymphocyte reaction 21; chorionic gonadotro¬
pin treatment can prolong survival of transplanted
neuraminidase-treated human trophoblast in the
guineapig,22 and administration of anti-H.P.L. sera
can terminate pregnancy in the rat.23 The last is
probably a non-specific effect.24
If mechanisms exist which prevent graft rejection

of the fetus, then it is not impossible that these
mechanisms are involved, either primarily or secon¬
darily, in some of the complications of pregnancy.
Unfortunately, little experimental work has been
done in this sphere. Immunological mechanisms are
widely believed to play a part in infertility, under
the guise of maternal antibodies to sperm antigens.25
Similarly, they could be involved in unexplained
intrauterine death at- any stage of pregnancy or
in intrauterine growth retardation. Pre-eclampsia
has many of the hallmarks of immune-complex
disease,26-29 with the possibility that the primary
abnormality is in the fetoplacental unit. However,
discussion of the clinical implications of the fetus as
a homograft is at present largely speculative and
abounds with half-truths. Much further work is
necessary on the basic enigma of the immune survival
of a pregnancy before it is safe to embark on investiga¬
tion of pathological variations.

Tissue Antigens and Disease
In the mouse, susceptibility to certain diseases,

notably those caused by viruses, is strongly influenced
by genes within the major histocompatibility com¬
plex.30 In man the situation is less readily established
since, in the absence of planned breeding experi¬
ments, the detailed structure of the histocompatibility
complex is only slowly emerging. Four major gene
loci are now recognised, designated HLA-A, B, C,
and D (formerly HL-A, Four, Third or AJ, and
MLC or LD), the number of alleles positively
identified so far at each locus being 19, 20, 5, and 6,
respectively.31 In addition, progress has been made in
serological identification of determinants of restricted
tissue distribution, the la (immune-associated) series.
These are evidently closely associated with the HLA-
D antigens and, by analogy with the mouse, they are
likely to be more closely associated with particular
21. Contractor, S. F., Davies, H. Nature, 1973, 243, 284.
22. Borland, R., Loke, Y. W., Wilson, D. in Immunobiology of Tropho¬

blast. Edited by R. G. Edwards, C. W. S. Howe, and M. H.
Johnson). 1975. London: Cambridge University Press. £6.

23. Gusdon, J. P. Am. J. Obstet. Gynec. 1972, 112, 472.
24. Yamini, G., Chard, T., Blake, M. E. J. Endocr. 1972, 55, 29p.
25. Behrman, S. J., Menge, A. C. in Human Reproduction (edited by

E. S. C. Hafez and T. N. Evans); p. 237. New York, 1973.
26. Kitzmiller, J. L., Benirschke, K. Am. J. Obstet. Gynec. 1973, 115,

248.
27. Petrucco, O. M., Thompson, N. M., Lawrence, J. R., Weldon,

M. W. Br. med. J. 1974, i, 473.
28. Yang, S. L., Kleinman, A. M., Wei, P. Y. Am. J. Obstet. Gynec.

1975, 122, 727.
29. See Lancet, Sept. 13, 1975, p. 487.
30. Snell, G. D. Folia biol., Prague, 1968, 14, 335.
31. Bodmer, W. F. Nature, 1975, 256, 696.

diseases than are the more readily defined alleles «r
the HLA-A and B loci.32 *
Most of the disease associations found so far *

man are with alleles of the B series (e.g., psoriasis and
B13, coeliac disease and B8, infectious mononucleosis
and B5).33 The suggested reason is that the B and D
loci lie close together (on chromosome 6) and hence
that particular alleles are likely to be in strong linj.
age disequilibrium—i.e., given pairs of antigens of
the B and D series occur more frequently in the
population than would be the case if the alleles of
the two loci had segregated independently at-random.
Linkage disequilibrium is already recognised between
alleles of the more widely separated A and B loci
In Whites, for example, the combination Al, B8 is
particularly common.
As identification of la alleles proceeds, we may

expect more clearcut associations to emerge between
human tissue antigens and disease. In some cases
susceptibility to disease may be modified by a series
of genes at different loci. There is already good
evidence that the incidence of juvenile-onset diabetes
is associated with HLA BW15 and with a D-series
antigen closely linked to HLA B8, the risk being
highest when both alleles are present together.34
Of equal interest, though more difficult to establish
for statistical reasons, is the association of disease
with a decreased frequency of particular tissue anti¬
gens, implying that those alleles under-represented
among patients in some way confer resistance to the
disease in question.
Even allowing that technical advances and further

statistical evaluation will strengthen the links between
histocompatibility genes and disease, 100% con¬
cordance will probably never arise except perhaps
for diseases already known to be inherited in a simple
mendelian fashion. The closest association yet
discovered is the well-known one between ankylosing
spondylitis and HLA B27, where more than 90%
of patients carry the B27 allele compared with less
than 8% of controls. Nevertheless, it is reckoned
that fewer than 5% of individuals with HLA B27
will develop ankylosing spondylitis and, even within
affected families, the disease does not show 100%
linkage with the B27 antigen.35
Clearly, an individual's set of histocompatibility

antigens—his " tissue type "—provides a background
which is important in determining how he will
interact with disease-producing factors in his en¬
vironment (bacteria, viruses, allergens, and so on).
The maintenance of such a diversity of alleles of the
HLA system in man (balanced polymorphism) may
in fact be a consequence of the interaction between
pathogenic organisms and tissue antigens throughout
our evolutionary history, natural selection having
32. Jones, E. A., Goodfellow, P. N., Bodmer, J. G., Bodmer, W. P-

ibid. p. 650.
33. Transplantation Reviews, 1975, 22. .

34. Nerup, J., Platz, P., Andersen, O. O., Christy, M., Lyngsfi»c> J-#
Poulsen, J. E., Ryder, L. P., Nielsen, L. S., Thomsen,
Svejgaard, A. Lancet, 1974, ii, 864. .

35. Brewerton, A. D. (editor). Ann. rheum. Dis. 1975, 34, suppl*
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which they describe; it would, in fact, have been in¬
teresting to know how many of them had occurred
naturally.

all genes for all men?

Genetic orthodoxy since the time of Mendel has held
that when an inherited characteristic—eye colour or
blood-group, for example—varies within a population,
there must be multiple forms (alleles) of the genes deter¬
mining that characteristic. The eye colour or blood-
group of each individual in the population is specified by
his particular combination of two alleles, one inherited
from each parent. An alternative theory, proposed for¬
mally by Bodmer,1 is that every member of the popula¬
tion carries a full set of structural genes for all the dif¬
ferent alleles in a particular system. Expression is
normally restricted to only two of these alleles by a
genetically stable control mechanism which ensures that
all the other near-identical genes are repressed.

The case for multi-allelic inheritance is most strongly
argued in relation to the antigenic determinants on
immunoglobulin heavy chains (allotypes) and the pro¬
ducts of the major histocompatibility complex. These
two systems are much more highly polymorphic (i.e.,
they require larger numbers of different alleles) than
any other yet described. It is suggested that this poly¬
morphism is a function of their linked role in the evolu¬
tion of the distinction between "self " and "non-self ".2 3
In this context, the presence of multiple "silent" alleles
in every cell of every individual has important possible
implications. For example, transient expression of these
alleles during embryonic development could account for
the apparent "primed" state of the adult immune system
which readily recognises and responds to the "non-self "
antigenic determinants of tissue from other members of
the species. Furthermore, cancer cells could become im¬
munogenic through derepression of normally silent alle¬
les—gene derepression being an established feature of
malignant transformation, as witness the plethora of
oncofetal antigens now recognised.4 The hypothesis is
thus attractive in that it draws together an explanation
for the evolution of the homograft reaction and the phe¬
nomenon of immune resistance to cancer. It must, how¬
ever, be approached with caution, since the evidence is
at present tenuous.
A wide range of observations on organisms from sal¬

monella to man can be interpreted as being compatible
with such a model, but experiments which will subject
it to rigorous testing are hard to plan.1 There have been
isolated reports of non-self allotypes expressed on immu¬
noglobulins in the serum of inbred laboratory animals,
and on those secreted by cells cultured in vitro or trans¬
planted into other species.5-8 In addition, at least two
groups have found examples ofmalignant cells from one
animal apparently expressing non-self histocompatibility
antigens characteristic of other normal members of the

1- Bodmer, W. F. Transplant. Proc. 1973, 5, 1471.
2. Jerne, N. K. Eur. J. Immun. 1971, 1, 1.
3. Burnet, F. M. Nature, 1973, 245, 359.
hoggin, J. H., Anderson, N. G. Advanc. Cancer Res. 1974, 19, 106.
Rivat, L., Gilbert, D., Ropartz, C. Immunology, 1973, 24, 1041.

6. Pothier, L., Borel, H., Adams, R. A. J. Immun. 1974, 113, 1984.
2. Bosma, M. J., Bosma, G. C.J. exp. Med. 1974, 139, 512.
8. Strosberg, A. D., Hamers-Casterman, C., Van der Loo, W., Hamcrs, R. J.

Immun. 1974, 113, 1313.

same species.9 10 Nevertheless, attempts to confirm the
early Ig allotype work have evidently been unsuccess¬
ful" and most of the studies in both areas are open to
two major criticisms which are fully recognised by the
investigators themselves. Firstly, all are dependent on
sensitive immunological reactions involving sera which
cannot be proved to be monospecific. An unexpected
positive reaction may therefore be attributable to a
specificity other than that known to be present in the
test serum. Adsorption studies designed to eliminate this
doubt tend to be bedevilled by problems of non-specific
or cross-specific adherence. Secondly, even if the unex¬
pected reaction is correctly assigned to a particular
serum specificity, it may have arisen through an altera¬
tion in the antigen molecule itself rather than in its
d.n.a. template. This is particularly true of the histo¬
compatibility determinants, whose chemical structure is
not precisely known. Under abnormal conditions—the
juxtaposition of a virus antigen, for example—the con¬
formation of a given surface molecule might be changed
in such a way that it now reacts with quite a different
antiserum. It may be relevant that in the mouse-sarcoma
cells studied by Festenstein and his colleagues10 the
apparent change in H2 phenotype occurred not with the
malignant transformation but only after subsequent
vaccinia infection.
The control mechanism required to ensure error-free

inheritance of gene expression would have to be much
more stable than any of the models from bacterial and
lower animal systems discussed by Bodmer,1 though the
existence or otherwise of such a mechanism is at present
sheer conjecture since so little is known of gene control
in organisms other than Escherichia coli12 or Droso-
phila.l} The situation may now change rapidly but
tumour-associated antigens of human and animal tissues
which have been most widely studied so far do not seem
to be non-self histocompatibility determinants. They
have been shown instead to be virus-related,14 oncofe¬
tal,4 unique to the histological type of tumour cell,15 16
or even unique to the individual tumour itself.17
Exceptions in human tissues may be lymphoblastoid cell-
lines which evoke a vigorous mixed-lymphocyte type re¬
action even in autochthonous combinations,18 and fibro¬
blasts transformed in vitro by the oncogenic virus
SV40. In the latter case there is a report of new HLA
specificities appearing after transformation;19 in the
former, attention is being directed towards the la anti¬
gens of the cells,20 but whether their expression is
altered, and if so, in what way, remains to be estab¬
lished. The theory of multi-allele inheritance has given
a new impetus to both thinking and experimentation in
genetics and tumour immunology. Irrespective of its
ultimate validity, this will have been a gain.
9. Boyse, E. A., Old, L. J. A. Rev. Genet. 1969, 3, 269.

10. Garrido, F., Schirrmacher, V., Festenstein, H. Nature, 1976, 259, 228.
11. Kunkel, H. G., Kindt, T. in Immunogenetics and Immunodeficiency (edited

by B. Bcnacerraf); p. 56. Lancaster, 1975.
12. Reznikoff, W. S. A. Rev. Genet. 1972, 6, 133.
13. Lucchesi, J. C. ibid. 1973, 7, 225.
14. Klein, G. A. Rev. Microbiol. 1966, 20, 223.
15. Wood, W. C., Morton, D. L. New Engl. J. Med. 1971, 284, 569.
16. Brown, G., Hogg, N., Greaves, M. Nature, 1975,258, 454.
17. Baldwin, R. W. Advanc. Cancer Res. 1973, 18, 1.
18. Steel, C. M., et al. Immunology, 1973, 24, 177.
19. Pellegrino, M. A., Ferrone, S., Baugbar, C., Hayflick, L. Exp. Cell Res.

1976,97, 340.
20. Bodmer, W. F., et al. in Proceedings of 6th International Histocompatibility

Workshop; p. 677. Copenhagen, 1975.
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Gene Cloning: One Milestone on a

Very Long Road
Given that the genetic code, based on the d.n.a.

double helix, is the same for all living organisms,
there is no a-priori reason why a mammalian gene
should not replicate within a culture of, say,
Escherichia coli if it could first be inserted into the
bacterial cell. With each succeeding technical
advance in molecular biology, this process of "gene
cloning" has moved closer to the realms of practi¬
cal possibility, and four groups, working indepen¬
dently, have now reported success with just such an
experiment.1-4 The immediate objective is to devise
highly specific molecular probes with which to ex¬
amine the frequency and distribution of individual
genes on the chromosomes of a given species and
thereafter to make some analysis of the functional
organisation of the genome. Application of gene
cloning to "genetic engineering"—in the sense of
deliberate manipulation of the genetic Constitution
of an organism with a view to altering its charac¬
teristics—is a very distant prospect. Possible exam¬
ples are insertion of genes for nitrogen-fixation into
non-leguminous plants so that they can be grown
without nitrogenous fertilisers, development of bac¬
teria which could digest oil-spills, and, of course,
correction of genetic defects in man.5
Before any serious steps can be taken in this di¬

rection, at least three major problems must be
resolved. Firstly, the gene or genes to be cloned
have to be isolated from the parent organism in
pure form. It is no accident that all the successful
experiments to date have involved the gene coding
for rabbit globin. Messenger r.n.a. transcribed
from this gene is available from reticulocyte prepa¬
rations, in good quantities and approaching 100%
purity. The complementary d.n.a. can be assem¬
bled from the r.n.a. template by means of reverse-
transcriptase enzyme, thus reconstituting the orig¬
inal gene. No other mammalian gene, or its
corresponding messenger r.n.a., has yet been iso¬
lated with comparable purity. This particular diffi¬
culty may, however, be circumvented by the "shot¬
gun" approach in which partly purified, or even

1- Rougeon, F., Kourilsky, P., Mach, B. Nucleic Acids Res. 1975, 2, 2365.
- I'-tM raliaciis, A., Kafatos, F. C., Maxam, A. M., Maniatis, T. Cell, 1976, 7,

279.
3- Rabbins, T. H. Nature, 1976, 260, 221.
L Xature, 1976, 260, 189.
1-ibid. 1975,258, 561.

unpurified, segments of d.n.a. from the chosen spe¬
cies are introduced into a bacterial system. If one
bacterium incorporates only one piece of heterolo¬
gous d.n.a. and if the progeny of different bacteria
can be isolated from each other, then the cloning
procedure will simultaneously amplify and purify
the extraneous genetic material. Under these condi¬
tions, of course, the genes cloned would be of a
largely unpredictable range and variety. Secondly,
a suitable vector must be found to carry the gene
from donor to recipient species, since native d.n.a.
does not readily gain access to an intact cell. Bac¬
terial plasmids (circular lengths of d.n.a. which
behave as viruses with a restricted range of host
bacteria and which are replicated in step with the
organism) have been used in the published work
since they can be cleaved at a specific site then
repaired by the insertion of a piece of extraneous
d.n.a., recovering their infectivity in the process.
The bacterial host range may be extended by
means of phage vectors, but for insertion into plant
or animal cells new genes might have to be spliced
to a virus with known infectivity for the target tis¬
sue. Thirdly, there are the fundamental questions
of whether a gene inserted into the cells of a given
organism will function at all and, if so, whether its
expression will be subject to normal controls at a
cellular level. For example, if the genes for the p
chain of human haemoglobin were inserted into the
tissues of a patient with thalassatmia major, would
he then synthesise normal haemoglobin and would
such synthesis be restricted to normal haemopoietic
tissues? At present this whole area is a closed book.
The potential hazards of gene cloning have been

widely publicised.5-7 In brief, one must contem¬
plate the possibility of accidental release of
organisms carrying extraneous genetic material, in¬
fection of plant or animal life with these bacteria,
and even, as a rare event, transmission of the
cloned genes to an intended host. Alternatively, the
bacteria used in cloning may acquire altered and
undesirable properties as a result of harbouring
heterologous d.n.a., and this applies even more di¬
rectly to the plasmid, phage, or virus vector. Scien¬
tists active in this area have drawn up a very strin¬
gent code of experimental practice involving both
physical containment and biological safeguards
and have imposed a total ban on certain proce¬
dures, such as genetic manipulation of bacteria
which produce dangerous toxins.5 Neither the im¬
mensity of the problems still to be solved nor the
recognition of the potential risks associated with
this type ofwork can detract from the sheer techni¬
cal merit of what has already been achieved. These
experiments represent a milestone on the road to a
fuller understanding of the fundamentals of bio¬
logy and medicine.

6. ibid. 1976, 259, 526.
7 .Br. med.J. 1976, i, 302.
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Heckmatt4 suggests that cooperative studies may be
needed to assess the value of different forms of treatment
in controlled therapeutic trials. Lorber5 suggests that
the management of neonatal meningitis should not be
attempted in any but special centres. Both approaches
could yield dividends. However, even with prompt diag¬
nosis and the best treatment, the scope for therapy may
be limited because of the vulnerability of the newborn
central nervous system when infected.
What of prevention? Nursery outbreaks6 7 seem un¬

common, no doubt because standards of nursery hygiene
are generally high. Such standards need to be main¬
tained. The risk of neonatal meningitis is increased in
low-birth-weight infants (almost a third of Heckmatt's
series), in infants born after prolonged rupture of the
membranes, and in those with other obstetric complica¬
tions. Cause and effect are hard to demonstrate in these
circumstances. However, hopes for reducing the inci¬
dence of neonatal meningitis may rest, in part, with the
obstetric aim of uncomplicated, full-term delivery.

building a genetic tool-kit

Armageddon and the cure of cancer shared the same

headline when it was announced that a gene synthesised
entirely in vitro could function in a living organism.8 In¬
terest was doubtless augmented by the near-simul¬
taneous publication of a recommended code of practice
for experiments on "genetic engineering" in the U.K.,
devised by the working-party under Sir Robert Wil¬
liams.9 Some of the wilder flights of journalistic fancy
might, however, be attributed to the fact that the.stories
were written on the basis of a Press release, issued as an

appetiser before the paper in question was presented.
What Prof. Har Ghobind Khorana, of the Massachu¬
setts Institute of Technology, revealed to his audience at
the annual meeting of the American Chemical Society in
San Francisco, some days after the headlines had
appeared, was in fact a logical development of work on
gene structure which has occupied a large team of scien¬
tists (indeed several large teams of scientists throughout
the world) for more than ten years. When the first struc¬
tural gene was synthesised in vitro,10 this success was
seen to be only partial since functioning genes comprise
more than the string of bases, in appropriate sequence
of triplets, required to code for the corresponding
aminoacids. To take the simplest possible case, that of
a gene coding for an r.n.a. molecule, rather than a pro¬
tein, as the final product; the d.n.a. sequence always
contains some bases in addition to those directly comple¬
menting its r.n.a. transcript. These extra bases include
promotor and termination sequences concerned with
starting and stopping r.n.a. transcription at the appro¬
priate points. Where the initial gene product is a
transfer r.n.a. (tR.N.a.) it is usually transcribed in the
form of a precursor molecule which must be processed
by a series of enzymes before it is biologically active.

5. Lorber, J. Prescribers'J. 1976, 16, 82.
6- McCrackcn, G. H., Shinefield, H. R .Am. J. Dis. Child. 1966, 112, 33.
7- Cabrera, H. A., Davis, G. H. ibid. 1961, 101, 287.
«• Szekely, M. Nature, 1976, 263, 277.
9-Report of the* Working Party on the Practice of Genetic Manipulation

(Cmnd. 6600). H.M. Stationery Office, 1976.
'<'■ Agarwal, K. L., Buchi, H., Caruthcrs, M. H., et at. Nature, 1970, 227, 27.

The bases coding for all the surplus components of the
precursor are, of course, included in the corresponding
gene along with the promotor and terminator regions.
If the aminoacid sequence of a polypeptide chain, or

the base sequence of an r.n.a. molecule, are known, it
is a simple matter to write out the base sequence of the
d.n.a. for the corresponding structural gene. Even sup¬
posing we could bridge the yawning gulf between writ¬
ing out a d.n.a. base sequence and actually synthesising
it, such a "gene", lacking the additional non-structural
information, would not be expected to function in vivo.
What Khorana and his team have achieved in recent

years is the addition of the essential promotor and stop
sequences to the structural gene for a tR.n.a. precursor
molecule from Escherichia coli, building the complete
unit of 199 bases (73 non-structural) from short seg¬
ments of single-stranded d.n.a. They have spliced the
synthetic gene to bacteriophage d.n.a. which can then
gain access to E.coli cells. This is demonstrated by test¬
ing the sensitivity of the organism to a T4 phage carry¬
ing a mutation ("amber") which prevents the utilisation
of normal tyrosine tR.n.a. The new gene, coding for a
variant suppressor tyrosine tR.n.a., can be used by the
amber mutant. This leads to the production of normal
phage proteins and hence to lysis of the bacteria.
Khorana's "brick-by-brick" technique of gene assem¬

bly has two inherent advantages over the alternative
approach—synthesis of d.n.a. on a template of mes¬
senger r.n.a. by means of reverse transcriptase." One is
that those essential components of the gene which are
not transcribed to itir.n.a. can be included in the build¬
ing process. The other is that the precise structure of the
final d.n.a. molecule will be known and there is little risk
of "genetic" impurities in the material. This has consid¬
erable bearing on the safety of procedures in which it
may be used.12
Unfortunately, only a tiny fraction of all proteins has

been subjected to complete aminoacid sequencing and
the great majority of genes are bound to be much larger
than the one which has just been completely synthesised.
The practical difficulties of this approach are therefore
immense. The way forward will probably entail a two or
three-stage technique for gene synthesis, the unique
structural sequence of a given gene being synthesised
from an r.n.a. template, possibly amplified and purified
by a cloning step,12 and then completed by the splicing-
on of synthetic promotor and termination sequences,
the base composition of which may be, at least in part,
common to many genes.13 Such a programme is not going
to be completed this year or next, and, even if it leads
eventually to the production of a number of genes cap¬
able of functioning to the extent of generating a protein
end-product in a bacterial cell, its application to the in¬
vestigation or treatment of human disease will require
major new advances in both theory and practice.
Engineering apprentices traditionally start their train¬
ing by making themselves a tool kit with which they will
later dismantle, repair, and rebuild complex machinery.
Molecular geneticists are still at an early stage of their
apprenticeship and, despite all the headlines, their acti¬
vity to date consists of assembling some primitive
though powerful tools.

11. Rougeon, P., Kourilsky, P., Mach, B. Nucleic Acids Res. 1975, 2, 2365.
12. Lancet, 1976, i, 893.
13. Szekely, M. Nature, 1975, 256, 365.
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cell tracers IN disease
Valuable and sometimes unexpected new insights

into disease can be provided by tracing the origin of the
cells involved. Abnormal chromosomes, when present,
provide obvious markers for the progeny of any given
cell, and on cytogenetic tracing many neoplasms in man
and animals appear to be of clonal (single-cell) origin."
Not all tumours show a distinctive marker chromosome,
however, and even in the classic example of the Philadel¬
phia (Ph1) chromosome in human chronic myeloid
ieukicmia (c.m.l.) it can be argued that the cytogenetic
abnormality may have been induced independently in
many cells, in which case deductions about the clonal
nature of the leukasmic process would be unjustified.
This theoretical objection does not apply to immuno¬
globulin markers. In myeloma and Waldenstrom's mac-
roglobulintemia it has become clear that the M-band
protein represents the unique product of a greatly
expanded single-cell clone.20 The same approach has
been applied to cell-surface immunoglobulins in other
proliferative disorders involving lymphoid cells of the B
series.21-23
A much more widely applicable principle is based on

the observation that in females, whose cells bear two X
chromosomes, at a given point early in embryonic devel¬
opment either the maternal or the paternal X is inacti¬
vated and remains so throughout all subsequent cell
generations. The initial choice is evidently made at ran¬
dom for each cell; hence every tissue of the adult female
contains a mixture of cells in which genes on either the
maternal or the paternal X are expressed. If the two X
chromosomes differ at a given locus, both alleles will be
expressed in any normal tissue sample containing more
than a handful of cells but in a clone derived from a sin¬
gle cell only the allele present on the X which was active
in the parent cell will be evident. The enzyme glucose-6-
phosphate dehydrogenase (g.-6-p.d.) is coded for by a
gene on the X chromosome. In Black populations two
allelic forms (A and B) are commonly found,24 some 40%
of females being heterozygous so that extracts of blood,
skin, and other tissues contain enzyme types A and B.
1 he presence of enzyme type A or type B only in tumour
extracts from an individual whose normal tissues con¬

tain both types is then taken as evidence for clonal orig¬
in of the tumour. On the basis of g.-6-p.d. typing a

clonal origin has been demonstrated for fibroids, com¬
mon warts, and thyroid adenomas among other benignneoplasms while, among malignant or potentially malig¬
nant conditions, those with a single enzyme phenotvpehave included melanoma, reticulum-cell sarcoma, andcarcinomas of cervix and thyroid.25-27 In cases of
chronic myeloid leukatmia, myeloma, Burkitt's lym¬phoma,26-27 and, most recently, polycythsemia vera28
g -6-p.d. typing has tended to support evidence for
clonal derivation previously obtained from cytogeneticand immunoglobulin analysis.

I? Storb, R., Thomas, E. D., Buckner, C. D., Clifi, R. A., et al. Blood, 1974,
43, 157.

'K Barr, R. D., Whang-Peng, J., Perry, S. Science, 1975, 190, 284.
19- Nowell, P. C. in Chromosomes and Cancer (edited by J. German); p. 267.

Mew York, 1974.
20- N'atvig, J. B., Kunkel, H. G. Adv. Immun. 1973, 16, 1.

Klein, E., Klein, G., Nadkarni, J. S., et al. Cancer Res. 1968, 28, 1300.
-7- Preud'homme, J. L., Seligmann, M. Blood, 1972, 40, 777.
T Aiscnberg, A. C„ Bloch, K. J., Long, J. C.Am. J. Med. 1973, 55, 184.
-A Kirkman, H. N. Adv. hum. Genet. 1971, 2, 1.

It is important to avoid the unjustified conclusion that
many human tumours develop from a transforming
event affecting only a single cell. The emergence of suc¬
cessive waves of clones has repeatedly been demon¬
strated in the course of relapse and spread of c.m.l.,
Burkitt's lymphoma, and other neoplasms." 29 30 If a
similar phenomenon of clonal selection occurs early in
the evolution of malignant disease, it is possible for
many cells to undergo the initial "transformation" but
for the progeny of only one of these cells to form the
overwhelming mass of tumour by the time the condition
is clinically evident. This phenomenon is frequently
observed among populations of transformed cells in
vitro31 33 and there are isolated examples from the use
of cell tracers in vivo34 35 which suggest strongly that a
given tumour can comprise clones from at least two cells
which have independently undergone malignant trans¬
formation.
The evidence does, however, indicate that most

tumours grow by the proliferation of one or a few com¬
mitted cells rather than by continuous "recruitment" of
normal cells through the horizontal transmission of
some oncogenic factor. Furthermore, the extent of the
disease, as revealed by cell tracers, can be surprising. It
has long been known that in c.m.l. red-cell, monocyte,
and platelet precursors, as well as the granulocyte series,
carry the Ph1 chromosome marker. 36 3' g.-6-p.d. typing
confirms the common origin of all these cell types and
establishes the involvement of a pluripotent marrow
stem cell in the initial lesion.26 27 Similarly, in polycythae-
mia vera, cells of the erythrocyte, granulocyte, and
platelet series are all involved. Even during remission,
when the patient's hsematological status is apparently
normal, all circulating red cells, platelets, and granulo¬
cytes are derived from the same stem-cell clone, imply¬
ing an almost total suppression of maturation of normal
stem cells in the marrow.28
The search continues for a usable X-linked polymor¬

phism in White populations. Unfortunately the one pro¬
mising candidate so far, the Xg blood-group system,
seems to be the exception which proves the rule of
X-inactivation since the Xg gene on the "inactive" X is
still partly expressed38' The usefulness of g.-6-i'.d. typ¬ing is, however, far from exhausted. To date, it has been
applied principally in conditions where cellular prolife¬
ration is obviously disordered, but there may be many
diseases in which, though there is no excessive overall
growth, an imbalance exists between the progeny of in¬
dividual cells. For example, one intriguing report sug¬
gests a clonal origin for individual atheromatous pla¬
ques 39 If this can be confirmed, the vistas opening up
before the devotees of cell tracing are almost limitless.

25. Kinder, D., Gartler, S. M. Science, 1965, 150, 67.
26. Fialkow, I'. J. Adv. Cancer Res. 1972, 15, 191.
27. Fialkow, P. ]. New Engl. 7. Med. 1974, 291, 26.
28. Adamson, J. W., Fialkow, P. J., Murphy, S., et al. ibid. 1976, 295, 913.
29. de Grouchy, J., Turleau, C. in Chromosomes and Cancer (edited by J. Ger¬

man); p. 287. New York, 1974.
30. Gripenberg, V., Levan, A., Clifford, P. Int. J. Cancer, 1969, 4, 334.
31. Makino, S. Int. Rev. Cytol. 1957, 6, 25.
32. Steel, C. M., McBeath, S., O'Riordan, M. L. J. natn. Cancer Inst. 1971, 47,

1203.
33. Bloom, A. D., McNeill, J. A., Nakamura, F. T. in Chromosomes and Cancer

(edited by J. German); p. 565. New York, 1974.
34. Bender, E., Collins, Z., Irwin, L. E. New Engl. J. Med. 1967, 276, 389.
35. Fialkow, P. J., Klein, E., Klein, G.J. exp. Med. 1973,138, 89.
36. Whang, J., Frei, E., Tjio, J. H., et al. Blood, 1963, 22, 664.
37. Chervenik, P. A., Ellis, L., Pan, S., l-awson, A. L. Science, 1971, 174, 1 134.
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as a component of sexual stimulation, which the new
pornography both engendered and exploited, would die
a natural death. The call for a less violent society must
be welcomed; but more information on which to deter¬
mine between causes and effects might prevent us front
fixing the blame for violence too hastily in one quarter.
SPIN-OFF FROM CELL FUSION

The technique of somatic cell hybridisation, simple in
concept, elegant in execution, and wide-ranging in its
applications, has proved one of the most stimulating de¬
velopments in modern biology.1"3 By various procedures
—for example, addition of inactivated Sendai virus or of
polyethylene glycol—cultured cells of widely disparate
types and from totally unrelated species can be induced
to fuse together, producing hybrids which express manyof the properties of both parents.4,5 The major technical
difficulty lies in isolating the hybrid progeny from the
unfused parent cells and much ingenuity has gone into
devising selective systems whereby growth-restricting
defects in each parent prove mutually compensatory in
the hybrid.6,7 Until lately, cell fusion has been used
chiefly as a probe to study the regulation of gene expres¬
sion, to assign genes to particular chromosomes and to
map their position, to dissect the precise nature of
mutations effecting defined biochemical pathways, and
to analyse factors which contribute to the malignant be¬
haviour of tumour cells.8,9 The relevance of these studies
to clinical medicine seems remote. Now, however, the
technique has been exploited for the synthesis of a speci¬
fic biologically active product—a development which
may have profound implications for medical practice.10
A group led by Cesar Milstein at the M.R.C. Molecu¬

lar Biology Unit, Cambridge, has fused a rapidly proli¬
ferating mouse myeloma-cell line (secreting large
amounts of a single molecular species of immunoglob¬
ulin but without defined antibody specificity) with
spleen cells from a hyper-immunised rat (these cells in¬
clude many secreting specific antibody but incapable of
prolonged growth in vitro). From the hybrids they have
isolated several lines with the growth potential and high
immunoglobulin secretion rate of the myeloma parent
but now producing a pure antibody specified by the
hyper-immune spleen cell. It may seem something of an
anticlimax that the antibody activity is directed against
a rat histocompatibility antigen, but it is of course the
principle rather than the initial product which is gener¬
ating excitement.
Its potential applications in human diagnostic immu¬

nology are obvious: there is a pressing need for pure,
potent, and monospecific antisera to identify, for exam¬
ple, rare blood-groups, the various hepatitis antigens,
and oncofetal and tumour-associated antigens. At a later
stage, it may prove the ideal source of antibodies for

hebd. S'eanc. Acad. Sci., Paris,1. Barski, G., Sorieul, S., Cornefert, F. C.r
1960,251, 1825.

2. Harris, H. Cell Fusion: The Dunham Lectures. Oxford, 1970.
3. Ephrussi, B. Hybridisation ofSomatic Cells. Princeton, 1972.
4. Harris, H., Watkins, J. F. Nature, 1965,205,640.
5. Pontecorvo, G. Somat. Cell Genet. 1975,1, 397.
6. Littlcfield, J. W. Exptl Cell Res. 1966,41,190.
7. Kao, F. T., Johnson, R. T., Puck, T. T. Science, 1969,164, 312.
8. Ruddle, F. H., Kucherlapati, R. S.Scient.Am. 1974,231,36.
9. Davidson, R. L., De la Cruz, F. F. (editors) Somatic Cell Hybridisation. New

York, 1974.
10. Galfre, G., Howe, S. C., Milstein, C., Butcher, G. W., Howard, J. C. Nature,

1977,266, 550.

therapeutic use—anti-D in obstetrics, antibodies against
individual drugs for the treatment of overdose, anti-
venoms for snakebite, and antibodies against rare life-
threatening infectious agents. The list need not be
limited to immunoglobulins since anything which can be
synthesised by a single cell can, at least in theory, be
"farmed" by an appropriate fusion system. The coagula¬
tion factors of the blood and the components of comple¬
ment, protein, and oligopeptide hormones all may be
generated at a potency and level of purity far beyond the
reach ofcurrent techniques.
There will certainly be obstacles. Maintenance of

large-scale cell cultures is expensive and technically
exacting. The antigenicity of the products and their pos¬
sible contamination with foreign cellular material (parti¬
cularly when one of the fusion partners is of malignant
origin) will require very rigorous examination before
they can be used in patients, but similar difficulties have
been overcome in the production of therapeutic sub¬
stances from animals. In the long run, cell hybridisation
may be only a step on the road to synthesis of biological
materials in cell-free systems, but probably the next gen¬
eration of physicians will be taking the technique and its
products for granted.

NUTRITIONAL FOLATE DEFICIENCY AND THE
SMALL-INTESTINAL MUCOSA

Doniach and Shiner1 in 1960 drew an analogy
between the epithelial cells of the small-intestinal
mucosa and the hemopoietic system. Booth2 suggested a
nomenclature based on this analogy, describing the sur¬
face absorptive cell as the enterocyte and the cells in the
crypts as the enteroblast. According to this terminology
the enterocytes in coeliac disease are "microcytic". Mac¬
rocytic enterocytes have been described in pernicious
anemia,3 but opinions differ on the structure of the
small intestine in nutritional folic acid deficiency.4,5
Now Davidson and Townley,6 in four infants with mega¬
loblastic anaemia, have recorded structural abnormali¬
ties and disaccharidase deficiency in the duodenal
mucosa which they attribute to nutritional folic acid
deficiency; the children had been on goat's milk for
several months, and goat's milk is deficient in folic acid.
These abnormalities were reversed by oral folic acid.
The structural abnormalities were villous shortening, in¬
creased crypt length, and changes in the enterocyte and
the enteroblast which had large rounded, pale, centrally
placed, and chromatin-deficient nuclei described as
megaloblastic. (Strictly speaking, Booth's nomenclature
would have the enterobiasis as megaloblastic and the
enterocytes as macrocytic.) Although folate deficiency as
assessed by serum-folate levels is not uncommon in
infancy, severe megaloblastic anaemia due to folic acid
deficiency is rare.7 It is a pity Davidson and Townley do
not record the red-cell folate levels since these are a bet¬
ter guide to duration and severity of folate deficiency.

1. Doniach, I., Shiner, M. Br. J. Radiol. 1960, 33, 328.
2. Booth, C. C. Postgrad. med.J. 1968,44, 13.
3. Foroozan, P., Trier, J. S. New Engl.J. Med. 1967,277, 553.
4. Winawer, S. J., Sullivan, L. W., Herbert, V., Zamcheck, M. ibid. 1965, 272,

892.
5. Bianchi, A., Chipman, D. W., Dreskin, A., Rosenweig, N. S. ibid. 1970, 282,

859.
6. Davidson, G. I'., Townley, R. R. W.J. Pediat. 1977,90, 590.
7. Dormandy, K. M., Waters, A. H., Mollin, D. L. Lancet, 1963, i, 632.

3. Miall
56.
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Chromosomes and Cancer

In 1914 the German biologist Theodor Boveri
published a theoretical treatise in which he argued
that the fundamental cause of tumours is an imba¬
lance in the chromatin content of the cells from
which they arise.1 While he envisaged the possibi¬
lity of genetic damage below the level of optical
resolution, his main theme was that chromosome
aberrations arising through errors at mitosis will
lead either to cell death or to profound and heri¬
table disturbances in the regulation of cell behav¬
iour, the latter sometimes being expressed as unres¬
trained growth. Despite all advances in
cytogenetics and related sciences in the intervening
sixty-three years, the applicability or otherwise of
Boveri's theory to human tumours remains an
open question. Shortly after practical techniques
were devised for the study of human chromo¬
somes,2,3 the specific association between chronic
myeloid leukaemia and a partly deleted member of
group G, the Philadelphia or Ph1 chromosome, was
reported and confirmed.4,5 The possibility that
many tumours would be characterised by unique
chromosome markers provided a powerful stimulus
for the new science of clinical cytogenetics, and
midnight oil burned around the globe as metaphase
preparations from benign and malignant growths
of every description were painstakingly sought and
analysed (the intensity of the effort being main¬
tained by an understanding that each new tumour-
associated marker chromosome would be known by
the name of the laboratory in which it was disco¬
vered). None of these endeavours met with clear
success. The closest approach to an association
comparable to that between the Ph1 chromosome
and chronic myeloid leukaemia was the finding that
a G-group chromosome is frequently lost, partially
1- Boveri, T. Zur Fragc dcr Entstelung maligner Tumorcn. Jena, 1914.
2. Nowell, P. C., Hungerford, D. A., Brooks, C. D. Proc. Am. Ass. Cancer Res.

1958,2,331.
3- Ford.C. E., Jacobs, P. A., Lajtha, L. G. Nature, 1958, 181, 1565.
"*• ^o'Aeil, P. C., Hungerford, D. A. Science, 1960,132,1197.
3 Baikie, A. G., Court Brown, W. M., Buckton, K. E., Harnden, D. G.,

Jacobs, P. A., Tough, I. M. Nature, 1960,188, 1165.

deleted, or involved in structural rearrangements
in meningioma cells.6,7
Nevertheless, the fifteen years from 1960 yielded

an enormous body of evidence establishing that
tumour cells are often chromosomally abnormal8"12
and that many benign and malignant growths are
derived from the progeny of a single cell,13,14 some¬
times showing serial progression of chromosome
aberrations.13,16 Claims were made for a causal as¬
sociation between constitutional chromosome ab¬
normalities and particular malignancies17,19 while
the cytogenetic data from assorted tumours were
subjected to statistical analyses in order to confirm
or refute the view that specific rearrangements
recur with significant frequency.8"12 These investi¬
gations were conducted under the serious handicap
of inability to identify chromosomes other than by
overall length and centromere position. With the
advent of banding techniques20,21 whereby every
normal chromosome, and even the constituent
parts of many abnormal ones, can be recognised in¬
dividually, some clarification was to be expected.
Unfortunately it is a characteristic of malignant
tissue that the chromosomes, even in expert hands,
tend to have a fuzzy outline and to band indis¬
tinctly. Progress has therefore been slow. With per¬
sistence, however, good preparations have been
obtained. While confirming the suspicion that
many so-called "recurrent marker" chromosomes
in human tumour cells are in fact of quite diverse
origin,22 studies on banded material are now pro¬
viding a growing body of evidence for non-random
distribution of chromosome aberrations in many
benign growths and malignant disorders.23 29 The
techniques reveal some Subtle rearrangements not
previously detectable. For example, the Ph1 chro¬
mosome is now known not to involve a simple dele¬
tion of the long arm of a chromosome 22 but a

6. Zang.K. D., Singer, H. ibid. 1967,216,84.
7. Mark, J. EurJ. Cancer, 1970,6,489.
8. Makino, S., Sasaki, M. S., Tonomura, A. J. nam. Cancer Inst. 1964, 32,

741.
9. Levan, A. Hereditas, 1967,57, 343.
10. Sandberg, A. A., Hossfeld, D. K. A. Rev. Med. 1970,21, 379.
11.Atkin, N. B. in Chromosomes and Cancer (edited by J. German); p. 375.

New York, 1974.
12. Muldal, S., Lajtha, L. G. ibid. p. 451.
13. Fialkow, P. J. New Engl. J.Med. 1974,291,26.
14. Lancet, 1976, ii, 1181.
15. Nowell, P. C. in Chromosomes and Cancer (edited by J. German); p. 267.

New York, 1974.
16. de Grouchy, J., Turleau.C. ibid. p. 287.
17. Gunz, F. W., Fitzgerald, P. H., Adams, A. Br. med.J. 1962, ii, 1097.
18. Catvein, M., Lappat, E. J., Rackley, J. W. Archs intern. Med. 1965, 116,

505.
19. Frasier, S. D., Bashore, R. A., Mosier, H. D.J. Pcediat. 1964,64, 740.
20. Caspersson, T., Zech, L., Johansson, C. Exp. Cell Res. 1970,62, 490.
21. Sumner, A. T., Evans, H. J., Buckland, R. A. Nature New Biol. 1971, 232,

31.
22. Steel,C.M.Nature, 1971,233,555.
23. Fleishman, E. W., Hakansson, C. M., Levan, A., Moller, T. Hereditas, 1972,

70, 243.
24. Rowley, J. D. Nature, 1973,243,290.
25. Rowley, J. D. Proc. nam. Acad. Sci.USJl. 1975,72, 152.
26. Mitelman, F., Levan, G., Nilsson, O. G., Brandt, L. Int J. Cancer 1976, 18,

24.
27. Rowley, J. D. Cancer, 1975, 36, 1748.
28. Mitelman, F., Levan, G. Hereditas, 1976,82, 167.
29. Mark, J. Adv. Cancer Res. 1977, 24, 165.
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simultaneously tested normal and carrier women in
a collaborative study,8 differences in discrimination
between the groups seemed to be related to laboratory
techniques rather than to statistical methods, so that
equations established by one laboratory may not be
applicable to another. Some further precision is
obtained by taking into consideration the woman's
age,9 since factor VIII rises with the years.
The second problem is fundamental: because of

lyonisation, a few carriers will be operating their
factor-VIII synthesis almost entirely on normal X
chromosomes, so that the ratio ofVIII clotting acti¬
vity to VIII antigen will be indistinguishable from
normal. Every woman tested must therefore be
warned that some carriers will inevitably escape
detection by this method.

One other laboratory procedure may be useful. A
refinement of the bleeding-time test has also been
found to distinguish carriers from normal women.
A device10 which reduces the temperature of the
skin wound and also records continuously the
blood-loss was able to identify correctly 17 out of
19 obligatory carriers.11 We do not yet know the
extent to which the "cold" bleeding-time is related
to the findings of the previous tests; if it proves to
be independent of VIII clotting activity and lyoni¬
sation it may contribute substantially to carrier
detection.
There are thus four possible lines of evidence to

be examined. There is the hsemophilic experience of
the family, from which prior and posterior probabi¬
lities may be calculated; a genetic marker may be
available; the clotting and immunological assays
for factor VIII must be considered; and the special
bleeding-time test might be done. In most instances
the second and fourth will not be applicable; so
that, at present, the detection of htemophilic car¬
riers depends on the relationship of the woman to
her nearest hemophilic relative and on other
family evidence, taken together with the tests for
factor VIII. These two lines of evidence must be
combined, for two reasons. First, before laboratory
tests can be logically made, there must be some
prior probability of a given women being a car¬
rier—that is, being appropriately related to a
haemophiliac. Otherwise, some "random" normal
women will be classified as carriers (5 in 100 times
at the conventional level). Second, the two lines of
evidence can be combined12 to calculate a final pro¬
bability for each woman, which is after all what
she wants to know. A forthcoming W.H.O. publica¬
tion will set out in detail how this may be done. In

principle, information from all lines of evidence
could be combined for calculation of the final pro¬
bability. All this refers to haemophilia in the strict
sense, factor VIII defect. In Christmas disease, fac-
tor-IX defect, the genetic arguments apply simi¬
larly, but the immunological heterogeneity of the
disorder prevents the clotting and antigen tests
from being applied in the same way. However
work is proceeding in various centres.13,14

: 38

WEIGHING-UP ENVIRONMENTAL MUTAGENS

The possible mutagenic, carcinogenic, or teratogenic
effects of environmental "contaminants" are a lively
cause of public concern. How should they be identified?
Compounds which are demonstrably carcinogenic do
not invariably prove to be powerful mutagens, and vice-
versa; and the relationship between either of these
effects and teratogenesis is similarly inexact. Neverthe¬
less, alterations in genetic material (the essence ofmuta¬
genesis) are undoubtedly important in cancer and in
fetal malformation. Since tests based upon the detection*
of mutations are much more sensitive and easier to

apply on a large scale than those which depend upon
production of tumours or malformed fetuses in labora¬
tory animals, the first-line screening of suspect agents
usually involves assessment of their mutagenicity.
The d.n.a.-based genetic code is common to all

organisms above the simplest viruses. In screening
agents which may be harmful to man, use has been
made of bacteria, yeasts, fungi, plants, helminths, and
fruit flies as well as small mammals and even man him¬
self.1 At present, two approaches are widely applied. In
the first, strains of bacteria are selected for the presence
of specific mutations which restrict their growth in
defined media. The defects can be overcome by fresh
mutations—a process known as reversion. A count of
the number of colonies growing on the inhibitory
medium, after exposure of bacteria to the test substance,
gives a quantitative measure of reversion and hence of
the mutagenicity of the test compound.2
It would be wrong to describe this system as simple,

since the process of selection of mutant organisms is
highly complex and the test itself requires care both in
performance and in subsequent statistical analysis.
Nevertheless, it is rapid and cheap. There is criticism
that many compounds, innocuous in themselves, may be
metabolised by higher organisms (though not by bacter¬
ia) to become potent mutagens. The reverse may also
happen. To some extent this can be met by including an
extra step in which the test substance is incubated with
extract of mammalian liver homogenate or with whole
liver cells.3

8. Klein, H. G., Aledort, L. M., Bouma, B. N., Hoyer, L. W., Zimmerman,
T. S., DeMets, D. L. New Engl. J. Med. 1977,296, 959.

9. Elston, R. C., Graham, J. B., Miller, C. H., Reisner, H. M., Bouma, B. N.
Thrombosis Res. 1976, 8,683.

10. Sutor, A. H., Bowie, E. J. W., Thompson, J. H. Am. J. clin. Path. 1971, 55,
541.

11. Sutor, A. Hi, Jesdinsky-Buscher, C. Br. med.J. 1977, i, 708.
12. Graham, J. B. New Engl. J. Med. 1977,296, 996.

13. Kasper, C. K., Osterud, B., Rapaport, S. I. Thromb. Hcemostas. 1977, 38,
116.

14. Roberts, H. R., Chung, K. S., Goldsmith, J. C. ibid, p. 116.
1. Legator, M. S., Zimmering, S., Connor, T. M. in Chemical Mutagens: Prin¬

ciples and Methods for their Detection: vol. tv (edited by A. Hollaender);
p. 171. New York, 1976.

2. Ames, B. N. ibid. vol. I; p. 267. New York, 1971.
3. Ames, B. N., Dunston, W. E., Yamaskai, E., Lee, F. D. Proc. nam. Acad.

Sci., U.S.A., 1973,70,2281.
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Chromosomes and Cancer

In 1914 the German biologist Theodor Boveri
published a theoretical treatise in which he argued
that the fundamental cause of tumours is an imba¬
lance in the chromatin content of the cells from
which they arise.1 While he envisaged the possibi¬
lity of genetic damage below the level of optical
resolution, his main theme was that chromosome
aberrations arising through errors at mitosis will
lead either to cell death or to profound and heri¬
table disturbances in the regulation of cell behav¬
iour, the latter sometimes being expressed as unres¬
trained growth. Despite all advances in
cytogenetics and related sciences in the intervening
sixty-three years, the applicability or otherwise of
Boveri's theory to human tumours remains an
open question. Shortly after practical techniques
were devised for the study of human chromo¬
somes,2'3 the specific association between chronic
myeloid leukaemia and a partly deleted member of
group G, the Philadelphia or Ph1 chromosome, was
reported and confirmed.4,3 The possibility that
many tumours would be characterised by unique
chromosome markers provided a powerful stimulus
for the new science of clinical cytogenetics, and
midnight oil burned around the globe as metaphase
preparations from benign and malignant growths
of every description were painstakingly sought and
analysed (the intensity of the effort being main¬
tained by an understanding that each new tumour-
associated marker chromosome would be known by
the name of the laboratory in which it was disco¬
vered). None of these endeavours met with clear
success. The closest approach to an association
comparable to that between the Ph1 chromosome
and chronic myeloid leukaemia was the finding that
a G-group chromosome is frequently lost, partially
1. Boveri, T. Zur Frage der Entstelung maligner Tumoren. Jena, 1914.
2. Novell, P. C., Hungerford, D. A., Brooks, C. D. Proc. Am. Ass. Cancer Res.

1958,2,331.
3- Eord, C. E., Jacobs, P. A., Lajiha, L. G. Nature, 1958, 181, 1565.
A Noveil, P. C„ Hungerford, D. A.Science, 1960,132, 1197.
Baikie, A. G-, Court Brown, VC. M., Buckton, K. E., Hamden, D. G.,

Jacobs, P. A., Tough, I. M. Nature, 1960, 188, 1165.

deleted, or involved in structural rearrangements
in meningioma cells.6'7
Nevertheless, the fifteen years from 1960 yielded

an enormous body of evidence establishing that
tumour cells are often chromosomally abnormal812
and that many benign and malignant growths are
derived from the progeny of a single cell,13,14 some¬
times showing serial progression of chromosome
aberrations.15'16 Claims were made for a causal as¬
sociation between constitutional chromosome ab¬
normalities and particular malignancies17,19 while
the cytogenetic data from assorted tumours were
subjected to statistical analyses in order to confirm
or refute the view that specific rearrangements
recur with significant frequency.8-12 These investi¬
gations were conducted under the serious handicap
of inability to identify chromosomes other than by
overall length and centromere position. With the
advent of banding techniques20'21 whereby every
normal chromosome, and even the constituent
parts of many abnormal ones, can be recognised in¬
dividually, some clarification was to be expected.
Unfortunately it is a characteristic of malignant
tissue that the chromosomes, even in expert hands,
tend to have a fuzzy outline and to band indis¬
tinctly. Progress has therefore been slow. With per¬
sistence, however, good preparations have been
obtained. While confirming the suspicion that
many so-called "recurrent marker" chromosomes
in human tumour cells are in fact of quite diverse
origin,22 studies on banded material are now pro¬
viding a growing body of evidence for non-random
distribution of chromosome aberrations in many
benign growths and malignant disorders.23"29 The
techniques reveal some Subtle rearrangements not
previously detectable. For example, the Ph1 chro¬
mosome is now known not to involve a simple dele¬
tion of the long arm of a chromosome 22 but a

6. Zang, K. D., Singer, H. ibid. 1967,216, 84.
7. Mark, J. Eur.J. Cancer, 1970,6,489.
8. Makino, S., Sasaki, M. S., Tonomura, A. J. nam. Cancer Inst. 1964, 32,

741.
9. Levan, A. Hereditas, 1967, 57, 343.
10. Sandberg, A. A., Hossfeld, D.K.A. Rev. Med. 1970,21, 379.
11. Atkin, N. B. in Chromosomes and Cancer (edited by J. German); p. 375.

New York, 1974.
12. Muldal, S., Lajtha, L. G. ibid. p. 451.
13. Fialkow, P. J. New Engl.J. Med. 1974, 291,26.
14. Lancet, 1976, ii, 1181.
15. Nowell, P. C. in Chromosomes and Cancer (edited by J. German); p. 267.

New York, 1974.
16. de Grouchy, J., Turleau, C. ibid. p. 287.
17. Gunz, F. W., Fitzgerald, P. H., Adams, A. Br. med.J. 1962, ii, 1097.
18. Catvein, M., Lappat, E. J., Rackley, J. W. Archs intern. Med. 1965, 116,

505.
19. Frasier, S. D., Bashore, R. A., Mosier, H. D.J. Pcediat. 1964,64, 740.
20. Caspcrsson, T., Zech, L., Johansson, C. Exp. Cell Res. 1970,62,490.
21. Sumner, A. T., Evans, H. J., Buckland, R. A. Nature New Biol. 1971, 232,

31.
22. Steel,C.M. Nature, 1971,233, 555.
23. Fleishman, E. W., Hakansson, C. M., Levan, A., Moller, T. Hereditas, 1972,

70, 243.
24. Rowley, J. D. Nature, 1973,243, 290.
25. Rowley, J. D.Proc. nam. Acad. Sci. US-A. 1975,72, 152.
26. Mitelman, F., Levan, G., Nilsson, O. G., Brandt, L. Int J. Cancer 1976, 18,

24.
27. Rowley, J. D. Cancer, 1975,36, 1748.
28. Mitelman, F., Levan, G. Hereditas, 1976,82,167.
29. Mark, J. Adv. Cancer Res. 1977, 24, 165.
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translocation, usually t(9q + ; 22q—).24 There seems
to be a similar translocation t(8q—; 14q+) in many,
if not all, cases of Burkitt's lymphoma.30 In most
instances, however, particular abnormalities are
found to occur not in every case of a given tumour
but with a strikingly increased frequency against a
background of multiple (possibly random) re¬
arrangements. Examples include the gain of a
number 8 chromosome and reduplication of the
long arm of a number 17 in the late (acute) stage
of chronic myeloid leukaemia,24'26,31 loss of a
number 7 and gain of a number 9 in acute leukae¬
mia,32 loss or partial deletion of a number 22 in
meningioma,29 an extra band on the long arm of a
number 14 in lymphosarcoma and in mye-
loma,30'33,37 and gains of numbers 8 and 14 in col¬
onic polyps38 and of numbers 7 and 22 in melano¬
ma.39 For many other tumours the evidence for
non-random chromosome aberrations is suggestive
but as yet incomplete.28,29
However convincing the evidence for a link

between abnormalities of karyotype and cell behav¬
iour may have become, the nature of the associ¬
ation remains to be established. It can be argued
that, since many tumours have, in their early
stages at least, no detectable chromosome abnor¬
malities, subsequent rearrangements do not contri¬
bute to the malignant potential and non-random
aberrations merely reflect the restricted range of
chromosome gains, losses, and rearrangements
which can be tolerated without impairing the vita¬
lity of the cell and its progeny. Many "balanced"
translocations, pericentric inversions, and other
constitutional chromosome abnormalities have
been detected in apparently healthy people;40 in¬
deed, breakage and rearrangement of chromosome
material seems to have occurred repeatedly in the
process of evolution and speciation.41,42 The precise
arrangement of the normal chromosome set is
therefore not inviolable. On the other hand there
are strong reasons for believing that the Ph1 chro¬
mosome is a primary factor in the astiology of
chronic myeloid leukaemia.12 Furthermore, four
genetic disorders of man characterised by chromo¬
somal instability—Fanconi's anaemia, ataxia telan¬
giectasia, xeroderma pigmentosum, and Bloom's

30. Zech, L., Haglund, U., Nilsson, K., Klein, G. Int. J. Cancer, 1975, 17, 47.
31. Rowley, J. D. NewEngl. J. Med. 1973,289,220.
32. Rowley, J. D. Lancet, 1973, ii, 1385.
33. Reeves, B. R. Humangenetik, 1973, 14, 159.
34. Wurster-Hill, D. H., Mclntyre, O. R., Cornwell, C. G., Maurer, L. H. Lan¬

cet, 1973, ii, 1031.
35. Prigogina, E. L., Fleishman, E. W. Humangenetik, 1975, 30, 109.
36. Mark, J. Hereditas, 1975,81, 289.
37. Philip, P. ibid. 1975, 80, 155.
38. Mitelman, F., Mark, J., Nilsson, P. G., Dencker, H., Norryd, C., Trauberg,

K. G. ibid. 1974,78,63.
39. McCulloch, P. B., Dent, O. B., Hayes, P. R., Liao, S. K. Cancer Res. 1976,

36, 398.
40. Jacobs, P. A. in Human Population Cytogenetics (edited by P. Jacobs, W.

Price, and P. Law); p. 89. Edinburgh, 1970.
41. Evans, H. J., Buckland, R. A., Sumner, A. T. Chromosoma, 1973, 42, 383.
42. de Grouchy, J., Turleau, C., Roubin, M., Chavin-Colin, T. in Nobel Sym¬

posium 23; p. 124. New York, 1973.

syndrome—are associated with a greatly increased
risk ofmalignant disease.43"46

Perhaps the most telling evidence in favour of
Boveri's hypothesis comes from work on tumour
cells in tissue culture. From a hamster line which
had undergone malignant transformation after
exposure to dimethylnitrosamine, a number of sub¬
lines were selected both in vivo and in vitro on the
basis of differing abilities to grow as tumours in
recipient animals. Analysis of banded karyotypes
from these clones points to the existence of very cir¬
cumscribed regions, on only four chromosomes,
concerned with either the expression or the sup¬
pression of malignancy.47 A number of laboratories
have fused malignant and non-malignant cells in
various combinations, and the results suggest that
the tumorigenicity of the product depends on the
retention of particular chromosomes in the hybrid
and the elimination of certain others.48"53 It there¬
fore seems increasingly probable that specific nu¬
merical or structural chromosome rearrangements
result in the release of a cell from normal con¬

straints on its growth. To some extent, the type of
cell in which a given chromosome aberration arises
may determine whether or not it will have this
effect. Alternatively it has been postulated that
chromosome lesions are specific to individual onco¬
genic factors—notably, viruses—and that it is the
restricted target-cell range of these Etiological
agents which determines the association between a
given chromosome aberration and a particular type
of tumour.26,28,54
In the long term, further studies on malignant

and normal cells in tissue culture and in animals
can be expected to throw light on the mechanisms
whereby particular parts of the genome influence
the growth properties of a cell. For the present,
cytogenetic examination of more human tumours is
necessary, not only to establish the validity or
otherwise of non-random chromosome aberrations
but also to determine whether, as in the case of
chronic myeloid leukaemia, cytogenetic criteria can
improve the accuracy of diagnosis and provide a
basis for subclassification of cases, whereby therapy
can be planned with greater precision.55"57

43. Swift, M. Nature. 1971,230, 370.
44. German, J. Prog. med. Genet. 1972, 8, 61.
45. German, J. in Chromosomes and Cancer (edited by J. German); p. 601. New

York, 1974.
46. Harnden, D. G. ibid. p. 619.
47. Yamamoto, T., Rabinowitz, Z., Sachs, L. Nature New Biol. 1973, 243, 247.
48. Belehradek, J., Barski, G. Int. J. Cancer, 1971,8, 1.
49. Ephrussi, B., Davidson, R. L., Weiss, M. C. Nature, 1969,224, 1314.
50. Klein, G., Bregula, V., Wiener, F., Harris, H.J. CellSci. 1971,8,659.
51. Harris, H. Proc. R. Soc. B, 1971,179, 1.
52. Miller, O. J. in Chromosomes and Cancer (edited by J. German); p. 521.

New York, 1974.
53. Yoshida, M. C.Jap.J. Genet. 1972,47, 211.
54. Rowley, J. D.J. natn Cancer Inst. 1974, 52, 315.
55. Whang-Peng, J., Canellos, G. P., Carbone, P. P., Tjio, J. H. Blood, 1968,

32, 755.
56. Ezdinli, E. Z., Sokal, J. E., Crosswhite, L., Sandberg, A. A. Ann. intern.

Med. 1970, 72, 175.
57. Janossy, G., Roberts, M., Greaves, M. F. Lancet, 1976, ii, 1058.
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simultaneously tested normal and carrier women in
a collaborative study,8 differences in discrimination
between the groups seemed to be related to laboratory
techniques rather than to statistical methods, so that
equations established by one laboratory may not be
applicable to another. Some further precision is
obtained by taking into consideration the woman's
age,9 since factor VIII rises with the years.
The second problem is fundamental: because of

lyonisation, a few carriers will be operating their
factor-VIII synthesis almost entirely on normal X
chromosomes, so that the ratio ofVIII clotting acti¬
vity to VIII antigen will be indistinguishable from
normal. Every woman tested must therefore be
warned that some carriers will inevitably escape
detection by this method.

One other laboratory procedure may be useful. A
refinement of the bleeding-time test has also been
found to distinguish carriers from normal women.
A device10 which reduces the temperature of the
skin wound and also records continuously the
blood-loss was able to identify correctly 17 out of
19 obligatory carriers.11 We do not yet know the
extent to which the "cold" bleeding-time is related
to the findings of the previous tests; if it proves to
be independent of VIII clotting activity and lyoni¬
sation it may contribute substantially to carrier
detection.
There are thus four possible lines of evidence to

be examined. There is the hsemophilic experience of
the family, from which prior and posterior probabi¬
lities may be calculated; a genetic marker may be
available; the clotting and immunological assays
for factor VIII must be considered; and the special
bleeding-time test might be done. In most instances
the second and fourth will not be applicable; so
that, at present, the detection of hemophilic car¬
riers depends on the relationship of the woman to
her nearest hemophilic relative and on other
family evidence, taken together with the tests for
factor VIII. These two lines of evidence must be
combined, for two reasons. First, before laboratory
tests can be logically made, there must be some
prior probability of a given women being a car¬
rier—that is, being appropriately related to a
haemophiliac. Otherwise, some "random" normal
women will be classified as carriers (5 in 100 times
at the conventional level). Second, the two lines of
evidence can be combined12 to calculate a final pro¬
bability for each woman, which is after all what
she wants to know. A forthcomingW.H.O. publica¬
tion will set out in detail how this may be done. In

principle, information from all lines of evidence
could be combined for calculation of the final pro¬
bability. All this refers to haemophilia in the strict
sense, factor VIII defect. In Christmas disease, fac-
tor-IX defect, the genetic arguments apply simi¬
larly, but the immunological heterogeneity of the
disorder prevents the clotting and antigen tests
from being applied in the same way. However
work is proceeding in various centres.13,14

:W'
'■

WEIGHING-UP ENVIRONMENTAL MUTAGENS

The possible mutagenic, carcinogenic, or teratogenic
effects of environmental "contaminants" are a lively
cause of public concern. How should they be identified?
Compounds which are demonstrably carcinogenic do
not invariably prove to be powerful mutagens, and vice-
versa; and the relationship between either of these
effects and teratogenesis is similarly inexact. Neverthe¬
less, alterations in genetic material (the essence ofmuta¬
genesis) are undoubtedly important in cancer and in
fetal malformation. Since tests based upon the detection"
of mutations are much more sensitive and easier to

apply on a large scale than those which depend upon
production of tumours or malformed fetuses in labora¬
tory animals, the first-line screening of suspect agents
usually involves assessment of their mutagenicity.
The d.n.a.-based genetic code is common to all

organisms above the simplest viruses. In screening
agents which may be harmful to man, use has been
made of bacteria, yeasts, fungi, plants, helminths, and
fruit flies as well as small mammals and even man him¬
self.1 At present, two approaches are widely applied. In
the first, strains of bacteria are selected for the presence
of specific mutations which restrict their growth in
defined media. The defects can be overcome by fresh
mutations—a process known as reversion. A count of
the number of colonies growing on the inhibitory
medium, after exposure of bacteria to the test substance,
gives a quantitative measure of reversion and hence of
the mutagenicity of the test compound.2
It would be wrong to describe this system as simple,

since the process of selection of mutant organisms is
highly complex and the test itself requires care both in
performance and in subsequent statistical analysis.
Nevertheless, it is rapid and cheap. There is criticism
that many compounds, innocuous in themselves, may be
metabolised by higher organisms (though not by bacter¬
ia) to become potent mutagens. The reverse may also
happen. To some extent this can be met by including an
extra step in which the test substance is incubated with
extract of mammalian liver homogenate or with whole
liver cells.3

8. Klein, H. G., Aledort, L. M., Bouma, B. N., Hoyer, L. W., Zimmerman,
T. S., DeMets, D. L. New Engl.J. Med. 1977,296,959.

9. Elston, R. C., Graham, J. B., Miller, C. H., Reisner, H. M., Bouma, B. N.
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10. Sutor, A. H., Bowie, E. J. W., Thompson, J. H. Am. J. clin. Path. 1971, 55,
541.
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\



XHE lancet, august 13, 1977 341

The second approach is analysis of chromosome
damage. This can be done directly in man and has been
the basis of many surveys carried out on groups of indi¬
viduals exposed to radiation or to known and suspected
chemical hazards.4-3 The scoring of visible gaps, breaks,
and rearrangements in conventionally stained prepara¬
tions from blood lymphocytes is a slow and relatively in¬
sensitive procedure although it permits assessment of the
cumulative effects of many years' exposure to a given
agent. An example is the Swedish work reported on
p. 322.
Very much greater sensitivity is afforded by a recent

technical innovation whereby one of the pair of sister
chromatids which comprise a single chromosome stains
dark and the other light. Damage to one strand of a
d.n.a. double helix will normally be repaired by a pro¬
cess of excision and "patching" using the other strand
as a template. In the course of repair, cross-over between
d.n.a. strands often occurs and in the next cycle of cell
division this will appear as crossing-over between the
light and dark stained sister chromatids, producing a
marbled or 'harlequin" effect on the chromosomes.6-7
The number of crossing-over points can be counted
easily and gives a measure of the damage sustained by
the d.n.a. Since most of this damage has been success¬
fully repaired, it would not give rise to chromosome
lesions visible by conventional techniques; hence the
added sensitivity of this method. On the other hand,
repair is normally completed within a few hours ofmuta-
gen-induced damage so that the sister-chromatid-
exchange assay has limited clinical value. It is of little
use, for example, in the study of individuals chronically
exposed to a particular industrial process, but can be
applied to measure short-term effects of physical or
chemical agents on cultured human cells.8'9
An alternative method of assessing chromosome

damage is to look for micronuclei in young red cells
within the bone-marrow.10-11 These represent whole
chromosomes or large fragments isolated from the
remainder of the set during the final division of the red-
cell precursor and left within the cytoplasm after extru¬
sion of the nucleus. The system is sensitive, easy to
score, and particularly (though not exclusively) suited to
the screening of agents such as the vinca alkaloids,
whose major effect is to disrupt the process of chromo¬
some separation at cell division. Since this test demands
large numbers ofanimals it is expensive.
No single technique is entirely satisfactory, and in

assessing risk to man there is no clear indication of
where a line should be drawn. To quote one observer
"almost any chemically reactive compound, if tested by
a sufficiently wide range of methods, is likely to prove
mutagenic."12 Perhaps the biggest unresolved problem is

4- Hvans, H. J., Court Brown, W. M., Mcl-ean A. (editors) Human Radiation
Cytogenetics. Amsterdam, 1967.

5- Hvans, H. J. in Chemical Mutagens: Principles and Methods for their Detec¬
tion: vol. iv (edited by A. Hollaender); p. 1. New York, 1976.

6 Halt, S. A. Proc. nam. Acad. Sci., U.SA. 1973, 70, 3395.
Perry, P., Wolff, S. Nature, 1974,251, 156.

8- Han, S. Proc. nam. Acad. Sci., U.Sj4., 1974, 71, 3162.
Perry, P., Hvans, H. J. Nature, 1975,258, 121.

W. Schmid, W. in Chemical Mutagens: Principles and Methods for their Detec¬
tion: vol. iv (edited by A. Hollaender); p. 31. New York, 1976.

11. Meddle, J. A., Carrano, A. V. Mutation Res. 1977,44,63.
12- Berenblum, 1. in Mutagenic Effects of Environmental Contaminants (edited

by H. E. Sutton and M. I. Harris); p. 181. New York, 1972.

the allowance which should be made for the capacity of
the organism to repair environmentally induced genetic
damage. Ultimately the results of mutagen testing must
be correlated with figures for the incidence of cancer and
genetic disease in human populations known to be
exposed to particular hazards. Despite international pro¬
grammes of epidemiological research, such data are
notoriously hard to collect and to verify.13-14 The list of
compounds already under suspicion is almost endless. It
includes industrial effluents, food additives, dyestuffs,
drugs, and pesticides,13 but not all are products of the
technological revolution. Aflatoxin, one of the most
potent carcinogens known, is synthesised by a mould
which grows on damp-stored grain;16 while many plants,
including the humble bracken, contain substances with
highly undesirable properties.13,17 The medical and
scientific communities cannot be accused of compla¬
cency in the face of public anxiety. The attendance of
more than five hundred at the second international con¬
ference on environmental mutagens, in Edinburgh,
reflects society's determination to eliminate from the en¬
vironment every unnecessary threat to the health of this
and succeeding generations—except, of course, for those
hazards sold in packets of twenty.

TOOTHWOUNDS AND THE INFECTED FIST

All filmgoers and television viewers are familiar with
the sequence in which a clean-limbed athletic leading
man punches some degenerate detractor in the face. The
latter falls to the ground, bleeding from his mouth,
whilst our hero rubs his knuckles in satisfied fashion.

Unfortunately we seldom see how the combatants are
faring twenty-four hours later. By then the bruises on
the villain's jaw will be resolving. He may have a fresh
defect in a probably already imperfect dentition but will,
by and large, soon be ready for further mischief. Para¬
doxically, the victor is often in a much worse plight. Thin
malodorous pus may be oozing from the small lacer¬
ations on his knuckles. His whole hand could be grossly
swollen, and a virulent inflammation, spreading proxi-
mally, threatens the whole extremity, and perhaps his
life.
The disastrous consequences of tooth wounds sus¬

tained in fist fights derive from the organisms involved,
and the circumstances which inoculate them into an

anatomical region peculiarly favourable to their multi¬
plication. In piercing the thin tissues stretched over the
flexed metacarpophalangeal joints, the teeth inflict
punctures heavily contaminated with facultative, often
anaerobic, pathogens. When the clenched fingers are
extended, the entry wounds, which often penetrate the
joint cavity, are sealed: and that final self-congratula¬
tory massage of the fist ensures thorough dissemination
of the bacteria. Suppurative arthritis, ankylosis, and
septicaemia can follow, and an American paper1 stresses

13. McMahon, b. in Persons at High Risk of Cancer: an approach to cancer etio¬
logy and control (edited by J. F. Fraumeni, Jr.); p. 285. New York, 1975.

14. Higginson, J. ibid. p. 385.
15. Fishbein, E. in Mutagenic Effects of Environmental Contaminants (edited by

H. E. Suiton, and M. I. Harris); p. 129. New York, 1972.
16. Peers, F. G., Linsell,C. A. Br.J. Cancer, 1973,27,473.
17. Evans, I. A., Mason, ]. Nature, 1965,208, 913.
l.Chuinard, R. G., D'Ambrosia, R. D.J. Bone Jt Surg. 1977, 59A, 416.
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creasing severity the diencephalon and then the
mesencephalon would be involved as well. They
therefore predicted that, when lesions were found
jn the brainstem, there would also be diffuse
damage elsewhere. This is precisely what the Glas¬
gow neuropathologists found in their study of
human head injuries. Of course, secondary brain¬
stem damage is a common event, particularly as a
result of raised intracranial pressure; indeed,
Adams and his colleagues found histological evi¬
dence that intracranial pressure had been raised in
83% of the brains examined. Clinical evidence of
brainstem dysfunction is also frequently observed,
and when it occurs soon after injury clinicians
often speak of "primary brainstem injury". If this
is meant to imply that damage is confined to the
brainstem it is a misnomer, because that rarely if
ever happens in patients who survive long enough
to be admitted to hospital. Gross disruption of the
brainstem is not uncommon, however, in patients
who die at the scene of the accident. When patients
show bilateral extensor rigidity with abnormalities
of ocular movements and of autonomic functions
soon after injury, the pathological lesion is prob¬
ably diffuse white-matter damage of impact type;
when developing later it is usually due to secondary
brainstem damage.
Many patients with severe white-matter lesions

have few or no contusions, and have no skull frac¬
ture; they have never talked after injury. Patients
with severe contusions, on the other hand, fre¬
quently have a fracture; and a third or more of
those who have become comatose for several hours
or days have spoken, at least a few mumbled words,
soon after injury. This revised view of the clinico-
pathological correlations is the very opposite of the
"contusio/commotio" concept, which is still popular
in continental Europe and which holds that when
unconsciousness is prolonged for more than a few
hours the explanation is contusion. Changing con¬
cepts of pathology are ofmore than academic inter¬
est, because rational treatment is based on assump¬
tions about the pathophysiological processes which
therapy aims to influence.

Make Me a Perfect Match?

The practice of tissue typing as a means of
selecting the most suitable recipient for a cadaver
organ is based upon sound principles since, experi¬
mentally, antigens of the major histocompatibility
complex (the HLA system in man) contribute sub¬
stantially, though not exclusively, to the rejection
of tissue grafts.1 Against this, most renal trans¬
planters can tell of patients whose kidney graft
came from an apparently HLA-incompatible donor

1- Snell, G. D., Dausset, J., Naihenson, S. Histocompatibility. New York, 1976.

and whose renal function is still good after several
years, and of others whose "well-matched" graft
was uncontrollably rejected. Opponents of tissue
typing point to these instances and argue that,
since the range and complexity of definable tissue
antigens is increasing steadily, the odds against
finding a truly histocompatible donor/recipient
combination are now so long as to be outside the
bounds of practical possibility. If we include only
the known alleles at the A, B, C, and D loci of the
HLA complex, the number of possible permu¬
tations allows for several hundred million distinct

types. This is partly offset by the fact that within
any reasonably homogeneous population certain
alleles are rather common, and particular combina¬
tions of antigens at different loci tend to occur
much more often than would be predicted from a
knowledge of their individual frequencies.2,3 Still,
the prospect of a perfect HLA match between unre¬
lated individuals is remote, and if non-HLA sys¬
tems are taken into account a further series ofmul¬

tiplication factors enters the calculation. We have
long known that ABO compatibility is a first essen¬
tial for any successful tissue grafting;1,4 this week
(p. 574) we are offered evidence that Lewis
antigens also play an important part and there is
little doubt that "minor" histocompatibility sys¬
tems exist in man as in other species.1,5 The ques¬
tion then arises, in the context of clinical organ
transplantation, "Does tissue typing (with the at¬
tendant large-scale organisation of patient registers
and kidney-exchange schemes) repay the effort and
expense involved?"
Large series of renal transplants analysed in

relation to the tissue types of donors and recipients
do not necessarily yield data to answer this ques¬
tion unequivocally. The reasons are several. Tissue
typing being a rapidly evolving science, the quality
of antigen identification varies with time and place
so that those patients followed-up for longest (who
should provide the most valuable information)
often received kidneys from donors whose HLA
types were, by present-day standards, inadequately
defined. The role of pretransplant blood-transfu¬
sion in promoting graft tolerance seems beyond
doubt and independent weighting for this factor
must now be introduced in analyses of the actuarial
survival of groups of kidney recipients subdivided
by degree of tissue mismatching.6,7 Figures for sur¬
vival of patients (or of grafts) provide only a crude
estimate of histocompatibility since there are inevi¬
tably some non-immunological reasons for failure
in any series. They also take inadequate account of

2. Svejgaard, A. The HLA System: an introductory survey (Monogr. hum.-
Genet. vol. 7). London, 1975.

3. Lancet, 1975, ii, 536.
4. Ceppellini, R., Curtoni, E. Z., Mattiuz, G., et al. Ann. N.Y. Acad. Sci. 1966,-

129,421.
5. Yust, I.,Wunderlich, J., Mann, D. L., et al. Nature, 1974,249, 263.
6. Opelz, G., Sengar, D. P. S., Mickey, M. R. Transplant. Proc. 1973, 5, 253.
7. Fuller, T. C., Delmonico, F. L., Cosimo, A. B., et al. ibid. 1977,9, 117.
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clinically important differences in the ease with
which immunosuppression has been achieved and
in the toxicity of the immunosuppressive regimens.
For the present, however, it is only in the form of
actuarial survival curves that the data are in any
sense manageable, and despite their limitations
they tend to support the view that donor/recipient
matching at HLA A and B loci improves the pros¬
pect of prolonged graft function.1,8,9 Conversely,
where there is a major degree of mismatching, not
only is the graft liable to fail but also the rejection
process often entails production of cytotoxic anti¬
bodies and cytotoxic primed lymphocytes which
persist in the host after removal of the donor kid¬
ney and seriously prejudice the prospects of success
in any subsequent transplant attempt.1,10,11
To this extent, then, predictions from experi¬

mental tissue transplants are borne out in the clini¬
cal setting and there is every reason to believe that
improved histocompatibility matching will lead to
even better results. This should not imply commit¬
ment to the unattainable goal of a perfect match
for all antigen systems. It points rather to the need
for increased understanding of the "rejection-
inducing potential" of particular combinations of
donor and recipient antigens, given that certain
mismatches are likely to have more serious conse¬
quences than others.1,12 Particular attention is cur¬
rently focused on the HLA D locus, coding for
antigens that determine mixed-leucocyte reac¬
tions.9,13 The corresponding antigens in animals
are the ones most directly involved in rejection of
foreign tissue.1 Until lately it has been very diffi¬
cult, for technical reasons, to include D-locus typ¬
ing in the pretransplant matching process. Now the
availability of DR (formerly known as la) typing
sera allows the rapid identification of alleles on B
lymphocytes which, if not identical to D locus
antigens, are at least very closely linked to them.14
In a preliminary report on p. 575, Dr Ting and
Professor Morris show an association between

early graft rejection and donor/recipient mismatch¬
ing for DR antigens. Their cases have not been
subdivided according to the degree of HLA A and
B locus compatibility and the observations cover
only a short follow-up period. Nevertheless the
results are encouraging. Closely linked to the
refinement of tissue matching is the question of de¬
veloping more "physiological" methods of enhan¬
cing graft tolerance. It is believed that pretransplant
blood-transfusion exerts its tolerogenic effect partly

8. Van Rood, J. J., Van Leeuwen, A., Bruning, J. W., Porter, K. A. in Advances
in Transplantation (edited by J. Dausset, J. Hamburger, and G. Mathe);
p. 213. Copenhagen, 1967.

9. Festenstein, H., Sachs, J., Paris, A. M. I., et al. Lancet, 1976, i, 157.
10. Patel, R., Terasaki, P. I. Netc Engl.J. Med. 1969,280, 735.
11. Williams, G. M., Hume, D. M., Hudson, R. P., et al. ibid. 1968, 279, 611.
12. Kristenson, T., Grunnet, N., Kissmeyer-Nielsen, F. Tissue Antigens, 1975,

6,221.
13. Cochrum, K. C., Perkins, H. A., Payne, R. O., et al. Transplant. Proc. 1973,

5,391.
14. Lancet, 1976, ii, 240.
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by stimulating the production of blocking anti
bodies.1,6 Similar antibodies can sometimes b(
demonstrated as a consequence of transplantatiot
itself.15,16 There are intriguing prospects in the us«
of factors, extracted from the serum of women i*
late pregnancy, which are thought to inhibi-
"rejection" of the fetus and which may have a simi
lar protective effect on kidney grafts.17 All thesi
mechanisms are likely to be most effective when th«
degree of histo-incompatibility between donor ana
recipient is slight.18 Tissue typers therefore expeo
to retain a central role in human organ transplan
tation, looking towards the day when they will no=
only match kidney to patient with confidence bus

^ will also provide guidance on the most appropriati
immunosuppressive regimen for that particular
donor/recipient combination.

VERTICAL TRANSMISSION

Vertical transmission is a general term embracin
the overlapping concepts of cytoplasmic inheritanc
(extra-chromosomal inheritance), infection from paren
to child ("infectious heredity"), and related mechair
isms. Congenital infections with the rubella virus, cytc
megalovirus, Treponema pallidum, and Toxoplasm
gondii, are some well-known examples of one type of vei
tical transmission (of a nucleic-acid-containing agent
In some of these examples, the organism can produc
malformations of the embryo by disturbing its develop¬
ment. But it is probable that, whatever the organism,
disseminated infection in the mother will, on occasion <

least, lead to infection of the fetus, and malformatio
may be a possible sequel. If the organism is one of th-
many that produce long-term immunity, the risk (
"recurrence" in subsequent sibs is lower than it is in tb-
general population—a unique phenomenon, a sort <
familial protection, familial exclusion, or negative fam
lial aggregation. This is obviously so for rubella an
some other viruses that produce long-term immunity i
the mother, but it may also apply in less obvious siti
ations. For example, among the sibs born after a case i
congenital Chagas' disease, there seems to be only a lo
incidence of Trypanosoma cruzii infection,1 despite coi
tinuing infection in the mother (symptomatic or othe
wise).

As in that example, the viramia, bacterasmia, or par
sitaemia in the mother can be of a low order and qui
symptomless, yet lead to infection of the fetus. If,
addition, infection were sometimes to lead to a disea
process in the offspring, but only after a long delay, tl-
underlying mechanism of transmission could seem my-
terious. When looked for, some aggregation or its opp-
site within sibships might be noted, together with aggr
gation among matroclinal relatives. (Individuals &—
matroclinally related if there is at least one pat

15. Hauler, B. G., Karesh, C., Miller, J. Transplantation, 1971,11, 268.
16. Sengar, D. P. S., Opelz, G., Terasaki, P. I. Transplant. Proc. 1973, 5, 6
17. Riggio, R. R., Kim, S. J., Saal, S. D., Stubcnbord, W. T., Cheigh, j-

Stenzel, K. H., Rubin, A. L. Lancet, 1978, i, 233.
18. Carpenter, C. B., d'Apice, J. F., Abbas, A. K.Adv. Immun. 1976,22,1. ^
1. Howard, J., Rubio, M. Trop. Dis. Bull. 1970, 67, 142.
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Much work has been done on the inhibition of
fibroblastic activity in experimental liver injury, and
potential antifibroblastic agents include colchicine,
proline analogues, lathyrogens, and penicillamine.17
Corticosteroids also inhibit collagen production.
d-penicillamine is already of proven benefit in Wil¬
son's disease, although it does not influence estab¬
lished collagen, and is being tried in chronic hepa¬
titis18 and primary biliary cirrhosis.19 Preliminary
results in alcoholic liver disease suggest a reduction
in hepatocellular injury and fibrosis, although
mortality has been unaffected.20 Many drugs, in¬
cluding clofibrate,21 asparagine, and barbitu¬
rates,22 have been credited with inhibition of eth-
anol-induced fatty liver, but the experimental
subjects were usually rats and the drug was often
tested against a single large dose of ethanol.
Recently reported in the rat23 has been the striking
protective benefit of a cocktail of naturally occur¬
ring substances including riboflavin, dihydroxyace-
tone, and pyruvate, selected because of their poten¬
tial to accept hydrogen ions and hence correct the
disturbed redox state of the alcoholic liver. Such
studies must now be extended to man's new drink¬

ing companion, the baboon, before we may look
forward with any confidence to taking our alcohol
fortified with protective natural ingredients.

Legislating on Carcinogens
The often-cited claim that 80% of human cancer

is attributable to environmental agents1 is regarded
in many quarters as an extreme view. Anyway, it
was never intended to imply that pollution by man-
made chemicals was a major factor. Nevertheless,
the Environmental Protection Agency (E.P.A.) in
the United States, among other bodies, has sought
to associate the rapidly expanding range of indus¬
trial chemicals (about 1000 new compounds are
manufactured and used in industrial processes each
year2) with the increasing death-rate from cancer
in many countries.3 4 There are indeed some thirty

17. Popper, H. in Collagen Metabolism in the Liver (edited by H. Popper and
K. Becker); p. 227, New York, 1975.

18. Stern, R. B., Wilkinson, S. P., Howorth, P. J. N., Williams, R. Gut, 1977,
18, 19.

19. Jain, S., Scheuer, P. J., Samourian, S., et al. Lancet, 1977, i, 831.
20. Resnick, R. H., Boitnott, J., Iber, F. L., Makipour, H., Cerda, J. in Collagen

Metabolism in the Liver (edited by H. Popper and K. Becker); p. 207. New
York, 1975.

21. Brown, D. F. Metabolism, 1966,15, 868.
22. KofT, R. S., Carter, E. A., Lui, S., Isselbacher, K. J. Gastroenterology, 1970,

59, 50.
23. Stanko, R. T., Mendelow, H., Shinozuka, H., Adibi, S. A .J. Lab. clin. Med.

1978,91,228.
1. Higginson, J. in 8th Canadian Cancer Conference (edited by J. F. Morgan);

p. 40. Oxford, 1969.
2. Origins of Human Cancer (edited by H. H. Hiatt, J. D. Watson, and J. A.

Winstein). Cold Spring Harbour Laboratory, 1977. _

3. Lancet, 1976, i, 571.
4. Identification, classification and regulation of toxic substances posing a

potential occupational carcinogenic risk. U.S. Department of Labor,
Federal Register Oct. 4,1977.

substances known to cause cancer in man5 "ana
some of these—blue asbestos and js-naphthylamNC
for example—are (or were) encountered chiefi
through occupational exposure. However, there *
no evidence to link an overall increase in hum^
cancer to the output of industrial chemicals. InthjU.K. the two main contributory factors seem to be
a decline in deaths from other causes, such as infe,.
tion, and a continuing rise in lung cancer associ¬
ated with cigarette smoking.3 6
The epidemiological data should encourage not

complacency but a rational approach to the prob-
lem of carcinogens in the environment. Simul-
taneous (though not necessarily coordinated)
action is being taken by the E.P.A., by the U.K.
Health and Safety Executive, and by the European
Economic Commission to draw up "guidelines" for
the screening of new industrial chemicals with a
view to introducing legislation at some future
date.7 8 At present these bodies seem chiefly con¬
cerned with conferring an official seal of approval
on a selected battery of test systems.

Decades of experience have established that the
outcome of carcinogen testing in intact animals
depends upon numerous factors including the dose,
duration, and route of administration of the agent
under test, the species, and even the particular
laboratory strain of the test animals as well as their
age, sex, and diet.2 7 9 10 Depending on the quality
of evidence accepted, the number of compounds
shown to be carcinogenic in animals varies from
one hundred and fifty to more than two thousand.5
One clear conclusion from such studies is that
extrapolation of the results to man is very uncer¬
tain.11
Animal experiments also impose limitations of

time and cost which render them unsuitable, on
their own, for screening purposes. Many ostensibly
simpler systems for detecting carcinogens have
been or are being developed.12-14 Of these, the cur¬
rent front runners are the Ames bacterial muta¬

genicity assay and the mammalian cell in-vitro
transformation test. The basis of the former is a

measurement of the rate of mutation induced in a

nutritionally deficient strain of Salmonella typhi-
murium by the test substance or by its metabolites
produced on exposure to mammalian liver extract.
The theory underlying the cell-transformation test
is less clearly understood but certain morphological
5. Smith, E. M. B. in Carcinogenicity Testing, Principles and Problems. Edited

by A. D. Dayan and R. W. Brimblecombe. Lancaster: M.T.P. 1978.
£8-95.

6. Conning, D. M. ibid. p. 79. Tvijjf
7. Stevenson, D. E., Thorpe, E., Hunt, P. F. ibid. p. 19.
8. Lewis, R. NewSci. July 6, 1978.
9. Carter, R. L. in Carcinogenicity Testing, Principles and Problems (edited by

A. D. Dayan and R. W. Brimblecombe); p. 1. Lancaster, 1978.
10. Salsburg, D. ibid. p. 89.
11. Long-term Toxic Effects: a study group report. Royal Society, London,

1978. •0
12. Bridges, J. W., Fry, J. R. in Carcinogenicity Testing (edited by A. D. Dayan

and R. W. Brimblecombe); p. 29. Lancaster, 1978.
13. Green, M. H. L. ibid. p. 55.
14. Lancet, 1977, ii, 340.
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nd behavioural characteristics of cultured cells are
un0wn to reflect malignant properties in vivo.
\mong these is the ability to grow as colonies,
jetached from the surface of the culture vessel, in
j soft agar matrix. It is usually the induction of this
or0perty alone, by the test substance, which is
Recorded as "transformation" in the assay.
Each of these tests is claimed to give a positive

result with about 90% of compounds known to
-ause tumours in animals, while about 10% of posi-
tjVes are obtained from substances not demon¬
strably carcinogenic in other systems.15 By com¬
bination of the two tests, the frequency of
presumptive false positives and false negatives can
be reduced to 6—7%, though, in view of the number
of chemicals to be screened, this is still a substan¬
tial error rate. In published comparative studies,
other potential front-line screening tests have per¬
formed less well but within the next few years new
techniques will probably be included in the screen¬

ing battery and the overall accuracy of carcinogen
detection will get better.12-15
For the great majority of chemicals, however,

there is no absolute criterion of carcinogenicity and
decisions as to the accuracy or otherwise of in-vitro
screening tests usually depend on back-up animal
studies which may themselves be equivocal.16 The
long-standing controversy about the effect of tech¬
nical variations on results obtained with the Ames
test—which has lost nothing in acerbity with the
prospect of legislation17 18—tends to obscure the
fact that even the most perfectly reproducible
screening tests cannot provide answers to certain
crucial questions. Above all, they cannot establish
whether there is a threshold level of exposure below
which a suspect carcinogen is harmless in man.
In framing sensible legislation we obviously need

to know whether a potentially valuable pesticide or
food preservative should be banned totally on
grounds of carcinogenicity or whether, under
appropriate conditions, it can be used with safety
and with benefit to the health of the community.
Take saccharine and cyclamates. Restrictions on
their use may possibly have some impact on deaths
from cancer but will this be outweighed by an in¬
crease in deaths from diseases associated with
excessive consumption of sugar?19-21 Even if, with
the advent of improved tests,, the carcinogenic
potential of all new chemicals can be measured
with precision, are comparable hazards not likely
to remain in the form of unsuspected and unidenti¬
fied by-products or contaminants of industrial and
biological processes and from interactions between

t5. Purchase, I. F. H-, LongstafT, E-, Ashby, J., et al. Br. J. Cancer, 1978, 37,
873.

•6. Soyland, E. Nature, 1978,274, 308.
U. Ames, B., Hooper, K. ibid. 1978,274, 19.
'V Ashby, J., Styles, J. A. ibid. p. 20.
19. Lancet, 1976,1, 1395.
10. Mature, 1977,266, 211.
21. Lancet, 1977, ii, 592.

compounds which are individually non-carcino¬
genic? Finally the question arises, how can the
manufacture and use of suspected carcinogens be
regulated in the interests of public health without
similar restrictions on the sacred right of the indi¬
vidual to pollute his immediate environment with
tobacco smoke?
Public-health legislation and related measures

have probably done more than all the advances of
scientific medicine to promote the wellbeing of the
community in Britain and in most other countries.
But in seeking to eliminate environmental car¬
cinogens our legislators are entering unknown ter¬
ritory. They are not to be envied. Nor should they
be persuaded to use incomplete scientific evidence
as a basis for action which may have regrettable
medical, economic, and social consequences.
Cancer is unlikely, as yet, to yield to due process of
law.

Best Care for Babies

In 1958 the overall perinatal-mortality rate for
England and Wales was 35 per thousand; in 1970
it had fallen to 25-5 and by 1975 it was 20. Despite
this rate of fall, which shows no sign of slowing
down, the second volume of British Births 19701
suggests that there is little room for complacency.
The improvements in infant survival are unevenly
distributed within society and the figure achieved
in 1970 was that reached 15 years before in Scan¬
dinavia. In 1960 the infant mortality in France was
22% above that in U.K. but by 1972 was 27%
below.2 In 1962 the rates in Japan and Scotland
were equal, but a decade later the Japanese rate
was 40% below that ofScotland.
Why does Britain lag? Comparison of the 1970

data1 with those obtained by a similar survey in
19583 suggests some causes. Living standards,
defined in terms of the Registrar General's classifi¬
cation of social classes, were an important factor in
1958, and remained so 12 years later. In 1970 only
4-5% of babies born to mothers in social classes I
and II weighed 2500 g or less, as against 8-2% of
those with social class V mothers and 9-5% to un¬

supported mothers (single, divorced, or widowed).
Birth-weight is a very important survival factor:
for babies weighing 1501-2000 g the overall perina¬
tal mortality was 206-9 per thousand, while for
babies weighing 3501-4000 g it was only 4-2 per
thousand.
Maternal age and smoking habits also had a sub¬

stantial impact on perinatal outcome. In mothers

1. British Births 1970. Volume 2: Obstetric Care. Edited by G. Chamberlain,
E. Philipp, B. Howlett, and K. Masters. London: Heinemann. £12.

2. Prevention and Health, Everybody's Business. H. M. Stationery Office,
1976.

3. Perinatal Problems (edited by N. R. Butler and E. D. Albermann. Edinburgh
1969.
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SON OF AUSTRALIA ANTIGEN?

At first glance, any association between the preva¬
lence of hepatitis-B virus and the ratio ofmale to female
births in a given community might be dismissed as for¬
tuitous. Nevertheless, some relationship between the two
has been deduced from no less than four independent
surveys in Lincolnshire,8 the Solomon Islands,9 Mace¬
donia,10 and France." More extensive data from the lar¬
gest of these10 have now been subjected to elaborate sta¬
tistical analysis,12 from which it emerges that HB
(Australia) antigentemia in either parent is associated
with an excess of sons among the offspring, except in the
case of antigen-positive mothers who have lost babies
through spontaneous abortion or stillbirth. The
numbers of males and females among the liveborn in¬
fants of this latter group tend to be roughly equal, sug¬
gesting that there may have been an excess of males
among their reproductive casualties. Antibody to hepati¬
tis-B virus, when present in the mother's serum, is
accompanied by an excess of female offspring—i.e.,
antibody seems to influence the sex ratio in the opposite
direction to antigen.
An ingenious explanation is proposed.12 Its essence is

a postulated cross-reactivity between Australia antigen
and a human male-determined tissue antigen. Hepati-
tis-B carrier status in a mother is taken as evidence of
a weak immune response to the virus and hence of toler¬
ance towards male tissue in utero. Conversely, the effi¬
cient immune reaction to the virus denoted by circulat¬
ing antibody is liable to be accompanied by a rejection
response directed against Y-bearing sperm or male fetal
tissue. Australia antigen in the seminal fluid of a hepati¬
tis-carrier father may serve to protect Y-bearing sperm
by absorbing inhibitory antibody. It is further suggested
that males, being self-tolerant, will have a weaker im¬
mune defence than females against the hepatitis virus so
that transplacental infection by this agent will cause dis¬
proportionate losses ofmale infants.

8. Robertson, J. S., Sheard, A. V. Lancet, 1973, i, 532.
9. Mazzur, S., Watson, T. M. Nature, 1974,250, 60.
10. Hesser, J. E., Economidou, J., Blumberg, B. S. Hum. Biol. 1975, 47, 415.
11.Cazal, P., Lemaire, J. M., Robinei-Levy, M. Rev.fr. Transfus. lmmuno-

Hernatol. 1976,19, 577.
12. Drew, J. S., London, W. T., Lustbadcr, E. D., Hesser, J. E., Blumberg,

B. S. Science, 1978, 201, 687.

13. Blumberg, B. S., and others. Am. J. Path. 1975, 81, 669.
14. Tong, M. J., Sun, S. C., Schacffcr, B. T., Chang, N.-K., Lo, K.-J. Ann. in¬

ternMed. 1971,75,687.
15. Vogel, C. L., Anthony, P. P., Sadikali, F., Barker, L. F., Peterson, M. R.

J. natn. Cancer Inst. 1972, 48, 1583.
16. I.arouze, B., and others. Lancet, 1976, ii, 534.
17. Shulman, N. R. Am. J. Med. 1970,49, 669.
18. Bulkley, B. H., Heizer, W. D., Goldftngcr, S. E., Isselbachcr, K. J. Lancet,

1970, ii, 323.
19. Blumberg, B. S., Melartin, L., Guinto, R. A., Werner, B. Am. J. hum. Genet.

1966,18, 594.
20. Farrow, L. J., and others. Br. mcd.J. 1974, iii, 83.
21. London, W. T., Drew, J. S. Proc natn. AcadSci. U.S.A. 1977, 74, 2561.
22. London, W. T., and others. New Engl. J. Med. 1977,296, 241.

There is some extraneous evidence consistent with
this general thesis. In adults, the more serious sequela:
of hepatitis-B infection (postnecrotic cirrhosis, chronic
Australia-antigen-positive hepatitis, and primary hepa¬
tocellular carcinoma) are seen predominantly in
men.13*"18 This is true also of the symptomless antigen-
carrier state.19 20 Data from one renal clinic show that,
among dialysis patients, the risk of acquiring chronic
Australia antigenatmia is twice as high for males as for
females while the reverse applies to the development of
anti-hepatitis-B antibody.21 A link between sex and im¬
mune response to hepatitis virus has also been adduced
from studies on renal-transplant patients. Recipients
who had antibody to hepatitis B before transplantation
showed accelerated rejection of grafts from HLA-non-
identical male donors. Graft survival was much more

prolonged if the donor was female or if the recipient's
serum had no anti-hepatitis-B antibody.12 22
The hypothesis is intriguing, the data are suggestive,

but the evidence, as yet, is entirely circumstantial. Quite
apart from the need for direct demonstration of the
cross-reacting "male" and hepatitis antigens, there are
several loose ends left dangling by the existing popula¬
tion surveys. Where individual families have been stu¬
died, the data have been gathered retrospectively, and
crucial assumptions have had to be made about the tim¬
ing of hepatitis infection in relation to conception. There
are many gaps in both genealogical and virological data,
and there is conflict between different studies on the

question of whether Australia antigenaemia in n,
mother only," the father only,9 or in both parents10 -21
leads to a relative excess of male children. Until muchmore is known about the capacity of the fetal imnum
system to respond to transplacental virus infection 'different stages of development, the postulated mechamism for excessive losses of male fetuses must be regardedwith extreme caution. Further explanation is aj^required of an apparent age effect in the Macedonian survey.12 For older parents, circulating antibody to hepatitisB evidently reduces the proportion of sons while for the
younger group, Australia antigenaemia increases the sexratio; neither group showing both associations. Theauthors of that particular report seem to complete the
catalogue of all possible interactions between Australia
antigen and the unborn when they record in a footnotethat differing serological subtypes of hepatitis-B virus
may influence the sex ratio in opposite directions.
There is clearly scope for further epidemiologicalwork, particularly for prospective studies of hepatitis

and the outcome of pregnancy. It might also be illu¬
minating to compare the clinical course of hepatitis-B
infection in women who have previously borne sons in
those who have had no pregnancies, and in those who
have borne daughters only. Whatever the outcome of
such studies, it is safe to assume that predictions of
future population structure will continue to prove unre¬
liable and will be little altered by the introduction of
Australia antigen as a new and enigmatic factor in the
perennially insoluble equation.

23. Hesser, J. E., Blumberg, B. S., Drew, J. S. Hum. Biol. 1976,48, 73.
1. International Steering Committee of Medical Editors. See Br. mcd.J-

i, 1334.
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applied antibacterial agents consistently prevent poly-
ethlene occlusion produced anhidrosis, though ambi¬
guous results are seen with neomycin and polymixin
probably because of their own anticholinergic proper¬
ties. They also demonstrate that simple hydration of the
sweat-pore openings cannot account for the persisting
(up to 2 weeks) anhidrosis after polyethylene occlusion
lasting 4 days. The basis of this judgment is the rapid
(less than 90 min) resolution of sweat inhibition after
polyethylene occlusion for periods up to 24 hours. This
short-lived anhidrosis is instantly cured by 'Scotch
Tape' stripping, indicating very high level blockade. The
final piece in this pleasing jigsaw will be in place when
the hypothetical plug-producing toxin secreted by the
micrococci is isolated and identified. As with so much
else in science and medicine, our understanding of
sweat-gland physiology and pathology has benefited
from the heat, noise, and dirt of war; work such as that
of the Holzle and Kligman partnership shows that peace
too has its fruits.

LOOKING AT LYMPHOMAS

The lymphomas occupy a prominent position at the
interface between clinical medicine and experimental
tumour biology. Such features of their epidemiology as
contact clustering in Hodgkin's disease2 and the cli¬
matic constraints on the incidence of Burkitt's lym¬
phoma2 have excited the interest of clinical investigators
while, in the laboratory, lymphomas and related leukte-
mias are readily inducible (often by means of oncogenic
R.N.A. viruses) in several animal species.3'4 Lately both
animal and human lymphomas have become amenable
to study in tissue-culture.5'6

Perhaps more compelling than any of these reasons
for the special place of lymphoreticular neoplasms in
cancer research is the large and still growing range of
markers available for characterisation of individual cells
of the lymphoid and related series in terms of genetic
lineage, functional subgroup, and stage ofmaturation.7-9
This has led, on the one hand, to a new understanding
of the differences and similarities between clinical cat¬
egories of lymphoma and leukaemia10'11 and, on the
other, to a means of analysing in detail the population
ofcells comprising a given malignant growth.12,13
It is clear from the application of isoenzyme, cyto¬

genetic, and/or immunogenetic markers that in their
later stages most leukaemias and lymphomas involve the
proliferation of a dominant highly malignant clone de¬
rived from a single progenitor cell. In some instances
(notably, chronic myeloid leukaemia and Burkitt's lym¬
phoma) a specific chromosome aberration, characteristic

1. Vianna, N. J. Cancer R. 1974, 34, 1149.
2. Haddow A. J. in Burkitt's Lymphoma (edited by D. P. Burkitt and D. H.

Wright); p. 198. Edinburgh, 1970.
3. Harris, R. J. C. ibid. p. 125.
4. Darcel, C. le Q. Cancer Res. 1960,20, 2.
5. Horibata, K., Harris, A. W. Exptl Cell Res. 1970,60,61.
6. Nilsson, K., Ponten, J. Int.J. Cancer, 1975, 15, 321.
7. Kunkel, H. G.John Hopkins med.J. 1975,137,216.
8. Moretta, L. Webb, S. R. Gross, C. E., Lydyard, P., Cooper, M. D. J. cxp.

Med. 1977, 146, 184.
9. Chess, L., Schlossman, S. F. Adv. Immun, 1977,25,213.
10. Lukes, R. J., Collins R. D. Cancer, 1974, 34, 1488.
11. Janossy, G., Roberts, M., Greaves, M. F. Lancet, 1976, ii, 1058.
12. Greaves, M. F. in Human Lymphocyte Differentiation; its Application to

Cancer (Inserm Symposium no. 8, edited by B. Serrou and C. Rosenfeld);
p. 253, Amsterdam, 1978.

of each disorder, is present in a high proportion of
cases.13-14 One popular inference is that the emergence
of the chromosome marker has accompanied the switch
to malignant proliferation of the affected cell and its
progeny.15,16 This implies a clearcut distinction between
the benign and the malignant condition for a given cell
and, despite strong arguments to the contrary,17-20 that
concept has become rather firmly entrenched in tumour
biology.21,22 Yet when individual cases of leukaemia and
lymphoma are followed throughout their clinical course
it emerges that progression commonly involves not one
but a series of genetic switches, each producing a new
subclone with properties of increased invasiveness
and/or resistance to therapy.15'23,24
There is little direct information on the very early

stages of lymphoma development but, in some experi¬
mental settings at least, the data suggest that the pre¬
lude to overt malignancy is a phase of polyclonal prolif¬
eration usually regarded as "benign" or, at worst,
"premalignant".25,26 There are some clinical observa¬
tions which seem to support this interpretation of
events. In Sjogren's syndrome, for example, the rela¬
tively high frequency of lymphoma is characterised by
progression from multiple polyclonal growths to overt
monoclonal malignancy.27"29 There are also reports of an
increased incidence of Hodgkin's disease in the years fol¬
lowing after recovery from infectious mononucleosis,30"32
which itself involves polyclonal proliferation of the lym¬
phoid cells.
The phenomenon of premalignant change is, of

course, not confined to lymphoma, and such features as
the occurrence of epitheliomas in chronically irritated or
traumatised areas indicate that "benign" proliferation
can precede malignancy in other tissues also.33'34 Many
non-lymphoid malignancies of man and animals are
monoclonal in their late stages and some at least have
been shown to progress by the emergency of further
modified subclones.15,35'36 A general concept of malig¬
nancy as a multi-stage process is therefore tenable, but |
the question remains, is there a distinct boundary I
between the benign and the malignant state? If there is, I
clinical, histological, and experimental approaches have
so far failed to define it with any precision.

13. Lancet, 1976, ii, 1181.
14. ibid. 1977, ii, 227.
15. Nowell, P. C. in Chromosomes and Cancer (edited by J. German); p. 267.

New York, 1974.
16. Ohno. S. ibid. p. 77.
17. Poel, W. E. Progr. exp. Tumour Res. 1964,5, 53.
18. Smithers, D. W. Lancet, 1962, i, 493.
19. deGrouchy, J. Ann. Genet. 1966,9,55.
20. Minz, B., Illmensee, K. Proc. natn. Acad. Sci. US-A. 1975,72, 3585.
21. Foley, G. E., Handler, A. H., Adams, R. A. and Craig, J. M. Natn Cancer

Inst.Monogr. 1962,7, 173. ~ £
22. Ambrose, E. J. in Biology of Cancer (edited by E. J. Ambrose and F. J. C. \

Roe); p. 27. New York, 1975.
23. Gripenberg, V., Levan, A., Clifford, P. Int. J. Cancer, 1969,4, 344.
24. Muldal, S. and Lajtha, L. G. in Chromosomes and Cancer (edited by J- ^

German); p. 45. New York, 1974.
25. Frank, A., Andiman, W. A., Miller, G.Adv. Cancer. Res. 1976,23, 171,
26. Nazerian, K. ibid. 1973,17, 279.
27. Godwin, J. J. Cancer, 1952,5, 1089.
28. Anderson, L. G.,Talal, N. Clin exp. Immun. 1972,10, 199. '
29. Zulman, J., Jaffe, R., Talal, N. New Engl. J. Med. 1978,299, 1215.
30. Rosdahl, N., Olesen Larsen, S., Clemmesen, J. Br. med.J. 1974, ii, 253. >i)
31. Miller, R. W., Beebe, G.W.^. natn. Cancer Inst. 1973,50,315. V ;1
32. Connelly, R. R. and Christine, B. W. Cancer Res. 1974, 34, 1172. 42
33. Bar, R. S., Delor, C. J., Clausen, K. P., et al. New. Engl. J. Med. 1974,290,

363. M 1
34. Purtilo, D. T., Cassel, C., Yang, J. P. S. ibid. 1974,291, 736.
35. Templeton, A. C. in Persons at High Risk of Cancer (edited by J-

Fraumeni Jr); p. 69. New York, 1975.
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had all been treated for hyperactivity with stimu¬
lant drugs. They were given an additive-free diet
and challenged under double-blind conditions with
food containing several artificial dyes. Each child
was studied both whilst receiving his usual drug
treatment and after substitution of a placebo.
Teachers noticed a deterioration in school behav¬
iour when the children ate food containing the
dyes. The effect of diet was small when compared
with that of the stimulant drugs—but the experi¬
mental design included responsiveness to drugs as
one of the conditions for entry to the study.

Existing evidence suggests that an additive-free
diet does alter behaviour in some overactive
children. How this happens remains unknown. A
single synthetic flavour may contain as many as 50
separate substances.2 Perhaps for this reason atten¬
tion has centred more on the colours, of which the
most highly suspect has been tartrazine, one of the
azo dyes developed in Germany in the 19th cen¬
tury. These dyes produce colour by a system of
alternating single and double bonds, augmented by
the presence of nitrogen. Tartrazine itself is yellow
but it may also be used to produce orange, red, or
green. It is known to exacerbate urticaria and
asthma12 but its action even in these conditions is

poorly understood and may not be an allergic
one.13 Interestingly a recent report of the Food
Additives and Contaminants Committee

(F.A.C.C.) of the British Ministry of Agriculture,
Fisheries and Food14 included it with indigo car¬
mine, sunset yellow, and brilliant blue FCF as one
of the four dyestuffs approved unconditionally for
use in food. When tartrazine has been used on its
own as a dietary challenge11 its effect seems to last
only a few hours after ingestion. There is little evi¬
dence, however, that its action differs from that of
other azo dyes, and in the most convincing of the
challenge studies10 it was mixed with eight other
food colours. The suggestion9 that hyperactive pre¬
school children are affected more than older
children is particularly interesting since the early-
onset group has already been singled out from the
rest on different grounds.5 There is much scope
here for further study and, as the mechanism could
still be an allergic one, a trial of sodium cromogly-
cate in younger hyperactive children might be
worthwhile.
There can be few if any indications for the use

of a rigorous additive-free diet in the treatment of
hyperactivity. The large difference in response to
dietary treatment between double-blind trials and

12. Michaelsson G, Juhlin L. Urticaria induced by preservatives and dye addi¬
tives in food and drugs. BrJDermatol 1973; 88: 525-32.

13. Doeglas HMG. Reactions to aspirin and food additives in patients with
chronic urticaria, including the physical urticarias. Br J Dermatol 1975;
93:135-44.

14. hood Additives and Contaminants Committee. Interim report on the review
of the colouring matter in food regulations 1973. H. M. Stationery Office:
1979.

those where the participants knew the purpose of
the diet indicates a strong placebo effect, suggesting
that a psychological approach might be helpful
Recent work15 has confirmed this and many hyper¬
active children benefit from as little as 6 weeks'
treatment from a psychologist. This would now
seem to be the most promising form of treatment
at least in the U.K., with stimulant drugs reserved
for a small number of resistant cases. At present
manufacturers voluntarily avoid using colour in
any food specially prepared for infants. The
F.A.C.C. Interim Report14 suggests that this ar¬

rangement should be given the force of an official
regulation, and while doubt remains as to which of
the additives have behavioural effects and which
children are susceptible, this seems to be wise
advice. The hyperactivity story may not have
pulled the table cloth from under the traditional
birthday tea, but for the time being the prudent
hostess will keep the orange squash back with the
cakes and jelly to the very end of the meal.

U.K. National Cancer Trials—
Unstarted Business

Twenty-five years ago the median survival time
for children with acute lymphoblastic leukaemia
was about three months.1 Today the corresponding
figure cannot be determined since over half the
patients remain in apparently disease-free remission
more than five years after diagnosis.2 This change
has come about not "at a stroke" but in a series of
steps, individually undramatic. The credit is due
collectively to the organisers of—and participants
in—large-scale clinical trials undertaken in many
countries.3-4 In the U.K. from 1968 onwards two-
thirds of all new cases of acute lymphoblastic
leukaemia in children were entered in the sequence
of trials coordinated by the Medical Research
Council.5
With the possible exception of choriocarcinoma,

no other malignant disease of man has undergone
so great a change in prognosis and none has been
subjected to clinical trials on a comparable scale.
While it would be idle to suppose that there is a
simple cause-and-effect relation between these two
statements, there is no reason to doubt that the

15. Bidder Rl, Gray OP, Newcombe R. Behavioural treatment of hypei"3^1*
children. Arch Dis Childh 1978; 53: 574-79.

1. Tivcy H. The natural history of untreated acute leukemia. AnnNYAcadSo
1954;60:322-38.

2. 1'inkel D. Treatment of acute leukemia. Pediat Clin N Am 1976; 23:
3. Holland JF, Glidwell O. Chemotherapy of acute lymphocytic leukemia 0

childhood. Cancer 1972; 30: 1480-87.
4. Spiers ASD. Acute leukemia in children. In: Gunz F, Baikie AG. LeukcmA

3rd ed. New York, 1974: 674: 86.
5. Anonymous. Current treatment of leukaimia. Medical Research C01"*?

Annual Report 1973-1974. London: H.M. Stationery Office,•"1974.
57-63.
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experience of Morgenstern et al.1 who have coined the?
term "malignant diverticulitis". They make a case for
defining this form of diverticulitis as a distinct clinical |
entity, but there seems little to justify this point of view.l
All those with experience in emergency surgery will be'
familiar with the protracted and difficult recovery front
surgery in these patients. Morgenstern's remedy is to'l
establish a transverse colostomy,-six months or morel
before the definitive operation ; but a tranverse loop col s

ostomy is a poor means of defunctioning the sigmoid.
colon and the delayed approach may actually have
created some of the difficulties encountered by this!
group. If defunctioning is necessary then a terminal left
iliac colostomy is more appropriate. Morgenstern and
his colleagues claim that an aggressive approach may be'
fatal, but the reported mortality of perforated diverticu-'
litis treated by colostomy and drainage alone is well over
25%.2,3 The existence of inflammation should not deter
the surgeon from resection. Inflammation itself is not a
disease, but the body's natural response to the insult of -

contamination. The response will cease when continued
contamination ceases.

18

MANY FACES OF METASTASIS

Dissemination is one of the hallmarks ofmalignancy
and most cancer deaths are attributable to metastatic .

disease rather than to local progression of the primary
tumour. Nevertheless, metastasis as a phenomenon has
been somewhat neglected in cancer research. Poste and
FidlerJ have illustrated the scope for further work in an ;;'
area which is readily amenable to practical investiga--.,.
tion. They recall how, more than fifty years ago, Koch
adduced evidence that the cells of secondary deposits are
a special population with properties which distinguish ?
them from most of those in the primary growth. Sub¬
sequent studies in many animal tumour systems have
established that metastatic spread involves a series of
selective steps, each of which eliminates all but a small
variant minority of the tumour cells. The properties;,
required for successful dissemination are part of a cell's .

genetic endownment, so that it is possible to isolate from),
cultured tumour lines substrains with high or low metas-
tatic potential. The preferred site for secondary growth ;
is also a heritable property of the tumour cells. Thus in '
experimental systems if a metastatic deposit is removed
from lung, dispersed, and passaged to a susceptible ant-'; . _

mal, it will tend to re-establish itself as multiple growths
in the lungs of the new host, irrespective of the route of.'
inoculation. These observations show that there is much
more to the spread of cancer than anatomical considera¬
tions and reinforce the concept of malignancy as a
multistage process.5-6 Their practical importance lies in

*•1H
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the conclusion that, as cells undergo the serial changes
required before they can give rise to secondary tumours,
there may be opportunities for selective therapeutic
attack at each step.
At least six distinct phases are now recognised in the

development of a metastatic deposit—first, shedding of
viable cells from the primary; second, entry of these cells
into the bloodstream; third, lodgement in a distant site
providing a suitable environment for proliferation;
fourth, attachment to capillary subendothelial basement
membrane at the site of lodgement; fifth, exit from the
blood-vessel into the surrounding tissues; and, sixth,
expansion and vascularisation of the secondary growth.
With regard to the first phase, one area of interest is the
possible role of high-molecular-weight glycoproteins,
collectively known as "fibronectins", which seem to act
as binding agents, holding cell aggregates together and
establishing communication between the internal struc¬
tural elements of cells (the cytoskeleton) and their imme¬
diate external environment.7 Fibronectin deficiency in
cell cultures is associated with poorly restrained and ir¬
regular growth—features which correlate, to some
extent, with malignant behaviour in vivo8—while
among experimental tumours, those which metastasise
most freely tend to have the lowest levels of fibronectin.9
It is something of a paradox that reduced cell binding
promotes the shedding of cells from the main tumour
mass, yet increased adhesiveness seems to be a require¬
ment for successful dissemination at a later stage in the
process (a correlation exists between the metastatic
potential of particular tumour cells and their ability to
adhere to capillary subendothelial basement mem¬
brane1). The biophysical or chemical characteristics of
the cell surface which determine "stickiness" in this con¬

text are unknown. Indeed, we know little about the
mechanisms in any phase ofmetastatic spread; but inhi¬
bition of these processes is clearly one of the most pro¬
mising notions in cancer therapy.

PROFESSIONALISM AND THE ROYAL COLLEGES

British society has its own way of stimulating the de¬
velopment of medicine and keeping an eye on the quality
of medical practice. Where other countries have Acade¬
mies of Medical Sciences the British have a number of
autonomous Colleges and Faculties, modelled on the
Royal College of Physicians of London, together with
the General Medical Council, which came into being in
1858. The G.M.C. has been responsible, since its incep¬
tion, for setting standards and recommending curricula
appropriate for undergraduate medical education; but,
on the recommendation of the Royal Commission on
Medical Education,' responsibility for content and qua-

< ■ Vaniada KM, Olden K. Fibroncctins—adhesive glycoproteins of cell surface
and blood. Nature 1978; 275: 179-84.

V'aheri A, Ruoslahti I-, Westermark R, I'onten-J. A common cell-type specific
surface antigen in cultured human glial cells. J Exp Med 1976; 143:
64-72.

9. Chen LB, Burridgc 1), Murray A, Walsh ML, Copple CD, Bushnell A,
McDougall JK, Gallimore PH. Modulation of cell surface glycocalyx; stu¬
dies on a large transformation sensitive protein. Ann NY Acad Sci 1978;
312: 366-81.

•• Royal Commission on Medical Hducation, Report. London, HM Stationery
Olfice, 1968.
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CHEMOTHERAPY OF SOLID TUMOURS: HOPE
DEFERRED?

The Lancet has carried a vigorous exchange of views
on clinical trials of chemotherapy for solid tumours
notably, those of breast and lung. Among opinions
expressed the highest common factor seems to be an ack¬
nowledgement that, whereas dramatically beneficial
results have been obtained in individual cases, the out¬
come of formal trials has been generally disappointing.

Various conclusions have been drawn from this realisa¬
tion. At one extreme is the nihilist view—chemotherapy
is a noxious imposition, conferring no benefit on
patients: its use cannot therefore be justified even in a
trial.1-2 At the other is an evangelical call for much more
aggressive regimens since current therapy is "semi-
homoeopathic", reflecting the "dominant conservatism
of British radiotherapists and endocrinologists".-1 Each
of these attitudes may be defended at length but most
clinicians would probably settle for the following, less
dogmatic, position: given that the overall results of cur¬
rent management of solid tumours are unacceptably bad
and that some forms of chemotherapy are of some bene¬
fit in some patients, these therapeutic clues ought to be
followed-up in order to identify regimens with maximum
anti-tumour effect and minimum toxicity.4"7
But how best to do this? Should the use of expensive

and dangerous antitumour agents be restricted to
specialist centres where the value of particular drug
combinations can be assessed in properly organised trials
and where the risks can be kept to a minimum?8 Even
then, cost-effectiveness is very hard to judge (see p.
1343). Or should- the net be cast as wide as possible in
the form c.f multicentre trials to ensure rapid feedback
ofclinical datu^5-9-10
In trials based on individual oncology centres it has

evidently been difficult to amass large enough homo¬
geneous patient groups to allow simultaneous assess¬
ment of two or more regimens. This has led to the use
of historical controls or to comparisons between the
practices of different centres where the basis of such
comparisons is open to question (because of differences
in policy on patient selection, in the use made of other
concurrent modes of treatment, or in presentation of
results).1-7-10"1-'
In the U.K., at least, multicentre trials operate on a

very restricted level9-10 (with all due respect to those who
are working hard to organise and participate in them14).
Few consultants who treat cancer patients are likely to
object in principle to inclusion of their patients in well-
organised clinical trials, but many are inhibited by the
administrative burden of wholehearted participation.

There is another factor tending to reduce the value of
some-established multicentre trials (and not only those
concerned with cancer chemotherapy). That is the sense
of isolation and declining commitment which sets in
among junior staff, upon whom day-to-day running of
the trials devolves, as time passes without communi¬
cation or other evidence of continuing interest from trial
headquarters.
These difficulties are not insuperable. It ought to be

possible, for example, to undertake in the U.K. an excel¬
lent trial of adjuvant therapies (radiotherapy, chemo¬
therapy, and immunotherapy) for primary carcinoma of
the lung, involving, say, ten centres and a total of one
thousand new patients per year. It would need to be
organised centrally with a staff of oncologists, pathol¬
ogists, and medical statisticians. Appropriate members
of the group, some of whom might be senior registrars,
or equivalent, on secondment from academic oncology
units as part of their in-service training, would under¬
take regular visits to maintain personal contact with,
and provide advice to, the clinicians "at the front".
Additional administrative staff would have to be pro¬
vided at each of the participating centres, paid for from
trial funds but working under the direction of the local
consultants.

Such a trial might cost a million pounds a year in
salaries and drugs alone but this represents only some
thirty pounds for every death currently recorded from
the tumour." A ten-year trial should allow the testing of
three or four initial protocols, introduction and analysis
of sequential modifications of the most promising ones,
and identification of clinical and pathological features
which predict responsiveness to a particular course of
treatment. Would the final result mean an increase in
the patient's chance of survival? At present we can only
guess; but some serious attack on lung cancer is long
overdue. One message of the past decade of clinical
cancer research is clear—it is time to think big. Inade¬
quate trials are inadequate.
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Identifying T Cells in Man
Tlir. identification of thymus-dependent (T) lym¬

phocytes by resetting with sheep erythrocytes has
(rjven clinical immunology an aura ofmystical empiri¬
cism for almost a decade. The recent development of
monoclonal mouse antibodies which bind to all T cells
or to functionally restricted subsets seems likely to
change this impression. One inevitable consequence
will be the introduction of a new series of abbrevia-
lions. The wish to distinguish between human T-cell
subsets stems from the central role these cells have in
specific immunity. Responses as diverse as the produc¬
tion ofantibody or the rejection ofa graft require helper
or amplifier effects from one subset ofT cells and they
are subject to suppression from another. Direct investi¬
gation of the possibility that some types of antibody
deficiency might result from excess suppression' or
that autoimmunity might result from too little suppres¬
sion2 has been limited by the difficulty in distinguish¬
ing between helper and suppressorT cells. Differences
in the immunoglobulin Fc receptor specificity of T
cells attracted attention for a while: those binding IgM
( I'm) seemed to help while those binding IgG (Tg) sup¬
pressed.3 However, the instability ofFc receptors4 and
the ability ofTM cells to suppress under some circum¬
stances' did not suggest that these methods would be
very reliable. There are now indications that many of
the Tg cells may not be T cells at all.6 Functional tests
lor help and suppression are generally too complicated
lor routine clinical use and they would probably not
distinguish between a primary excess of suppression
and an excess of suppressor-inducer activity.

Siegal FP, Siegal MA, Good RA. Role of helper, suppressor and B cell defects in the
pathogenesis of the hypogammaglobulinemias. N Engl J Med 1978; 299: 172-78.

I alal N. Disordered immunologic regulation and autoimmunity. Transplant Rev 1976;
31: 240.

Morci ta L, VX'ebb S, Grossi CE, Lydyard PM, Cooper MD. Functional analysis oftwo
human lymphocyte subpopulations: help and suppression of B cell responses by T
cells bearing receptors for IgM or IgG. J Exp Med 1977; 146: 184-200.

1 "chler \\ J, I.um L, BroderS. Fc receptors on human T lymphocytes. J Immunol 1978;
. 121: 1540-48.
"n ward AR, I.ayward L, Lydyard PM, Moretta L, Dagg M, Lawton AR. Fc receptor

, ^ heterogeneity of human suppressor T cells. J Immunol 1978; 120: 1-9.einherz EL, Moretta L, Roper M, et al. Human T lymphocyte subpopulations
defined by Fc receptors and monoclonal antibodies: a comparison. J Exp Med 1980;
151: 969-74.

With this unsatisfactory background it is easy to
understand the enthusiasm for preparing (and market¬
ing) monoclonal antibodies to human helper and sup¬
pressor T cells. It is hybridoma technology which has
made this possible. This method involves fusing anti¬
body-making cells from the spleens of immunised mice
with a mouse or rat myeloma cell which lacks the
enzyme hypoxanthine phosphoribosyl transferase.
This metabolic defect makes it possible to eliminate
unfused cells by adding hypoxanthine, aminopterin,
and thymidine to the cultures after fusion. Cells which
fuse and proliferate are cultured at limiting dilutions so
that individual clones can be isolated. The myeloma
cell provides the cellular machinery for making large
amounts of monoclonal antibody, all of which has a
uniform avidity for a defined antigen. Monoclonal
antibodies have the great advantages that large
amounts can be made quite cheaply and that they do
not have to be absorbed to be made specific.' Most
fusions with cells from mice immunised with human
lymphocytes result in clones making antibody to
species-specific determinants, and the frequency of
clones making antibody to cell subsets can be low. The
techniques can be applied to a wide range of antigens
and several laboratories are offering antibodies to
human immunoglobulins such as IgAb IgA2, and
kappa and lambda light chains. More distant hopes for
monoclonal antibodies include their use to carry toxins
or radioactive compounds to tumour cells in the body.
The namingofdifferent monoclonal antibody specific¬
ities for cell targets is likely to complicate the published
work until the antigens can be defined biochemically.
One series of anti-T-cell antibodies is marketed as

OKT 3, OKT 4, and OKT 88 while another (Becton
Dickinson monoclonal antibody products) is
numbered Leu 1,2, and 3). The OKT 3 antibody binds
to most or all blood T cells but not to T cells in the
thymus; OKT 4 binds to helper/amplifier T cells and
OKT 8 to suppressor and cytotoxic T cells. OKT 6
binding cells are present in the thymus but not norm¬
ally in the blood. The OKT 8 and Leu 3 antibodies
both bind to the subset of blood T cells previously
identified as TN2+ by staining with heterologous
antisera.9
Initial results indicate that suppressor cells are

indeed decreased in some patients with graft versus
host disease10 and in immunopathological disorders
such as scleroderma and systemic lupus erythema¬
tosus. 11 T-cell phenotyping in other disordersmay give
more convincing evidence ofabnormal immunoregula-

7. Kohler G, Milstein C. Continuous cultures of fused cells secreting antibody ofprede¬
fined specificity. Nature 1975; 256 495-97.

8. Kung PC, Goldstein G, Reinherz EL, Schlossman SF. Monoclonal antibodies defining
distinctive human T cell surface antigens. Science 1979; 206: 347-49.

9. Evans RL, Lazarus H, Penta AC, Schlossman SF. Two functionally distinct sub-
populations of human T cells that collaborate in the generation of cytotoxic cells
responsible for cell mediated lympholysis. J Immunol 1978; 120: 1423-28.

10. Reinherz EL, Parkman R, Rappeport J, Rosen FS, Schlossman SF. Aberrations ofsup¬
pressor T cells in human graft versus host disease. N Engl J Med 1979; 300:
1061-68.

11. Reinhcrz EL, Schlossman SF. Regulation of the immune response: inducer and sup¬
pressor T-lymphocyte subsets in human beings. N EnglJMed 1980; 303: 370-73.
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tion than has previously been possible. An example is
the report of reduced percentages ofsuppressor cells in
the blood of patients with multiple sclerosis in relapse
byt not during remission.12 Immunodeficiency is
another area in which the ability to distinguish
different types of T cells should increase our under¬
standing of pathogenesis. Two of five infants with
severe combined immunodeficiency had circulating
thymocyte-like T cells while three others lacked cells
with T-cell antigens.13 Normal T-cell subsets are
present in many adults with acquired antibody defici¬
ency.
The therapeutic possibilities of anti-T-cell anti¬

bodies are in the early phases ofexploration. Immuno¬
suppression might be possible with antibodies to
helper/amplifier T cells or to suppressor and cytotoxic
cells; either would be expected to increase suscepti¬
bility to infection. The mouse origin of the existing
antibodies might cause problems with sensitisation.
One in-vitro application which is free of this hazard is
the killing ofT cells in marrow preparations to be used
for bone-marrow grafting in the hope that graft-versu^-
host disease will be prevented.

Fibreoptic Infections
FlBREOPTIC endoscopy entails a risk of infective

complications, ofwhich some result from endogenous
organisms and others from organisms contaminating
the instrument. The risk of local infections due to

endogenous organisms is highest in patients under¬
going duodenoscopy with cannulation of the common
bileduct. In one survey1 of 3884 such patients, cholan¬
gitis developed in 25 (0-64%) and pancreatitis in 51
(1-3%). These complications, which may be accom¬
panied by bacteremia, are not surprising since many of
the patients have chronic infections of the biliary
tract. Some operators now cover the procedure with
prophylactic antimicrobials. Bacteremia has also been
reported after fibreoptic examination of the upper
gastrointestinal tract2,3 and bladder and after rigid
bronchoscopy4 (with fibreoptic bronchoscopy it seems
to be rare"). Perhaps upper gastrointestinal fibreoptic
endoscopy should be included among those procedures
which, in a patient with valvular heart disease, demand

12. Reinherz EL, Weiner HL, Hauser SL, Cohen JA, Distaso JA, Schlosman SF. Loss of
suppressor T cells in active multiple sclerosis. Analysis with monoclonal antibodies.
N EnglJ Med 1980; 303: 125-29.

1 3. Schlossman SF. In: Seligmann M, Hitzig W, eds. Proceedings of symposium on
primary immunodeficiencies. Amsterdam: Elsevier North Holland, 1980.

1. Silvis SE, Nebel O, RogersG, Sugawa C, Mandelsiam P. Results ofthe 1974 American
Society for Gastrointestinal Endoscopy survey. JAMA 1976; 235: 928-30.

2. Baltch L, Buhac I, Agrawal A, O'Conner P, Bram M, Malatino M. Bacteremia after
upper gastrointestinal endoscopy. Arch Intern MeJ 1977; 137: 594-97.

3. Shull HJ, Greene BM, Allen SD, Dunn GD, Schenker S. Bacteremia with upper
gastrointestinal endoscopy. Ann Intern Med 1975; 83: 212-14.

4. Burman SO. Bronchoscopy and bacteremia. J Thorac Cardiovasc Surg 1960; 40:
635-39.

5. Timms RM, Harrell JH. Bacteremia related to fibreoptic bronchoscopy. Am Rev Rcsp
Dis 1975; 111: 555-57.

6. Pereira W, Kovnat M, Khan A, Iacovino JR, Spivack ML, Snider GL. Fever and
pneumonia after flexible fibreoptic bronchoscopy. Am Rev Resp Dis 1975; 112:
59-64.

7. Kane RC, Cohen MH, Fossieck BE, Tvardzik AV. Absence ofbacteremia after fibre¬
optic bronchoscopy. Am Rev Resp Div 1975; 111: 102-04.

antimicrobial prophylaxis.
Even fibreoptic bronchoscopy has been ass

with fever, pulmonary opacities, pneumoni
septicaemia.5'6,8 The last two complications aim
tainly represent extension of pre-existing puh
infection and, now that fibreoptic bronchost
used for therapeutic as well as diagnostic pu
may be encountered more often. Then
bronchoscopy poses a particular hazard to subs
patients because any bacteria persisting
improperly disinfected instrument are very like!
antibiotic-resistant. The bacteria which havi
transmitted from patient to patient by fibre-endc
include Salmonella typhP and other Sab
species,10,11 Pseudomonas aeruginosa,12 &
marcescens,li and Mycobacterium tuberculosis.14
episodes resulted from inadequate disinfection
instrument or accessories, such as brushes and
forceps.
Fibreoptic equipment is expensive, so it is :

possible to have a stack of instruments on hand
endoscopy session. Therefore they have to be ri
Because oftheir construction they cannot be hea
ised, and routine sterilisation with ethylene oxid
24 hours. Thus chemical disinfection is the only
cal method. The best agent is probably alkalii
taraldehyde,14,15 though some favour povidone
and alcohol.10,13 Then there are the problems of
quate preliminary cleaning ofthe instrument, to
an exposure to the agent, and recontaminatio:
disinfection. If the endoscope is not well
organisms such as pseudomonads can readily si
in one instance, P. aeruginosa infection after fibi
bronchoscopy has been traced to the use oftap wt
the post-disinfection wash. These problems
some extent be avoided by laying down a stria
fection procedure and giving the job to exper
staff; in addition, special precautions should be
with high-risk patients. There are two groups of
the first ofwhich are themselves at high risk of
tion because, for example, they are immunosupp
or neutropenic. Fatal P. aeruginosa infections ha\
recorded in 2 patients with acute leukaemia aftei
optic oesophagoscopy with biopsy.12 The othei
risk group are those patients likely to transmit vi
organisms to others.

8. Beyt BE, King DK, Glew RH. Fatal pneumonitis and septicemia after
bronchoscopy. Chest 1977; 72: 105-07.

9. Dean AG. Transmission ofSalmonella typhi by fibreoptic endoscopy. Lane
134.

10. Chmel H.Armstrong D. Salmonella oslo: A focal outbreak in a hospital. AmJ
60: 203-08.

11. Beecham JH, Cohen ML, Parkin WE. Salmonella typhimurium transmissic
optic upper gastrointestinal endoscopy. JAMA 1979; 241: 1013-15.

12. Green WH, Moody M, Hartley R, Efifman E, Aisner J, Young VM, Wi
Oesophagoscopy as a source ofPseudomonas aeruginosa sepsis in patients
leukemia: The need for sterilisation of endoscopes. Gastroenterology
912-19.

13. Webb SF, Vall-Spinosa A. Outbreak ofSerratia marcescens associated with t
fibre bronchoscope. Chest 1974; 68: 703-08.

14. Leers WD. Disinfecting endoscopes: How not to transmit Mycobacterium i
by bronchoscopy. Can MedAssoc J 1980; 123: 275-83.

15. Axon ATR, Phillips I, Cotton PB, Avery SA. Disinfection of gastrointes
endoscopes. Lancet 1974; i: 656-58.



[ ... be able to assess such patients properly",
y, workers in Oxford9 have compared the
ment made by 8 doctors and 8 nurses who had
ed special training and concluded that "nurses,
supervision of a senior psychiatrist, can safely
out the assessment of self-poisoning patients,
would reduce the demands currently placed on
iatrists and physicians". The time is thus ripe for
:al reappraisal of current dogma.
h this in mind, the Presidents of the Royal
;es ofPhysicians and Psychiatrists10 have made a
il recommendation which should now be
>ed by the D.H.S.S.—namely, "that every
t admitted with self-poisoning . . . must have an
ate evaluation of the situation which led up to the
tsage and of his and her mental state . . . Simple
ons should be asked by every admitting medical
'

... to decide what further action is needed",
ecommendation is to be welcomed because, by
nowing the Plill doctrine, it brings the manage-
of overdoses into line with all other medical
ency admissions where the onus ofcare lies with
edical team, who are required to exercise their
il judgment and to decide what they themselves
a, and when they will need to ask colleagues
p. Moreover, the ward team can then refer their
ts to a named and selected colleague instead of
ing by rote whichever psychiatrist is on duty for
ty and for the catchment area in which the patient
:s to live.

at should we aim to do for overdose patients in
First, to recognise that an increasing number of
al individuals with no recognisable or treatable
1 illness may wish to terminate their lives when
uture seems likely to be irredeemably marred by
:al or dementing disease. (The interest attracted
IT suggests that debates on euthanasiamay be to
80s what our agonising about abortion was to the
.) Second, we should recognise that, for most
>se patients, social rather than medical
ention is what is required. If ward teams can be
:d from today's meaningless psychiatric referral
, they can be encouraged to take adequate
tal histories and to use their own social agencies
vide help. Finally, if the admitting teams can be
from D.H.S.S. dogma they can be allowed to
the medical needs of their overdose patients in
ne way as they do for all their other admissions:
they detect psychiatric abnormalities which they
: deal with themselves, they can then use their
tent to refer these patients to a selected colleague
:ans of a reasoned and descriptive consultation
it. This would end for ever the pseudoconsulta-
tual of "Overdose—will psychiatrist please see?"

i J, Marsack P, Hawton KE, Whitewell D, FaggJ, Bancroft JHJ. Comparison of
tors and nurses in the assessment of deliberate self-poisoning patients. Psychol
i 1980; 10: 483-91.

Pond DA. After the suicide attempt. Lancet 1980; ii: 867-68.

THE LANCET, JANUARY 24,198]

GENE THERAPY: HOW RIPE THE TIME?

For well over a decade it has been obvious that some
genetically determined diseases of man will eventually be
amenable to forms of therapy that influence gene expression
directly, in contrast to those which seek by indirect (e.g.,
dietary) means to modify the consequences ofan "inborn er¬
ror". That prospect has moved closer with each of a succes¬
sion of fundamental advances in genetics—the unravelling of
the genetic code;1 the understanding of the molecular basis
for several human disorders;2 the recognition ofgene transfer
in bacteria;1 the advent ofcell hybridisation;3 and the cloning
of DNA fragments.4,5 The nature and the scale of; the:
problems of developing gene therapy for human beings are
now, at least dimly, comprehended. This does not mean that
the time is necessarily ripe for embarking upon clinical trials
This question of timing is topical in view of a recent (ap¬
parently unsuccessful) attempt to treat two thalassaemic pa¬
tients by insertion into their bone marrow cells of the struc¬
tural gene for the missing globin chain.6"10
It may seem perverse to query the immediate harnessing of

recent advances to benefit patients with life-threatening
disease. A better perspective may be gained from considera¬
tion of the likely impact of "genetic engineering" in clinical
genetics as a whole. Among the points to ponder are, firstly
that in only a minority ofgenetic disorders (perhaps two hun¬
dred out ofmany thousands) is the biochemical basis clearly
understood.2,11 Secondly, whereas a variable genetic compo¬
nent can be demonstrated in the aetiology ofmany common
diseases, those which can be attributed directly to single gene
defects tend to be rare.2,12 Thirdly, for a particular disease to
be amenable to gene therapy, either its serious effects must
become manifest soon after birth or it must be capable ofearly
diagnosis in utero. The combined effect of these facts is to
restrict the potential scope for gene therapy—unless there are
some remarkable new advances—to a tiny ripple on the ocean
of genetic disease. Furthermore, they do not take account of
the most serious limitation of all in practical terms—the
knowledge that genes do not normally function in isolation
but interact with, and are regulated by, other genes and their
products, throughmechanisms which remain obscure. There
is therefore no guarantee that a new gene, however perfect as a
sequence of nucleotides, will function correctly when in¬
serted into the cells ofan individual who requires it.4,5 ,_■>

The other side of the coin is the element of risk associated
with any genetic manipulation. At present this is largely a
matter of speculation. At best the patient will be exposed to
some discomfort, anxiety, and the probability of ultimate
disappointment. At worst, expression of the inserted gene or
of other genes may be deranged, with serious consequences

.#•

1. Watson JD. Molecular biology of the gene, 3rd ed. New York: W. A. Benjamin, 1976.
2. Stanbury JB, Wyngaarden JB, Frcdrickson DS. The metabolic basis of inherited

disease, 3rd ed. New York: McGraw Hill, 1972.
3. Harris H. Cell fusion: the Dunham lectures. Oxford: Clarendon Press, 1970, , rjjgS
4. Editorial. Gene cloning: one milestone on a very long road. Lancet 1976; i: 893. t
5. Editorial. Building a genetic tool kit. Lancet 1976; ii: 779.
6. Anderson WF, Fletcher JC. Gene therapy in human beings: when is it ethical to begifl?

N EnglJ Med 1980; 303: 1293-96. $•"
7. Mercola KE, ClineMJ. The potentials of inserting new genetic information. NEntf]

Med 1980; 303: 1297-1300.
8. Marx JL. Gene transfer given a new twist. Science 1980; 208: 386-87."
9. Kolata JB, Wade N. Human gene transfer stirs new debate. Science 1980; 210: 407.
10. Wade N. UCLA gene therapy racked by friendly fire. Science 1980; 210: 509-1 lr,''fe¬
ll. Brock DJH. Inborn errors of metabolism. In: Brock DJH, Mayo O, eds.1'??*

biochemical genetics ofman, 2nd cd. London: Academic Press, 1978: 470-560^
12. Bodmcr WF, Cavalli-Sforza LL. Genetics, evolution and man. San Francisco:

Freeman, 1976. .■dsufr'
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for cell function.6-" For technical reasons, a gene to be
transferred from one tissue to another is usually spliced to car¬
rier DNA, often of viral origin.4,5 The possible influence of
such extraneous DNA in the host cell gives further cause for
concern.

Thus the expectation of immediate success for most at¬

tempts at gene therapy seems low in relation to possible atten¬
dant risks. The most promising circumstances for genetic
engineering will be found in those conditions in which the ill-
elTects can be attributed directly to deficiency or excess of a
defined chemical substance throughout the body fluids,
where maternal metabolism compensates for the abnormality
during intrauterine development, and where the level of the
substance in question does not need to be maintained within
very strict limits for health. In such cases one can envisage the
construction of a "genetic bypass" rather than "total correc¬
tion". In other words, the gene to be inserted need not be very
closely related to the one which normally subserves the defec¬
tive function, nor need it be implanted in the tissue in which
t he normal one would have been expressed. All that will be re¬

quired is synthesis and release of the missing substance in
adequate quantity or, in conditions where a toxic compound
is circulating, generation of a detoxifying enzyme.
Phenylketonuria is one example ofa condition for which such
an approach may prove feasible. Another is hyperargin-
inaemia, a rare disorder which has the distinction ofbeing the
first human disease for which gene therapy has actually been
attempted.14"16 In that instance it was hoped that arginase
from the Shope papilloma virus would be active in host
t issues after inoculation ofpatients with the agent. There was
some evidence from work in animals as well as indirect data
from man both to justify the hope and to suggest that the risk
to health from the virus itself would be very small. In the
event, for reasons which remain unclear, the therapeutic trial
was a failure and seems not to have been repeated.
P" thalassaemia, the target ofmore recent attempts at gene

therapy, presents problems of a different order. For a suc¬
cessful outcome it is essential that the replacement gene
should generate, with absolute precision, large amounts of
the normal human globin p chain, that it should do so ex¬
clusively within erythropoietic cells, and that it should be ex¬
pressed in a substantial proportion of such cells. The actual
procedures included in-vitro culture of patients' bone mar-
tow to enrich the tissue for haemopoietic stem cells, exposure
"I the cultures to cloned fragments of human DNA. contain¬
ing the structural sequence coding for p globin (and probably
some ofthe relevant control elements), exposure also to a gene
:,,r the enzyme thymidine kinase (derived from herpes
simplex virus), and reimplantation of the genetically
transformed" marrow cells into the original donors. It was
•mcnucd that the viral thymidine kinase would give the
Heated cells a proliferative advantage over the original mar-
• population so that the former would overgrow the latter,
pace for expansion of the reimplanted cell population was
provided by clearing the marrow cavity of one femur by
eradiation.

inison B. Reintroduction ofgenetically transformed bone marrow cells into miceA jture 1980; 284: 397-98.

y-S. Genet(c engineering. In: De Grouchy J, Eblung FJG, Henderson IW, eds.
■ -nan genetics. Amsterdam: Excerrpta Medien; 1972: 36-40.

I . Sweelcy CC, Rogers R, Friedmann J, Roblin R. Gene therapy for human: I's. disease? Science 1972; 178: 648-49.
-s.cn HG, Lowenthal A, Lau'inha F, Colombo J P, Rogers S. Unsuccessful trial ofme replacement in arginase deficiency. Z KinJerheilk 1975; 119; 1-3.

Unfortunately it has not yet been established by tissue
culture or work in animals that a P globin gene can become
stably integrated into a host cell in such a way that adequate
quantities of normal haemoglobin will be synthesised.6'17"20
Nor do we know that expression ofherpes simplex thymidine
kinase will confer upon human cells an appreciable selective
advantage for growth. Small wonder that the two patients
who participated in the experiment were forewarned that
"the likelihood of it working was very small".10
There is no serious ethical objection to the development of

genetic engineering for therapeutic purposes. (Alarmist reac¬
tions to progress in this sphere have been dealt with
elsewhere.21) Fame, if not fortune, undoubtedly awaits the
team that first achieves genetic cure ofa genetic disease. This
does not, however, justify the subjection of human beings to
procedures which have not been fully evaluated in animals.
The obstacles to successful gene therapy for p° thalassaemia
are unlikely to be overcome in a single stride.
Thalassaemia-like disease can be geneated in animals,22'23
and such models, together with tissue culture studies, seem to
offer scope for further development of the technology. Any
giant leap for mankind which may be forthcoming will be no
less impressive if preceded by a few more small steps for a
mouse.

BEHIND THE MASK

mask-wearing, to prevent contamination ofwounds with
mouth bacteria, is thought to have been introduced into
surgery by Alikulicz-Radecki in 1896.1 The practice was
extended to obstetrics when the throat was seen to be a

potential source of Streptococcus pyogenes in puerperal
infection; and during the 1940s mask-wearing was widely
adopted for dressing of wounds, probably as a result of a
Medical Research Council report2 stressing the importance
ofmouth organisms in wound infections.

Nowadays face masks are worn for many and various
clinical procedures. How far do they contribute to prevention
of infection? During quiet talking and breathing there is little
or no expulsion ofbacteria-laden particles,3'5 and in these cir¬
cumstances Staphylococcus aureus from nasal carriers is
thought to be transferred most commonly via the hands and
fomites;3'4 some say that the wearing ofgloves may be more

17. Mulligan RC, Howard BH, Berg P. Synthesis of rabbit p-globin in cultured monkey
kidney cells following infection with a SV40/?-globin recombinant genome. Nature
1979; 277: 108-14.

18. Hamer DH, Smith KD, Boyer SH, Leder P. SV40 recombinants carrying Rabbit
P-globin gene coding sequences. Cell 1979; 17: 725-35.

19. Mantei N', Boll W, Weissmann C. Rabbit /3-globin mRNA production in mouse Lcells
transformed with cloned rabbit /J-globin chromosomal DN'A. Nature 1979: 281:
40-46.

20. Anderson \VF, Killos L, Sanders-Haigh L, Kretschmer PJ, Diacumakos EG. Replica¬
tion and expression ofthymidine kinase and human globin genes. Proc Nat AcadSci
U.S.A. 1980; 77: 5399-403.

21. Davis BD. Prospects for genetic intervention in man. Science 1970; 170: 1279-83.
22. Popp RA, Stratton LP, Hawley DK, Effron K. Hemoglobin ofmice with radiation in¬

duced mutations at the hemoglobin loci. J Mo! Biol 1979; 127: 141-48.
23. Whitney JB, Russell ES. Linkage of genes for adult X-globin and embryonic o-like

globin chains. Proc Nat Acad Sci U.S.A. 1980; 77: 1087-90.
1. Walter CW. The aseptic treatment ofwounds. New York: Macmillan Co., 1948: 20.
2. Medical Research Council. The prevention of"hospital infection" ofwounds. Medical

Research Council War Wounds Committee and Committee of London Sector

Pathologists (M.R.C. War Memorandum No. 6). London: H.M. Stationery Office,
1941.

3. Duguid JP, Wallace AT. Air infection with dust liberated from clothing. Lancet 1948;
ii: 845-49.

4. Hare R, Thomas CGA. The transmission ofStaphylococcus aureus. Br MedJ 1956; ii:
840-44.

5. Shooter RA, Smith MA, Hunter CJW. A study ofsurgical masks. Br J Surg 1959; 47:
246-49.
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SHAKING THE EVOLUTIONARY TREE
Medieval breeders of fighting dogs used to bind wooden

blocks to the snouts of their brood bitches in the belief that
this would ensure foreshortened jaws in the whelps—an
attribute which evidently conferred some advantage in close-
quarter savagery. That concept of the heritability of induced
characteristics, formally enunciated by Lamarck, was later
supplanted by Darwin's theory of natural selection and is
generally considered to have been long laid to rest. Lately,
however, two immunologists, E. J. Steele and R. M.
Gorczynski, have attracted the attention of both "serious"
and "popular" scientific commentators with the bold claim
that they have experimental evidence which supports
Lamarck's view.1'2
Their work is centred on the phenomenon of neonatally

induced tolerance. Newborn mice of one inbred strain are

injected with cells from a different strain. Instead of being
rejected, the foreign tissue is accepted and animals thus
"tolerised" will, even as adults, retain skin grafts from the
tolerance-inducing strain. This much is well established3 but
the new data suggest that tolerance induced in one generation
may be inherited by subsequent generations without further
exposure to the tolerising antigens. Steele and Gorczynski are
careful to accord priority to very similar observations
published in 1963; but while the authors ofthe earlier report4
discounted a Lamarckian interpretation oftheir findings, the
present workers suggest a new series of steps by which this
particular acquired characteristic can become a heritable one.
First, neonatal exposure to a set of antigens leads to

selective expansion ofthose clones ofimmunocompetent cells
which do not recognise the foreignness of the tolerising
determinants. The immune specificities ofthese "permitted"
clones have been determined by somatic mutation or by
selective gene expression and are thus encoded both in their
DNA and in the messenger RNA transcripts. Next, cellular
RNA escapes from the tissues and circulates as virus-like
particles or even incorporated into true virus vectors. Finally,
the germ cells (sperm in the male, ova in the female) are
bombarded and infected by these particles, some ofwhich are
re-expressed as DNA through the action of reverse
transcriptase. As DNA they become integrated into the genes
of the germ line and hence determine the immune repertoire
of succeeding generations.

Such a sequence ofevents is, ofcourse, sheer speculation at
present and many geneticists, immunologists, and molecular
biologists find it unconvincing.5'7 It is, for example, difficult
to accept that an essentially negative attribute (failure to res¬
pond immunologically to particular determinants) can be
expressed as a positive "supplanting" gene. Equally, if, in an
experimental setting, an acquired characteristic can be passed
to a high proportion of first-generation offspring (around
50% in some of Steele and Gorczynski's experiments), then
the process involved must represent a major factor in the
course of evolution and proof of its operation should be all
around us; whereas Steele, in a monograph setting out the
hypothesis in some detail,8 can cite no compelling evidence in
its support.

An adequate alternative explanation for the reported
findings must await the answers to several rather obvious
questions. Is the experimental design satisfactory? Steele and
Gorczynski rely on an in-vitro cytotoxicity test for the
recognition of genetically tolerant animals. The system is
imperfect in that a positive immune response is denoted by a
rather low level of cell killing; the range of "normal"
responses is unusually wide given that the test animals are
from inbred strains and the correlation between negative
cytotoxic responses and retention of skin grafts, where
quoted, is well below 100%.
Are tolerising antigens passed from generation to genera¬

tion either by incorporation of foreign determinants into the
germ cell membranes or by the passage of whole cells—for
example, in the seminal ejaculate? In the case of naturally
occurring induced tolerance between bovine fraternal twins,
which share the same fetal circulation, fraternal blood-group
antigens are evidently not passed on to the offspring despite
lifelong persistence in the parent.9 Nevertheless the
possibility needs to be excluded in the present instance.
Does the generation of immune diversity involve somatic

mutations even in the germ cell precursors and, if so, is the
immune-related gene repertoire reflected on the surface of
sperm or ovum? In such an event, deletion of immunoreactive
clones of cells during induction of tolerance might be
accompanied by selective elimination ofcertain germ cells. In .

the generation ofantibody diversity there is now substantial
evidence that gene rearrangement, which determines
specificity, is confined to the precursors of specialised
antibody-producing cells10 but there are no data on the
corresponding process in cell-mediated immunity. The range
of normal cytotoxic responses detected by Steele and
Gorczynski may indicate that some divergence is occurring
among their animals, either in immune-response genes or in
those determining specific cell-mediated immunity. Ifso, the
plan of their experiments is such that selection is applied in
each generation for those animals in whom specific tolerance
is most readily induced. In the absence of more concrete
information it is profitless (though perhaps intriguing) to
speculate further. Steele and Gorczynski may be tilting at
windmills but it is to be hoped that they will not ride

roughshod over the interesting territory in which they ffnj
themselves.

1. Gorczynski RM, Steele EJ. Inheritance ofacquired immunological tolerance to foreign
histocompatibility antigens in mice. Proc Natl Acad Sci USA 1980; 77: 2871-75.

2. Gorczynski RM, Steele EJ. Simultaneous yet independent inheritance of somatically
acquired tolerance to two distinct H-2 antigeneic haplotvpe determinants in mice.
Nature 1981; 289: 678-81.

3. Billingham RE, Brent L, Medawar PB. Actively acquired tolerance of foreign cells.
Nature 1953; 172: 603-06.

4. Guttman RD, Aust JB. A germplasm-transmitted alteration ofhistocompatibility in the
progeny of homograft tolerant mice. Nature 1963; 197: 1220-21.

5. Taylor RB. Lamarckist revival in immunology. Nature 1980: 286- 857-18
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by MURPHY, all aspects of treatment of VVF— sur¬
gery,9"12 physiotherapy, and social rehabilitation13—are
beset with difficulties seldom encountered in areas

with better living standards. But the real need is
prevention, and two major factors are involved. The
first is the provision and better use ofhealth care;14 and
the second is a change in attitudes towards women. In
many societies the principal way to both these goals lies
in universal education. The idea is scarcely new. What
is needed is action.

DISHONEST TOIL

THOUGH distinctly upmarket oferring vicars, perpetrators
of fraud in scientific research provide a similar frisson for
readers of the Sunday press. Perhaps the analogy ofa fall from
grace is apt, for in the public mind the research community is
a priesthood ofother-worldly "boffins", totally dedicated to
the unravelling ofdeep mysteries. Yet scientists are human. If
you prick them, do they not bleed? If you approve their
results, shall they not receive grants? If you publish their
papers, shall their careers not prosper? The pressures that can
lead to deception are obvious, and, as the number ofscientists
grows, competition for resources or advancement becomes
more fierce. Whether deception is increasing pari passu is
hard to tell. A recent cluster of cases has aroused sufficient

anxiety to provoke investigation of the matter by a United
States Congressional subcommittee1,2 but it is only the more
flagrant examples which achieve such publicity and these
probably represent a tiny fraction of all the research that is
tarnished.3,4 Most transgressions are either discovered at an
early stage and handled within the culprit's institution or else
pass undetected, if not unsuspected (one aspect ofscientists'
humanity is their willingness to retail malicious gossip).
The process of fraud is usually insidious. In the interests of

clarity and brevity, raw data always need to be "tidied up"
before publication. Immediately there is a temptation to give
prominence to results which support a certain argument and
to find plausible reasons for ignoring contradictory findings.
At this stage, bias may be largely unconscious since research
workers naturally become fond of particular hypotheses.
Nevertheless, the well-recognised preference of journals for
positive rather than negative results can also weigh heavily
with the scientist as he prepares to write up his work. In
selection of data and even in experimental design, the
borderline between unconscious and deliberate bias is easily
transgressed. Increasing the number of experimental
observations by introducing a multiplication factor is an
extreme example of the latter, but Sir Cyril Burt is not the
only scientist who has resorted to it. From fraudulent

9. LawsonJB. Birthcanal injuries. Proc Roy Soc Med 1968; 61: 368-70.
10. Lawson JB. Rectovaginal fisiulae following difficult labour. Proc Roy Soc Med 1972;

65: 283-86.
11. Chassar Moir J. The vesico-vaginal fistula, 2nd ed. London: Bailliere Tindall and

Cassell, 1967.
12. Hudson CN, Hendrickse JP de V, Ward A. An operation for restoration of urinary

continence following total loss of the urethra. Br J Obstet Gynaecol 1975; 82:
501-04.

I 5. Murphy M, Oyesile Z. A social rehabilitation programme for patients suffering from
vesico-vaginal fistula at ABU Hospital Zaria. Savanna 1976; 5: 185-88.

14. Harrison KA. Traditional birth attendants. Lancet 1980; ii: 43-44.
1. Broad WJ. Fraud and the structure of science. Science 1981; 212: 137-41.
2. Editorial. Who, not Congress, should police fraud? Nature 1981; 290: 433-34.
3. St James-Roberts 1. Are researchers trustworthy? New Scientist 1976; 71: 481-83.
4. St James-Roberts I. Cheating in Science. New Scientist 1976; 72: 466-69.

augmentation of data it is then just a short slide down the
slippery slope to outright fabrication.
One common factor which seems to underlie many well-

documented scientific scandals of recent times is inadequate
supervision ofa "young man in a hurry". Junior scientists in
a laboratory are often aware of a cavalier attitude to the
collection and handling of data by one of their number but
senior colleagues are either kept in ignorance or, if informed,
choose to disregard the warnings. Heads ofgreat institutions
often have such a plethora of commitments that they cannot
take more than a superficial interest in projects funded by
grants held in their name and reported in papers of which
they are co-authors. A few have suffered the embarrassment
of exposure as "sleeping partners" in disreputable
enterprises and doubtless many more have felt "there, but for
the grace of God . . .". It remains to be seen whether tighter
systems of internal scientific audit will emerge and, if so,
whether they will have a real impact on cheating.
While clinical research may have been spared the more

florid manifestations of fraud, it is by no means immune. Few
clinicians have an adequate training in, or understanding of,
scientific methods. It is not always appreciated, for example,
that once there has been agreement on the necessity of a
therapeutic trial to establish the relative values of two or more
forms of treatment, then it is against the interests of
patients—however good the intentions—to prejudge the
outcome by selecting individuals, on largely emotional
grounds, for assignment to a particular schedule. Again, the
practice of delegating the donkey-work in clinical trials to
junior staff, who have not been consulted at the planning
stage and who have no expectation of co-authorship or other
reward for their contribution, invites such serious flaws in
their execution as to render the results virtually fraudulent.'
Perhaps in recognition of the need for more scientific

rigour in clinical investigation, it is becoming increasingly
common for registrars to undertake some laboratory-based
research as part of their training. This is admirable except
where the attitude prevails that such projects can usefully be
pursued on odd afternoons between clinics; for the image of
the clinician as a dilettante scientist underlies fears that the

currency ofclinical research is not entirely sound.

CLINICAL IMPLICATIONS OF THE DIVING RESPONSE

PHYSIOLOGISTS have long been aware of the potent reflex
respiratory and cardiovascular responses that can be evoked
by stimulation of trigeminal endings in the nasal mucous
membrane and face.'"3 Mechanical, chemical, or thermal
stimuli in this sensory area produce effects which vary in
intensity from species to species and include apnoea or
respiratory depression, bradycardia, cardiac arrhythmias or
arrest, changes in blood-pressure and distribution of flow,
and release of catecholamines.3 Some of these effects are

particularly obvious in the diving species; in these.animals
and birds, wetting of the snout or beak initiates and helps to
sustain apnoea and the cardiovascular changes that

5. Editorial. Fashionable treatment? World Med 1981; 16: 5.
1. Kratschmer F. Uber Reflexe von der Nasenschleinhaut aufAthmung und Kreislauf.

SberAkad IViss Wien Abt 11 1870; 62: 147-67.
2. Angell James JE, Daly M de B. Nasal reflexes. Proc Roy Soc Med 1969; 62: 1287-93.
3. Allison DJ. Respiratory and cardiovascular reflexes arising from receptors in the nasal

mucosa. M.D. thesis, University of London, 1974.
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Tumour Viruses

VIRUSES are known to cause malignant neoplasms in
a wide range ofspecies from amphibia to primates, yet
decades of search have failed to produce conclusive

■ proof that any human tumour is virus-induced. There
are obvious difficulties in conducting the ultimate test
of oncogenicity in man, so the question is always
whether the circumstantial evidence is strong enough
to establish guilt by association. In addition to hepatitis
B virus, strongly linked to liver cancer in man but with
no known counterpart in other species,' four major
categories ofoncogenic virus are recognised. These are,
in descending size order, the herpes, adeno, and papova
viruses (all DNA viruses) and the small RNA "retro"
or "onco" viruses.

Different members of the herpes group cause renal
adenocarcinoma in the frog Rana pipiens, a malignant
Ivmphoproliferative disorder (Marek's disease) in chickens,
and lymphomas in marmosets and new world monkeys.2 In
man Epstein-Barr virus (EBV), morphologically a
herpesvirus, is present in the tumour cells in most cases of
African Burkitt's lymphoma. It is also found in the malignant
epithelial cells in anaplastic nasopharyngeal carcinoma.
Furthermore, it will induce continuous proliferation of
human B lymphocytes in vitro. EB virus thus has a strong
claim to be regarded as an oncogenic agent for man.
Nevertheless, the virus has a worldwide distribution and the
great majority of individuals infected by it get neither
liurkitt's lymphoma nor nasopharyngeal carcinoma. It is
absent from the tumour cells in a few cases of African
Burkitt's lymphoma and from most examples of the tumour
arising outside the so-called endemic areas.3 Finally there are
important differences between the B lymphoid cells
t ransformed" by EBV in vitro and the cultures derived from
Burkitt's lymphoma in that they seem to represent different
cages of B cell maturation,4'5 while an 8/14 chromosome
': allocation, which is highly characteristic of the lymphoma
1 hether or not EBV is involved),6 does not seem to arise after
m-vitro transformation of normal B cells by the virus. The
'elation between EBV and Burkitt's lymphoma is therefore
not a simple one, though the possibility that it is causal has by
"u means been excluded.

■ Ul'torial. Human virus, hepatic cancer. Lancet 1981; ii: 1394-95.
-T'P I Question: do herpes viruses cause cancer? Answer of course they do. J NatI
'■■"mrlnst 1973; 50; 825-32.
u (: The Epstein-Barr virus and neoplasia. N Engl J Med 1975; 293: 1353-57.

V'"'1 L Ponton J. Classification and biological nature of established human
•"•vmatopoictic cell lines, Inl J Cancer 1975; 15: 321-41.

V 1 ' Lymphocyte differentiation, an essential basis for the comprehension of
. i neoplasia. J Natl Cancer hit 1981; 67: 501-14.n,ira S, Rowley JD. Chromosome translocation in non Burkitt lymphomas. Int 7'■ancer 1978; 22: 14-21.

A considerable body of seroepidemiological data links at
least two other members of the herpes group with human
neoplasms. These are herpes simplex type 2 in carcinoma of
the cervix and cytomegalovirus in Kaposi's sarcoma.2,8
Kaposi's sarcoma is now being reported with extraordinary
frequency in certain male homosexual communities and the
suspicion is that venereal transmission of cytomegalovirus
may be responsible.8"10 Furthermore, the malignant cells of
both tumours contain viral DNA.11'12
Three strains of adenovirus (types 12, 18, and 31),

commonly found in man, readily cause tumours when
inoculated into newborn hamsters and transform rodent cells
in tissue culture. Several other types are classed as weakly
oncogenic in these tests. There is, however, no evidence that
adenoviruses are the cause of either benign or malignant
neoplasms in man, nor have there been any reports of
adenovirus-associated tumours in other species except in an
experimental setting.13
The small DNA papovaviruses include the polyoma/SV40

group and the papilloma viruses. Several have been isolated
from human subjects including two, "BK" and "JC", which
transform animal cells in culture and induce tumours in
newborn hamsters.14 SV40 was discovered as a contaminant
of monkey cells used in the large-scale production of polio
vaccine and thousands of people were inadvertently
inoculated with the agent which was subsequently shown to
transform cultured human cells. Extensive follow-up has
provided no evidence of tumours attributable to the virus in
inoculated individuals,15 though there is one report that the
infants of mothers receiving the vaccine during pregnancy
show a twofold increase in the incidence of malignant
disease.16 While papilloma viruses undoubtedly cause
tumours in other mammalian species, in man they have not
been proved responsible for anything more sinister than
simple warts, condyloma acuminatum, and laryngeal
papilloma.17
RNA viruses have been incriminated in lymphomas,

leukaemias, sarcomas, and mammary and other tumours of
rodents, chickens, cats, cattle, and primates.18 Some are

ubiquitous in both laboratory strains and wild strains of the
affected species, being passed from generation to generation
in the germ line or, in the case ofmammary tumour virus, in
the milk. Others seem to infect only a minority of animals,

7. Shade M, Woodward MA, Steel CM. Chromosome aberrations acquired in vitro by
human B-cell lines II. Distribution of break points. J Natl Cancer Inst 1980; 65:
101-09.

8. Giraldo G, Beth E. Antibody patterns to herpes virus in Kaposi's sarcoma II.
Serological association of American Kaposi's sarcoma with cytomegalovirus. Int J
Cancer 1978; 22: 126-31.

9. Anonymous. Kaposi's sarcoma and Pneumocystis pneumonia among homosexual
men—New York City and California. MorbidMortal Weekly Rep 1980; 30: 305-08.

10. Hymes KB, et al. Kaposi's sarcoma in homosexual men—a report ofeight cases. Lancet
1981; ii: 598-600.

11. McDougall JK, Galloway DA, Fenoglio CM. Cervical carcinoma: Detection ofherpes
simplex virus RVA in cells undergoing neoplastic change. Int J Cancer 1980; 25:
1-8.

12. Boldogh I, Beth E, et al. Kaposi's sarcoma. IV Detection ofCMV DNA, CMV RNA
and CMNA in tumour biopsies. Int J Cancer; 1981; 28: 469-74.

13. Green M, Mackey JK. Are oncogenic human adenoviruses associated with human
cancer? In: Hiatt HH, Watson JD, Winsten JA, eds. Origins ofhuman cancer. Cold
Spring Harbor Laboratories, 1977: 1027-42.

14. Major EO, et al. BK, a human polyoma virus—its biology, biochemistry and association
with human tumors. In: Hiatt HH, Watson JD, Winsten JA, eds. Origins ofhuman
cancer. Cold Spring Harbor Laboratories, 1977: 989-1007.

15. Mortimer EA, Jr, Lepow ML, Gold E, Robbins FC, Burton GJ, Fraumeni JF, Jr.
Long-term follow-up of persons inadvertently inoculated with SV40 as neonates. N
Engl J Med 1981; 305: 1517-18.

16. Heinonen OP, et al. Immunisation during pregnancy against poliomyelitis and
influenza in relation to childhood malignancy. Int J Epidemiol 1973; 2: 229-35.

17. Rowson KEK, Mahy BWJ. Human papova (wart) virus. Bacteriol Rev 1967; 31:
110-31.

18. Temin HM. The RNA tumor viruses: background and foreground. Proc NatlAcadSci
USA 1972; 69: 1016.
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from which they are transmitted horizontally. All share
certain features—notably, (a) the strategy ofsynthesising (by
means of reverse transcriptase) a complementary DNA
"provirus" copy of their RNA, which is then incorporated
into the genome of the host cell, (b) a very limited range of
characteristic electron microscopic appearances, and (c) the
inclusion of specific host sequences in the viral nucleoid.
Much has been learned of the molecular biology of these
agents and their interaction with the cells of the susceptible
host, so that it is now possible to propose a unifying theory of
malignant transformation which encompasses oncogenic
viruses as well as physical and chemical carcinogens.19'20
From time to time, excitement has been generated by

claims that traces of RNA viruses have been found in
association with human tumours. There has always,
however, been room for doubt—about the
interpretation ofelectron microscopic appearances, the
specificity of serological reactions, the viral origin of
reverse transcriptase, or the precision of nucleic acid
hybridisation. Even where the isolation of a virus has
been convincingly demonstrated, the possibility of
laboratory contamination from a non-human source
has been difficult to discount.21 Within the past year,
however, new and striking evidence for the existence of
a unique RNA virus associated with malignant
proliferation of human T lymphocytes has emerged
from two independent sources.22,23 R. C. GALLO and
his colleagues in the U.S. National Cancer Institute
have isolated what seems to be the same virus from two

patients withmycosis fungoides and Sezary syndrome,
while Y. HlNUMA and his group in Kyoto have found a
very similar agent in cultures from an adult patient
with T cell leukaemia. In both countries the discovery
of the virus (currently designated HTLV) owes much
to advances in tissue culture methodology as applied to
T lymphocytes. The Japanese virus is evidently
capable of inducing continuous proliferation of
umbilical cord T cells,24'25 in which respect it behaves
as the counterpart ofEBV for B cells. HTLV, however,
does not seem to have awide distribution in the general
population. Preliminary serological surveys have
shown that antibodies are present in a minority of
patients with T cell leukaemia, whomay form a distinct
pathological subgroup with a very rapid clinical
course. There are also strong suggestions that patients
with HTLV-associated disease share common

geographical backgrounds—one cluster being
identified on the West Coast of Kyushu Island and
another possibly in the Caribbean. This finding
suggests that the agent may be spread horizontally and,
19. Cairns J. l ftc origin of human cancers. Nature 1981; 289: 353-57.
20. Klein G. The role ofgene dosage and genetic transpositions in carcinogenesis. Nature

1981;294:313-18.
21. Gardner MB, et al. Search for RNA tumor virus in humans. In: Hiatt HM, Watson JD,

Winsten JA, cds. Origins ofhuman cancer. Cold Spring Harbor Laboratories, 1977:
1235-51.

22. Poiesz BJ, et al. Isolation of a new type-C retrovirus (HTLV) in primary uncultured
cells of a patient with Sezary T-cell leukaemia. Nature 1981; 294: 268-71.

23. Hinuma Y, et al. Adult T cell leukemia; antigen in an ATL cell line and detection of
antibodies to the antigen in human sera. ProcNatlAcadSci USA 1981; 78: 6476-80.

24. Weiss R. A virus associated with human adult T-cell leukaemia. Nature 1981; 294: 212.
25. Miyoshi I, Kubonishi I, Yoshimoto S, Akagi T, Ohtsuki Y, Shiraishi Y, Nagata K,

Hinuma Y. Type C virus particles in a cord T-cell line derived by co-cultivating
normal human cord leukocytes and human leukaemic T cells. Nature 1981; 294:
770-71.

in keeping with this mode, antibodies were detected in'
serum from the wife ofone ofGALLO's patients.
Despite the caution evoked by memories ofpast false

trails, there is no doubt that a worldwide search for
further traces of this virus will now ensue. If a viral
origin for one, or several, human tumours can be
confirmed, the most important implication will be that
such tumours may be preventable or even treatable by
immunological means, particularly since it is a
characteristic of virus-induced tumours that they have
antigens in common, presumably specified by the
causal organism.26 It would, however, be rash to expect
rapid progress on this front if only because the
oncogenic potential ofany virus must have evolved by
mechanisms which lessen its immunogenicity for the
susceptible individual.

■

Endotoxin and Cirrhosis
THE notion that bacterial products might induce

cirrhosis has long appealed to both clinicians and
experimentalists. In 1954 LUCKEY and colleagues1
showed that diet-induced hepatic necrosis in rats could
be prevented if the animals were germ-free. Sub¬
sequently it was reported that cirrhosis induced by
choline deficiency could be prevented by non-absorbed
antibiotics2 while this protection was abolished by
addition ofpurified endotoxin to the animals' drinking-
water.3 Impressive experimental evidence has since
accumulated4 to show not only that intestinal
endotoxin may potentiate liver damage but also that, in
the presence of liver injury, endotoxin may be respons¬
ible for systemic complications such as intravascular
coagulation.
In clinical medicine the role of endotoxin is much

less convincing. The relevance of the animal work to
alcoholic cirrhosis is questionable, while reports on the
presence of endotoxaemia in man have been conflict¬
ing. All agree that endotoxaemia does not usually arise
in healthy individuals while it is very common in-
advanced alcoholic cirrhosis complicated by renal-
failure.5 The reported frequency in uncomplicated®
cirrhosis ranges from 0 to 48% in peripheral blood,6"9
26. Klein G. Immunological surveillance against cancer. Harvey Lectures 1975; 69:

71-102.
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patients with cirrhosis. ScandJ Gastroenterol 1976; 11: 857-63.
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liver disease. Gut 1978; 19: 935-39.
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OBESITY: THE CANCER CONNECTION
IT is no news that obesity is bad news; the associations with

cardiovascular, respiratory, and orthopaedic morbidity are
well known and readily explained, A positive correlation
between body weight and cancer incidence is, however, less
widely publicised and certainly cannot be regarded as self-
explanatory. The link was established from actuarial records
over forty years ago' and has been upheld consistently ever
since. Figures published in 1960 from the Metropolitan Life
Insurance Company ofNew York, for example, showed that
men had a 16% and women a 13% excess mortality from
cancer if they were 20% or more above their ideal weight.2
Several questions arise. Does the association hold for all

cancers? What is the mechanism? Is the cause excess body
weight per se, or can we implicate a particular component of
the diet or indeed some other feature of the lifestyle that
accompanies obesity? Is the effect reversible—i.e., will
slimming reduce the cancer risk? Only the first of these can be
answered with confidence. The overall age-specific incidence
of malignant disease is about the same for populations
characterised by subnutrition as for their counterparts in the
I'.S.A. or Western Europe where obesity threatens to
become the norm.3 Such international comparisons do, of
course, reveal great differences in occurrence rates for
particular tumours, and, where these differences have been
ittributeu to dietary factors, it is not always the over-fed who
ire at a disadvantage. Among cancers that are much more
common in third-world than in developed countries are those
>foesophagus and liver, the former possibly associated with
chronic deficiency of vitamin A,4 the latter with ingestion of
Hatoxin from badly stored cereals.5
Nevertheless, surveys of mortality records from many
ountries show a linear relation between the incidence of
ancers at several common sites (including colon, breast,
ndometrium, and prostate) and the average per caput
onsumption of calories, fat, or meat protein.6,7 These three

ictors are, almost invariably, closely correlated with each
ther; but in careful studies of groups who (usually on
tligious grounds) eat little meat or animal fat while
laintaining an adequate intake of calories and essential
utrients,8,9 no specific association has been established
etween any major component of a "Western" diet and the
icreased cancer risk.

DC. Unconventional viruses and the origin and disappearance of kuru.Science 1977; 197: 943-60.
tannenbaum A. Relationship of body weight to cancer incidence. Arch Pathol 1940;
30: 509-17.

Metropolitan Life Insurance Company. Overweight, its significance and prevention.Xew York, 1960.
3°H R, Muir C, Waterhousc J, eds. Cancer incidence in five continents, vol II. Berlin
and New York: International Union against Cancer, 1970.

'an Rensbcrg SJ. Epidemiological and dietary evidence for a specific nutritional
Predisposition to esophageal cancer. J Natl Cancer Inn 1981; 67: 243-51.

-insell AC, Peers FG. Field studies on liver cell cancer. In: Hiatt HH, Watson JD,V insten JA, eds. Origins ofhuman cancer. Cold Spring Harbor Laboratories, 1977:
549-S6.

ea ...i Dietary factors associated with death rates from certain neoplasms in man.
iu .vt 1966; ii: 332-35.
rthsunng B, Doll R. Environmental factors and cancer incidence and mortality indilTerent countries, with special reference to dietary practices. IntJCancer 1975; 15:
617-11.

Much current work centres on the possibility that the total
amount of body fat influences the metabolism of potential
carcinogens encountered as natural constituents of certain
foodstuffs or generated in the process of cooking or indeed
introduced as artificial food additives.10 In the case of
hormonally influenced tumours (breast, endometrium,
prostate) interest has centred at various times on the relation
between obesity and circulating levels of oestrogens,
prolactin, progestagens, or androgens.10,11 Cancer of the
colon, on the other hand, has been attributed to lack of fibre,
or bulk, in the modern diet which leads, in turn, to prolonged
bowel transit time, an altered intestinal microbial flora, and
enhanced production ofcarcinogens from bile acids.12,13 The
fact that even this last, reasonably precise, hypothesis has yet
to be formally validated speaks volumes for the logistical
problems inherent in attempting to match biochemical
theory to epidemiological observation.
On the issue of whether the influence of diet on cancer-

proneness is a continuous one or whether a pattern is set
during childhood, interesting, though conflicting, clues are
provided by studies on Japanese immigrants to the U.S.A. As
their dietary habits changed towards those of their adoptive
country, the incidence ofcolorectal cancer rose, even among
first-generation immigrants who were already adults when
they left Japan. Breast-cancer rates, on the other hand, began
to rise only in second-generation immigrantswhowere reared
on a Western type diet.14,1'
A considerable body ofdata exists from animal experiments

on the relation between body weight and malignant disease.
Some caution must be applied in extrapolating the findings to
Homo sapiens since most of the studies have been undertaken
on laboratory strains of rats or mice which tend to be highly
susceptible to a wide range of spontaneous or induced
neoplasms, few ofwhich correspond to the common tumours
of man. Nevertheless, the conclusion emerges with
remarkable consistency that over-feeding increases both the
incidence and the rate of progression of malignant
disease.16,17 Moreover, even when calorie restriction is
delayed until adult life, animals on such regimens tend to live
longer and to have fewer tumours than their overweight

counterparts.18,19 This may not put the finger on conspicuous
consumption but at least it does nothing to undermine the
commonsense advice that it is never too late to slim.

8. Phillips RI., Garfmkcl L, Kuzona J\V, Bceson WL, LotzT, Brin B. Mortality among
California Sevcnth-Dav Advcntiscs for selected cancer sites.JNatl Cancer Inst 1980;
65: 1097-1107.

9. Kinlen LJ. Meat and fat consumption and cancer mortality: a study of strict religious
orders in Britain. Lancet 1932; i: 946-49.

10. Armstrong BK. The role of diet in human carcinogenesis with special reference to
endometrial cancer. In: Hiatt HH, Watson JD, Winsten JA, eds. Origins ofhuman
cancer. Cold Spring Harbor Laboratories, 1979: 557-65.

11. Reddy BS, Cohen LA, McCoy GD, Hill P, Weisburger J H, Wynder EL. Nutrition and
its relationship to cancer. AJv Cancer Res 1980; 32: 237-45.

12. Burkitt DP, Walker AR, Painter NS. Effect ofdietary fibre on stools and transit-times
and its role in the causation of disease. Lancet 1972; ii: 1408-12.

1 3. Reddy BS, Hodges AR, Laakso K, Wynder EL. Metabolic epidemiology of large bowel
cancer. Cancer 1978; 42: 2832-38.

14. Haenszel W, Kurihara M. Studies ofJapanese migrants. 1 Mortality from cancer and
other diseases among Japanese in the United States. J Natl Cancer Inst 1968; 40:
43-68.

15. Buell P. Changing incidence of breast cancer in Japanese American women. J Natl
Cancer Inst 1973; 51: 1479-83.

16. Tannenbaun A, Silverstone H. Nutrition and genesis of tumours. In: Raven RW, ed.
Cancer; vol I. London: Buuerworth, 1957: 306-14.

17. Clayson DB. Nutrition and experimental carcinogenesis: a review. Cancer Res 1975;
35: 3292-300.

18. Tannenbaun A. The dependence of tumour formation on the composition of the
caloric-restricted diet as well as on the degree of restriction. Cancer Res 1945; 5:
616-25.

19. Weindruch R, WalfordRL. Dietary restriction in mice beginning at 1 yearofage: efTect
on life span and spontaneous cancer incidence. Science 1982; 215: 1415-18.
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both immediately before bedtime and if necessary
during nocturnal attacks. We still need agents that will
stabilise the asthmatic airways throughout the night, so
as to allow safe and peaceful sleep.

TUMOUR CELL DIVERSITY

The logic of almost all existing strategies for cancer
therapy can be summarised in these terms. "Malignant cells
resemble each other and differ from normal cells: identify and
exploit the difference." A fundamental weakness of this
notion is that it neglects' variation within a given tumour
population. While neoplastic cells do tend to share such
general properties as unrestrained proliferation and impaired
physiological function, and while a few cancers have been
shown to be monoclonal,1 in several important respects
tumours are characterised by heterogeneity rather than
homogeneity of their constituent cells.
In examining sections of solid tumours, the histopatholo-

gist bases his diagnosis, more often than not, on variations in
appearance ofindividual cells and in organisation ofgroups of
cells. Some of this morphological variation arises, of course,
not from the malignant population per se but from
interspersed connective and vascular tissue and from
infiltrating lymphocytes, monocytes, and other presumably
"reactive" cells.
When experimental cancers are passaged in animals, the

stromal tissues ofnew growths are derived from the hosts and
not from the donors, confirming the implied distinction
between malignant and non-malignant components of
tumours.2'3 The fact that cancer cells, from rapidly
proliferating tumours, generally show only sparse and
transient growth in vitro, even under the most favourable
conditions, illustrates their dependence on the micro-
environment which they have secured in vivo.4 The suppor¬
tive connective tissue of a tumour does not arrive there by
chance but is induced to grow (sometimes massively, as in
scirrhous carcinomas) by the cancer cells. The same is true of
the vascular network5and thus the ability to induce such a
reaction from adjacent normal tissue is both a requirement for
tumorigenicity and a constraint on the autonomy of the
malignant cell.
In addition to the heterogeneity introduced by the presence

of both malignant and non-malignant components in most
tumours, there is in nearly all cases some variation
within the malignant cell population itself, both in
appearance and in properties. This need not conflict with the
observation that some tumours are predominantly
monoclonal since genetic identity does not preclude
phenotypic diversity. After all, the entire human body with
all its different tissues and organs is, perforce, monoclonal.
The evolution ofdiversity among the progeny oftumour cells
is clearly a major factor in cancer progression, particularly
with regard to metastatic spread; indeed, it is probably the

1. Editorial. Cell tracers in disease. Lancet 1976; ii: 1181-82.
2. Vasiliev JM, Guelstein VI. Local cell interaction in neoplasms and in the foci of

carcinogenesis. Progr Exp Tumour Res 1966; 8: 27-65.
3. Giovanella BC, Fogh J. Present and future trends in investigations with the nude mouse

as a recipient of human tumour transplants. In: Fogh J, Giovanella BC, eds. The
nude mouse in experimental and clinical research. New York: Academic Press,
1978: 281.

4. Hamburger AW, Salmon SE. Primary bioassay of human tumor stem cells. Science
1977; 197: 461-63.

5. Folkman J. Tumor angiogenesis. Adv Cancer Res 1974; 19: 331-58.
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CUrr«?Lfundamental reason for the shortcomings of
therapy.6'7 t-wgAt the same time, heightened awareness of the fact th^
tumour cells are heterogeneous may offer scope fot
alternative strategies. Sir Michael Woodruff and his
colleagues in Edinburgh have lately reported studies on
chemically induced fibrosarcomas in mice, in which an
X-linked polymorphism of phosphoglycerate kinase (PGR)
was used to identify individual clones.8 They found not only
that the proportions ofdifferent constituent clones tended to
fluctuate in the course oftumour growth and progression, but
also that tumorigenicity (as measured by transplantability
into fresh animals ofthe same inbred strain) was usually lower
for individual cloned sublines than for uncloned (i.e., mixed)
tumour-cell suspensions. These experiments seem to
illustrate the working of tumour-cell evolution by the
emergence of successively more malignant clones and,
perhaps more importantly, they suggest that, withinja
tumour, subpopulations of malignant cells exist in a state of
mutual interdependence.
This undermines still further the concept of cancer cell

autonomy and points instead to another possible area of
vulnerability. With regard to the symbiotic relationship
between the malignant and non-malignant components of
solid tumours, there is already experimental evidence for the *

efficacy ofat least one naturally occurring agent that inhibits-'
the growth of vascular networks supplying tumours,9 and
there may be other means of disturbing the microenviron-
ment to the detriment of the malignant cells. What is
required, however, is more information on the mechanisms of
cell-cell cooperation. Much interest now centres on the role of
soluble growth factors which are both secreted and utilised-;
within tumours.10'11 It is proposed, notably by Todaro and .

his colleagues,12 that abnormalities in the production of(or
sensitivity to) these factors constitute the very basis of
malignant transformation. If this hypothesis is true then, as
the relevant factors are purified, means may be devised to -«
neutralise them. The prospects are exciting but those
engaged in cancer research need no reminder that truth is^ |
rarely simple.

TWENTY-FOUR-HOUR BLOOD-PRESSURE
CONTROL: DOES IT MATTER?

As every medical student knows (or should know), raised
blood-pressure carries a risk of premature death: effective
treatment ofmoderate or severe hypertension lessens the risk
largely by reducing the incidence of strokes; the effect upon
the incidence ofcardiovascular disease remains controversial, i
Since the risks are less in mild hypertension than in severe
hypertension the potential benefits of treatment are also less.

6. Roe FJC. Mechanisms of carcinogenesis- In: Bittar EE, Bitrar N, eds. The biological
basis ofmedicine, vol. 5, New York: Academic Press. 1969: 487.

7. Fidler IJ, Hart IR. Biological diversity in metastatic neoplasms: origins and
implications. Science 1982; 217: 998-1003.

8. WoodruffMFA, Ansell JD, Forbes GM, Gordon JC, Burton DI, Micklem HS. Clonal.
interaction in tumours. Nature 1982; 299: 821-24.

9. Langer R, Conn M, Vacanti J, Haudenschild C, Folkman J. Control of tumor growth
in animals by infusion of an angiogenesis inhibitor. Proc Natl Acad Sci USA 1980; ■
77:4331-35.

10. Weinstein IB. Carcinogenesis as a multistage process—experimental evidence. 1°*
Bartsch H, Armstrong B, eds. Host factors in human carcinogenesis. (IARC.;
publication no. 39). Lyon: International Agency for Cancer Research. 1982: L-J|

11. Sherwin SA, Minns JD, Gazder AF, Todaro GJ. Expression of epidermal and nerve
growth factor receptors and soft agar growth factor production by human lung\
cancer cells. Cancer Res 1981; 41: 3538-42.

12. Sporn MB, Todaro GJ. Autocrine secretion and malignant transformation of cells.:;
N EnglJMed 1980; 303: 878-80.



t[1r I ANCET, AUGUST 20,198 3 435

THE LANCET

Human Papillomaviruses and Neoplasia
THE infectivity of human warts was demonstrated

over sixty years ago' and the causal agent, a human
papillomavirus (HPV), was displayed with the electron
microscope in 1949.2 At one time warts were widely
regarded as premalignant,3 so it is something of a
paradox that, despite decades of intensive search for
oncogenic viruses of man, acceptable evidence
implicating HPV in neoplasia has only lately emerged.
Of course, the fear that common warts "turn
cancerous" has rightly been dispelled and it-is on more
subtle grounds that the case against HPV has been
reopened.
The papilloma group comprises some of the smallest

DNA viruses ofman and ofanimals—smallest, that is,
both in terms of nucleic acid content and of overall
particle size.'1'5 Members of the group are
morphologically identical but differ considerably in
the arrangement of bases in their DNA (ie, in their
genes) and in their external antigens.''6 They do,
however, have in common at least one antigen, of
unknown function, that can be extracted from
disrupted particles7 and that has proved useful both in
determining the overall prevalence ofHPV infection in
various population groups8 and in localising HPV in
tissues by immunohistochemistry.9 One result of these
studies has been the recognition that HPV infection of
the uterine cervix is much more common than was

previously suspected.

; Singery LB. Theeiiologyofconimon warts, their production in the second general ion.
1921; 76: 440-42.

- StraussMj. Shaw EW, Bunting H, Melnick JL. "Crystalline" virus-like particles from
skin papillomas characterised by intramuscular inclusion bodies. ProcSoc Exp Biol
Med 1949; 72: 46-51.

Anonymous. Warts. Encyclopaedia Britannica. Cambridge: Cambridge University
Press, 1911.
illianis MG, Howardson AF, Almeida JD. Morphological characterisation of the
virus of the human common wart (verruca vulgaris). Nature 1961; 189: 895-97.

' atas AJ, Krzysek RA, Ostrow RS, Watts St., Smith DM, Anderson DL, Quick CA,
Pass F. Genetic variation among papilloma viruses. Ann NY Acad Sci 1980; 354:
60-79.

^nh G, Breitburd F, Favre M, Croissant O. Papilloma viruses: Possible role in human
cancer. In: Hiatt HH, Watson JD, Winstein JA, cds. Origins ofhuman cancer. Cold
Spring Harbor Laboratory, 1977: 1043-68,

lenson AB, Rosenthal JD, Olson C, Pass F, Lancaster WD, Shah K. Immunological
telatedness of papillomaviruses from different species. J Natl Cancer Inst 1980; 64:
495-98.

Haird l'| Serological evidence of the association of papillomavirus and cervical
. neoplasia. Lancet 1983; ii: 17-18.

alker PG, Singer A, Dryson JL, Shah KV, To A, Coleman DV. The prevalence of
human papillomavirus antigen in patients with cervical intra epithelial neoplasia. Br
J Cancer 1983; 48: 99-101.

A major obstacle to work with human
papillomaviruses is the fact that they are not readily
propagated in any experimental culture system so that
pure isolates of individual subtypes are very hard to
obtain for preparation of diagnostic antisera. On the
other hand, the small size of genome makes the
papilloma group attractive to the exponents of
recombinant DNA technology. Cloned DNA from a
range ofHPV isolates has been analysed by restriction
enzyme digestion and nucleic acid hybridisation in
several laboratories.5'6'10,11 The findings confirm and
extend immunological subdivisions ofthe HPV group;
eighteen subtypes are so far recognised. Moreover,
such is the power ofthese techniques thatminute traces
of HPV DNA, as little as one copy per cell, can be
identified in human tissues and ascribed to a specific
subtype even when the presence ofvirus is completely
undetectable by electron microscopy or by existing
immunoassays. As a result, data from several centres
are now building up to a consistent pattern in which
individual subtypes ofHPV are found to be associated
with neoplasia in particular clinical settings.
One of the most illuminating conditions, despite its

extreme rarity, is the familial skin disorder
epidermodysplasia verruciformis (EV). Sufferers have
diffuse crops of planar skin warts and some 25r30%
acquire squamous carcinomas of the skin, often multi¬
focal, metastasising, and not always arising at the site of
a pre-existing papilloma.12 In this syndrome, the warts
are undoubtedly of viral origin and various HPV
subtypes have been identified in them, types 3 and 5
predominating. However, recent evidence shows that
only type 5 is associated with the progression to
malignancy and the genome ofHPV type 5 has been
demonstrated in the carcinoma cells. EV patients who
harbour HPV type 3 but not type 5 seem to be at no
increased risk of skin cancer.13 The development of
malignancy in this instance therefore seems to require
the interaction of two factors—a genetically
determined susceptibility to HPV-induced epidermal
proliferation, and infection with a specific HPV
subtype. Data presented by Dr Lutzner and his col¬
leagues in this issue (p 422) add an important new
chapter to the story. These workers have investigated
renal transplant recipients, who are prone to common
warts as a consequence of immunosuppression. The
patients also have a greatly increased incidence of
squamous carcinoma of the skin (at least in sunny
climes), tumours being confined to areas of skin
exposed to sunlight. In two transplant recipients with
multiple warts, Lutzner and his colleagues had pre-

10. Gissman L, I'fistcr H, Zur Hauscn H. Human papilloma viruses (HPV):
characterization of 4 different isolates. Virology 1977; 76: 569-80.

11. ZolerML. Human papilloma virus linked to cervical (and other) cancers. JAALA 1983;
249: 2997-99.

12. Lutzner MA. Epidermodysplasia verruciformis: an autosomal recessive disease
characterised by viral warts and skin cancer. A model for viral oncogenesis. Bull
Cancer (Paris) 1978; 65: 169-82.

13. Ostrow RS, Bender M, Niimura M, Seki T, Kawashima M, Pass F, Faras AJ. Human
papillomavirus DNA in cutaneous primary and metastasized squamous cell
carcinoma from patients with epidermodysplasia verruciformis. Proc NatlAcad Sci
USA 1982; 79: 1634-38.
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viously detected immunological evidence for the
presence ofHPV 5 in lesions. Now they have been able
to demonstrate HPV 5 DNA in the malignant tissue
from one of the patients with skin cancers. The
parallels with EV are obvious but here the co-factors
(pharmacological immunosuppression and UV
irradiation) required for expression of the oncogenic
potential of HPV 5 are more clearly defined.
The idea that a virus may be just one of several

influences contributing to the evolution of malignant
disease is completely in line with current
understanding of themultifactorial causation ofcancer
and, in the context ofpapillomaviruses, it is supported
by observations in various animal tumours (cited by
Lutzner and colleagues). In certain circumstances two
unrelated viruses may be implicated where neither is
sufficient, on its own, to cause a tumour. H. Zur
Hausen, whose laboratory at Freiburg has contributed
much to our knowledge of the papillomaviruses, has
developed this theme over the past three years in
relation to carcinoma of the cervix.14'15 He argues that
herpes simplex type II and HPV, both of which have
been linked epidemiologically to genital cancer, can
interact in a way that leads to overt malignancy. The
latest information from this group is that one particular
HPV, type 16, seems very closely associated with
malignant lesions ofthe cervix, whereas types 6 and 11
are found in vulval and cervical condylomas that
remain benign."
Events are moving rapidly on the HPV front.

Inevitably there is talk of"vaccines to prevent cancer":
thismay be premature but it is not altogether fanciful.11
Equally exciting and perhaps less distant is the
prospect of extending DNA analysis of the different
HPV subtypes until tropism for particular tissues and
oncogenicity can be correlated with the presence of
specific DNA sequences.16 The papillomaviruses may
be about to fulfil their most important role as a
meeting-point for viral, chemical, and molecular
biological approaches to the understanding of human
cancer.

Delayed Closure of the Ductus
IN fetal life the ductus arteriosus, a short wide vessel

between the main pulmonary artery and the
descending aorta, allows desaturated blood from the
upper body to pass via the superior vena cava and right
ventricle to the umbilical arteries and placenta, thus
bypassing the lungs. It normally closes soon after birth
but occasionally it is abnormal and remains patent; to
avoid the later complications of heart failure,
pulmonary vascular disease, and bacterial
endocarditis, surgical closure is recommended. This

14. Zur Hausen, H. The role of viruses in human tumours. Adv Cancer Res 1980; 33:
77-107.

15. Zur Hausen H. Human genital cancer: synergism between two virus infections or

synergism and initiating events? Lancet 1982; ii: 1370-72.
16. Campo MS. Warts and all. Nature 1982; 298: 605-06.

condition, patent ductus arteriosus (PDA), h:
recognised for many years but problems due to c
closure of the normal ductus have only recent]
described. They were not mentioned in textbi
neonatal medicine before 1970 but are now a

preoccupation of those concerned with intensi
of the newborn. This reflects the improved sur
the very preterm infant and the increased
mechanical ventilation; for delayed closure
ductus is confined to the preterm infant. In
relative hypoxia and duct-produced prostaglaj
maintain duct patency—closure occurs soon aftt
when the duct muscle constricts in response to
arterial oxygen tension. In the preterm infa
ductus is large (in the most immature infants it
larger than the aorta), the duct muscle is thi
failure of the lungs to expand at birth and sec
atelectasis often prevent the infant from mainta
rise in arterial p02, so the ductus remains
Although often referred to as a PDA, the desij
delayed closure of the ductus (DCD) is more p
DCD is important because it allows shuntin

the systemic to the pulmonary circulation, a rev
what happens in utero. Thus, as the lung d-
resolves, the pulmonary vascular resistance drc
flow ofblood from aorta to pulmonary artery inc
at times becoming torrential. Shunting
throughout the cardiac cycle; in fact, doppler
have shown that, during diastole, flow
descending aorta reverses and the ductus "
blood from the lower body.1 Retrograde flow
mesenteric arteries in diastole may account
susceptibility of affected infants to neci
enterocolitis.2 Similar retrograde flow ha:
described in the anterior cerebral arteries, suggi
cerebral steal.3 This requires confirmatior
intracranial doppler flow studies in the newbori
misinterpreted.4 A small shunt causes no pre
but as it gets larger it leads to apnoeic i
increasing respiratory difficulty, and ve
dependence with a demand for a high inspired
concentration and minute ventilation. Witl
comes an increased risk of chronic lung
(bronchopulmonary dysplasia).
According to a US collaborative study,5 the

features of DCD most helpful in diagnosis
increasing need for respiratory support, col
pulses, an easily palpable cardiac impulse,
murmur. Depending on the pulmonary dy

1. Serwer GA, Armstrong BE, Anderson PAW. Noninvasive detection o
descending aortic flow in infants using continuous wave Doppler ultra
J Pediatr 1980; 97: 394-400.

2. Bell EF, Warburton D, Stonestreet BS, Oh W. Effect of fluid administr
development ofsymptomatic patent ductusarteriosus and congestive he
premature infants. N Engl J Med 1980; 302: 598-604.

3. Lipman B, Serwer GA, Brazy JE. Abnormal cerebral haemodynamics
infants with patent ductus arteriosus. Paediatrics 1982; 69: 818-22.

4. Bejar R, Merritt TA, Coen RW,Manning F, Gluck L. Pulsatility index, f
arteriosus, and brain damage. Pediatrics 1982; 69: 818-22.

5. Ellison RC, Peckham GJ, Lang P, Talner NS, Lerer TJ, Lin L, Dooley K
Evaluation of the preterm infant for patent ductus arteriosus. Pediatr
364-72.
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oivement, 8 of whom needed dialysis. Renal failure
"sually developed over several months, although 6 patients
10st renal function within a month. The urinary sediment was
nephritic in character and few had hypertension or the
nephrotic syndrome. Renal biopsy nearly always revealed a
focal necrotising glomerulonephritis with variable crescent
formation indistinguishable from that in the microscopic
form polyarteritis nodosa. A minority also showed
•xtraglomerular vasculitis and only 6 patients (out of 15
having renal biopsies) showed renal granulomas. The
-ombination of vasculitis and granulomas was found in only
two renal biopsy specimens and the diagnosis was frequently
presumptive, being based in 9 cases on the total clinical
picture without observation oftypical lesions anywhere in the
body. As in patients with polyarteritis, immunofluorescent
staining of the biopsy specimens revealed only small amounts
of immunoglobulins.
During the past decade, treatment with cyclophosphamide

(usually combined with steroids) has transformed the outlook
in Wegener's granulomatosis: Fauci' has claimed a remission
induction rate of 93% and 75 out of 85 patients were alive
after an average follow-up of 4 years. The regimen of
Pinching and his colleagues3 was similar, though usually
combined with plasma exchange, and they confirmed that a
response may be expected even in patients with severe renal
disease. 12 patients had an improvement in renal function,
mean peak plasma creatinine concentration falling from 740
prnol/1 to a mean final level of 206 pmol/1. Even more
impressive was the fact that 4 out of 8 patients were able to
stop dialysis. This is in striking contrast to the situation in
patients with crescentic nephritis associated with
Goodpasture's syndrome, in whom recovery of renal
function is exceptional, after the institution of dialysis. Both
Fauci and Pinching report cases in which remission was
obtained after unsuccessful therapy with steroids with or
without azathioprine, and there seems little doubt that
cyclophosphamide is an essential component of the
therapeutic regimen. The benefit ofadditional therapy with
steroids and plasma exchange is much less clear.

Is maintenance therapy necessary after induction of
remission? Because of concern about long-term toxicity
Pinching and co-workers3 usually gave cyclophosphamide
for only 6 or 9 weeks although they continued low-dose
steroids for a further six to eighteen months. In contrast,
Fauci and his colleagues' prescribed cyclophosphamide for at
least one and sometimes several years. After withdrawal of
therapy, most patients in both series remained in remission
for long periods; late relapses were observed even in patients
who, for various reasons, had been transferred to treatment
with azathioprine. Fortunately most responded to
reinstitution of cyclophosphamide. Obviously, patients
should be followed indefinitely.

Despite the high initial response rate, the long-term
outlook for the patient with severe renal impairment remains
cheerless; 7 of the Hammersmith patients died during the
early phase of intensive therapy, usually as a result of
■nfection or because ofdamage attributable to the underlying
disease. By three years only 8 of the original 18 patients were
still alive; 1 of these was on dialysis and 3 others had severe
tenal impairment. This striking difference from the
■American series is presumably due to the fact that only 9 of
Fauci's patients presented with renal failure, emphasising the
critical importance of starting treatment before irrevocable
damage has occurred.

DRUGS THAT CAN CAUSE CANCER

When cytotoxic drugs were first introduced for the
palliation of malignant disease their side-effects were

accepted in tacit acknowledgement that "Diseases desperate
grown, by desperate appliances are reliev'd, or not at all".
Two developments have undermined the aptness of that
adage. Firstly, these agents are being used with growing
frequency for the treatment of non-malignant disorders
which, though serious, are not always life-threatening and for
which alternative therapies may be available. Secondly, as
expectations of cure continue to rise, the toxic effects of
chemotherapy, in particular its long-term consequences,
acquire new importance in the management of malignant
disease.
The most disquieting long-term effect is the induction or

promotion ofneoplasia. It is a uniquely dispiriting experience
to find, among patients successfully treated for one tumour, a
substantial number (the risk is estimated at over 5% in some
series) presenting a few years later with a second malignancy,
often lymphoma or acute non-lymphocytic leukaemia and
almost universally resistant to further therapy.1-4 It is
therefore a matter of some urgency to establish which drugs
are tumorigenic and which patients are most at risk.
Cytotoxic agents, however, are commonly administered in
multidrug combinations, hence the toxicity of any one
component may not be readily apparent. Furthermore,
protocols are constantly being revised so that, by the time
long-term follow-up data have been gathered, the lessons
learned may relate to chemotherapy regimens that have
already been superseded. An extra complication is introduced
by the possibility that patients with cancer, or with other
disorders that respond to cytotoxic chemotherapy, could be
innately more susceptible to malignant disease than the
general population, in which case the incidence of neoplasia
following treatment might be a consequence of prolonged
survival rather than ofexposure to drugs.3
Despite these difficulties, a pattern is emerging from

continuous collation and analysis of clinical and laboratory
data on all the cytotoxic agents in current use, a task
undertaken by the International Agency for Research on
Cancer. Broadly speaking, the antimetabolites emerge as

relatively safe agents in terms of induced neoplasia, the
evidence being particularly clearcut for methotrexate since it
has been widely used, as a single agent, in the treatment of
psoriasis and of gestational tumours.5'6 On the other hand,
alkylating agents such as chlorambucil, cyclophosphamide,
and carmustine, the antitumour antibiotics doxorubicin,
bleomycin, and mitomycin C, and some drugs outwith these
major classes, including cisplatin and procarbazine, are either
positively identified as carcinogens or under strong suspicion
pending the collection of further evidence.' To abandon

1. Reiner RR, Hoover R, Fraumeni JF Jr, Young RC. Acute Leukemia after alkylating-
agent therapy of ovarian cancer. N Engl J Med 1977;297: 177-81.
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HH, Watson JD, Winston JA, eds. Origins ofhuman cancer. Cold Spring Harbour
Laboratories, 1977: 429-43.

4. International Agency for Research on Cancer. Certain combined chemotherapy for
lymphomas (including MOPP). Monographs on the carcinogenic risk ofchemicals
to humans, suppl 4. Lyon: IARC, 1982: 75-77.
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Engl J Med 1983; 308: 473-76.
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forthwith the use of all potential carcinogens is clearly out of
the question since most ofthe current cytotoxic drugs belong
to that category. A more practical response is to develop ways
of monitoring patients on treatment for early signs of toxic
effects that could precipitate malignant change.
At present, in most human studies, carcinogenicity ofa test

compound is judged by measurement of genetic damage at
the cellular level, an inference relying on the close association
between carcinogenesis and mutagenesis. Visible
chromosome gaps, breaks, and structural rearrangements are
found in blood lymphocytes from patients who have received
substantial doses of combination chemotherapy and the
changes persist for years after the end of treatment.8
However, this is an insensitive measure of genetic damage.
By contrast, quite small doses ofmany cytotoxic drugs will
induce perturbations in the DNA that are reflected in an
increased rate ofsister chromatid exchange (SCE).9 Counting
SCEs is a straightforward exercise and, although their precise
biological significance remains uncertain, empirically the
measurement correlates reasonably well with other evidence
ofcarcinogenesis.10 Its main limitation is the transience ofthe
phenomenon. Acute exposure to a mutagen is usually
followed by a wave of elevated SCE counts which is over
within hours or, at most, a few days, whereas the genetic
damage that leads to cancer must, by definition, persist for
many years.
Nevertheless, as this week's report from the Clinical

Research Centre at Northwick Park shows (p 246), SCE
counts may be very appropriate for "on-line" monitoring of
patients on cytotoxic drugs. Evidence presented by Dr
Palmer and his colleagues suggests that, as the dose (of
chlorambucil, in this case) increases, so the capacity of the
cells to cope with induced genetic damage is progressively
exceeded; thus, SCE frequency reflects cumulative toxicity
throughout the course of treatment. Information will have to
be collected on many more groups ofpatients to see whether
the findings apply to other drugs and whether the risk of
carcinogenesis can be predicted in individual cases. A
particularly important attribute of SCE measurement, well
illustrated by Dr Palmer's data, is the fact that certain patients
have raised counts even before receiving chemotherapy.
What this should mean in terms ofthe choice of treatment for
these individuals is not yet clear, but it does serve as a
reminder that toxicity tests in bacteria or animals can never be
a complete substitute for clinical studies.
A second sensitive and quantitative measure ofcumulative

genetic damage, that can be applied to individual patients, has
lately been described.11-'4 In principle, a count is made ofthe
frequency ofblood lymphocytes carrying a specific mutation,
by testing their ability to grow in selective culture medium.

8. Lawler SD, Summersgill BM, McElwaine TJ. Cytogenetic studies in patients
previously treated for Hodgkin's disease. Cancer Genet Cytogenet 1982; 5: 25-35.

9. Perry P, Evans HJ. Cytological detection of mutagen-carcinogen exposure by sister
chromatid exchange. Nature 1975; 258: 121-25.

10. Sasaki M. Chromosome aberration formation and sister chromatid exchange in relation
to DNA repair in human cells. In: Generoso WM, Shelby MD, DeSerres FJ, eds.
DNA repair and mutagenesis in eukaryotes. New York: Plenum, 1980: 285-97.

11. StraussGH,Albertini RJ. Enumerationof6-thioguanine resistant blood lymphocytes
in man as a potential test for somatic cell mutation arising in vivo. Mutation Res
1979; 61: 353-79.

12. Albertini RJ, Castle KL, Borcherding WR. T cell cloning to detect the mutant
6-thioguanine resistant lymphocytes present in human peripheral blood. Proc Natl
AcadSci USA 1982; 79: 6617-21.

13. Morley AA, Trainor KJ, Seshadri R, Ryall RG. Measurement of in vivo mutations in
human lymphocytes. Nature 1983; 302: 155-56.

14. Vijayalaxmi, Evans HJ. Measurement of spontaneous and x-irradiation induced
6-thioguanine resistant human blood lymphocytes using a T cell cloning technique.
Mutation Res 1984; 125: 87-94.

As in the case of SCEs, "background" levels vary betw«|?
individuals and the value increases on exposure to mutagens'
However, it can be predicted (though this has yet to be
demonstrated formally) that the number ofdetectable mutant
cells will increase with each genetic "insult" and will not
revert to normal when exposure ceases. It may therefore im¬
possible to combine SCE and mutant cell counts to measure®
cellular tolerance of the genetic toxicity of a particular drug
regimen and the cumulative mutagenic effect of successive®
courses. These may not be the only factors determining the
carcinogenicity ofcytotoxic agents; for example, the degreeof
immunosuppression induced may have to be assessed*-
separately. Nevertheless they are important indices to be
borne in mind when potentially dangerous therapy is titrated
to the needs of the individual patient.

■ §f:

ASBESTOS AND THE PATHOLOGIST

WHEN someone dies of an illness possibly related to
asbestos exposure, necropsy is almost obligatory. In the"
United States, so many people are now getting asbestos®
related cancers, especially mesotheliomas, that pathologists®
are groaning under the strain ofmedicolegal work. A large ■

proportion of those affected were engaged in pipe-lagging in
shipyards during the early 1940s, and they or their families-;
can seek redress either under workmen's compensation laws |
(usually via litigation) or by suits for damages under laws
governing product liability. Richman,1 a lawyer experienced:
in such litigation, has summarised the medicolegal aspects
that particularly concern pathologists. Necropsy findings by
themselves will seldom be enough: the pathologist must be
aware ofthe medicolegal position in the State concerned—for -

example, in Connecticut "bronchogenic cancer" and-
"gastrointestinal cancer" are both officially asbestos-related
diseases. It is the task of the lawyer to provide legal definitions :
and the like, but his pathologist witness will be expected to
inquire into records of all consultations as well as examine :

biopsy and necropsy data in relation to results of radiological
and pulmonary function tests. Specialised help may well be
needed here, particularly when disability rather than death is
the point at issue, when there have been multiple exposures to •

carcinogens, or when there is serious disease unrelated to
asbestos exposure. Finally, the pathologist must expect to be
cross-examined in court by lawyers for the opposition who
may be highly knowledgeable about asbestos and its effects.
Richman states bluntly that the pathologist should not be
timid in his criticism ofother physicians when he knows that
their opinions are not informed, honest, or forthright.
The volume of litigation is now such that the Armed Forces

Institute of Pathology2 refuses to accept material from
patients with asbestos-related disease. The pressures will
thus fall increasingly upon individual pathologists. What is
increasingly clear is that we need much more precise criteria
for diagnosis of asbestos-related disease—particularly in
relation to purported mesotheliomas in the abdominal cavity.
Another cause ofperpetual concern, in the United States as in
other industrialised countries, is the rarity with which
occupational histories are taken and recorded in the case-
notes.

1. Richman SJ. Medicolegal aspects of asbcstosis for pathologists. Arch Pathol Lab Med
1983; 107: 557-61.

2. AFIP Utter 1983; 141, no 5.
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CLUES FROM FAMILIAL CANCER

Retinoblastoma is commonly cited in the teaching of
medical genetics as an illustration of "dominant inheritance
with variable penetrance", meaning that 50% of a sufferer's
offspring are at risk but that some of those who inherit (and
pass on) the "retinoblastoma gene" never manifest the
disease. In fact the condition occurs in a sporadic as well as a
familial form. When familial, the tumours often affect both
eyes and usually appear during the first year of life. Sporadic
cases are unilateral and tend to present slightly later in
childhood; and, by definition, the trait is not passed to
succeeding generations.1,2
The epidemiological features can be fitted to a model, j

proposed by Knudson in 1971, in which malignancy requires
the concurrence of two specific mutations in a single cell in
the developing retina.3 In familial cases, one of these
mutations is already present in every cell of the body (being
inherited from a parent and being passed to 50% ofsperm or
ova)—hence, a single specific new mutation will cause a
tumour. A reasonable estimate of the frequency of any new
mutation is once in every million cell divisions so, if there are
about two million cells in each developing retina, malignancy
becomes probable though not inevitable. Conversely, in the
sporadic form of the disease, no abnormality is inherited and
both specific mutations have to arise de novo in the same

cell—clearly a very rare mischance.
The implication ofKnudson's hypothesis is that, although

familial retinoblastoma displays a single gene mendelian
dominant pattern of inheritance, the genetic abnormality that
is inherited is itself recessive in expression. What is truly
familial is the risk, not the tumour. Nothing can be inferred
from this about the functions that are altered by the two

mutations, nor about the location of the affected genes. They
could be the two copies of the same gene (alleles) carried on
maternal and paternal homologous chromosomes, and this
possibility was formally considered by Knudson.A
Nevertheless it seemed more in keeping with the multistage
view ofcarcinogenesis to assume that two separate functions
are involved and that each of the mutations results in a

positive and unwelcome input to the life of the cell. Evidence
accumulated in recent years, however, points in another
direction and suggests not only that the two mutations in
retinoblastoma affect the two alleles of the same gene but also
that the resulting malignancy derives from a negative input,
the loss of a normal cellular function.
The relevant observations bear directly on localisation of

the retinoblastoma gene. With the genetic linkage approach5
it has been shown to lie very close to the structural gene for a
polymorphic enzyme, esterase D, which has been mapped to
the long arm of chromosome 13, the site being identified in
conventional chromosome banding nomenclature as

!. Vogel F. Genetics of retinoblastoma. Hum Genet 1979; 52: 1-54.
2. Harnden D, Morten J, Feathcrstone T. Dominant susceptibility to cancer in man. AJv

Cancer Res 1984; 41: 185-255.
3. Knudson AG. Mutation and cancer: statistical study of retinoblastoma. ProcMailAcad

Sci USA 1971; 68: 820-23.

4. Knudson AG, Meadows AT, Nichols WS, Hill R. Chromosomal deletion and
retinoblastoma. N Engl J Med 1976; 295: 1120-23.

5. Sparkcs RS. Murphrec AL, Lingua RVP, Sparkes MC, Field L.L., Fundcrburk SJ,
Benedict VC'F. Genes for hereditary retinoblastoma assigned to chromosome 13 by
linkage to esterase D. Science 1983; 219: 971-7 3.

6. Murphrce AL, Benedict VC'F. Retinoblastoma: clues to human oncogenesis. Science
1984;223:1028-33.

7. Benedict \X'F, Murphrec AL, Bancrjee A, Spina CA, SparkcsMC, Sparkcs RS. Patient
with 1 3 chromosome deletion: evidence that the retinoblastoma gene is a recessive
cancer gene. Science 1983; 219: 973-75.

8. Solomon E. Recessive mutation in aetiology of Wilms' tumour. Nature 1984; 309:
111-12.
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"13ql4". Now several families have been reported in which
retinoblastoma is inherited together with a visible cytogenetic
abnormality, in some a translocation, in others a partial
deletion, but always involving the 1 3q 14 region. Very similar
chromosome aberrations have been found, in rare instances,
in sporadic cases of retinoblastoma, but then only in cells
taken directly from the tumour.1,2,4,6 When chromosomes
have appeared intact, indirect evidence for a submicroscopic
lesion affecting I 3q 14 has occasionally been provided by the
demonstration of a 50% reduction in esterase D activity.6,7
While these positive findings apply only to a minority of
retinoblastoma patients, it must be appreciated that most
mutational events are not associated with visible chromosome
aberrations nor even with lesions at the DNA level
sufficiently large to involve closely linked genes. Overall,
there is a striking consistency in the data; in particular, no
alternative localisation, that might indicate a second
retinoblastoma gene, has emerged. It therefore seems most

likely that virtually all retinoblastomas arise from mutations
affecting the same gene at 13q 14. Furthermore, where the
nature of the mutation is known, it proves to be a deletion.
Murphree and Benedict" have described six possible

mechanisms whereby a mutation or deletion affecting one
copy of the retinoblastoma gene (the heterozygous state)
could become homozygous in a single cell. They cite direct
evidence, from examination of tumour material, for the
operation of at least some of these mechanisms and hence
conclude that complete absence of both copies of a 13q 14
fragment, meaning total loss of(rather than alteration in) the
retinoblastoma gene is sufficient to cause the tumour. There
is a striking parallel with one other childhood tumour,
nephroblastoma, which also occurs in familial and sporadic
forms and in which chromosomal lesions affecting 11 pi3
mirror the pattern shown for 13q 14 in retinoblastoma.
There, too, loss of a normal cellular function, when a specific
mutation becomes effectively homozygous in a single cell,
seems to be the key to malignancy.8 Murphree and Benedict

suggest that, in each disease, what has been lost b jl
"suppressor" element whose normal function is to switch offS
embryonic genes, so allowing the cells to differentiate into?
their mature, non-dividing forms. In the absence of suchf
suppression, embryonic cells remain in their immature state!
and continue to proliferate indefinitely. There is, however |
no direct evidence that the retinoblastoma or nephroblastoma |
genes encode suppressor factors. It can be argued equally well 5
that they specify enzymes, or other products essential JtoV
retinal or renal cells at certain early stages in differentiation,!
the absence ofwhich blocks maturation and hence, indirectly,!?
the orderly "suppression" of embryonic genes. .

The distinction may seem largely semantic but in optingforj
a direct "suppressor gene" hypothesis, Murphree and'
Benedict stress how it differs from the "oncogene"!
mechanism ofcarcinogenesis, the former being based on loss'
of a normal function, the latter on inappropriate or enhanced"'
expression of normal or slightly altered genes.9,10..
Conceptually, however, they may simply be two sides of the
same coin. In one situation the mechanism for gene?
regulation has been damaged; in the other, certain genes have"
become unresponsive or insensitive to the regulatory signals. C
There is no question that an understanding of the control of
gene expression will be central to an understanding ofcancer.'
The clues now emerging from studies on oncogenes,?
chromosomes, and rare familial tumours may all be signposts'
to the same destination. f.J

9. Cooper GM. Cellular transforming genes. Science 1982; 217: 801 06. ^
10. Cairns J, Logan J. Step by step into carcinogenesis. Nature 19S3; 304: 532-83. • -
1. Beaglchole JC. Journals of Captain Cook, vol 2. The voyage of The I

Adventure 1772-I77S. London: Cambridge University Press. 1969: 534-w-..., y
2. Mother US, Fuhrman FA, Buchwald HD, Fischer HO. TarichatOKin-ietrodotOBje, je

potent neurotoxin. Science 1964; 144: 1100-10. *

3. Catterall WA. Neurotoxin that acts on voltage-sensitive sodium channels in exciU i.
membranes. Annu Ret• Pharmacol Toxicol 1980; 20: 15-4 3. froin*§

4. Kao CY, Walker SE. Active groups of saxitoxin and tetrodotoxin as deduced |;
actions of saxitoxin analogues on frog muscle and squid axon. J Physiol 198 , ^ Jw
619-37. V#
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alcohol a day and 900 000 consume more than 60 g."
Many would probably give up alcohol if faced by clear
evidence that they were at high risk of chronic
progressive liver damage. Unfortunately liver biopsy is
troublesome and expensive. We urgently need a serum
marker of comparable prognostic accuracy.
The Danish workers are to be congratulated on

achieving such a high rate of follow-up in a condition
where long-term compliance is notoriously poor. A
crucial feature of the study is that necropsies were
performed on 72 (52%) ofthe 139 patients who died—a
figure that would be hard to match outside
Scandinavia. In the UK, death certification without
necropsy has been the subject of much debate,12 but
until this year the medical profession was obliged by
law to report to the coroner all deaths believed to be
related to alcohol consumption. Both doctors and
corqners were often reluctant to comply because of the
distress an inquest might cause to bereaved relatives, so
mortality statistics have been very unreliable. From
July 1, 1984, coroners have been advised that deaths
from diseases related to alcohol may be treated as being
due to natural causes for the purposes of death
certification. The Home Office expresses the hope that
"medical cause of death should make clear any part
played by alcohol as a contributory cause of death".13
Whether this optimism is justified remains to be seen.
The results from Denmark suggest that we still have a
great deal to learn about the contribution of alcohol to
death from cirrhosis.

Coming to Terms with Complement
THE complement system is generally reputed to be

composed of concepts that are difficult to grasp and
components that are hard to handle. Most clinicians (if
pressed) will recall that fixation of complement is one
means of recognising an antigen/antibody reaction and
that its activation is a rather frequent occurrence
which, depending upon the circumstances, may be
either a "good thing" or a "bad thing". Theymay even
be conscious ofhaving scanned one ofthe many extant
diagrams ofthe complement cascade which can readily
be mistaken for the circuitry of a microcomputer or a
map ofthe Paris Metro. It is fair to say, however, that in
the clinical setting complement is unloved.
Fortunately, there is good reason to believe that this

sad situation is changing. Thanks to much painstaking
work over the past twenty years, much is now known
about the complement system at the genetic, bio¬
chemical, and functional levels. As is usually the case
when hard data replace speculation, the complexity of
the overall scheme has come to seem much less
formidable and the clarity of a recent review by Klein1
11. Wilson P. Drinking in England andWales. Office ofPopulation Censuses and Surveys.

London: HM Stationery Office, 1980.
12. Cameron HM, McGoogan E, Watson H. Necropsy: a yardstick for clinical diagnoses.

Br MedJ 1980; 282: 985-88.
13. Home Office Circular no 42, 1984: Coroners Rules Schedule 4.
1. Klein J. Immunology: the science of self-nonself discrimination. New York: John

Wiley & Sons, 1982: 310-46.

can be appreciated by the most apprehensive reader. As
confidence grows in the laboratory handling 0f
complement and in the interpretation offindings, their'
relevance to the diagnosis and understanding ofa wide
range of diseases is becoming increasingly obvious. •

As a biological system complement is a masterpiece
of design combining power, efficiency, and fine
control. There are essentially two phases in the
activation process. The first involves a cascade series of
proteolytic enzyme cleavage steps triggered either by
contact between the first component (Cl) and
immobilised antibody of certain classes (the classical
pathway) or by interaction with one or more of a wide
variety of activating substances, for example poly-
saccharide molecules on the surface of invading
organisms (the alternative pathway). The second phase
consists of the assembly of a "membrane attack
complex" (MAC) from the components C6, Cl, C8,
and C9 which are already present in the plasma. As its
name implies, this complex will attach itself to cell or
bacterial membranes and will inflict damage that can
be seen in the electron microscope as a characteristic
array of holes.2 Functionally it causes leakiness of the
membrane which, if unchecked, will result in lysis of
the cell or organism. Several of the peptide fragments
cleaved from enzyme precursors in the course of the
activation cascade are biologically active in their own
right, directly or indirectly mediating some of the
universal phenomena of the inflammatory
reaction—capillary permeability, smooth muscle:
contraction, and leucotaxis. The whole process is
subject to a series of inhibitory controls, both through
"control proteins" and through the inherent instability
ofmany of the intermediate complexes formed.
Three of the complement proteins—C2, C4, and

factor B (all proteolytic enzyme precursors)—are.
encoded within the major histocompatibility complex
(on chromosome 6 in man) and show considerable
polymorphism in human populations.3 Several disease
associations with particular alleles of these "MHC
class III" molecules have been described. Genetic,
deficiency of certain complement components is well
recognised but is not always associated with any
obvious impairment of health, perhaps illustrating the
benefits conferred by duplication ofat least part of the
complement activation mechanism. The commonest
deficiency state is absence ofC2, which affects about 1
in 10 000 individuals, 40% of whom have systemic
lupus erythematosus; the nature of the. link is
uncertain. Some complement-deficient subjects are
prone to infection with various pathogenic bacteria but
those who lack one or more of the components of the
MAC are evidently susceptible only to infection with
Neisseria species.4"8
Perhaps the most important aspect of the

complement system from the diagnostic standpoint is
the fact that it is a biological amplifier. Triggeringmay

2. Humphrey JH, Dourmashkin RK. The lesions in cell membranes caused by •

complement. Adv Immunol 1969; 11: 75-115.
3. Cohen HR. The complement genes. Immunology Today 1983; 4: 151-54.
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require only a few invading organisms or the binding of
a few molecules ofantibody but, once the complement
cascade has been set in train, the scale of the reaction
can escalate rapidly. It follows that measurement of
complement activation is potentially a highly sensitive
indicator of "something going on". That something
may be physiological or pathological according to the
particular context. One simple example of the
exploitation of this principle is in the demonstration of
Epstein-Barr virus nuclear antigen or its corresponding
antibody in the diagnosis of infectious mononucleosis
and other EB-virus-associated diseases.9 Too little
specific antibody is bound to be readily detectable in its
own right but, if fresh serum is added, the antigen/
antibody complexes bind CI, which sets in train the
whole complement activation process. C3 is the most
abundant of the components to be involved in complex
formation at the site of antibody binding and a very
strong reaction is obtained with a fluorescein-
conjugated anti-C3 antibody.
There is a sizeable, and growing, list of diseases in

which inappropriate or excessive complement
activation is suspected ofplaying a part,1'4,7'8 the latest
addition being multiple sclerosis. Dr Morgan and his
colleagues, on p 251 this week, report a striking
reduction in levels of C9 (the final component of the
.MAC) in the cerebrospinal fluid (CSF) ofover 90% ofa
series of35 patients withmultiple sclerosis. Plasma C9
levels were within the normal range, suggesting that
C9 was being "consumed" within the central nervous
system, presumably by formation of complexes which
then bound to Schwann cell membranes. There is, as
yet, no direct evidence for a causal role ofcomplement
activation in the initiation or progression ofmultiple
sclerosis but it is instructive to note the much more

clearcut differences between MS patients and controls
in terms ofCSF C9 than ofCSF IgG levels—findings
that are bound to guide and stimulate further research
into the fundamental pathogenesis of the disease.
The great sensitivity stemming from the biological-

amplifier function of complement does have its
disadvantages. The mere action ofdrawing blood into a
syringe may trigger the activation sequence and may
encourage cell binding of complement components,
thus reducing their apparent serum levels. Several of
the intermediate products are so evanescent in vitro
'hat there is enormous scope for "handling" errors.
Wood samples must be taken with a minimum of
'rauma. They should be cooled at once and delivered to
'he laboratory as rapidly as possible. This aura of

Cooper N'R, PolleyMJ, Muller-Eberhard J. Biology ofcomplement. In: Talmage DW,
Rose B, Sherman WB, Vaughan JH, eds. Immunological diseases. Boston: Little,
Brown, 1971: 289-331.

{'lass D, Raum D, Gibson D, Stillman JS, Schur PH. Inherited deficiency ofthe second
component of complement: rheumatic disease associations. 7 Clin Invest 1976; 58:
853-61.

•^unello \ . Complement deficiency states. Medicine 1978; 57: 1-23.
^ own EJ. Frank MM. Complement activation. Immunology Today 1981; 2: 129-34.
1 uvhmann PJ, Peters DK. Complement. In: Lachmann PJ. Peter DK, eds. Clinical

JSPects of immunology. Oxford: Blackwell, 1982: 18-49.
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fragility that surrounds measurement of complement
components can be intimidating, but at least it
encourages a healthy respect for the careful collecting
and handling of laboratory specimens, an attitude
which is itself in considerable need of amplification.

MITOZANTRONE

MITOZANTRONE ('Novantrone', L.ederle) is a synthetic
anthraquinone with a fascinating pedigree. The parent
compound (ametantrone) was one of a series of dyes
synthesised by American Cyanamid Co in 1939 for use in the
fibre industry. During the 1970s it became apparent that this
compound was of biological interest since its structure
suggested the potential of DNA-intercalation.1'2 Among
further compounds synthesised simultaneously by Cheng
and colleagues3 and Lederle Laboratories4 was mitozantrone.
This drug is structurally similar to doxorubicin but lacks the
amino-sugar moiety postulated by Adamson' to be respon¬
sible for the cardiotoxicity of doxorubicin.
Preclinical studies showed activity against a wide range of

murine and human tumours, including breast cancer
(xenografts) and leukaemia. In beagle dogs cardiotoxicity
studies were encouraging and the cardiac lesions induced
with the anthracyclines were not seen with mitozantrone at
dose levels equitoxic to the bone marrow. Ultrastructural
changes seen with mitozantrone were unlike those seen with
doxorubicin.6 Although mitozantrone intercalates DNA this
is unlikely to be the sole mechanism of action since inactive
analogues have this property. DNA and RNA synthesis is
inhibited and cells are arrested in G2. Cell killing is more
complete in dividing than in resting cells.'
In phase I studies patients with solid tumours have been

given bolus doses of up to 14 mg/m2 every 3-4 weeks. The
dose-limiting toxic effect was reversible myelosuppression.
There was a notable lack of toxicity to the gastrointestinal
tract and heart, and little alopecia.
Phase I/II studies have explored higher doses (up to 33

mg/m2) in the treatment of haematological malignant
disease.8'9 Myelotoxicity was more troublesome but recovery
was seen after 21-28 days. Otherwise there were few toxic
effects—usually only mild nausea and partial alopecia. Vietti
et al,8 using a 21-day schedule, reported 3 complete remis¬
sions (CR) and 5 partial remissions (PR) in 15 children with
acute myeloblastic leukaemia (AML), but only one PR was
seen among 22 children with acute lymphoblastic leukaemia

1. Smith IA. Mitoxantrone (novantrone): a review of experimental and early clinical
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2. Double JC, Brown JR. Evaluation of the binding ofsome substituted anthraquinones
and naphthacenequinones to DNA. J Pharm Pharmacol 1976; 28: 166-69.

3. Cheng CC, Zbinden G, Zee-Cheng RKY. Comparison of antineoplastic activity of
aminoethvlamino anthraquinones and anthracycline antibiotics. J Pharm Sci 1979;
68: 393-95.

4. Murdock KC, Child RG, Eabio PF, et al. Antitumour agents 1.1,
4-bisl(amino-alkyl)aminol-9,10-anthracenediones. 7Med Chem 1979; 22: 1024-30.
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Despite early optimism the use ofaspirin has not been
shown to affect either the cartilage lesion or the clinical
syndrome.21
What of surgical treatment? About one-third of

patients will have symptoms of sufficient severity to
ensure surgical intervention.1 In theory, the procedure
should be aimed at correcting the cause of the disorder,
if this is demonstrable, but often the patient is treated
with a standard procedure without adequate
preoperative investigation. Many of the operations
undertaken are designed to realign the tracking of the
patella. The simplest of these is a release of the lateral
retinaculum and the lower fibres of vastus lateralis.
Insall2 reports an overall success rate ofabout 50% with
this procedure. It can be combined with advancement
of the vastus medialis,22 transposition of the tibial
tubercle,23 or reconstruction of the quadriceps
expansion in the form of a tube13 (for which a success
rate of81% has been claimed). Alternatively, the tibial
tubercle can be elevated to reduce patello-femoral
loading24 or the patella can be excised.
In the past patellectomy has often been used as a last

resort after multiple surgery and the results have been
poor. Bentley,1 however, claims an 82% success rate if
it is the primary procedure in adults with severe disease
and good quadriceps. Cartilage excision with drilling
of the subchondral bone and chondrectomy with
removal of the subchondral bone25 have both been

employed, the rationale being that the defect will be
filled with fibrocartilage which is biomechanically
preferable to the diseased articular cartilage. Finally,
the recent widespread use of the arthroscope has
reawakened interest in shaving of the cartilage lesion.
Bentley1 found the results disappointing but there are
now indications that the lavage that accompanies
arthroscopy is beneficial, though the effect in severe
disease is short-lived.14

NEW VIEWS ON HLA AND DISEASE

HLA antigens fall into two structural classes, I and II, both
of which are encoded by genes within a region on the short
arm ofchromosome 6 known as the major histocompatibility
complex (MHC). The name implies that the principal
function of the gene products is in self/non-self
discrimination, and HLA antigens were indeed first
encountered in the context of tissue transplantation.1
However, it is now recognised that, except perhaps in
pregnancy, where histocompatibility differences may be
important in regulating the relationship between mother and
fetus, the major role of HLA antigens is not to inhibit the

21. Bentley G, Leslie IJ, Fisher D. Effect of aspirin treatment on chondromalacia patellae.
Ann Rheum Dis 1981; 40: 37-41.

22. Hughston JC, Walsh WM. Proximal and distal reconstruction of the extensor

mechanism for patellar subluxation. Clin Orthop 1979; 144: 36-42.
23. Devas M, Grolski A. Treatment of chondromalacia patellae by transposition of the

tibial tubercule. Br MedJ 1973; 1: 589-91.
24. Maquet PG. Biomechanics of the knee with application to the pathogenesis and

surgical treatment of osteoarthritis. Berlin: Springer-Verlag, 1976.
23. Devas M, Grolski A. Treatment of chondromalacia patellae by transposition of the

tibial tubercle. Br MedJ 1973; i: 589-91.
I. Snell GD, Dausset J, Nathenson S. Histocompatibility. New York: Academic Press,

1976.

exchange of tissues between individuals but to serve as
recognition signals between cells of the immune system,
promoting interactions that are essential for the efficient
generation of an immune response whether humoral, cell
mediated, or both.-
Class I antigens comprise three series—HLA A, B, and

C—each of which has a separate locus within the MHC.
Their products are transmembrane glycoproteins of
molecular weight 45 kd, associated at the cell surface with a
smaller (12 kd) peptide, [)2 microglobulin. There are also at
least three loci encoding class II antigens. After a bewildering
succession of name changes, these are now officially
designated DP, DQ, and DR,3 and in each case the products
include both a and (3 glycoprotein chains of approximate j
molecular weights 34 and 28 kd respectively. The antigens
appear at the cell surface as non-covalently associated a [3
dimers.
Class II antigens are involved in antigen "presentation"

and are normally expressed on the surface ofonly certain cell
types. These include monocytes and macrophages whose
function is to ingest and process foreign antigens, commonly
in the form of invading organisms. The processed foreign
antigen is then "seen" by other immunocompetent cells
(principally helper-inducer T cells) together with self HLA
class II. Similarly, when a cell-mediated response is
generated, for example against a virus-infected cell, cytotoxic
T cells "see" the target antigen along with self HLA class I.
In both situations, the "histocompatibility" antigen is j
thought to provide a specific docking site to bring the ;
participating cells into very close physical apposition and
thereby to increase the potency of the interaction.
It follows from the foregoing interpretation of the

biological role of HLA antigens that changes in their tissue
expression may be associated, either causally or
consequentially, with disturbances of immune function, and
the pathogenicity ofseveral human disorders is now being re¬
examined in this light. One of the first has been autoimmune
thyroiditis (Hashimoto's disease), in which infiltration of the
thyroid by cytotoxic T cells has long been recognised.
Recently, Bottazzo and his colleagues at the ^Middlesex
Hospital have demonstrated that the thyroid cells in affected
glands express HLA class II antigens, whereas normal
thyroid epithelium does not.' The appearance ofboth class I
and class II antigens can be induced on antigen-negative cells
by several biologically active agents, including interferons,8,<)
and the essence of the Middlesex group's hypothesis is that
interferon, perhaps released as a consequenceofsymptomless
viral infection of the thyroid, induces the expression of class
II antigens on adjacent cells. The class II positive cells then

2. Van Rood J J, De Vries RRI\ Bradley BA. Genetics and Biology oft he HI.A system. In:
I)orf MH, ed. The role of major histocompatibility complex in immunobiology.
Chichester: John Wiley, 1981: 59-11 3.

3. Hodmer J. Bodmer W. Histocompatibility 1984. Immunol Today 1984; 5: 251-54.
4. Shackelford I)A, Kaufman JF, Korman AJ, Strominger JI.. HLA-DR antigens:

structure, separation of subpopulations, gene cloning and function. Immunol Rev
1982; 66: 1 33-87.

5. Zinkcrnagel RM, Doherty I'C. MHC-rcstricted cytotoxic T cells: studies on the
biological role of polymorphic major transplantation antigens determining T-ccll
restriction specificity functions and responsiveness. Adv Immunol 1980; 27:
51-177.

6. Gonwa TA, 1'eterlin BM, Stobo JD. Human Ir genes: Structure and function. Adv
Immunol 1983; 34: 71-96.

7. Bottazzo GF, I'ujol-Borrell R, HanafusaT. Role ofaberrant HLA-DR expression and
antigen presentation in induction of endocrine autoimmunity. Lancet 1983; ii:
1115-17.

8. Heron I, Hoklund M, Berg_K-_£nhanced expression of/J. incroglobulin and HLA
antigens on human lymphoid cells by interferon. Proc Nat!AcadSci USA 1978; 75:
6215-19.

9. Robbins PA, Brodsky FM. Warner NL, Maino VC. Induction of class II antigens on
monocytes cultured with gamma interferon. Dis Markers 1984; 2: 267-79.
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"present" normal thyroid constituents as antigens and'jo
trigger the autoimmune response.10 a
More recently another London group has reported thai

HLA class I antigens are expressed on striated muscle jd
several varieties of muscular dystrophy (Duchenne, Becker
Emery-Dreifuss, limb girdle, and facioscapulohumeral) and
in inflammatory myopathies but not on healthy muscle tisai'e
nor in congenital muscular dystrophy or spinal muscular
atrophy.11 Now Dr Nagafuchi and colleagues, on p 551 ofthk
issue, describe the appearance of microglobulin (and,iby
implication, class I HLA) on hepatocytes in cases of major
bileduct obstruction and after liver transplantation,
particularly during episodes of threatened rejection. Their
work extends earlier reports that class I antigens are absent
from liver cells in health but may be expressed in the courseof
inflammatory disease.12,13 An identical interpretation of the
findings is offered by the two groups—namely, that display of
class I antigens renders the tissue (muscle or liver) susceptible
to T-cell-mediated attack, which is a major element in the j
observed pathological processes. :f' !
The converse situation—ie, disappearance of HLA

antigens, or a major reduction of their expression—has long
been favoured as a possible mechanism whereby malignant
cells may escape "immunological surveillance". The
evidence, however, at least for human malignancies, is as yet
insubstantial.14 16 The emergence of HLA antigens intoa
wider arena than that provided by the rather circumscribe
discipline of transplantation surgery has been a gradual j
process and there is undoubtedly much still to be discovered *

about the part they play in disease. It is certainly too early to ;
reach firm conclusions about the hypotheses currently being :
proposed. Crucial data are still lacking. For example, in most 1
recent studies, antigens have been detected by means uf I
antibodies directed either against an associated invariant
molecule (/?, microglobulin) or against "framework"
determinants common to the majority of antigens of a given
class. We do not know, therefore, which or how many ofa
parallel series of antigens are being expressed, yet such
information could be of enormous value in clarifying
differences of function between the products of HLA A, B,
and C or DP, DQ, and DR loci. • Tf
Another unresolved issue is just how much antigen a given

cell ought normally to express and how that relates to the
limits ofdetection by different methods. It is disturbing that, 1
while modern immunohistochemical techniques reveal no jHLA antigens on several healthy tissues, the finding has not i
been reconciled formally with absorption studies
demonstrating HLA (albeit indirectly) on virtually all
nucleated cells.2,1' Cytological methods for detection of the

antigens (complement-dependent cytotoxicity, immuno¬
fluorescence, or enzyme-linked immunoassays) are highly
sensitive but, for the most part, they are not quantitatively
accurate. This is even more true of immunohistochemical
techniques applied to frozen or fixed tissue sections. They
usually involve the building up of multilayered antibody
"sandwiches" with amplification steps incorporated into one
or more of the layers. The quantity of final reaction product
visible on the slide then depends as much on the effectiveness
ofamplification as on the amount oforiginal antigen present.
In these circumstances, scrupulous attention to
methodological controls is essential. Any series of sections
should include at least one that has been through the
complete sequence of processing steps, differing from the
experimental set only by the substitution of an irrelevant
antibody (monoclonal or conventional, as appropriate)
matching the test reagent for species of origin, as the first
layer of the sandwich. Without such obsessional attention to
detail, investigators may be misled by the very power of the
techniques now available to them.

10. Pujol-Borrcl! R, Hanafusa i , Chiovato L, Bottazzo GF. I.ectin-induced expression of
DR antigen on human cultured follicules thyroid cells. Salttre 1983; 304: 71-73.

11. Applevard ST, Dunn Mj, Dubou-itz V, Rose MI.. Increased expression ofHLA-ABC
class I antigens by muscle fibres in Duchenne muscular dystrophy, inflammatory
myopathy and other neuro-muscular disorders, /.attcet 1985; i: 361-63. ' ■

13. Daar AS. I-ugglc SV, Fabre JVC*, ling .A, Morris I'J. The detailed distribution ofHLA-
A.B.C, antigens in normal human organs. Transplantation 1984; 38: 287-92.

13. Montano I., Mcischer GC, Goodall AH, et al. Hepatitis B virus and HLA antigen
display in the liver during chronic hepatitis B infection. Hepatology 1982; 2.
557-61.

14. Albert I:. Gotze D. The maior histocompatibility system in man. In: Gotze D, ed The
major histocompatibility system in man and animals. Berlin: Springer Verlag, 1977-
7-77. ":e
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context of major histocompatibilitv complex restriction of T cell function. Ato
Cancer Res 1984; 42: 1-65.

17. Svejgaard A, Hauge M, Jcrsild C, I'latz P, Ryder 1.1', Siaub Ncilson L, Thomson M-
The HLA system: an introductory survev. Basel: Larger, 1975.
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need special treatment; but direct challenge with acid
drinks and histamine inhalation is too complex a

screening test for those at risk. The best strategy may be
to consider gastro-oesophageal reflux as a possible
exacerbating factor in any child whose asthma or severe
nocturnal symptoms are unresponsive to medical
treatment in full dosage.

Help for T cells
THE principle underlying vaccination—that is,

exposure to a particular antigen in order to elicit a
specific immune response to the same and to related
antigens—is ancient, widely applied, and almost
universally approved. By contrast, non-specific
"pharmacological" stimulation ofthe immune system,
though advocated in various forms for many decades,
still has no assured place in orthodox therapy. Many
consider George Bernard Shaw to have had the last
word on the subject when he lampooned Sir Ralph
("Stimulate the phagocytes") Bloomfield-Bonington
in The Doctors Dilemma. Those who take a less
dismissive view can point to a substantial body of
evidence from in-vitro experiments and work in
animals, and even the occasional dramatic clinical
response, to suggest that there is something of real
value in the idea of non-specific immune stimulation.
They would argue that the practical difficulty lies not
in identifying immunostimulatory agents or "factors",
ofwhich there seem to be a greatmany, but in matching
one or more of these to the precise needs (deficiencies)
of the individual patient.
Most modern work on enhancement of immune

function is concerned less with phagocytes than with
lymphocytes, and particularly with T cells, which have
a pivotal role in the integrated immune response.1
Their performance can be measured in vitro in terms of
proliferative response to mitogens, the ability to lyse
target cells, and the production of soluble lympho-
kines, including those that help B cells to increase the
output of antibody. It is more difficult to quantify
changes in immune function in vivo but increases in
the numbers of circulating lymphocytes and in
immunoglobulin levels, the development of positive
type IV ("delayed") hypersensitivity skin reactions,
and, less commonly, evidence of tumour regression,
have all been used as tests of the efficacy of immune
stimulants.
There are two broad classes ofagent that consistently

give positive results in at least some of these assays-
adjuvants and humoral factors. They are collectively,
and inelegantly, known as "biological response
modifiers".2 Adjuvants may be immunogenic in their
own right, the best-known examples being the waxy
cell walls of gram-negative bacteria such as Myco¬
bacterium tuberculosis or BCG, Bordetella pertussis, and
Corynebacterium parvum. Mineral oils and certain
mineral aggregates such as silica or kaolin also enhance
!. BroderS,Muul L, WaldmannTA. Suppressor cells in neoplastic disease. JNat!Cancer

Inst 1978; 61: 9-11.

the response to concurrently administered antigen;
Freund's adjuvant, much favoured in immunological
research, is a suspension ofM tuberculosis in mineral
oil. All these preparations seem to work in several ways.
They attract macrophages to the site of injection,
thereby enhancing antigen processing and presen¬
tation, but they also affect the rate of dispersal of
injected antigen and many have additional direct
stimulatory effects on some classes of lymphocyte.
Lymphocyte stimulation seems to be the principal
mode ofaction ofa further series ofotherwise unrelated
adjuvants including synthetic polynucleotides,
vitamin A, and the anthelmintic drug levamisole.3'5
Most "biological response modifying" humoral

factors are actually produced by participating lympho¬
cytes in the course of an immune response and their
existence has been inferred from both experimental
and clinical observations dating back for many years.
"Transfer factor", for example, which was in vogue in
the 1960s, was probably a mixture of lymphokines.2,6
Interest in these substances is now undergoing a revival
as more and more of them are being purified,
sequenced, and even synthesised by molecular cloning.
There is, for example, a family of hormones isolated
from, or originating in, the thymus and given names
such as thymosin, thymopoietin, and thymostimulin.
Since they are produced by epithelial cells rather than
by lymphocytes, they are not strictly lymphokines but
their biological role is to induce maturation,
differentiation, and proliferation of T cells.
Chemically they are peptides of low molecular weight
(below 10 000).' All the lymphokines analysed to date
are also relatively small peptides. Their system of
nomenclature.is still confused since individual factors,
defined biologically, have a disconcerting habit of
turning out to be chemically heterogeneous. Neverthe¬
less, a few are now very well characterised, particularly
"interleukin 2" (IL,), the principal component of "T
cell growth factor".8,9 It is a partly species-specific
peptide of molecular weight 15 000, secreted mainly
by antigen-stimulated or mitogen-stimulated T helper
cells, and will sustain the growth and function of all
classes of lymphocyte, provided that these have been
activated beforehand; in the case of T cells the
activation and induction of IL2 receptors is mediated
by antigen plus interleukin 1 (IL(), a product of
monocytes and macrophages. Defects in production of,
or response to, IL, have been suggested as the basis for
various immunological disturbances, and therapeutic
trials of purified or biosynthetic IL2 have been
2. Roitt I, Brostoff J, Male D. Immunology. Edinburgh; Churchill Livingstone, 1985:

18-5-18-6.
3. Weir DM, ed. Handbook of experimental immunology, 3rd ed. Oxford: Blackwell,

1978.
4. Klein J. Immunology: the science of self-nonself discrimination. New York: John

Wiley, 1982.
5. WoodrutTMFA. The interaction of cancer and host: Its therapeutic significance. New

York: Grune and Stratton, 1980.
6. Lawrence HS. Transfer factor. Adv Immunol 1969; 11: 195-266.
7. Trainin N, Pecht M, Handzel ZT. Thymic hormones: inducers and regulators of the

T-cell system. Immunol Today 1983; 4: 16-21.
8. Altmann A. T-cell growth factor (interleukin-2). Immunol Today 1981; 2: 1-3.
9. Gullber M, Ivarsa F, Coutinho A, Larsson E. Regulation of T cell growth factor

production: arrest of TCGF production after 18 hours in normal lectin-stimulated
mouse spleen cell cultures. J Immunol 1981; 127: 407-11.



THE LANCET, DECEMBER21 /28,1985 1401

undertaken in patients with primary or acquired
immunodeficiency states, including recipients ofbone
marrow grafts. Infusion of IL2, in some cases together
with "killer" lymphocytes activated in vitro with IL2,
has also been tried in a few patients with cancer and,
inevitably, in AIDS. Therapy has been limited by
toxicity, notably fever, malaise, thrombocytopenia,
fluid retention, and disturbance of liver function, while
the benefits so far have been inconsistent and
unpredictable. The situation is reminiscent ofthe early
days of interferon (IFN) therapy—which is hardly
surprising since interferons are themselves
lymphokines and the biological effects of IL2 probably
depend to a large extent on interactions with IFN-y and
other humoral factors.10"14
Even if abnormally low levels of a specific lympho-

kine, such as IL2, can be demonstrated in a particular
clinical setting, it is impossible at present to determine
whether this is cause, effect, or a bit of both. It is,
however, unlikely to be an isolated abnormality. Since
interaction is the very essence of the immune system, .

we should not be surprised at the emerging evidence of
complexity in the sphere of lymphokines. We should
recognise that it is unrealistic to expect dramatic
therapeutic results at this stage but unwise to discount
the future clinical relevance of this line of research.

EXTRACRANIAL TO INTRACRANIAL BYPASS AND
THE PREVENTION OF STROKE

IT is difficult to evaluate prophylactic treatments that have
modest, and yet clinically useful, effects on some distant
outcome. This, along with therapeutic optimism on the part
of doctors and a desire to have something done on the part of
patients, has led to the widespread use ofunproven and often
ineffective treatments. Worse still, lack of proper evaluation
can lead to abandonment of effective treatments when
something new looks, in theory, more promising. Nowhere
are these dilemmas more conspicuous than in the prevention
ofstroke. All we know for certain is that the risk ofstroke can
be reduced by detection and effective treatment of
hypertension, although there is a price to pay in unwanted
effects of drug therapy.1 There is some evidence that, after
transient ischaemic attack (TIA) and minor ischaemic stroke,
long-term aspirin reduces the risk of stroke and serious
cardiovascular events.2 What the dose ofaspirin should be,5
and whether it reduces the risk of disabling as well as mild
strokes is uncertain. Dipyridamole is widely prescribed but
has nothing to offer over and above aspirin alone in TIA

it'. Grimm EA, Rosenberg SA. Production and properties of human IL_,. In: Faihman G,
Fitch F, eds. Characterisation and utilisation ofT lymphocyte clones. New York:
Academic Press, 1982: 57-82.

11. Gillis S, Mochizuki DY, Conlon PJ, et al. Molecular characterisation of interleukin 2.
Immunol Rev 1982; 63: 167-209.

12. Kolitz JE. Welle K, Sykora K-W, Mertelsmann R. Interleukin 2: a review. Arzneimittel
Forsch (Drug Res) 35: 1607-15.

13. Krammcr PH, Hamaan U, Hultner L, et al. The activity of lymphokines secreted by
normal and malignant T cells. Sent in Immunopaihol 1984; 7: 291-98.

14. Rosenberg SA, LoizeMT, Muul LM, et al. Observations on systemic administration of
autologous lymphokine-activatcd killer T-cells and recombinant intcrleukin-2 to
patients with metastatic cancer. N EnglJ Med 1985; 313: 1485-92.

1. Editorial. Treatment of hypertension: the 1985 results. Lancet 1985; ii: 645-47.
2. Dyken ML. Editorial: Transient ischemic attacks and aspirin, stroke and death;

negative studies and type II error. Stroke 1983; 14: 2-4.
3. Hirsh J. Progress review: The relationship between dose of aspirin, side-effects and

antithrombotic effectiveness. Stroke 1985; 16: 1-4:
4. American-Canadian Co-operative Study Group. Persantine aspirin trial in cerebral

ischaemia Part II: endpoint results. Stroke 1985; 16: 406-15.
5. F.aston JD, Sherman DG. Management ofcerebral embolism of cardiac origin. Stroke

1980; 11: 433-42.
6. Warlow CP. Carotid endaricrectomy: does it work? Stroke 1984; 15: 1068-76.

patients;4 anticoagulation is often used in patients with a
cardiac source of embolism, but the ratio of risk to benefit is
very unclear;5 while carotid endarterectomy has never been
properly evaluated6 despite the fact that it is now said to be
(apart from coronary bypass) the commonest vascular
surgical procedure in the USA, where nearly 100 000 such
operations are done every year.7 The quickest, most accurate,
and most believable method to evaluate suggested treatments
in this context is the randomised clinical trial with a sufficient
number of patients to get a reasonable estimate of any
benefit—and we have known this for 20 and more years.8 For
the prevention of stroke, this methodology has been
embraced by physicians—and is probably why we know so
much about the effect of treating hypertension—but either
ignored or rejected by surgeons. It is therefore to the very
great credit of the neurosurgeons, who in the past have been
slow to do clinical trials,9 that they have combined with
neurologists and statisticians to evaluate properly another
proposed prophylactic treatment which is already being
commonly used around the world, the extracranial to
intracranial (EC-IC) bypass.
About 10% of patients with carotid-distribution TIA or

mild ischaemic stroke have atheromatous occlusion or

inaccessible stenosis of the symptomatic internal carotid
artery (ICA) or middle cerebral artery (MCA).10 They are at
particular risk of ipsilateral ischaemic stroke but, since they
almost always have widespread atheromatous vascular
disease, they are also liable to have strokes in other territories
and cardiovascular incidents. These arterial lesions cannot be

operated on directly (carotid endarterectomy being
technically possible only if the ICA stenosis is accessible at its
origin) but they can be bypassed; a branch of the external
carotid artery (ECA), usually the superficial temporal but
sometimes the occipital, is taken through a burr hole and
anastomosed to a cortical branch oftheMCA on the surface of
the brain. This surgical collateral may, in theory, improve
blood flow distal to the inaccessible or inoperable arterial
lesion, protect the brain from ischaemic damage, and perhaps
enhance the fragmentation of any emboli that arrive from
proximal thrombi. On the other hand, there is a risk ofstroke
or even death as a result of the procedure; the bypass could
actually facilitate the passage of emboli from proximal sites
such as the ECA origin, aortic arch, or heart; and the
disturbed flow dynamics in the MCA bed may increase the
chance ofMCA occlusion.
Here, then, is a classic therapeutic dilemma—a technically

feasible operation looking for an indication, patients who
seem to need it, theoretical arguments in favour and against,
small case-series reported by enthusiasts, and typically
conservative and doubtful physicians dragging their feet. We
are indeed fortunate that the EC-IC Bypass Study Group
took up the challenge in 1977, was funded to the tune ofnine
million dollars by NIH to meet it, and has now reported what
must be a landmark trial in the assessment of any surgical
procedure and certainly in the surgical prevention of
stroke.11,12 The trial design and discipline were exemplary.
7. Dyken ML, I'okras R. The performance of endartcrectomy for disease of the

extracranial arteries of the head. Stroke 1984; 15: 948-50.
8. Peto R, Pike MC, Armitage P, et al. Design and analysis of randomised clinical trials

prolonged observation of each patient. 1. Introduction and design. Br J Cancer
1976; 34: 585-612.

9. Haines SJ. Randomized clinical trials in the evaluation of surgical innovation. J
Neurosurg 1979; 51: 5—11.

10. Warlow CP. Transient ischaemic attacks. In: Matthews WB, Glaser GH, ed. Recent
advances in clinical neurology 3. Edinburgh: Churchill Livingstone, 1982:
191-214.

11. The EC/IC Bypass Study Group. The international cooperative study of
extracranial/intracranial arterial anastomosis (EC/IC Bypass Study): methodology
and entry characteristics. Stroke 1985; 16: 397-406.
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Who Will Get AIDS?

AT the International Conference on AIDS1 held in
Paris in June of this year, almost a thousand papers
and posters were presented. The cumulative effect
was to confirm the impression gained from published
and anecdotal evidence that on theAIDS front there is
good news and bad. The good news is that, among
some high-risk groups, spread ofHIV infection at last
shows signs of coming under control, both in male
homosexuals in several regions of the USA" and in
recipients of blood transfusions or blood products.56
The former seem to be responding to intensive
educational publicity by changes in lifestyle, spe¬
cifically by adoption ofsafer sexual practices, while the
latter are almost certainly benefiting from effective
screening of blood donors7-8 and, in the case of
haemophiliacs, from heat treatment of factors VIII
and IX.9
The bad news has twomajor components..First, the

overall perception of risk as expressed in the
prediction that only some 10% of HIV-infected
individuals will progress to AIDS10 now appears to
have been too optimistic, largely because estimates of
themean incubation period forAIDS are having to be
revised upwards. In fact, cohort studies of initially
healthy HIV-seropositive subjects generally show no
decline in the rate of accumulation of new

symptomatic cases even over follow-up periods in
excess of fours years.11-13 Admittedly these findings
should be interpreted with caution since the most
complete (or least incomplete) data are drawn from the

i. Anon. AIDS. Lancet 1986; ii: 51.
CDC update. Acquired immunodeficiency syndrome, United States. MMWR 1986;

15: 17-21.
>• Winkelstein W, Wiley J, Lang W, et al. Reduction in AIDS virus transmission:

seroconversion in San Francisco, 1982-85. Presented at AIDS conference, Paris,
1986.

4. WilsonMB, Scott WA, Sumrall MK, et al. Impact ofan AIDS risk reduction program
in Houston (Texas, USA) 1982-85. Presented at AIDS conference, Paris, 1986.

5- Gatenby PA, Garsia RJ, Rickard KA, et al. Australian haemophiliacs longitudinally
evaluated for HTLV III infection—clinical, immunological and serological study,
1983-86. Presented at AIDS conference, Paris, 1986.

6. Breederveld C, Goudsmit J, Smit L, et al. Prevention ofLAV/HTLV III infection in
Dutch haemophiliacs: effect of donor selection and heat treatment of coagulation
factor concentrates. Presented at AIDS conference, Paris, 1986.

Pindyck J, Waldman A, Hosein B, et al. Prevalence of antibodies to HTLV III/LAV
umong blood donors in New York. Presented at AIDS conference, Paris, 1986.
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9. Editorial. Safer factor VIII and IX. Lancet 1986; ii: 255-56.

earliest identified high-risk cohorts, namely male
homosexuals, and it is by no means certain that the
pattern ofHIV-related disease will be the same for all
risk groups.

Second, there is growing anxiety over the role of
heterosexual contact in transmission of the virus.14-15

Although this route of infection has been recognised
almost from the first description of the syndrome, it
has accounted for only a small percentage of AIDS
cases and of seropositive individuals, except in certain
parts of Africa.16"19 Several studies from Europe and
the USA, however, now suggest that the importance
of heterosexual transmission may have been
underestimated.21"3 The issue is bedevilled by
unanswered questions. Why are there such striking
differences between Africa and the rest of the world in
the mode of spread ofHIV? Are different viral strains
involved? Is the pattern now changing in theUSA and
Europe or was our view of the epidemiology ofHIV
infection formerly distorted by preoccupation with
specific high-risk groups? If we are now seeing a
change, is this because the virus is undergoing
adaptation or because an "African" strain is
spreading, or because changes in human behaviour
have redistributed the relative risks of infection?
Whatever the answers, if heterosexual transmission is
more than a rare occurrence, prospects for containing
the spread of the virus must be depressingly remote,
not least since, in many countries, it has already
become established among drug abusers who
frequently turn to prostitution to finance their
addiction.17-19
Even if the most optimistic forecasts about the

spread ofHIV are fulfilled, patients already identified
as seropositive constitute a serious clinical problem in
virtually every major centre of population in the
world. At present it is simply not known how many of
them will get AIDS. Several longitudinal studies are
in progress with the aim of identifying the very earliest
signs that mark inevitable progression towards any
of the protean manifestations of the syndrome.
Recognition of such signs will be crucial, not only to a
better understanding of the pathogenesis ofAIDS but
also to the selection of patients for experimental
therapy, whether antiviral, immunosupportive, or
both, before tolerance of the treatment and chances of
response have been impaired by debility.
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There are suggestions that susceptibility to AIDS
may have a genetic component linked to alleles of the
HLA system,24-26 but the strength of any such
association has yet to be tested in large-scale surveys.
Much more effort is being directed towards
measurement of immune "competence" on the very
rational basis that destruction ofT "helper" cells, and
hence disruption of most immune functions, is a
hallmark of symptomatic AIDS, almost certainly as a
direct consequence of the cellular tropism ofHIV.17-27
The difficulties lie in deciding at what stage
immunological disturbance becomes serious and
which tests are most informative. There is much
evidence that impaired immune function can predate
HIV infection28 and indeed may be a factor
influencing the likelihood, first, of seroconversion29
and, later, of progression to symptoms.30 Newborn
infants, for example, with their immature immune
systems, appear to be especially susceptible to AIDS,
and in them the syndrome tends to run a
characteristically rapid course.17-31-32 Nevertheless, the
prognosis for HIV-infected infants is not believed to
be uniformly bad,3334 while among seropositive adults
a substantial proportion evidently remain symptom-
free for several years despite deficiencies in numbers
of circulating T4 (helper) cells,30-35 in skin-test
reactions to "recall" antigens,36 or in lymphocyte
responses to mitogens in vitro.37 Not surprisingly,
most longitudinal studies concur that stable results on
repeat testing, even if abnormal, give grounds for
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cautious optimism, whereas a downward trend means f
the reverse.17-30-38-39

Among themany tests that are claimed, by different
groups, to be of special prognostic significance are
measurements of the specific cellular response toHIV. :

antigen;40 antigen-stimulated gamma-interferon 1
production;41 numbers of circulating lymphocytes'
bearing a combination of surface markers recognised 1
by "CD8" and "Leu7" monoclonal antibodies,42-43
lymphocyte responses to pokeweed mitogen,44 or

antilymphocyte antibodies in serum.45 The scale of the ;

clinical problem worldwide imposes very exacting
requirements on any predictive test, or battery of tests.:'
They must be simple to do and interpret; they should
have to be repeated only infrequently, if at all; they
should identify patients at special risk long before
symptoms ofAIDS supervene; and they should have
very low error rates (either false-positive or false- ,

negative). Most current research studiesmust seem, at '
least to the non-immunologist, to fall short ofmeeting
the first of these criteria, but if they can provide some J
definite leads, as they almost certainly will, practical
applications will follow with astonishing speed.

Catatonia

"Catatonia is a term applied to a symptom ofmental
disease in which the patient... behaves verymuch like
a statue. Catalepsy is a term applied to a nervous ::
affection characterised by the sudden suspension ofi
sensation and volition, accompanied by a peculiar -

rigidity of the whole, or of certain muscles, of the
body. The subjects... are inmost instances females of
highly nervous or hysterical temperament. The
exciting causes are usually mental emotion or
prolonged depression. Catalepsy is sometimes
associated with epilepsy and with grave forms of .

mental disease."1 Are these definitions accurate?
Catatonia was originally described by Kahlbaum as /

a mental disturbance in which, after a long period of
slackening interest, apathy, lack of concentration, and
38. Schwartz K, Visschcr BR, Detels R, Taylor J, Nishanian P, Fahey JL. Immunological -

changes in lymphadenopathy virus positive and negative symptomless male
homosexuals: two years of observation. Lancet 1985; ii: 831-32.

39. Melbye M, Biggar RJ, Ebbesen P, et al. Long-term seropositivity for human T
lymphotropic virus type III in homosexual men without the acquired
immunodeficiency syndrome: development of immunological and clinical
abnormalities. A longitudinal study. Ann Intern Med 1986; 105: 234-37.

40. Wahren B,Morfeldt-Manson L, Biberfeld G, et al. Impaired specific cellular response
to HTLV III before other immune defects in patients with HTLV III infection.
N EnglJ Med 1986; 315: 393-94.

41. Murray HW, Hillman JK, Rubin Y, et al. Patients at risk for AIDS-related
opportunistic infections. Clinical manifestations and impaired gamma interferon
production. N EnglJ Med 1986; 313: 1504-10.

42. Prince HE, Kreiss K, Kasper CK, et al. Distinctive lymphocyte subpopulation
abnmormalities in patients with congenital coagulation disorders who exhibit
lymph node enlargement. Blood 1986; 66: 64-68.

43. LewisDE, Puck JM, Babcock GF, Rick RR. Disproportionate expansion ofaminorT
cell subset in patients with lymphopathy syndrome and acquired
immunodeficiency syndrome. J Infect Dis 1985; 151: 555-59.

44. Hoffmann B, Lindhart BO, Gerstoft J, et al. The lymphocyte response to PWM is
highly predictive for the development of clinical symptoms in HTLV III
antibody-positive individuals. Presented at AIDS conference, Paris, 1986.

45. Cronin W, Dorsett B, Chuma V, Ioachim HL. Prognostic significance of anti-
lymphocyte antibodies (ALA) in serum of patients with AIDS and ARC.
Presented at AIDS conference, Paris, 1986.

1. Thomson WAR. In: Black's medical dictionary. London: Adam and Charles Black,
1979: 172.



92 THE LANCET, JANUARY 16, 1988

Molecular Mechanisms in Familial
and Sporadic Cancers

MALIGNANCIES inherited as mendclian dominant
conditions are rare but may aid understanding of
mechanisms underlying common "sporadic"
tumours. The seminal hypothesis of Knudson,
referring particularly (though not exclusively) to
retinoblastoma, proposed that at least two
independent mutations ("two hits") arc necessary for
expression of the malignant phenotype. In familial
cases, the first mutation is inherited in the germ line
and hence is already present in every cell. Tumour
development then requires only one further specific
event in any single cell of the appropriate tissue.
Sporadic tumours of the same histological type arise

only when the two events occur de novo in the same
cell. Developments in somatic cell genetics have
illuminated the scene by showing that the two hits
almost certainly affect the same locus on a homologous
pair of chromosomes, so that both copies of a
particular gene (designated Rb in the case of
retinoblastoma) are damaged or deleted.12
The evidence emerged in three distinct phases.

First, the observation that in some families with
retinoblastoma the disease is inherited along with a
visible lesion in the long arm (q) of one of the
chromosome 13 pair. Although the structural
aberration varies in extent from one family to another,
the region defined as band q 14 is always involved.3
Next, the gene encoding a polymorphic enzyme,
esterase-D, was shown to be located at 13q 14 and to be
in tight genetic linkage with familial retinoblastoma,
irrespective of the presence or absence of a visible
chromosome aberration, confirming that the. Rb gene
itselfmaps to the same region. Loss ofone copy of tire
estcrase-D gene was found to occur frequently in
sporadic as well as familial tumours, which suggests
that the underlying molecular event was the same in
both forms of the disease.4 Third, a series of DNA
probes became available defining restriction fragment
length polymorphisms (RFLPs) very close to the Rb
gene. Analysis with these and other genetic markers
strengthened the inferences drawn from esterase-D
analysis, including the suggestion that in most
instances tire second hit involves deletion of die
residual normal Rb allele and that this is often brought
about through loss of a complete chromosome 13 by
mitotic non-disjunction.5-6
A very similar sequence of clinical, cytogenetic, and

molecular steps has led to identical conclusions in
respect of familial and sporadic Wilms' tumours
(nephroblastoma) and the associated embryonal
maliganancies hepatoblastoma and rhabdomyo¬
sarcoma, but in diese conditions the implicated gene
maps to the short arm (p) of chromosome 11 A10
Evidence that an observed chromosome loss or

specific gene deletion is a second hit, rather than
the sole cause of a tumour, stems chiefly from
Knudson's mathematical treatment of the process of
oncogenesis.2 In some familial tumours the inherited

germ-line gene defect and die acquired deletion of the
homologous normal region in the tumour tissue can be
identified independently.3 However, in virtually all
sporadic cases direct confirmation of the second hit
hypothesismust await identificaton and sequencing of
the actual gene involved when, it is confidently
predicted, any copy (or copies) remaining in tumour
tissue will be shown to be structurally and functionally
abnormal.
The term anti-oncogcne was introduced to describe

DNA sequences that seem to behave as dominant
repressors ofmalignancy1112 and the question arises as
to how widespread their involvement may be in
human cancers. Since, by definition, both alleles must
be inactivated before a tumour will develop, and since
one common mechanism for inactivation is deletion of
the whole or a substantial part of a chromosome, a
search for regions of the genome consistently deleted
in tumour tissue is a rational approach to the
identification of new anti-oncogenes.
The most widely applicable method for identifying

such deletions is the demonstration of loss of
heterozygosity; meaning that when a patient's somatic
tissue (normally blood leucocytes or a cell-line derived
from them) possesses two distinct alleles at a given
locus, only one of the alleles is present in his tumour
cells. If loss ofheterozygosity can be shown for a series
of loci known to be physically linked within die
genome, then a substantial chromosome deletion can
be inferred. Positive results from studies of this type
have been reported in acoustic neuroma/meningioma,
for which the putative anti-oncogene is assigned to
chromosome 22,13 in breast cancer, for which one

group reports deletions of chromosome 1314 whereas
another implicates the short arm of chromosome ll,15
and in lung cancer, where the deletion is on
chromosome 3 at p21,16 In colon cancer, two separate
locations have also been proposed—the short arm of
chromosome 1717 and die long arm of chromosome
5.18 This list is by no means exhaustive and is expected
to continue growing rapidly.
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When a tumour occurs in both familial and sporadic
forms, as is clearly true for retinoblastoma and Wilms'
tumour, mapping of the gene involved in hereditary j
cases may direct attention to a specific chromosome
upon which the search for deletions in material from
sporadic tumours can be concentrated. This was the
strategy adopted in two recent studies of colon

cancer.'1'-2" A single case-report was published of a
patient with an interstitial deletion of 5q who had, in
addition to various developmental disorders, multiple
adenomatous polyps of the large bowel without
previous family history.21 This observation suggested
that the gene for familial adenomatous polyposis
(FAP, an autosomal dominant disorder in which one
or more of the colonic polyps almost invariably
progresses to carcinoma) might lie on that
chromosome arm. Linkage analysis was undertaken
with a series ofDNA probes defining RFLPs on 5q in
members ofaffected families; one group relied heavily
on the polyposis register at St Mark's Hospital,
London, and the odicr identified patients from the
University ofUtah Medical Center. One of the probes
identified a locus which, although informative in only
a minority of families, was so tightly linked to the
disease that it provided convincing evidence for
localisation of the FAP gene to the region ofband 21 or
22 on 5q.19'" In a parallel study, loss ofheterozygosity
was demonstrated for a region close to the tip of 5q in
about 20% of spontaneous colon cancers.18 This
phase of the project, like the other colon cancer study
mentioned above,17 depended heavily on die
availability of a new class of probe—the site-specific
mini-satellite—which recognises a cluster of
sequences so variable in number drat virtually
everyone is heterozygous for die corresponding
locus.22

Of course it is necessary to scan several different
chromosomal regions before concluding dtat deletions
are concentrated at a specific site, but until lately die
scope for such scanning was limited by die availability
ofsuitablemapped polymorphisms. It happens drat in
the two independent investigations of colon cancer,
neither group examined dre chromosomal region
identified by the odrcr as being important.1718 The
same is unfortunately true of die two breast cancer
studies.141"' This state of affairs is, however, a
temporary hiatus, given die rapid rate of increase in
numbers ofmapped polymorphic markers. The first
genetic linkage map of the human genome, now-
compiled,23 may leave substantial room for further
refinement,24 but still represents an immensely
powerful tool for research not only in the cancer
sphere but also in every aspect of human genetics.
Itmight be unwise to predict that one or other ofdie

rival locations proposed for colon and breast cancer
anti-oncogenes must soon be proved wrong, bearing
in mind diat Knudson's two hits represent a minimum
estimate of the number of genetic events involved in

tumorigenesis.25 In any case, localisation is not an end
in itself. Apart from its obvious value for genetic
counselling it is merely a stage in the process of
unravelling gene structure and function. Since the
concept of anti-oncogenes arose from studies on
retinoblastoma, it is fitting to record that no less dian
three groups have now reported significant progress in
the isolation and characterisation of the Rb gene
itself.2628
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RISK FACTORS IN GENERAL

In common with many neoplasms, the incidence of breast cancer

increases with age (Doll 1975). It is slightly higher in socio-economic

classes I and II (Kelsey 1979) and in North American and European women

compared to African and Asian women (Waterhouse et al 1976).

The behaviour of the ovary appears to play a central role in the

aetiology of breast cancer, several studies showing that early age of

menarche (below 14 years) and late age of menopause, increase the risk

(Craig et al 1974; Stajewski 1971; Brinton et al 1979; Trichopoulos et al

1972). The effects of pregnancy are less clear; child-bearing appears

protective if the first child is born before the age of 30, although

bearing more than five children again increases the risk (Brinton et al

1979; Duffy et al 1983; Wainwright 1931; McMahon et al 1970; Adami et

al 1978). Alterations of the hormonal environment, as in prolonged use

of oral contraceptives or postmenopausal oestrogens, do not appear to

affect risk in most recent studies but this remains a controversial issue

(Brinton et al 1979; Vessey et al 1979; 1981; 1982; RCGP report 1981;

Moore et al 1983). Artificial menopause, for example by oophorectomy, is

reported to be protective; the earlier it is performed the greater the

reduction in risk (Lilienfeld 1956; Feinleib 1968).

Past medical history is of particular importance in the assessment of

risk. A previous diagnosis of cancer in one breast significantly

increases the likelihood of developing a second primary tumour in the

other (Lewison and Nato 1971; Storm and Jensen 1986). Many studies have

suggested that a history of benign breast disease, particularly if a

biopsy was performed, increases risk (Donnelly et al 1975; Monson et al

1976; Hutchinson et al 1980) although this has been disputed (Brinton et

al 1979; Chetty et al 1980) and certainly the pathological findings in

the biopsy are not predictive (Moore 1983). A history of primary cancer

in the ovary or endometrium has also been reported to increase the chance

of subsequent breast cancer (McMahon and Austin 1969; Reimer et al 1978).
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Many other factors, such as body mass, have been shown to be related

to very small increases in risk (Lew and Garfunkel 1979; Lancet 1982),

but the strongest predictive factor so far identified and the one which we

will now examine in more detail, is a positive family history of breast

cancer.

FAMILY HISTORY

The occurrence of families containing a large number of individuals

affected by breast cancer has been recognised for many centuries. The

first detailed report was published in 1866 by the French surgeon Paul

Broca who ascertained the cause of death in 38 individuals through five

generations of his wife's family. Ten out of the 24 women in that family

died of breast cancer and several more individuals died from other

malignancies. Both Broca and his contemporary Sir James Paget (Paget

1853; Lane-Clayton 1926) expressed concern that multiple instances of

such a common disease might appear in a small number of families by

coincidence but, using the available data on cancer mortality rates in the

normal population, they concluded that a tendency to develop breast cancer

could indeed be inherited.

Advances in statistics, epidemiology and genetics allowed more

rigorous examination of these initial observations in the first half of

the twentieth century. Several groups attempted to compare the mortality

from breast cancer in a population of patients with one or more affected

relatives and in a normal control population (Jacobsen 1946; Woolf 1955;

Anderson et al 1958; Kelsey 1979; Lynch 1981). These studies highlighted

the importance of pathological verification of malignancy, of assessing

the incidence of malignancies other than breast cancer and of using large

numbers of families plus reliable data on cancer incidence and mortality

in the general population. Overall, they showed that there was a two¬

fold increase in breast cancer incidence in the close female relatives of

breast cancer patients. Under-reporting of disease by control subjects

was recognised as a significant problem which remains hard to surmount



3

Further analysis of data collected in the course of these studies hinted

at the possibility of there being two separate types of breast cancer,

sporadic and hereditary and suggested that several features were more

common in one type than the other.

The important characteristics of familial breast cancer in a number

of countries have been defined by H T Lynch and colleagues (1984).

i) Significantly early age of onset

ii) Excess of bilaterality

iii) Excess of multiple primaries at various sites

iv) Vertical transmission (mother-to-daughter)

v) Impaired survival when compared with sporadic forms.

Applying these criteria, he estimates that 5% of all breast cancer is

familial, but 11.5% of patients with breast cancer diagnosed before the

age of 50 have a familial form of the disease.

Anderson (1971; 1972) adopted a somewhat different approach, dividing

his cases into subgroups and identifying the groups in which the risk was

increased beyond the two- or three-fold level observed in the earlier

studies. The relative risk to first degree female relatives of patients

with premenopausal breast cancer was 3.1, while no increase in risk was

observed among relatives of postmenopausal patients. If the patient had

bilateral breast cancer the risk to first degree female relatives was

increased five-fold. If both conditions applied (i.e. the patient was

premenopausal and had bilateral disease), the risk to first degree

relatives was increased nine-fold. Furthermore, the relatives of

patients with bilateral disease were at a nine-times greater risk of

developing bilateral disease themselves as compared to relatives of

patients with unilateral disease.

The importance of age and of bilaterality have been confirmed in

other studies (Bain et al 1980; Chaudray et al 1985) and so, despite one

dissenting report from a large Swedish study in which the effects of
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family history, age of onset and bilaterality were rather weak (Adami et

al 1981), we are now in a position to identify a group of women who are at

significantly higher risk of developing breast cancer than the general

population, who are likely to be more aware of (and concerned about) their

susceptibility to the disease (Kelly 1980), and who therefore require

detailed and accurate counselling about that risk (Ottman et al 1983).

Combining complex statistical analyses and laboratory investigation

it is possible to define more precisely the genetic component in what is

acknowledged to be a disease of multifactorial aetiology.

SEGREGATION ANALYSIS

In some "classical" genetic disorders, inspection of the pedigrees of

a few affected families will reveal the mode of transmission (autosomal or

sex-linked, dominant or recessive). However, in the vast majority of

diseases, where the genetic component is less clearcut, a more compre¬

hensive statistical analysis is required. Segregation analysis is the

name given to the process of determining the probable mode of transmission

of a trait, from an observed distribution of phenotypes in a pedigree or a

number of pedigrees.

The procedure involves calculating how well the observed distribution

of phenotypes fits various hypotheses and can thus establish that some of

these hypotheses are very unlikely though it may not prove conclusively

that a trait is transmitted genetically. The larger the families

examined, the more affected individuals in each family and the larger the

total number of families the better will be the data and the more secure

the final conclusions.

Several statistical advances, such as maximum likelihood scoring, the

concept of multi-factorial inheritance, the "mixed model" and a sampling

correction to allow for the manner in which the pedigrees have been ascer¬

tained and relatives added (Falconer 1965; 1967; Morton and Maclean 1974;

Elston and Sobel 1979; Lalonel and Morton 1981; Morton et al 1983), have
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all been incorporated into a segregation analysis performed on 200 Danish

families with breast cancer (Williams and Anderson 1984).

The observed distribution of breast cancer in these families was

compatible with transmission of a single autosomal gene with dominant

expression, the frequency of the abnormal (disease) allele being 0.7%, and

the penetrance varying with age. According to that model, by age 80, a

female heterozygous for the abnormal allele would have a 57% chance of

developing breast cancer. For cancers presenting before age 30, 88% of

affected females would be carriers of the disease gene whereas for the

total population (presentation up to age 80), only 13% of affected females

would carry the gene, the other 87% having developed "sporadic" breast

cancer.

Several similar analyses have been performed on another large breast

cancer family and all agree that an autosomal dominant gene with incom¬

plete penetrance is the most likely mode of transmission (Gardner and

Stephens 1950; Hill et al 1978; Gardner 1980).

Increasing the complexity of a segregation analysis may well improve

the accuracy of estimates of gene frequency and penetrance but it cannot

give any indication as to what gene is involved and where in the human

genome it may be.

THE PRINCIPLES OF LINKAGE ANALYSIS

The most practical approach to locating the gene for susceptibility

to breast cancer is by the technique of linkage analysis, based on the

segregation of defined genetic markers in affected and unaffected family

members (Yates and Connor 1986). The human genome is composed of genes

arranged in a linear fashion along the 23 pairs of chromosomes. Genes

which are close together on the same chromosome tend to be transmitted

together - i.e. to segregate non-independently. Genes on different

chromosomes segregate independently so that every possible combination of

alleles appears with equal frequency in the gametes, as illustrated by Fig

1. The disease gene is D (normal allele - d) and the marker gene alleles



6

are represented by T and t.

If the disease gene and the marker gene are physically very close

together, they will be transmitted together, so that the gametes formed

are either DT or dt as shown in Figure 2. This departure from inde¬

pendent segregation is termed "linkage", with D and T being very tightly

linked in the example shown. If D and T are slightly further apart on

the chromosome, the two genes may well be transmitted together but because

they can segregate by crossing-over and recombination at meiosis, a few

gametes with genotypes Dt or dT will appear, as illustrated in Figure 3.

These gametes are known as recombinants and the proportion of recombinant

gametes in the total pool is the recombination fraction. The further

apart the two genes are, the more likely it is that recombination will

occur, until eventually the two genes will appear to be segregating

independently as all 4 possible genotypes will be represented equally,

giving a recombinant fraction of 0.5, as illustrated in Figure 4.

The markers used in linkage analysis must be polymorphic, (i.e. more

than one allelic form found in the population) , and ideally the chromo¬

somal location should be known. After identifying which allelic forms of

the marker are present in every individual, (both affected and un¬

affected), in a family, it is possible to calculate a) the probability of

the observed distribution occurring by chance if there is no linkage

between the marker gene and the disease, and b) the probabilities of such

a pattern appearing if there is linkage at different recombination

fractions. The logarithm of b/a, known as the lod (logarithm of odds)

score, is calculated for various recombinaton fractions (Morton 1955).

To attain statistical significance it is usually necessary to combine data

from several families, and the lod scores from each family for each

recombination fraction can be added together. A lod score greater than

+3 is usually taken as demonstrating significant linkage but obviously the

more families examined, the greater the confidence one can place in the

lod score.
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King, Go and colleagues (1983) used segregation analysis to identify

ten families showing genetic transmission of the breast cancer trait and

performed linkage analysis using 21 independent polymorphic markers.

They suggested that in seven families there was significant linkage

between an autosomal dominant gene for susceptibility to breast cancer and

the enzyme glutamate-pyruvate transaminase (GPT) the gene for which is

located on chromosome 16 (McKusick 1982). They reported a lod score of

+1.95, at a recombination fraction of zero and accepted that such a result

should be viewed with caution. When a larger number of families was

examined, it was conclusively shown that there was no linkage between GPT

and susceptibility to breast cancer (McLellan et al 1984).

Confusion sometimes arises between the terms "linkage" and "associ¬

ation" in the context of genetics. As explained, linkage between two DNA

sequences means that they are physically close together in the genome.

Hence if one is polymorphic, so that inheritance of the different alleles

can be traced within a family, it can be used to "tag" the other sequence.

It does not follow that the same allelic forms of the two sequences are

linked in all cases. For example, in the case illustrated in Figure 2 a

single chromosome carries D and T in tight linkage so that 'T' would serve

as a marker for 'D' in this family. In another family, however, the

relevant chromosome might carry the alleles D and t in which case the

marker for 'D' would be 't'. In other words there is no functional

relationship between the gene with alleles Dd and that with alleles Tt.

The important practical consequence is that even if strong linkage is

established between these genes, there is no purpose in screening a popul¬

ation, say for carriers of the 't' allele, since one could not predict

which of the individuals so identified would also carry 'D'. That type

of prediction is valid only within each family.

"Association", however, is quite a different matter. The term

implies that a particular allele of a given gene is over-repeated among
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the total population of patients with a particular genetic disorder.

There are, for example, over one hundred diseases associated with indivi¬

dual alleles of the major histocompatability system (Tiwari and Terasaki

1985). HLA-B27 and ankylosing spondylitis or DR4 and Rheumatoid Arthr¬

itis are well known instances. These associations hold across family

boundaries (though, interestingly, they may not apply in all racial

groups) and can therefore be useful in population screening. Association

in this sense may come about because the disease arose through a single

mutation event affecting a gene so close to the 'marker' sequence that the

disease and marker alleles have never become separated throught the

succeeding generations. This so-called "founder effect" implies that all

the affected individuals in a population are actually related though they

may not be aware of it. An equally likely mechanism, however, is a

causal relationship between the marker allele and the disease itself. In

other words, individuals with the HLA type B27 are at risk from ankylosing

spondylitis not because an "ank-spond" gene lies close to the HLA complex

on the short arm of chromosome 6 but because the B27 gene product is

actually involved in the aetiology of the disease.

Returning to the problem of genetic susceptibility to breast cancer,

the search for linkage, in the strict sense, simply means extension of the

approach used by King, Go and their colleagues, namely the analysis of

large numbers of randomly chosen polymorphic markers (see, for example,

Barinaga, 1987) in families with multiple cases of premenopausal disease.

An alternative approach would be to try to identify "candidate" genes

suspected, for one reason or another, of possible involvement in breast

cancer. The gene encoding the oestrogen receptor might be an obvious

choice as would a number of oncogenes (see later). Until recently, the

shortage of useful genetic polymorphisms has restricted both of these

approaches but the situation has been transformed by the discovery of DNA

restriction fragment length polymorphisms and other advances in molecular

biology discussed in the next section.
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BASIC MOLECULAR BIOLOGY

The total human gene complement is stored and transmitted in the form

of deoxyribonucleic acid. DNA, is a double stranded helix. Each strand

is composed of a string of sugar and phosphate molecules forming the back¬

bone, with a series of bases protruding. In DNA there are four possible

bases, Adenine, Guanine, Thymidine and Cytosine, and in native double

stranded DNA, A must be opposite T, and G opposite C. The genetic

information coded by the order of bases in the DNA is transcribed into RNA

and RNA then translated into protein. Because of the requirements for

complementary base-pairing (A-T and G-C) a single strand of DNA uniquely

defines its complementary strand of DNA or RNA.

Under appropriate conditions of pH, temperature and ionic strength,

single stranded DNA or RNA fragments will stick to (or "hybridise" with)

complementary single strands of DNA. The stability of the double

stranded complex ("hybrid") depends upon the degree of complementarity

between the two nucleic acid strands. By increasing the pH or

temperature or altering the ionic strength, hybridisation conditions can

be made more stringent until only strands that are perfectly matched at

every base pair will remain as hybrids. This property is exploited in

the technique of gene probing.

DNA is extracted from cells by well defined chemical procedures

involving phenol extraction and ethanol precipitation, stripped of

contaminating RNA and protein and then must be cleaved into fragments of

manageable size. This is most conveniently achieved by digestion with

restriction enzymes, large numbers of which have become commercially

available over the past ten years. Each of these enzymes isolated from

bacteria and fungi, recognise a specific base sequence in double stranded

DNA and cuts the strands at that point (Roberts 1983).

The fragments thus produced can be separated by electrophoresis in an

agarose gel. The shorter fragments will move faster through the gel and

so will travel further away from the origin in a given time than larger
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heavier fragments (Steel 1984).

It is much easier to work with DNA on a solid support than in a gel and

therefore the DNA is transferred onto either nitrocellulose paper or a

nylon membrane by a method first described by Dr EM Southern (1975).

This maintains the spatial relationship between the DNA fragments gener¬

ated by the gel electrophoresis. After "denaturing" the DNA with NaOH,

to separate the two strands, the gel is placed on a piece of filter paper,

supported by a glass plate, with both ends dipping into a concentrated

salt solution. The membrane is placed on top of the gel and pressed down

onto it with a heavy weight. The salt moves down its concentration

gradient carrying the DNA from the gel to the membrane, and the weight

assists by gradually compressing the gel, forcing the DNA out. After

this overnight "blotting" procedure, the membrane is exposed to ultra¬

violet light for 2-5 minutes. This links the single stranded DNA to the

membrane by covalent bands. A similar blotting technique can also be

applied to RNA transfer (Thomas 1980).

The next step is to create a labelled DNA or RNA probe (i.e. millions

of identical copies of a particular base sequence). The probes

themselves are obtained by cloning the required piece of DNA as an insert
iV

in virus-like vector which will grow in a bacterial host, usually E.coli.
k

The most common method of labelling a DNA probe is "nick translation"

(Rigby et al 1977); a segment of double stranded DNA is incubated with a

mixture of three unlabelled nucleotides plus one nucleotide containing

radioactive p^2 atoms. The enzymes DNAse and DNA polymerase I are added.

The DNAse introduces breaks, ("nicks"), at random in one DNA strand and

the DNA polymerase moves along that strand cutting out nucleotides and

then replacing them, using the other strand as a template. In the course

of this repair phase, p^2 labelled nucleotides are introduced into the

DNA. Other methods have been used to label DNA and RNA probes to a

higher specific activity with p^2 ancj the use of non-radioactive labels

has also been explored (Hames and Higgins 1985).
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The membrane bearing the imprint of the original DNA gel fragments, is

immersed in a complex hybridisation solution containing the labelled

probe, shaken overnight at 68° and then washed to remove unhybridised

probe. If stringent washing conditions are used, the probe will

hybridise only to these fragments of DNA on the filter to which it is

exactly complementary. After autoradiographic exposure (1-10 days at

-70S:), one or more discrete bands appear on the film. These bands

correspond to the DNA fragments on the membrane to which the probe has

hybridised and the sizes of these fragments can be determined from the

position of the bands (Figure 5).

At least 90% of the DNA in a human cell does not encode any protein

product - i.e. does not consist of "genes". While this material is not

necessarily devoid of function, it is evidently much more tolerant of

variation in base sequence than the genes themselves. Hence, within the

species, there is much more polymorphism of the non-translated DNA than of

the genes. One aspect of this polymorphism is the gain or loss of res¬

triction enzyme cleavage sites, the positions of which can vary consider¬

ably from one individual to another. Thus when DNA is cleaved with a

restriction enzyme and the Southern-blot probed with a particular labelled

sequence, the size of fragment bearing the complementary sequence is quite

likely to show some variation within the population. This "restriction

fragment length polymorphism" (RFLP) provides an enormous pool of genetic

markers since the positions of restriction sites are still sufficiently

stable for the DNA fragment lengths to behave as alleles obeying the

simple laws of Mendelian inheritance. "Anonymous" DNA probes recognising

sequences that are not necessarily parts of structural genes, now

represent a major resource in human gene mapping and genetic analysis.

They may be used simply to increase the pool of "random" polymorphisms for

the conventional "shotgun" approach to linkage studies (Barinaga 1987) or

they may serve to provide polymorphic markers for adjacent candidate

genes. The latter application ironically, tends to blur the distinction
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just made (at some length!) between "linkage" and "association" for the

candidate gene by definition, will be causally related to the disorder

(implying "association"). Nevertheless, when the allelic forms of that

gene are identified on the basis of restriction fragment length

polymorphism rather than by the putative mutation directly responsible for

the disease, then any observed correlation between a particular allele and

disease susceptibility will apply only within an individual family - i.e.

we are dealing with true "linkage". Of course, in such an event, the

logical course would then be to analyse the implicated gene in sufficient

detail to permit direct identification of the crucial DNA lesion which

would, in turn, provide a basis for population (as distinct from family-

based) screening.

AN OUTLINE OF ONCOGENES

Identification of genes likely to be of importance in the aetiology

of human cancer has resulted from three main experimental approaches;

investigation of tumour — producing viruses, transfection of human

tumorigenic DNA into immortalised cell lines, and direct comparisons of

malignant and non-malignant tissue at the molecular level.

The first clues came from an understanding of the structures of onco¬

genic retroviruses. The genetic material of these viruses is RNA but

once inside an infected cell, the RNA is copied into DNA which then

intergrates into the chromosomal DNA of the host. Later it may be trans-

cribed and translated by the host cell's replication system, unleashing a

second generation of virus. They can be divided into two broad groups,

depending on the rapidity with which they produce tumours. Slowly

transforming viruses contain three genes; 'gag' which codes for specific

antigens mainly located at the core of the virus, 'pol', which codes for

reverse transcriptase and 'env', which codes for the envelope protein.

The acutely transforming viruses contain another gene, termed an

'oncogene', specific to each virus and directly responsible for induction
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of malignancy in infected cells (Bister and Duesberg 1982).

Analysis of the nucleotide sequences of retroviral oncogenes revealed

that they were very similar to sequences ("proto-oncogenes") found in the

genome of higher organisms, including man (Stehelin et al 1976; Bishop

1981). It is virtually certain that the acutely transforming viruses

arose by recombination between non-oncogenic or slowly-transforming

viruses and the cellular proto-oncogenes. At least 22 viral oncogenes

have been identified so far (Bishop 1983).

The second productive experimental approach has been direct DNA

transfection/transformation. DNA from human tumours or tumour cell lines

is precipitated onto the surface of cells in culture using calcium

phosphate. A small proportion of the DNA enters the cells and an even

smaller fraction becomes integrated into the genome in a random fashion.

Cells "transformed" by this technique exhibit uncontrolled proliferation

and form distinct colonies, which can be isolated and cloned up (Shih and

Weinberg 1982). When injected into immunologically compromised animals,

such as nude or neonatally thymectomised and irradiated mice, these

transformed cells produce tumours, suggesting that a segment of DNA res¬

ponsible for producing the original human tumour, has been integrated into

the cell's genome (Krontiris and Cooper 1981; Porteous et al 1986).

These oncogenes can then be identified by comparing extracted DNA from the

transformed cells and from the original cell line.

Eleven new cellular oncogenes, without viral counterparts, have been

identified by this technique (Bishop 1983). Among the few oncogenes

identified by both transfection and viral studies are members of the ras

gene family which will be considered more fully in the next section.

One of the main limitations of DNA transfection studies is that

the target cells used, usually 3T3 or C127 mouse fibroblasts, though

subject to some normal growth controls, are Immortal. They therefore

represent an intermediate stage between the normal and full-blown mal¬

ignant states. Co-transfection of at least two different oncogenes,



for example, H-ras and C-Myc, is generally required to achieve tumorigenic

transformation of normal cells (Land et al 1983). This observation

strengthens the theory that carcinogenesis is a multistage process but

raises the question of what changes have already taken place in immortal

cell lines commonly used as targets for transfection assays and hence what

(restricted) range of new oncogenic events they may be capable of

detecting.

CHROMOSOME ANALYSIS

The alterations in genetic material that are required to induce

malignant change are far beyond the limits of resolution by direct

visualisation of stained chromosomes. Nevertheless, they may come about

in the course of major (visible) structural rearrangements. The easiest

neoplastic cells to examine in this fashion come from haematological

malignancies. Several well-defined chromosomal abnormalities have been

found consistently in various types of leukaemia and lymphoma (Rowley

1982). By concentrating on regions of the genome involved in specific

chromosome aberrations, molecular biologists have identified 3 novel

oncogenes (Groffen et al 1984; Tsujimoto et al 1984; 1985) and have

achieved greater understanding of the mechanisms involved in cellular

oncogene activation. It is much harder to obtain good chromosome

preparations from solid tumours, but some progress has been made. There

are, for example, reports of recurring deletions in the short arm of

chromosome 3 in small cell lung cancer and in renal carcinoma (Whang-Peng

et al 1982; Zbar et aj. 1987). The possibility of localising a genetic

lesion in breast cancer by a similar approach is therefore not to be dis¬

counted .

Combining the three experimental approaches outlined above, around 40

DNA sequences in the human genome have been classed as proto-oncogenes

(Bishop 1983). These proto-oncogenes may be activated to become

oncogenic by changes either in their structure or in regulatory elements.

A specific alteration in the nucleotide sequence, (a point mutation),
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activates the ras gene family, resulting in the production of an abnormal

protein product (Reddy et al 1982). In chronic myeloid leukaemia, trans¬

location between portions of chromosomes 9 and 22 results in the juxta¬

position of two oncogenes, leading to the production of a hybrid mRNA and

a hybrid protein product (Groffen et al 1984). Translocation of another

oncogene, c-myc, from chromosome 8 to chromosome 14 in Burkitt's lymphoma

results in dysregulation of c-myc leading to a continued expression of the

normal gene (Klein 1981; Leder et al 1983; Taub et al 1984), which is

usually as the cell differentiates (Curran 1984; Gonda and Metcalf 1984).

Overproduction of a normal protein product can also result from an

increase in the copy number of an oncogene (Semba et al 1985).

HARVEY RAS

In the context of breast and other human cancers, one of the most

intensively studied oncogenes is Harvey ras (c-Ha-ras).

The proto-oncogene was first identified as the sequence which, on

transfection from a human bladder cancer cell line, was capable of

transforming mouse 3T3 fibroblasts into tumourogenic cells (Shih and

Weinberg 1982; Goldfarb et al 1982). Its similarity to the ras oncogene

of the Harvey rat sarcoma virus was quickly established and the human gene

has been mapped to the short arm of chromosome 11 (McBride et al 1982).

Analysis of the nucleotide sequence has shown that the Harvey ras prot-

oncogene becomes tumorogenic by a point mutation in either the 12th or the

61st codon (Reddy et al 1982). There are 2 other closely related proto-

oncogenes. Kirsten-ras (K-ras) on chromosome 12 and N-ras on chromosome

1, coding for almost identical proteins of 189 amino-acids, known as p21

(Capon et al 1983; Taperowsky et al 1983). By analysis of DNA fragments

on Southern blots, alterations involving ras sequences have been

identified in about 10% of the most common forms of human solid tumours

(Pulciani et al 1982) and in up to 80% of chemically induced rat mammary

tumours (Sukumar et al 1983). A Harvey ras gene mutation has also been

found in a cell line derived from a carcino-sarcoma of the breast, but not
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in normal breast cells of the same patient (Kraus et al 1984).

Abnormally high levels of the normal protein p21, induced by increas¬

ing the rate of transcription or the number of copies of the normal Harvey

ras proto-oncogene, will transform 3T3 cells in culture (Parada et al

1982; Pulciani et al 1985). Primary human breast tumours have signi¬

ficantly higher levels of p21 than normal mammary tissue (Horan-Hand et al

1984; Ohuchi et al 1986; Whittaker et al 1986) and alterations in

structure or regulation of the Harvey ras gene are of importance in the

aetiology or progression of breast cancer.

Near to the Harvey ras gene lies an untranslated region made up of a

variable number of repeated DNA sub-units (Capon et al 1983). Digestion

with the restriction enzyme Bam HI generates a fragment bearing Ha-ras

plus the untranslated subunits. Since they vary in number, the fragment

length is variable, i.e. this is an example of a restriction fragment

length polymorphism (RFLP). There are four common alleles in the normal

population, (named Aj A2 A3 A^) and a number of very much rarer alleles.

In 1985 Krontiris et al reported that among patients with a variety of

solid or haemopoietic malignancies there were significantly more rare

alleles than in a control population. Since the alleles can be

identified in any tissue, including white blood cells, if this report

could be confirmed, it would offer a real possibility of identifying a

blood-borne marker for high risk of developing cancer.

Furthermore, it suggests that information about a gene involved in

familial breast cancer might be obtained from direct analysis of a large

series of unselected tumours, rather than concentrating only on patients

with multiple affected first degree relatives, bilateral disease and early

age of onset. Though this may seem paradoxical, there are precedents

which may prove to be highly relevant. The hereditary form of retino¬

blastoma is associated with an inherited deletion of part of chromosome 13

and there is evidence that the same region of the genome has become

abnormal in tumour tissue from sporadic (i.e. non-hereditary) cases
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(Cavenee et al 1983). More recently, the gene for familial adenomatous

polyposis (an autosomal dominant condition leading to multiple colon

cancers if not treated by early colectomy) has been mapped to the long arm

of chromosome 5 and a lesion of the same chromosome arm has been recog¬

nised in tumour material from a substantial proportion of sporadic large

bowel cancers (Bodmer et al 1987; Solomon et al 1987).

HARVEY RAS ALLELES IN PRIMARY BREAST CANCER

The differences in restriction fragment length for the four common

Harvey ras alleles are considerable and it is therefore relatively simple

to separate them. Rare alleles however, tend to be much closer in size

to their common counterparts. This is illustrated by the autoradiograph

in Figure 6.

We have determined the frequency of the different Ha-ras Bam HI

restriction fragments in tumour tissue from a series of 100 female

patients with breast cancer prior to treatment in the Department of

Clinical Surgery, Edinburgh University Medical School, and in 100

placentae, (to act as a control panel representative of the local

Edinburgh population). Table 1 shows the relative frequencies of the

alleles in these two groups.

Table 1

100 Breast Cancer Patients 100 Placentae
Number % Number %

Al 122 61 135 67.5

a2 26 13 27 13.5

a3 26 13 19 9.5

a4 21 10.5 15 7.5

Ar 5 2.5 4 2.0
200 200

There is no significant difference between breast cancer patients and

controls in respect of any alleles (rare or common). This large series

therefore contradicts the findings of Krontiris and the subsequent report

from Lidereau and colleagues (1985) which related specifically to breast

cancer. Negative findings, however, have emerged from similar studies in
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myelodysplasia (Thein et al 1986), lung cancer (Heighway et al 1986) and

melanoma (Gerhard et al 1987).

In the course of this study we noted that in several of the hetero¬

zygous tumours the autoradiographic band representing one allele was

darker than the other (Figure 7). A possible explanation is that the

tumour cells have lost one allele and the fainter band results from

contamination of the tumour sample by normal white blood cells. This

interpretation was supported by comparing tumour DNA and white blood cell

DNA from the same patient (Figure 8). Since a tumour with minimal white

blood cell infiltration might appear homozygous, we have examined white

blood cell DNA from most of the patients with apparently homozygous

tumours and have identified four who are constitutionally heterozygous.

The current status of this investigation is set out in Table 1.

100 tumours characterised for Harvey ras alleles

61 heterozygous 39 apparently homozygous

9 allelic bands of
different density

52 allelic bands of

equal density
31 WBC DNA examined

4 heterozygous 27 homozygous

WBC DNA examined

in 5

The 100 tumours therefore fall into 3 groups:
i) 52 with no allele loss
ii) 13 with loss of one allele
iii) 35 which await definition, of which 27 are constitutionally

homozygous.

As seen in Table 2, loss of a Harvey ras allele is significantly

correlated (p<0.05) with poverty of oestrogen receptor protein, which is

known to be a poor prognostic factor (Croton et al 1981; Moore et al

1983; Williams et al 1987).).

Table 2

ER Poor ER Rich

Allelic loss

No allelic loss 14

5
38
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We are currently evaluating the correlation between allelic loss and

other prognostic factors, such as tumour size, progesterone receptor

levels and axillary lymph node involvement as it has been suggested that

loss of a Harvey ras allele or of other linked loci on the short arm of

chromosome 11 is a marker for more aggressive tumour behaviour (Theillet

et al 1986; Ali et al 1987).

Loss of an allele may be caused by several different mechanisms,

including non-disjunction (loss of a complete chromosome), alone or

followed by reduplication of the remaining chromosome, mitotic recomb¬

ination, or deletion of a portion of the chromosome (Cavenee et al 1983).

Deletion of a portion of chromosome 11 has been reported in Wilms'

tumour (Koufos et al 1984; Fearon et al 1984; Reeve et al 1984),

hepatoblastoma (Koufos et al 1985), hepatocellular carcinoma (Rogler et al

1985) and transitional cell carcinoma of the bladder (Fearon et al 1985)

although it has yet to be established whether precisely the same region is

involved in the different tumours. Cytogenetic analysis of primary

breast cancer has revealed no consistent loss of large portions of

chromosome 11 (Rodgers et al 1984), but it remains possible that a

submicroscopic deletion exists. The next phase of the study will involve

examination of other polymorphic genes known to be on chromosome 11, as

loss of one whole copy of the chromosome will result in reduction of all

these genes to homozygosity. This strategy could also enable us to

define the size of any deletion, as there may turn out to be a region of

chromosome 11 close to (but not including) the Harvey ras gene, that is

deleted in a higher proportion of breast tumours and therefore likely to

be of more importance in the aetiology of breast cancer. Such a finding

would be ironic since it would refute the logic underlying the choice of

c-Ha-ras as a candidate for a genetic marker of breast cancer susceptibi¬

lity. Nevertheless serendipity has its place in most research programmes

and is not to be despised.



A note of caution must be sounded when drawing conclusions from

genetic lesions found in tumour tissue. Biochemical and cytogenetic

evidence has been available for many years to show that malignant cells

tend to accumulate multiple aberrations in their DNA, including gene

deletions (Povey et al 1980; Sandberg 1980). It is unlikely that all, -

or even many - of them contribute to the malignant state. Refinements in

molecular biology have confirmed and extended these findings (Thein et al

1987). It will therefore be necessary to scan the rest of the genome of

breast cancer cells before concluding that a deletion in the vicinity of

c-Ha-ras is significantly associated with the disease.

THE FUTURE

In addition to the Harvey ras gene, several other oncogenes have been

studied in primary breast cancer. The Erb B2 gene, mapping to the long

arm of chromosome 17 (Coussens et al 1985; Fukushiga et al 1986) codes

for a protein similar to epidermal growth factor (Schechter et al 1984),

and is amplified in 30% of primary breast tumours. Amplification of this

gene is a prediction of both disease free interval and overall survival

and has a greater prognostic value than oestrogen receptor status (Slamon

et al 1987).

Amplification of another oncogene, c-rayc on chromosome 8 has been

reported in 30% of primary breast tumours (Escot et al 1986) but this is

not significantly linked to disease progression. A rare restriction

fragment bearing the c-mos locus (on chromosome 8) has been identified in

a small number of patients with breast cancer (Lidereau et al 1985), but

in the absence of a formal linkage analysis, the significance of this

finding remains unclear.

In addition to the known oncogenes, one of the genes likely to be of

interest in breast cancer is the recently cloned gene for the oestrogen

receptor protein. A high level of oestrogen receptor protein in a breast

tumour is a good prognostic sign (Williams et al 1987). The gene coding

for the oestrogen receptor protein maps to chromosome 6 (Walter et al 1985;
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Gosden et al 1986) and there is extensive homology between it and the

Erb A oncogene of the avian erythroblastosis virus (Debuire et al 1984).

The identification of any rearrangement or amplification of this gene in

primary and metastatic breast cancer would be important and the recent

finding of a restriction fragment length polymorphism with the enzyme PVU

II, (Castagnoli et al 1987) will allow a linkage analysis of families with

a high incidence of breast cancer.

In conclusion, it is clear that the techniques of molecular biology

can contribute to a better understanding of the aetiology and progression

of breast cancer in two ways. Identification of alterations in the

genetic material that contribute to progression from a normal breast epi¬

thelium cell to a malignant cell, is fairly well advanced. However, the

search for a genetic marker for high risk of developing breast cancer will

gather momentum as more and more polymorphic DNA markers become available.

If successful, it will represent a major breakthrough in the targeting of

expensive screening techniques to those women who are most likely to

benefit.
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FIGURE LEGENDS

Figure 1:

Independent assortment of alleles at meiosis for a disease locus (alleles
D and d) and a marker locus (alleles T and t) on different chromosomes.

Figure 2:

Absence of independent assortment of alleles at meiosis for disease and
marker loci very close together on the same chromosome (tight linkage).

Figure 3:

Disease and marker loci nearby on the same chromosome showing linkage.
The recombination fraction is 20%.

Figure 4:

Disease and marker loci far apart on the same chromosome mimic independent
assortment and linkage cannot be detected. The recombination fraction is
50%.

(Figures 1-4 modified from Yates and Connor (1986) with kind permission of
the authors).

Figure 5:

Southern blotting (reproduced from Steel 1984 with kind permission of "The
Lancet").

Figure 6:

Alleles of c-Ha-ras (Bam I digests). The left hand track of this
Southern Blot contains a 'doublet' of allele Aj and the rare variant '.

Figure 7:

Bam HI digests of human placental (control) samples 'P' and one breast
carcinoma 'T'. Note that the A3 allele in T is very much more abundant
than the Aj (c-Ha-ras probe).

Figure 8:

Bam Hi digests of tumour (T) and blood leukocyte (B) DNA from the same
patient, probed with c-Ha-ras and compared with three placental controls.
Note that alleles Aj and A3 are of equal abundance in B but allele Aj is
almost absent from the tumour sample.
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Fig 8 Bam HI digests of tumour (T) and blood leukocyte (B)
DNA from the same patient, probed with c-Ha-ras and
compared with three placental controls. Note that
alleles and A^ are of equal abundance in B but
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SUMMARY

In a group of thirty-two patients who were exposed to a single HIV-

contaminated batch of Factor VIII, eighteen developed antibody to the

virus. Serial T cell subset analyses over the succeeding four years have

shown a progressive decline in circulating cells in those eighteen but

no change in the fourteen who remain seronegative. Two of the former

have died and a further seven have developed symptoms attributable to HIV

infection. In the group as a whole, the HLA haplotype A1 B8 DR3 was

weakly associated with an increased risk of seroconversion on exposure to

the virus while, in those who seroconverted, it was strongly associated

with a more rapid decline in cells and an increased risk of developing

HIV-related symptoms within four years of infection.



INTRODUCTION

Patients attending the Edinburgh haemophilia treatment centre have been

assessed immunologically since 1983. The original purpose was to

investigate the immunological effects of haemophilia and its treatment in

the absence of the (then) putative AIDS virus. This was possible because

most patients had received exclusively locally-produced Factor VIII or

Factor IX and at that time AIDS had not been reported in Scotland^. It

was subsequently established that a single batch of locally-produced

Factor VIII had been contaminated with HIV^. That batch was used by

thirty-two previously seronegative patients between March and May 1984.

Over the course of the next ten months, eighteen of the thirty-two became

HIV seropositive by a range of ELISA tests detecting antibodies to differ¬

ent components of the virus and confirmed on Western blotting^. Thirty-

one have participated in follow-up studies that have included regular

clinical examination, virological investigations and analysis of cir-

culating T cell subsets. The consequences of parental exposure to HIV
have not been uniform within this cohort and we have identified a genetic

factor that appears to contribute to the individual differences observed.

METHODS

T cell subsets

The total lymphocyte content of whole blood is obtained by electronic

counting (Coulter S-plus). Mononuclear cells are separated from heparin-

ised blood by flotation over Ficoll-Hypaque SG 1.078 and washed. The T^

and Tg lymphocytes are identified by two-stage immunofluorescence using

mouse monoclonal antibodies (Dako) in the first stage and FITC-conjugated

F(ab')2 fractions of sheep anti-mouse Ig (Sigma) in the second; both

incubations being for 30 mins on crushed ice. After washing and final

resuspension in saline with 1% formaldehyde, the cells are scored in a

Becton-Dickinson FACS IV cytopherometer using right angle light scatter to

set gates round the lymphocyte population.
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HLA typing

Patients have been typed by a standard two-stage complement-dependent

microlymphocytotoxicity technique^ using panels of sera kindly provided by

the UK National Transplant Service. For DR typing, T cells were first

removed by rosetting with AET-treated sheep erythrocytes^ and sedi¬

mentation through Ficoll-Hypaque.

Virology

Sera collected from the clinic patients (including retrospective

samples recovered from storage at -20°C for up to five years) are screened

for antibody to total HIV antigens, to env gp 120 and to core p24 antigens

by commercial ELISA tests and for activity against the full range of HIV

antigens by Western blotting. Free p24 antigen is measured by antigen

capture assay (Dupont) and by ELISA (Abbott). These studies are reported

in detail elsewhere^.

RESULTS

Clinical course

Of the fourteen patients who remain seronegative despite exposure to

the contaminated batch of Factor VIII, none has developed any signs or

symptoms attributable to HIV. Among the eighteen who did seroconvert,

one had an acute febrile illness (CDC Class 1)6 with circulating atypical

mononuclear cells^. He recovered from that episode, but one year later

was showing classical symptoms of AIDS with weight loss, fever, malaise

and diarrhoea (CDC IVa). He went on to develop opportunistic infections

(Pneumocystic Carinii pneumonia, cryptococcal meningitis, CDC IVc) and

AIDS encephalopathy (CDC IVB). He died in March 1987 and Hodgkin's

disease was discovered in abdominal lymph nodes at post mortem (CDC IVD).

There has been one other death, indirectly attributable to HIV infection,

in a patient who had developed increasingly obvious symptoms of AIDS (CDC

IVa) during the latter part of 1987. Seven other patients have signs and

symptoms that place them in CDC category IV; of these, one is profoundly

ill with lymphoma. Another is the only member of the cohort whom it has
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not been possible to follow up continuously in Edinburgh. He has moved

abroad but, through the co-operation of his current medical attendants,

information on his progress has been obtained at intervals. Since 1986

he has had profound thrombocytopaenia (platelets <i.20xl0^/l) judged to be

due to HIV®. Two patients have had generalised lymphadenopathy since

1984 (CDC III) without evidence of progression to more serious disease

while seven have remained asymptomatic, though HIV seropositive (CDC II).

Details of the eighteen patients and their clinical status in each of the

years since 1984 are given in Table I.

T cell subsets

Circulating Tg cell numbers have remained stable in the whole cohort.

In the fourteen who are seronegative, cell numbers have also remained

stable since 1983. However those who seroconverted have shown a

progressive fall in (Fig 1). The trend has been very consistent, only

two of the eighteen showing a different pattern. In both of them, T^

numbers were low ( 0.5xlo"/l) before exposure to the virus and have

remained about the same level.

HLA type and correlations

The antigen combination A1 B8 DR3 was present in eleven of the thirty-

two patients exposed to the contaminated batch of Factor VIII (34%).

From published data on the Scottish population this undoubtedly represents

a haplotype (i.e. the combination is inherited en bloc on the same chromo¬

some) the expected frequency of which is about 25%. For the Edinburgh

haemophilia clinic as a whole the frequency of A1 B8 DR3 is in fact 26%

(19 out of 72 patients typed). No other haplotype would be expected to

occur in this population with a frequency high enough to test for statis¬

tically significant associations^-!1.

Of the eleven with the A1 B2 DR3 haplotype who used the infected batch,

eight seroconverted, compared with ten of the remaining twenty-one

patients. Thus the relative risk of seroconversion associated with A1 B8

DR3 was 2*9. Among the eighteen who seroconverted, eleven have developed
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symptoms attributable to HIV (CDC III or IV). Eight of these are A1 B8

DR3 while none of the seven who remain asymptomatic carry this haplotype.

If PGL (CDC III) is discounted as a significant feature on the grounds

that it does not predict progression to AIDS^,13^ then only nine of the

group are symptomatic and nine are well but, of these, seven and one

respectively have A1 B8 DR3 (RR=28; p<0.05, Fisher's exact test).

Comparing sequential changes in cells for those, with and without A1

B8 DR3, who seroconverted following use of the contaminated Factor VIII

(Fig 2) it is evident that the haplotype is associated with a particularly

rapid rate of decline. There is some indication that levels have

stabilised, since the latter part of 1986, for the A1 B8 DR3-negative sub¬

group as a whole. The two patients, referred-to earlier, who had low but

relatively stable T^ numbers both belong to this subgroup.

DISCUSSION

While there have been several longitudinal studies of HIV infection

extending over periods of three years or more and including much larger

numbers of subjects!2~16, Edinburgh cohort study is unique in at least

three aspects. The patients had all been assessed before exposure to the

virus; the period of exposure to infection has been defined with some

precision and, since no other risk factor has been identified in any of

the members of the cohort, all are presumed to have been infected from the

same source (probably representing a single virus strain^). Information

on the subsequent clinical course of these patients is thus of special

value.

The association between declining T^ cell numbers and progression to

symptomatic AIDS found in this study is entirely consistent with findings

in other cohortsl^-16 but the overall progression rate to CDC IV disease

of 50% four years after exposure to infection is much higher than has been

reported either in haemophiliacs^ or other risk groups^. The Edin¬

burgh cohort clearly divides into two categories, one showing a very high

rate of disease progression, the other showing a pattern closely compar-
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able to that recorded in the majority of published studies. The less

favourable clinical course is strongly associated with the HLA haplotype

A1 B8 DR3.

In seeking an explanation for the link between A1 B8 DR3 and response

to HIV, we have sought to exclude other compounding variables. The two

seropositive subgroups (with and without the A1 B8 DR3 haplotype) are

indistinguishable in terms of age and severity of haemophilia. All

patients in both groups are positive for antibody to hepatitis B core

Us B
antigen. They are all negative for the/antigen itself. We have already

noted that the risk of seroconversion following exposure to the contamin¬

ated batch of Factor VIII was related to the number of bottles of that

batch actually used and to the number of units of Factor VIII used per

O

year'1. By both criteria, the eleven exposed patients who were A1 B8 DR3

positive were at greater risk than the twenty-one who were negative for

that haplotype (bottles of contaminated batch used 42.8-31.5 vs 23.0-20.1;
V$ 45"-9 * / o'3 lAvdh)

annual Factor VIII useage 76.7-56.7x10^ unit^/f. While neither of these
differences is significant at the 5% level, they could account for - or

contribute to - the increased seroconversion rate observed in the A1 B8

DR3 positive group. It is difficult to argue, however, that the course

of HIV-related disease following seroconversion would be influenced to any

great extent by small differences in mean infecting dose or in annual

useage of Factor VIII, particularly since the groups overlap quite

markedly in respect of both measurements.

Previous studies on HLA associations with HIV-related disease have

suggested possible links between DR5 or DR2 and the risk of developing

Kaposi's sarcoma^'^, DR5 and PGL^ or B35 and progression from PGL to

full-blown AIDS^O. Since none of our patients has Kaposi's sarcoma and

none of the four who have (or had) PGL (CDC III) carries B35, DR2 or DR5,

the present findings have little bearing on these published reports. One

study recorded that HLA B44 has a protective effect in HIV infection^O.
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Our findings show only the weakest of trends in this direction. In the

exposed cohort, six of the eighteen who seroconverted were B44 positive

compared with six of the fourteen who remain seronegative. Four of the

eleven who developed CDC stage III or IV disease have B44. Mann and his

colleagues^ have reported a link between DR1 and risk of developing AIDS

in HIV seropositive white male homosexuals. In the present study,

neither DR1 nor any other single HLA antigen, but only the complete A1 B8

DR3 haplotype, was associated with likelihood of seroconversion, with

early onset of symptoms or with rapidly falling counts.

The A1 B8 DR3 haplotype is by far the commonest in Caucasians, with a

particularly high frequency among those of Northern European descent^-H.

It is part of a "supratype" that includes a deletion of the genes encoding

the C^A complement component and 21-hydroxylase-A^^, which is over-repre¬

sented in several autoimmune diseases such as type I diabetes mellitus,

SLE and membranous glomerulonephritis^,24^ This particular combination

of histocompatibility gene products may have been much less common in some

J
of the previously studie^ cohorts because of their different ethnic

compositions. Furthermore, if it is associated with an accelerated prog¬

ression to AIDS, that might not be readily apparent in groups where there

is only a rough estimate of the time of seroconversion.

It is also possible that the association is peculiar to the single

virus isolate responsible for infection in the Edinburgh cohort. Studies

in well-documented groups of haemophilia patients from other centres are

now in progress to examine this point. Meanwhile the general concept

that individuals bearing the A1 B8 DR3 haplotype are immunologically

hyper-active may have important implications for our understanding of the

pathogenesis of AIDS. It has been proposed that "high responders",

actively producing antibody to the HIV envelope glycoprotein, then

generating an anti-idiotype that cross-reacts with the CD^ molecule on

helper T cells, are effectively caught in an autoimmune* -suppressive

cycle25_ Interestingly, we found no correlation between HLA type or
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disease status and levels of antibody to HIV envelope in the Edinburgh

cohort^ and this remains the case when the published data are revised to
A SUMp/*/ ^pUwidtow <<~lr <v U-tU:Kxdl J.o-c.V tt-tV

take account of subsequent clinical developments. £ HIV replicates prefer¬
entially in activated lymphocytes^. pf such activation occurs more

readily in A1 B8 DR3-positive patients then a logical explanation is

provided for the increased rate of disease progression which we have

observed. Our data certainly lend support to the view that HIV sero¬

positive patients should be monitored for evidence of immunological hyper-

responsiveness with a view to a trial of cautious immunosuppression in

selected cases^^
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FIGURE LEGENDS

Figure 1:

Mean ( SE) absolute circulating cell counts for haemophilia A patients
exposed to HIV-contaminated batch of Factor VIII March-May 1984.

Seronegative group N=14
Seropositive group N=16

Data from 2 seropositive patients not included because they contributed
too few blood samples. One lives abroad, the other attends the Edinburgh
clinic from a remote part of the UK.

Figure 2:

Mean ( SE) absolute circulating T4 cell counts for 16 haemophilia A
patients who seroconverted following use of HIV-contaminated Factor VIII,
March-May 1984, comparing groups with and without HLA haplotype A1 B8 DR3.

A1 B8 DR3 negative N=9
A1 B8 DR3 positive N=7.
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