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SUMMARY

Over the past eleven years my research has been concerned with the

clinical and pathological significance of autoantibodies in human disease.

1. Thyroid autoimmunity

My starting point in 1958 was a study of the effects of thyroid auto¬

antibodies on human thyroid cells in tissue culture. This research led to

the description of a number of the properties of thyroid cytotoxic factor.

The cytotoxicity of this antibody appeared to depend on the presence of

complement and on prior treatment of the thyroid cells with enzymes such

as trypsin. In 1962-63 an electron microscope study of Hashimoto thyroid¬

itis was made with particular reference to lymphocytic infiltration, to alter¬

ations in the basement membrane and to Askanazy cell change in the thyroid

cytoplasm. The incidence and titres of thyroid autoantibodies in patients
with thyrotoxicosis were investigated, and a correlation was demonstrated

between the presence of thyroid complement-fixing antibody on the one hand

and focal thyroiditis and the development of post-thyroidectomy hypothyroid¬
ism on the other. In a study of 164 thyrotoxic patients before and 1-3 years

after surgery it was found that 23% of those with a thyroid complement-fixation

titre of 5:1/32 developed hypothyroidism after surgery, while none of the

subjects whose sera failed to show such antibodies became hypothyroid.

Thyroid antibodies estimated prior to treatment of thyrotoxic patients with

radioactive iodine showed no correlation with the response to that form of

therapy. Nor was any relationship demonstrated between the presence of

thyroid antibodies and the response of patients with Graves' disease to

treatment with antithyroid drugs.

In the attempt to elucidate possible mechanisms of thyroid autoimmunity,

a study was made of the immunological response to thyroid damage
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(e by irradiation). It was established that the immunological
system varie<i in its sensitivity in different thyrotoxic patients in that in
only a proportion of subjects was it possible to demonstrate a rise in the
titre of thyroid autoantibody. Only antibody of the complement fixing

type showed a rise in titre and not antibody to thyroglobulin. In all
cases any rise in thyroid antibody titre was transient, and there was no

suggestion of a chain reaction with further thyroid damage and release
of more antibody. These experiments were subsequently confirmed by
other investigators and remain one of the strongest arguments against the
"hidden" antigen hypothesis of thyroid autoimmunity. I advanced the
alternative hypothesis that thyroid autoimmunity is a genetically determined
disorder of immunological tolerance: i.e. that the primary defect was not

in the peripheral target organ (the thyroid) but was centrally placed in the

immunological system.
In 1963 I began a study of the histology and radiographic appearance

of the thymus gland in patients with thyroid diseases with and without
evidence of autoimmunity. Germinal centres in the thymic medulla were

found to be of common occurrence in patients with chronic thyroditis and,

likewise, abnormally large thymic shadows were noted radiologically in

patients with thyroid autoantibodies. The problem remains as to whether
the thymic changes are of primary importance in the pathogenesis of some
of the diseases associated with autoimmunity or whether these alterations
are merely another manifestation of autoimmunity.

In collaboration with Mrs Margaret M. Evans of the M . R. C. ,

C.E.U. the immunological responsiveness of NZB mice (a strain which

develop autoimmune haemolytic anaemia spontaneously) was compared with
control animals. It has been shown that neonatal NZB mice develop

immunological competence in relation to sheep red cell antigen at a

significantly earlier age than do a number of control strains. The early

development of competence may be related to the impairment of immuno

logical tolerance in adult life.
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2. Addisonian pernicious anaemia

In 1961 I started a study of the sera of patients with Addisonian

pernicious anaemia. This led to the first description of a complement-

fixing antibody that was specific for the mucosa of the body of the human
stomach. A high incidence of this antibody was found in patients with

pernicious anaemia as compared with controls, and an immunological
as well as a clinical overlap was demonstrated between patients with

pernicious anaemia and those with autoimmune thyroid disease such as

thyrotoxicosis, Hashimoto goitre, and primary hypothyroidism. Using
the technique of immunofluorescence it was demonstrated that the gastric

autoantibody involved in this reaction was specific for parietal cell cyto

plasm. This developed into a study of the relationship between the

presence of gastric autoantibodies and gastric function and histology.

It was shown that the presence of gastric parietal cell antibody correlated
with atrophic gastritis of varying severity, while antibody to intrinsic
factor correlated with the presence of malabsorption of vitamin B^.? due to
lack of intrinsic factor secretion.

With the description of an antibody to intrinsic factor and the avail¬

ability of this substance in the sera of 50 -60 p of patients with pernicious

anaemia, it became possible to assay samples of gastric juice for intrinsic
factor content and to define tb. -orraal range for this substance during
basal conditions and following stimulation. It was demonstrated that

gastrin, pentagastrin and histamine stimulated the release of gastric
intrinsic factor, the pattern of secretion being identical for the three
substances. The upper limit of intrinsic factor secretion in patients with

pernicious anaemia was defined. This v/as compared with the intrinsic

factor secretion in a series of patients with atrophic gastritis without

pernicious anaemia and in subjects who were able to secrete gastric acid.
When the content of intrinsic factor in the gastric juice estimated by

radioimmunoassay in the post histamine/pentagastrin hour was compared
58

with the patient's ability to absorb oral Co vitamin a good cor

relation was observed.
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3- Idiopathic Addison's disease

Since 1962 I have been documenting and collecting sera from

patients with adrenal insufficiency resulting from various causes. I
was among the first to describe adrenal antibodies and to make the

distinction between the presence of adrenal autoimmunity in idiopathic

Addison's disease and its absence in patients with tuberculous

destruction of the adrenal gland. A clinical and immunological overlap
was established between indiopathic Addison's disease on the one hand

and thyroid autoimmune disease, pernicious anaemia, primary

hypoparathyroidism, diabetes mellitus of the insulin-dependent type and
ovarian failure on the other. No such correlation could be demonstrated

in the patients with tuberculous Addison's disease. The detection of

adrenal antibodies in a patient suspected of Addison's disease provides

an important indication as to whether the adrenal insufficiency is of the

idiopathic type or whether other causes should be sought.

4. Ovarian failure

The study of the patients with adrenal insufficiency led to the

recognition of antibodies reacting with the various components of steroid

producing tissues, e.g. ovary, testis and placenta. A close correlation
has been observed between the presence of antibodies to the ovary and

ovarian failure of the idiopathic type in patients with Addison's disease.

It has been claimed that the development of autoimmunity may be

associated with abnormalities of the X chromosome, but in collaboration

with Dr W. H. Price of the M. R.C. Clinical and Population Cytogenetics

Unit, I was not able to find statistical evidence of such a correlation in

patients with gonadal dysgenesis. It would seem that the detection of

antibodies to components of ovary and testis may lead to the recognition

of a special sub- group of patients with gonadal failure.
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5. Diabetes mellitus
\

The clinical association of diabetes me 11 itus with various autoimmune

endocrine disorders and with pernicious anaemia suggests that immunolo¬

gical factors may be of some importance in diabetes. The analysis of
a large series of diabetics, matched for age and sex against controls, has

clearly shown the presence of a significantly increased incidence of gastric
and thyroid autoantibodies in diabetics. The increase is mainly found in
the insulin-dependent type of diabetic, but is not related to age of onset or
duration of disease. So far, attempts to demonstrate autoimmunity
directed against the pancreas or its secretions in untreated diabetics have

not met with success.

6. Myasthenia gravis

It has been established by others that the occurrence of auto¬
antibodies to the striations of skeletal muscle and to myoid cells within

the thymus is characteristic of myasthenia gravis, especially in patients
with a thymoma. In conjunction with Dr Joehen Kalden it was shown that

thymitis and partial neuromuscular block could be induced in experimental
animals by immunological techniques and that the neuromuscular block was

dependent on the development of thymitis. This work helped to resolve

controversy concerning the production of an experimental model of

myasthenia gravis. It would appear that myasthenia gravis may be an

autoimmune disorder insofar as thymic pathology in the form of thymitis

may be immunologically induced, the neuromuscular block being a non-

iimmunological phenomenon occurring as a result of thymic damage.
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7. Possible interrelationship between the immunological and
endocrinological systems

The association between disorders of the endocrine system and

autoimmunity made one ask if the immune response might in some way

be dependent on the integrity of the endocrine system. In conjunction
with Dr Jochen Kalden and Mrs Margaret M. Evans of M. R.C., C.E.U.
it was shown that hypopbysectomy in rats had no effect on the humoral
antibody response to challenge with sheep red cells.

8. Immunosuppression

Ultimately it is hoped that it might be possible to suppress selectively
the autoimmune reaction against specific tissues. A major limitation of

immunosuppressive therapy at the present time is its non-specificity.
In conjunction with Dr Jochen Kalden of M. R. C., C. E. U. and Dr Keith
James of the Department of Surgical Science, Edinburgh University, it
has been shown that anti-lymphocytic serum will prevent the development
of experimental thyroiditis in rats if given before or at the same time as

the animals are immunised with thyroid extract. Anfci-lymphocytic serum

is ineffective if given 4 hours after immunisation because of the inaccess¬

ibility of the sensitised lymphocytes after this time interval to the anti-

lymphocytic serum.
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AN INVESTIGATION OF THE PATHOGENESIS OF

HASHIMOTO'S DISEASE BY THYROID TISSUE CULTURE

BY W. J. IRVINE

From the Department of Pathology, University of Edinburgh

(Received 18 August 1959)

SUMMARY

Human thyroid cells were grown in tissue culture in media containing normal human serum,
Hashimoto serum, and rabbit sera containing antibodies to purified human thyroglobulin and to
crude thyroid extract, respectively. The thyroid cells grew equally well in all media, with the
exception of the rabbit serum containing antibodies to crude thyroid extract.
Intact thyroid cells obtained from tissue culture failed to fix Hashimoto antibodies in the

presence of complement, whereas the constituents of disrupted thyroid cells gave a strongly
positive complement-fixation test with Hashimoto serum. It is therefore suggested that the
intact thyroid cell is impermeable to complement-fixing Hashimoto antibody.
The evidence afforded by the present work adds further weight to the belief that Hashimoto's

disease may not be due to a simple auto-immunizing process consequent upon the interaction
of thyroid antigen and the known circulating auto-antibodies. Evidence in support of an alter¬
native hypothesis involving 'cell-bound' antibodies with disruption of the follicular basement
membrane is discussed.

Roitt, Doniach, Campbell & Hudson [1956] showed that serum from patients with
Hashimoto's disease contained an antibody which reacted with human thyroid
extract. In the same year Rose & Witebsky produced thyroid lesions in rabbits,
somewhat similar to those of Hashimoto's disease, by immunizing rabbits with a
saline extract of their own thyroid glands. The hypothesis was therefore put forward
that Hashimoto's disease was caused by the action on the thyroid of antibodies
produced by the patient's own tissues. This hypothesis is now widely accepted and in¬
deed Hashimoto's disease is today often referred to as auto-immunizing thyroiditis.
The present work was designed to determine whether or not the circulating auto¬

antibodies demonstrable in Hashimoto's disease have, in fact, any direct toxic effect
on the thyroid gland. Human thyroid cells were therefore cultured in nutrient medium
containing Hashimoto's serum. In addition, rabbit sera were prepared containing
antibodies in high titre to purified human thyroglobulin and to crude thyroid ex¬
tract, respectively, and the effect of these sera on human thyroid cells in culture was
also investigated. Complement-fixation tests were performed to determine whether
or not the antibodies of Hashimoto serum reacted with intact thyroid cells as

antigen.

MATERIALS AND METHODS

Technique of thyroid tissue culture
Hanks's balanced salt solution [Hanks & Wallace, 1949] was used. Penicillin,

streptomycin and mycostatin (100 u./ml.) were added to all fluids routinely.
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Crystalline trypsin (Difco 1:250) was used in a 0-25% solution after Seitz filtration.
A stock solution of 2 % trypsin was stored at — 20° C.
The constitution of the culture medium was as follows: lactalbumin hydrolysate.

4%; inactivated, Seitz-filtered human serum, 20%; balanced Hanks's solution,
76%.

Procedure

The technique of tissue culture employed, a modification of that of JDulbecco &
Vogt [1954], was essentially the same as the method adopted by Pulvertaft, Davies,
Weiss & Wilkinson [1959 a].
Rimless Pyrex test-tubes (12-5 x 1-6 cm) were principally used as culture vehicles

and were mounted in stationary Perspex drums; oz. Kingsley-Saunders bottles with
screw tops also proved useful. A rectangular glass strip was inserted into each tube
or bottle to act as a flying coverslip. In addition, small culture chambers of almost
ideal optical properties were constructed according to the design of Constable &
Moffat [1958],

Recording of results
(1) Direct photography. The best results were obtained by phase-contrast photo¬

micrography of the cellular monolayer adherent to the upper coverslip of a culture
chamber. Both culture chambers and microscope were enclosed in an incubator at
37° C.

(2) Photography of stained smears. The flying coverslips could readily be removed
from the test-tubes or Kingsley-Saunders bottles, placed in fixative and stained.
Little difference was detected when osmium tetroxide or absolute methyl alcohol

were used as fixatives, and the latter was generally adopted. The fixed cell smears
were then stained by either Giemsa or Altmann-Kull for mitochondria as described
by Baker [1950].

Culture of thyroid cells in various sera

Using the above technique, thyroid cells were cultured in five different media, the
basic formula of which was always the same (see above), except that the serum
components were as shown in Table 1 (I-V). All sera were Seitz filtered, and fresh
human serum was used as a source of added complement.
Toxic goitres formed the majority of thyroids used. The remainder were non¬

toxic nodular goitres. The number of different thyroids cultured in the various sera
are indicated in Tables 1 and 2.

Serology
Three immunological methods were used for the analysis of the various sera.
(1) Precipitin test. A modified Oudin technique using pooled fresh post mortem

thyroid was adopted.
(2) Tanned cell haemagglutination test. Human group O erythrocytes were em¬

ployed. The end-point was taken as the last tube to show a broad, even carpet of
agglutinated cells.

(3) Complement-fixation test. A standard complement-fixation technique using
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2 minimum haemolytic doses of complement and serial dilutions of serum were
used.
Hashimoto serum was obtained from four patients who were diagnosed clinically

as suffering from Hashimoto's disease and whose serology was strongly positive with
regard to all three of the above tests. Rabbit sera containing antibodies to purified
thyroglobulin and to crude thyroid extract were prepared by injecting two sets of
three rabbits intramuscularly at weekly intervals with 1 ml. aliquots of purified
human thyroglobulin and of crude thyroid extract, respectively. The purified
human thyroglobulin was prepared by a method based on that of Derrien, Michel &

Table 1. Constitution of serum components of the five different media used
No. of different

thyroids
cultured
in each
medium

14
9

9

4

4

% Concn.
No. of nutrient Constitution of of total

medium serum component medium
I Human serum (inact.) 20
II Human serum (inact.) 15

Fresh human serum 5
III Hashimoto serum 15

Fresh human serum 5
IV Rabbit anti-(purified 15

thyroglobulin) serum
Fresh human serum 5

V Rabbit anti-(crude thyroid 15
extract) serum
Fresh human serum 5

Table 2. Antibody litres of the various sera used as determined
by three serological methods

Serum
Hashimoto 486
Hashimoto 493
Hashimoto 532
Hashimoto 540
Rabbit anti-(purified)
thyroglobulin
Rabbit anti-(crude)
thyroid extract

Precipitin
test

+
+
+
+
+

Tanned cell

haemagglutination
test

1:20,000
1:10,000
1:800
1:400
1:400

1:800

Complement-
fixation test

64
500
64
256

1:16

No. of
different

thyroids
cultured in

each medium
2
2
3
2
4

Roche [1948] and was of comparable purity to the thyroglobulin used by Roitt,
Campbell & Doniach [1958], The crude thyroid extract was prepared by homogen¬
izing pooled surgical specimens of thyrotoxic glands and extracting with saline.
After the 4th week the rabbits were bled and the serum from each was separated and
stored in the deep freeze at — 20° C. The titres of the different sera employed are
shown in Table 2.

RESULTS

Morphology of cultures in normal human serum

After trypsinization the thyroid cells are spherical and adhere to one another in
aggregates. This clumping makes cell counting impossible. Another peculiarity of
thyroid tissue is the rapidity with which the cells adhere to glass—within half an
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hour or so. The cells gradually become fusiform and by 24hr have migrated away from
their initial clusters to form a monolayer. Plate, fig. 1, obtained from a preparation
stained after 18 hr in culture, demonstrates this well. If not overcrowded, these
wandering cells characteristically retain contact with one another at each end to
form a reticular pattern, as shown in Plate, fig. 2. When retrypsinized the cells once
more become spherical and form aggregates.
The monolayer of fusiform cells remains virtually unchanged for 14 days or more,

but after that time many cells gradually disintegrate and fall off the glass while the
survivors become more and more fusiform. There was no difficulty in maintaining
thyroid cells in tissue culture over a period of at least 5 weeks.
The mitochondria of the thyroid cell in tissue culture are characteristically

long, thin and few in number (see Plate, fig. 3). There may be more than one nucleus
per cell (Plate, fig. 5), but mitosis was not observed at any time throughout the series
of experiments. The phenomenon of 'transformation' as described by Pulvertaft,
Doniach, Roitt & Hudson [19596] with the assumption of malignant characteristics
was not observed in cells cultured in vitro up to 5 weeks.
The presence or absence of added complement in the form of fresh human serum

had no detectable effect on the cultured thyroid cells as described above.

Human thyroid cells cultured in Hashimoto sera

As illustrated in Plate, figs. 4 and 5 human thyroid cells were found to grow in
Hashimoto serum as well as in normal human serum. The presence or absence of added
complement made no obvious difference. Human thyroid cells were easily cultured
in media containing normal human serum and Hashimoto serum on numerous occa¬
sions (see Tables 1 and 2) and for prolonged periods without evidence of cellular
damage. Furthermore, the results were the same whether fresh thyroid cells were
used (i.e. primary culture) or whether thyroid cells were used which had been main¬
tained in culture for some days or even weeks.

Human thyroid cells cultured in rabbit serum containing antibodies to purified human
thyroglobulin

Such cells thrived as well as those cultured in normal human serum (Plate, fig. 6).
Once again, the presence or absen ce of added complement had no effect and the results
were the same whether fresh thyroid cells were used or cells that had been main¬
tained in culture for some days or even weeks.

Human thyroid cells cultured in rabbit serum containing antibodies to crude thyroid
extract

No successful growth was ever observed in cells grown in such cultures. In the
absence of a monolayer both phase-contrast microscopy and staining of flying cover-
slips were impracticable. Instead a number of slide culture chambers were set up
so that half of them contained rabbit serum with antibodies to purified thyroglobulin
and the other half contained rabbit serum with antibodies to crude thyroid extract.
After 24 hr incubation the chambers were examined and photographed by direct
light (Plate, figs. 7, 8). This experiment was repeated on four occasions with con¬
sistent results.
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Summary of results
Neither Hashimoto serum nor rabbit serum containing antibodies to purified

thyroglobulin had any deleterious effect on trypsin-dispersed human thyroid cells in
tissue culture, but the rabbit serum containing antibodies to crude thyroid extract
proved to be markedly cytotoxic.

Complement-fixation tests using human cultured thyroid cells as antigen
The four Hashimoto sera used in the above experiment (see Table 2) were pooled.

This pooled Hashimoto serum and rabbit serum containing antibodies to crude thy¬
roid extract were used as antibody fractions in a series of complement-fixation tests
in which a crude extract of thyrotoxic gland and thyroid cells in tissue culture were
used as antigen components.

Table 3. Complement-fixation tests using disrupted thyroid cells and intact thyroid
cells as antigen components

Results (MHD*)

Antibody Antigen 2 3 5
Pooled Hashimoto serum Crude extract of + + +

thyrotoxic gland
Pooled Hashimoto serum Thyroid cells in — — —

tissue culture
Rabbit anti-(crude) Crude extract of + + +
thyroid extract thyrotoxic gland
Rabbit anti-(crude) Thyroid cells in + ± —

thyroid extract tissue culture
* Minimum haemolytic dose.

The results of this experiment are shown in Table 3, and indicate that whereas a
crude extract of thyrotoxic gland will fix complement in the presence of Hashimoto
antibody, intact thyroid cells in tissue culture will not. Cultured intact thyroid cells
will, however, fix complement in the presence of rabbit antibody to crude thyroid
extract.

DISCUSSION

Clearly, this work constitutes in vitro evidence which may not be strictly applicable
to what takes place in vivo, but it is of interest that human thyroid cells survive
when cultured in medium containing 15% Hashimoto serum. Pulvertaft et al.
[1959 a] described a similar result in a single instance, but subsequently claimed
[19596] that under certain conditions Hashimoto serum could be dramatically
cytotoxic*. The apparent discrepancy between the results presented here and the
recent results of Pulvertaft et al. [19596] may be explained in terms of technique.
According to the latter, normal human serum has a protective action on the thyroid
cell, and it is possible that the 5% normal human serum added routinely to all
cultures in the present work as a source of complementmay have masked a cytotoxic
effect of the Hashimoto serum. Again, the process of Seitz-filtering all sera, whichwas
done routinely in the present work, may have removed some cytotoxic factor. What
is relevant to the present work, however, is that Seitz-filtered sera still gave strongly

* See addendum.
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positive serological reactions in the precipitin, tanned cell and complement-fixation
tests. In this connexion Pulvertaft et al. [19596] were careful to point out that the
'cytotoxic agent' in Hashimoto serum could not he related to these serological reac¬
tions and, indeed, until other human organ cultures have been tested with Hashi¬
moto serum there is little evidence to confirm that their 'cytotoxic agent' is in
any way specific for thyroid cells or that it is even related to an auto-immune reac¬
tion. The concentration of Hashimoto serum used by Pulvertaft et al. [19596]was
more than three times that used in the present work and many times higher than that
of the protein content of interstitial fluid. Finally, it is surprising that Hashimoto
serum should be found to have an acute and even dramatic cytotoxic effect in vitro
when the nature of the disease is essentially chronic.

Care was taken in choosing the Hashimoto sera employed in the present experi¬
ments to ensure that they contained antibodies in high titre against both thyro-
globulin (as estimated by the precipitin and tanned cell tests) and the intracellular
or microsomal antigen (as estimated according to Roitt & Doniach [1958] by the
complement-fixation test). The fact that human thyroid cells in culture thrive in
media containing such Hashimoto sera may be interpreted in two ways: either, the
circulating auto-antibodies which are demonstrable in Hashimoto thyroiditis have
no direct toxic effect on the thyroid cells and are therefore of purely secondary aetio-
logical importance; or, alternatively, it may be asked whether cells maintained in
tissue culture might lose their antigenic properties and so fail to demonstrate any

cytotoxic effect. It is possible that cells in culture may undergo immunological
as well as morphological de-differentiation, but if so the process must be so rapid as
to be virtually imperceptible for no toxic effect was observed when fresh thyroid
cells were set up in primary culture with Hashimoto serum. Pulvertaft et al. [1959 a]
showed that human thyroid cells in tissue culture, although morphologically de¬
differentiated, were not de-differentiated biochemically in so far that they could still
take up radio-iodine and incorporate it into organic substances.
Since Hashimoto sera were non-toxic it was only to be expected that the rabbit

serum containing antibodies against purified thyroglobulinwould also prove harmless.
Intact thyroid cells obtained from tissue culture when mixed with Hashimoto

serum failed to fix complement, whereas disrupted thyroid cells in the form of
thyroid extract gave a strongly positive complement-fixation test with Hashimoto
serum. This finding could likewise be interpreted as being due to a rapid immuno¬
logical de-differentiation of the cells in culture. Alternatively, it may be argued that
since it is only thyrotoxic cells that contain the microsomal fraction in high con¬
centration [Belyavin & Trotter, 1959] the resting cell of in vitro culture might not be
expected to contain sufficient microsomal fraction to give a positive complement-
fixation test with Hashimoto antibody. However, another interpretation might be
that intact thyroid cells are impermeable to complement-fixing Hashimoto antibody.
It is not surprising that serum containing antibodies to crude thyroid extract

should prove to be cytotoxic and that it should give a positive complement-fixation
test with Hashimoto serum. The immunological pattern of such serum is doubtless
very complex and these properties are probably the effect of species antibodies
unrelated to organ specificity.
The fact that thyroid cells thrive when cultured in nutrient medium containing
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15% Hashimoto serum, and that intact thyroid cells fail to fix complement when
mixedwith Hashimoto serum, both indicate that the circulatory or humoral antibodies
demonstrable in Hashimoto serum are not primarily responsible for thyroid damage.
The hypothesis that the Hashimoto humoral antibodies may be of secondary im¬

portance is supported by other evidence. Auto-immunization is a biological process
occurring in a wide variety of thyroid disorders, although it is only in Hashimoto's
disease that the titres are sufficiently high to be of diagnostic value [Roitt & Doniach,
1958; Owen & Smart, 1958; Anderson, Goudie & Gray, 1959; Stuart, 1959], Secondly,
the transience of auto-immunization in subacute (de Quervain's) thyroiditis [Felix-
Davies, 1958] is of particular interest, since this would suggest that the presence of
antibodies in high titres does not necessarily lead to progressive thyroid damage.
Thirdly, Roitt & Doniach [1958] entirely failed to produce thyroid damage by pas¬
sive transfer of Hashimoto serum to a monkey. Finally, the classical experiments of
Rose & Witebsky [1958] which demonstrated for the first time the presence of
circulating thyroid antibodies in the course of experimental thyroiditis are difficult
to repeat. In spite of numerous attempts it has not proved possible to produce thy¬
roiditis in animals by injecting homologous thyroid tissue and it may be that some
factor over and above the injection of thyroglobulin is required to cause damage
to the gland.
Although these experimental results indicate that circulating antibodies may not be

primarily responsible for the pathogenesis of Hashimoto's disease, an auto-immune
process involving 'cell-bound' antibodies or antibodies of an 'incomplete' type
cannot be excluded. 'Cell-bound' antibodies play an important role in hypersen¬
sitivity phenomena such as the tuberculin reaction and the homograft reaction, and
their possible role in the aetiology of Hashimoto's disease has been suggested by
Roitt & Doniach [1958], Witebsky, Rose & Shulman [1956] observed a delayed
type of skin reaction in rabbits immunized with homologous thyroid tissue. His¬
tologically, the lesions of Hashimoto's disease are characterized by an abundance of
plasma cells and lymphocytes, and these lesions, though not identical with delayed
hypersensitivity reactions, are more like them than anything else, especially the
homograft reaction. It should be noted that necrosis and eosinophilic infiltration,
characteristic of lesions associated with circulating antibodies (i.e. Arthus reactions),
are not present in the lesions of experimental pure delayed hypersensitivity nor are
they present in those of Hashimoto's disease.
Finally, Stuart & Allan [1958] were able to correlate basement membrane degenera¬

tion in cases of thyrotoxicosis and Hashimoto's disease with the titre of circulating
antibody. The disrupted membrane would allow colloid to escape from the confines
of the thyroid vesicle and, consequently, the production of circulating auto-antibodies
would be stimulated as a secondary phenomenon. In addition, the histological
features of Hashimoto's disease could be accounted for by the irritant effect of the
escaped colloid [Ferguson, 1933]. The cause of the initial injury to the basement
membrane remains unknown and it may yet prove to be due to an auto-immune
reaction involving 'cell-bound' antibodies.
Clearly there remain many unsolved problems relating to auto-immunity in thy¬

roid disease. Their solution would be of considerable importance not only to thyroid
disease but also to a much wider field of clinical medicine.
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DESCRIPTION OF PLATE

Fig. 1. After 18 hr in culture the thyroid cells have begun to migrate away from cellular aggregates and
to form a monolayer. Individual cells are now fusiform rather than spherical. Giemsa, x 45.

Fig. 2. Typical reticular pattern of the fusiform thyroid cells after 48 hr in culture. Phase contrast x 450.
Fig. 3. Long and thin mitochondria of human thyroid cell in culture. Altmann-Kull, x 1300.
Fig. 4. Human thyroid cells growing in nutrient medium with normal human serum as serum component.

Giemsa, x 525.
Fig. 5. Human thyroid cells growing in nutrient medium with Hashimoto serum as serum component.

Note healthy appearance of the cells. Giemsa, x 525.
Fig. 6. Human thyroid cells growing in nutrient medium with rabbit serum containing antibodies to

purified thyroglobulin as serum component. Again notehealthy appearanceof the cells. Giemsa, x 525.
Fig. 7. Human thyroid cells incubated as in Fig. 6. Healthy cells, photographed in a slide culture cham¬

ber. Direct light, x 225.
Fig. 8. Human thyroid cells incubated in medium with rabbit serum containing antibodies to crude

thyroid extract as serum component. Photographed as for Fig. 7. Note distinct cytotoxic effect of
this serum. Direct light, x 225.

Addendum added, in proof
I have since confirmed the observation of Pulvertaft et al. [19596] in that 50% serum from

patients diagnosed histologically as having Hashimoto's disease (in the absence of Seitz filtration
and without the addition of normal human serum) causes impaired growth of thyroid colls in
primary culture. Likewise I have confirmed that this cytotoxic agent is independent of the known
circulating thyroid antibodies.
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THE CYTOTOXIC FACTOR IN THYROID DISEASE

W. J. Irvine

Departments of Therapeutics and Pathology, University of Edinburgh

Interest in auto-immunity in thyroiddisease dates from the demonstration by
Roitt et al. (1956) of precipitating antibodies
to thyroglobulin in the serum of patients with
Hashimoto thyroiditis (lymphadenoid goitre).
Doniach and Roitt (1957) suggested that in
this condition leakage of colloid from the
thyroid follicles gives rise to thyroglobulin-
antibody formation and that this leads in
turn to further thyroid damage and leakage
of colloid. In addition, complement-fixing
antibodies specific for the 'microsomal' frac¬
tion of the thyroid cell have been demon¬
strated to be present in the sera of patients
with a variety of thyroid disorders (Trotter
el al., 1957; Roitt & Doniach, 1958; Ander¬
son et al., 1959).
The present work was initially designed to

determine the significanceof these precipitating
and complement-fixing thyroid antibodies in
the pathogenesis of thyroid disease. It was
argued that if these humoral antibodies were
of basic aetiological importance and not
simply secondary phenomena, then it seemed
reasonable to expect that sera containing
these antibodies in high titre might possibly
have a direct toxic effect on thyroid cells
in vitro.
The in vitro culture of trypsin-dispersed

human thyroid cells was first studied inde¬
pendently by Pulvertaft, Davies et al. (1959)
and by Irvine (1959, 1960a); the latter author
being first to demonstrate that human thyroid
cells in vitro were readily damaged by hetero¬
logous antibodies. However, sera containing
high titres of thyroglobulin and 'microsomal'
antibodies obtained from treated Hashimoto
patients failed to exhibit any adverse effect
on cultured thyroid cells. A similar negative
result with a Hashimoto serum was observed
by Pulvertaft, Davies et al. (1959).
Definite cytotoxic effects with homologous

Hashimoto sera were subsequently described
by Pulvertaft, Doniach et al. (1959). These
effects could only be observed when thyroid
cells were exposed to the test sera within the

first 36 hours of primary culture. As pre¬
viously presented elsewhere (Irvine, 1960/?,
c, d) this observation has now been confirmed
and certain of the properties of the factor
responsible for cytotoxicity are now presented
more fully.
MATERIALS AND METHODS
The technique of thyroid tissue culture adopted was
essentially the same as described previously (Irvine,
1959, 1960a). Cells coming into suspension within the
first half-hour of trypsinization were discarded, and
the trypsin changed thereafter every half-hour for a
further 2 hours. At the end of this period the cells
were washed and resuspended in nutrient medium con¬
taining known concentrations of human serum. Syn¬
thetic medium '199' (Glaxo) served as diluent. In
general, rimless pyrex test tubes mounted in stationary
perspex drums were used for the determination of
titres, while perspex ring chambers were used for
screening purposes and for phase contrast photo¬
micrography.
Adult sheep and ox thyroid cells, human foetal

kidney liver and lung cells, human amnion cells, Hela
cells and adult monkey kidney cells were also cul¬
tured using an identical technique. Adult adrenal cells
were cultured by reducing the trypsin concentration
and temperature to 0.15 per cent and 20"C. respec¬
tively and not discarding the cells dispersed in the
first half-hour.

RESULTS

Morphology of cultures. The appearance of
human thyroid cells in culture has been de¬
scribed and illustrated previously (Pulvertaft,
Davies et al., 1959; Irvine, 1959. 1960c/).
The demonstration of adhesion plates binding
one cell to the next (Fig. I) explains the
phenomenon of clustering of the thyroid cells,
which makes cell counting impossible. Mitosis
was never observed throughout the series of
experiments on over fifty human thyroid
glands with the single exception of one thy¬
roid gland whose cells showed frequent mito¬
sis after 5 days in the presence of normal
human serum (Fig. 2). The gland of origin
was that of a simple goitre without any his¬
tological evidence of malignant change. The
other features of 'transformation' were never

convincingly demonstrated. In particular,
human thyroid cells that had been main¬
tained in culture for over 3 months failed to

exhibit detectable mitosis.
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Fig. 1. Human hyperplastic thyroid cell immediately
after trypsinization showing adhesion plates between
it and adjacent cells. In addition small peripheral and
large central cytoplasmic vacuoles are seen. Mito¬
chondria are also present.
Osmium fixation. Electron micrograph x 5,250.

While there are no morphological differ¬
ences between cells in culture derived from

thyrotoxic or simple goitres or from normal
thyroid glands. Figures 3 and 4 contrast this
appearance with that of cells derived from a
thyroid adenocarcinoma. These latter cells
were difficult to culture and, although mitotic
figures were not in evidence, these cells failed
to show the orderly arrangement character¬
istic of non-malignant tissue.

Sheep and ox resembled human thyroid
cells when cultured in homologous serum,
although they failed to survive when exposed
to normal human serum in primary culture.
After some days in culture, however, these
cells could be transferred to normal human
serum without adverse effect.
None of the other tissues that were cul¬

tured could equal thyroid as regards adhesive¬
ness for neighbouring cells and for glass or
the rate of forming a monolayer. Instead of
some 18 to 36 hours they took some 4 days
to spread out adequately. The foetal cells
grew beautiful cultures and showed frequent
mitosis. The tissue of origin remained readily

distinguishable during the first 10 days or so
in culture (Figs. 5, 6, 7 & 8) but this was not
so with increasing age. Human adult adrenal
cells were characterized by their abundant
fatty granulation and also by their morph¬
ology of cluster formation (Fig. 9).
The cytotoxic effect. The failure of sus¬

ceptible human thyroid cells to spread out in
the presence of Hashimoto serum and the
marked cytotoxic effect of that serum on cells
that had previously been established in culture
for a period of 20 hours has been illustrated
elsewhere (Irvine, 1960/? & il). The cytotoxic
effect on an early established culture is shown
here in more detail.
After 20 hours in primary culture the cyto¬

plasm of the non-malignant thyroid cell is
normally well spread out, relatively non¬
granular and contains filamentous mito¬
chondria. The nucleus is normal in appear¬
ance (Fig. 10). Minutes after adding a cyto¬
toxic serum the mitochondria become more

distinct and fragment, the cytoplasm retracts
and the nuclear membrane becomes promi-

Fig. 2. Mitosis occurring in a human thyroid cell
derived from a simple goitre after 5 days in culture in
20 per cent normal human serum.

Living phase contrast x 1,050.
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Fig. 3. Human thyroid cells derived from a thyrotoxic
gland after 20 hours culture in 20 per cent normal
human serum. Note well spread out relatively non¬
granular cytoplasm containing filamentous mito¬
chondria. Also note the orderly arrangement of cells.

Living phase contrast x 875.

Fig.^4. Cells derived from a human thyroid adenocar¬
cinoma after 2 days in culture in 20 per cent normal
human serum. Note the disorderly arrangement of cells
and absence ofmitosis. Living phase contrast x 525.

Fig. 5. Human amnion cells after 5 days culture in
20 per cent normal human serum. >

Living phase'contrast X 340,

Fig. 6. Human foetal kidney cells alter 5 days in cul¬
ture in 20 per cent normal human serum.

Living phase contrast x 875,
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there is little doubt that complement is re¬
quired for the cytotoxic effect to be manifest.
The fact that a heat-labile co-factor present in
normal serum is essential for cytotoxicity is
illustrated in Table I. The subsequent obser¬
vation by Goudie (1960) that this co-factor

Table I. The role of complement.

Fig. 7. Human foetal liver cells after 5 days in culture
in 20 per cent normal human serum.

Living phase contrast x 340.

Cell
suspension 0.7 ml.

L.G. serum
(fresh)

L. G. serum
(inact)

Normal serum
(fresh) 0.1 ml.

Normal serum
(inact.) 0.2 ml.

Cytotoxic effect Neg.

0.7 ml. 0.7 ml. 0.7 ml.

0.2 ml. —

— 0.2 ml. 0.2 ml.

0.1 ml.

0.1 ml. | 0.1 ml. —

Pos. Neg. Pos.

nent (Fig. II). Granules accumulate around
the nucleus and may eventually fill the whole
cytoplasm and exhibit rapid movement (Fig.
12). The nucleus undergoes pyknosis and
eventually after anything from 15 minutes to
several hours the cells become spherical,
swollen and undergo lysis (Fig. 13).
Like other biological phenomena the cyto¬

toxic effect can be shown to vary in its severity.
In comparison to the control the failure of
thyroid cells to spread out may be complete or
merely impaired. Thus when a cytotoxic
serum is serially diluted with normal human
serum the effect on cells in primary culture
may pass from complete inhibition of spread¬
ing with cell death through varying grades of
impairment to normality depending on the
factor of dilution. Again, with an established
culture at 20 hours the cytotoxic serum may
cause virtually complete destruction of all
cells within 15 minutes or may only influence
a small proportion within several hours.
The role of complement. Although initially

denied by Pulvertaft, Doniach et al. (1959)

Fig. 8. Human foetal lung cells after 5 days in culture
in 20 per cent normal human serum.

Living phase contrast x 875.

Culture chambers (in duplicate)
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Fig. 9. Human adult adrenal cells after 5 days in cul¬
ture in 20 per cent normal human serum.

Living phase contrast x 340.

Fig. 11. Five minutes after changing the culture med¬
ium to 10 per cent Hashimoto serum in the presence
of complement. Note prominence and fragmentation
of mitochondria, prominence of nuclear membrane
and retraction of cytoplasmic processes.

Living phase contrast x 1,050.

Fig. 10. Human hyperplastic thyroid cell after 20
hours in culture in 20 per cent normal human serum.
Note normal appearance.

Living phase contrast X 1,050.

Fig. 12. Fifteen minutes after the addition of Hashi¬
moto serum. Note coarse cytoplasmic granularity.

Living phase contrast X 725.
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Fig. 13. Twenty-five minutes after addition of Hashi¬
moto serum. Note pyknosis of nuclei, swelling of
cytoplasm and lysis.

Living phase contrast x 790.

can be absorbed out by a complement-fixing
precipitin system distinguishes it from pro¬
perdin. Consequently, throughout cytotoxicity
experiments 10 per cent fresh normal human
serum from a constant source was added rou¬

tinely to all media as a source of complement.
Normal cytotoxicity. A study of the effects

of normal human serum showed that in
general thyroid cells thrive less well in 50 per
cent (as used by Pulvertaft, Doniach et al.,
1959) than in 10 per cent concentration of
serum. However, even at 10 per cent concen¬
tration apparently normal human serum can
occasionally have a cytotoxic effect particu¬
larly when that serum is used fresh. This nor¬
mal cytotoxicity, while consistent for any one
source of cells, differs from that of Hashimoto
sera in that it is variably present in an unpre¬
dictable manner when different sources of

thyroid cells are used. The occurrence of nor¬
mal cytotoxicity makes for occasional diffi¬
culty in obtaining proper controls and no

doubt may lead to occasional false—positive
results. Normal cytotoxicity could not be
correlated with incompatibility of the main
ABO and rhesus groups.
Stability of cytotoxic factor. Although com¬

plement is inactivated by heating at 56°C for
half-an-hour, the cytotoxic factor itself is
thermostable. Moreover, it can be stored at
4°C for at least 4 days and still be active. Sera
stored at—20°C for over 6 months retain their

activity well.

Table 11. Organ specificity of cytotoxic factor.

Test sera (50 % conc.) Cytotoxic
effect

Tissue Cytotoxic during
primary effect 6 days
culture on thy- in culture

Nos. roid cells

Human amnion
I 23,24 +
II 24,26 +
III 32,34 + —

Human adrenal
I 42,58 +
11 64, 65, 66

Human foetal
(a) Kidney 77,79,90
(h) Liver 77, 79,90 +
(f) Lung 77, 79, 90 +

Specificity of cytotoxic factor. As shown in
Table II, cells derived from a variety of other
tissues and species all thrived in primary cul¬
ture in the presence of sera which had been
demonstrated to be markedly cytotoxic for
human thyroid cells. Likewise, lymphocytes
not infrequently present in thyroid cultures
are uninfluenced by the cytotoxic factor.
Although apparently confined to thyroid

tissue, not all thyroid cells are in fact suscep¬
tible. Hyperplastic cells invariably are, but
not cells from a benign nodular goitre. As
shown in Table III the susceptibility of thy¬
roid cells varies according to the pathology
of the gland of origin. There would appear
to be no difference between the susceptibility
of autogenous thyroid tissue and thyroid
cells derived from other goitres of similar
pathology.
Criteria for significant cytotoxicity and the

determination of litres. In view of the above
observations significant cytotoxicity is con-
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Table III. Correlation with thyroid pathology.

Thyroid pathology No. of
experiments

Cytotoxic
effect

Hyperplastic 18 + +

Lymphadenoid and
hyperplastic 1 + +

Lymphadenoid 3

Normal (adj. to cyst) 1 +

Non-toxic adenoma 2 +

Benign nodular 3 —

Carcinoma+lymphadenoid 1

sidered to be present when complete or vir¬
tually complete failure of spreading occurs
within 20 hours when hyperplastic human
thyroid cells are set up in primary culture in
the presence of 10 per cent test serum and 10
per cent fresh normal human serum. Good
cultures must be obtained when cells derived
from the same gland are cultured in 20 per
cent of the same fresh normal human serum

as a control experiment. The concentration
of cells should be as constant as possible and
sufficient to ensure a marked difference bet¬
ween a positive result and the control culture.
Dense cell populations are to bcavoided as they
lead to acidity in the nutrient medium with
non-specific toxic effects, rather than on
account of any danger of absorbing out cyto¬
toxic factor leaving other cells to thrive. For
the same reason, an excess of red cells is to be
avoided. Infection should be looked for but
is a rare occurrence with good technique.
Culture vehicles set up in duplicate for each
screening test should give consistent results.
Furthermore, positive tests should be re¬
peated with a different source of hyperplastic
thyroid cells to distinguish a true cytotoxic
effect from the capricious toxicity of certain
normal human sera. Lastly, although not
done routinely to date, cytotoxicity should be
checked for thyroid specificity.
In the determination of titles, primary cul¬

tures are again used and set up in stationary
tubes. Ten per cent fresh normal human
serum is again added to provide a constant
amount of complement. The test serum is
serially diluted in inactivated normal human

serum, the dilution factor being chosen ac¬
cording to the range of titres to be studied
and the number of tubes available. The dil¬
uted test serum accounts for a further 10 per
cent of the culture medium. The litre is des¬
cribed as the reciprocal of the ultimate serum
dilution so that with a dilution factor of 10
one can cover titres from 10 (corresponding
to 10% undiluted serum) to 1,000 (corres¬
ponding to 10 % concentration of serum
that has been diluted 100 times with nor¬

mal serum) using four culture tubes, one

being a control containing 10 per cent fresh
normal human serum and 10 per cent inacti¬
vated normal human serum. With lower dilu¬
tion factors the end point may not be distinct
but is taken as being in the middle of the
range between no culture and good culture,
being read at 20 hours. If the end point is not
clear at 20 hours, it often becomes more dis¬
tinct at 48 hours or even at 72 hours when the
colour of the indicator contained in the dilu¬
ent will sometimes give the answer. Titres of
at least 2,500 have been obtained with Hashi¬
moto sera. Goudie(1960) has now confirmed
this and, indeed, has observed that they may
run out much further e.g. to 10,000 or even
100,000.
Tests using hyperplastic thyroid cells

established in culture for 20 hours may
also be used for detecting the cytotoxic
factor and to check results obtained by
the technique of primary culture. In gen¬
eral the results are very consistent, except
that the titres using an established culture
tend to be somewhat lower than those ob¬
tained with cells in primary culture. As the
technique of established culture is more time-
consuming, primary cultures are more suit¬
able for routine use.

The incidence of the cytotoxic factor. The
incidence of the cytotoxic factor is not con-
lined to lymphadenoid goitre, but as shown
in Table IV it is present in a high proportion
in cases of spontaneous myxoedema and in
over 50 per cent of patients with thyrotoxi¬
cosis. It is absent in a proportion of lympha¬
denoid patients who have received treatment
and the factor has not yet been demonstrated
in cases of simple goitre or carcinoma of the
thyroid unless that carcinoma is superim¬
posed upon a lymphadenoid goitre. Figure
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14 compares the order of titres obtained in
lyniphadenoid goitre, thyrotoxicosis and thy¬
roid carcinoma. It suggests that a titre higher
than 1: 100 rather than 1:10 should be taken
as being significant.
A number of other so-called 'auto-immune'

conditions have been screened for thyroid-

Table IV. Incidence of cytotoxic factor in thyroid
disease.

Diagnosis Treatment

No.
of

cases

Cytot
titre

axic

<10 >10

Lyntphaden-
goitre

Nil

Thyroxine.!;
operation

17

22 4

17

18

Primary
myxoedema Nil 14 3 11

Thyrotoxi¬
cosis

Nil

Carbimazole
+ K1

13

12

4

6

9

6

Simple goitre Nil 9 9 —

Ca thyroid Nil 6 6 —

Ca thyroid
+ lympha¬
denoid goitre Nil 2 — 2

*Reciprocal of seruni dilution.

THYROTOXICOSIS CA. THYROID*LYMPHADENOID
GOITRE

specific cytotoxic factor with a single positive
result in an Addisonian patient (Tabic V).
Comparable cytotoxicity has not been ob¬
served with adrenal or kidney cells exposed to
Addisonian (idiopathic) and nephritic sera.

Table V. Incidence of cytotoxic factor in other
diseases.

Diagnosis
Cytotoxic titre

<10 >10

Addison's dis. (idiopathic) 3 1

Disseminated lupus
erythematosus 3 —

Rheumatoid arthritis 3

Nephritis 3 —

Myasthenia gravis 4 —

Primary biliary cirrhosis 1 —

O UNTREATED
X TREATED

Fig. 14. Titres of cytotoxic factor in thyroid disease.
(* ± lymphadenoid goitre).

Other properties. The presence of thyro-
globulin and thyroid microsomal antibodies
manifested by the precipitin, tanned cell and
complement-fixation tests does not deter¬
mine cytotoxic activity in vitro (Irvine, 1959,
1960r/; Pulvertaft, Doniach et at., 1959).
However, in my experience a positive cyto¬
toxic effect has always been associated with
a positive complement-fixation test, but not
necessarily vice versa.
The cytotoxic factor is Seitz-filtcrable but

non-dialysable and is therefore probably pro¬
tein in nature. Paper electrophoresis has
failed to localize the factor as a gamma globu¬
lin and this negative finding has been con¬
firmed by the technique of Cohn fraction¬
ation. However, 'supernatant II +111' in the
Cohn fractionation scheme, derived from
Hashimoto serum previously shown to con¬
tain the cytotoxic factor in high titre, proved
to be undoubtedly cytotoxic; but not the
corresponding fraction derived from normal
human serum. The experiment was repeated
with an identical result, but specificity tests
are yet to be done. Other Cohn fractions did
not reveal comparable cytotoxicity.
Absorption studies showed that while the

cytotoxic factor can be absorbed out by a
crude extract of a hyperplastic goitre, this
could not be done by a similar extract made
from a benign nodular goitre. Purified thyro-
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globulin likewise failed to remove the cyto¬
toxic factor. Thyroid cells in primary culture
were also ineffective in absorbing out the
factor to a detectable degree in the absence
of complement.
Hydrocortisone hemisuccinate (Glaxo), in

concentrations of 100 mg. per cent and above,
prevented the spreading out of thyroid cells
in primary culture, but fairly good primary
cultures were obtained in the presence of 10
mg. hydrocortisone per cent. High concen¬
trations of hydrocortisone (200 mg. %) had
no effect on cultures that had been established
for 20 hours and they did not prevent such
cells exhibiting a marked cytotoxic effect
when exposed to potent Hashimoto sera.
As noted by Pulvertaft, Davies et al. (1959)

bovine pituitary thyroid-stimulating-hormone
(TSH-Armour) in a concentration of 1 unit
per ml. had no morphological effect on cul¬
tured thyroid cells. Furthermore, it failed to
impart to the cells of a benign nodular goitre
the susceptibility to cytotoxic factor posses¬
sed by hyperplastic cells.
Attempts to prolong the susceptibility of

hyperplastic thyroid cells beyond the first 36
hours in culture by adding thyroglobulin or
the supernatant from an early culture proved
disappointing. It was hoped that fluorescent-
antibody studies might have elucidated this
problem, but it was found that both cytotoxic
Hashimoto serum and non-cytotoxic normal
human scrum by the direct and indirect meth¬
ods gave identical non-specific cytoplasmic
staining with thyroid cells in early culture.
Similar results were obtained using acetone-
fixation of the thyroid cells. On the other
hand, a directly fluorescein-conjugated serum
from a patient with lupus erythematosus gave
brilliant nuclear staining. Attempts at fluores¬
cein staining of living thyroid cells in culture
were thwarted by the fact that a directly con¬
jugated normal human serum after passing
through an ion-exchange column (Deacidite
FF) to remove uncoupled dye and to adjust
the pH to 7.0 proved to be toxic to cells in
culture.

Cytotoxic factor and thyroid carcinoma.
As already mentioned thyroid carcinoma cells
can be difficult to culture and on the one

occasion that this was achieved a cytotoxic
Hashimoto serum had an equivocal effect. In

Cytotoxic Factor in Thyroid Disease

view of this, and the absence of cytotoxic
factor in patients with carcinoma of the thy¬
roid not superimposed upon a lymphadenoid
goitre, a therapeutic trial of the cytotoxic
factor was made in a patient with advanced
carcinoma of the thyroid and diffuse pul¬
monary metastases. Figure 15 shows the
serum levels induced in this patient by three
separate infusions of Hashimoto plasma ob¬
tained from six donors. The course was re¬

peated 6 weeks later without any undue reac¬
tion. The fact that the pulmonary metastases
were uninfluenced by this treatment may have
been partly due to inadequate circulating
levels and the experiment would be worth
repeating if a cytotoxic titre of 1:1,000 could
be induced in the recipient's blood over a
longer period.

PLASMA INFUSIONS

Fig. 15. Infusion of cytotoxic plasma.

DISCUSSION

The study of thyroid tissue culture has proved
to be at least doubly informative. Firstly, it has
shown that while human thyroid cells in cul¬
ture are susceptible to the injurious effects of
antigen-antibody reactions they are not in¬
fluenced by the thyroglobulin and probably
not by the 'microsomal' auto-immune sys¬
tems. This is consistent with the view that
those manifestations of auto-immunity are
epiphenomena and are not of basic impor¬
tance in pathogenesis. Further support for
this hypothesis is the transience of thyro¬
globulin auto-immunity in subacute (de
Quervain's) thyroiditis described by Felix-
Davies (1958), the failure of passive transfer
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experiments using serum with high thyro-
globulin antibody titres to cause thyroid dam¬
age in the recipient (Roitt & Doniach, 1958)
and the difficulty of inducing experimental
thyroiditis in rabbits by injecting these ani¬
mals with homologous thyroid antigen to¬
gether with Freund's adjuvant (Irvine. 1959
ll960«; Shepherd et al., 1960). Even when
experimental thyroiditis has been successfully
induced (Rose & Witebsky, 1956; Terplan
et al., 1960; Sclare & Taylor, 1960) one is not
certain just how closely this resembles the
natural disease process described by Hashi¬
moto (Stuart, I960). Certainly there is no
close correlation between the occurrence of

circulating thyroglobulin antibody and of
thyroiditis. It is also becoming increasingly
realized that both thyroglobulin and thyroid
'microsomal' antibodies occur in a signifi¬
cant percentage of persons without overt thy¬
roid disease (Hackett et al., I960; Goudie
el al., 1959). There is evidence that the ten¬
dency to form thyroglobulin antibodies may be
genetically predisposed, for these antibodies
are to be found in normal relatives of Hashi¬
moto patients (Hall el al., 1960).
Secondly, thyroid tissue culture studies

have been informative in so far that they have
lead to the discovery of an entirely new
phenomenon in the investigation of disease.
While it has been known for some time that
humoral antibodies with destructive proper¬
ties exist in symptomatic haemolytic anaemia
and idiopathic thrombocytopenic purpura,
the observation that a naturally-occurring
factor present in the blood can have in minute
concentrations such a damaging effect on speci¬
fic, living, homologous and nucleated cells is
unparalleled. Its possible application to other
diseases may open up an entirely new vista in
medical research. However, it would first be
wise to try and assess the significance of one
tissue-specific cytotoxic factor in the group
of diseases in which it was discovered. Some

may argue that, since the thyroid cytotoxic
factor is demonstrable not only in lympha-
denoid goitre, but also in spontaneous hypo¬
thyroidism and in over 50 per cent of patients
with thyrotoxicosis, this factor must also
join the ranks with the thyroglobulin and
thyroid 'microsomal' antibodies as being of
secondary aetiological importance. However,

preliminary studies using titres suggest that
there may be a quantitative difference bet¬
ween these various thyroid conditions. The
occasional and unpredictable occurrence of
normal cytotoxicity is a well-known pheno¬
menon in tissue culture work (Ross, 1957)
and may possibly be explained by tissue
groups comparable to the known multitude
of blood groups. That the cytotoxic factor
is a distinct entity is indicated by strict repro¬
ducibility, its potency and stability. The main
argument in favour of the cytotoxic factor
being of some basic significance in thyroid
disease is that it is the only factor which has
so far been shown to have a direct adverse
effect on the thyroid cell, albeit the thyroid
cell in culture.
The failure of a passive infusion of a large

amount of Hashimoto serum into a patient
with metastasizing thyroid carcinoma may
be due to the non-susceptibility of the malig¬
nant tissue, to inadequate circulating con¬
centrations present for an inadequate time,
and to the mechanical difficulties of getting
the effective protein into a large mass of
tissue. The effect of the thyroid cytotoxic
factor on circulating carcinoma cells may
possibly be much more striking and could
conceivably have some clinical application.
Whether or not the cytotoxic factor even¬

tually proves to be basically important in
pathogenesis, its further study is certain to
give new insight into the mechanisms of dis¬
turbed physiology. The tissue specificity, the
protein nature, the role of complement and
the order of titres obtained all suggest that
the cytotoxic effect may be related to an
antigen-antibody reaction. The morpholo¬
gical appearance of the cytotoxic effect, al¬
though possibly merely representing the
limited repertoire of the cell to injury, is
similar to that described by Latta (1959)
concerning cell reactions to anti-sera. Gold¬
berg and Green (1959) have provided elec¬
tron-microscopic evidence that such reactions
occur primarily at the cell membrane.
Preliminary studies indicate that the thy¬

roid cytotoxic factor may be located in
'supernatant II + III' in the Cohn fraction¬
ation scheme. In view of the occurrence of
abnormal iodinated protein in Hashimoto
sera (Owen & McConahey, 1956) and of
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iodinated tyrosines in thyrotoxicosis (Farran
et al., 1959) it will be interesting to see if the
factor is eventually identified with thyroxin-
binding protein, which is one of the many
components of this Cohn fraction. The de¬
velopment of cell-bound antibodies to an
abnormal circulating protein could account
for the characteristic Hashimoto histology
in terms of a delayed hypersensitivity reaction
(Irvine, 1959, 1960tv). Should these antibodies
subsequently be transferred to the surface
of the thyroid cell the properties of the cyto¬
toxic factor observed in vitro might then be
explained.
SUMMARY

The cytotoxic effect of sera from patients with
certain thyroid diseases on hyperplastic
human thyroid cells in tissue culture is de¬
scribed and illustrated in detail. So far the

thyroid cytotoxic factor has proved to be
specific for thyroid tissue and to be invariably
present in untreated Hashimoto patients, in
most patients with 'spontaneous' hypothy¬
roidism and in over 50 per cent of patients
with thyrotoxicosis. Thyroid cells vary in
their susceptibility to the cytotoxic factor,
hyperplastic cells being the most susceptible
and cells from a simple goitre being the least
susceptible.
It is likely that the cytotoxic effect is related

to an antigen-antibody reaction occurring at
the cell membrane in the presence of comple¬
ment and is independent of the thyroglobulin
and thyroid 'microsomal' auto-immune
systems.
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INTRODUCTION

This work was initially designed to determine the significance of the thyroid
antibodies known to be present in Hashimoto sera. This was done by exposing
human thyroid cells in tissue culture to their action. As a consequence the
properties of a new factor first reported by Pulvertaft et al. (1959) forms the
subject of this paper.

TECHNIQUE
The technique of tissue culture adopted was similar to that previously

described (Irvine, 1959; 1960a). The trypsin-dispersed thyroid cells were
suspended in synthetic medium "199" (Glaxo) as diluent together with 10%
test serum and 10% fresh human serum (WJI) as a source of complement.
Test tubes with flying coverslips were used as culture vehicles and were
mounted in stationary drums. In addition small ring culture chambers suitable
for phase contrast photomicrography were constructed.

Morphology of Cells in Culture
After trypsinization the dispersed thyroid cells are spherical and form

aggregates. In the presence of normal non-toxic serum they rapidly adhere to
glass and gradually become fusiform so that by 20 hr many have migrated
away from their initial clusters and in this way they form a monolayer (Irvine,
1959; 1960a).

Cytotoxic Effect
Although initially denied both by Pulvertaft (see Roitt & Doniach, 1958)

and by Irvine (1959; 1960a), it has now been amply demonstrated that
Hashimoto sera can under appropriate conditions exhibit a cytotoxic effect
on human thyroid cells in vitro. The active substance in the Hashimoto serum
is known as the "cytotoxic factor".
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Figure 1 shows human thyroid cells which have been cultured for 20 hr

in normal human serum. Figure 2 shows the effect of a cytotoxic Hashimoto
serum on cells from the same gland in primary culture. This serum also had a
marked cytotoxic effect on thyroid cells that had previously been established

Fig. 1. Human thyroid cells after 20 hr in primary culture in 20% normal human
serum. Note healthy appearance. Living phase contrast x 130.

Fig. 2. Human thyroid cells after 20 hr in primary culture in 10% Hashimoto
serum in the presence of complement. Note marked cytotoxic effect with failure

of cells to spread out. Living phase contrast x 130.

in culture for a period of 20 hr (Fig. 3). Figures 4, 5 and 6 illustrate the cyto¬
toxic effect on an established culture (20 hr) in more detail. Normally after
this period in culture the cytoplasm is well spread out, relatively non-granula
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and contains filamentous mitochondria. Shortly after adding a cytotoxic
serum the mitochondria fragment, the cytoplasm retracts and the nuclear
membrane becomes prominent. Granules accumulate around the nucleus and
may eventually fill the whole cytoplasm and become intensely motile. The
nucleus undergoes pyknosis and eventually after anything from 15 minutes
to several hours the cells become spherical, swollen and undergo lysis.

Fig. 3. Human thyroid cells cultured in normal human serum for 20 hr and then
transferred to 10% Hashimoto serum. Taken 30 min after transfer. Living

phase contrast x 130.

Fig. 4. Human thyroid cells after 20 hr in primary culture in normal human
serum. Note well spread out and relatively non-granular cytoplasm containing

filamentous mitochondria. Living phase contrast x 1,300.
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Fig. 5. Three minutes after adding 10% Hashimoto serum to human thyroid
cells previously established for 20 hr in normal human serum. Note retraction of
cytoplasm, fragmentation ofmitochondria and prominence of nuclear membrane.

Living phase contrast X 1,300.

Fig. 6. Twenty minutes after adding 1C% Hashimoto serum to human thyroid
cells previously established for 20 hr ir. normal human serum. Note marked

cytotoxic effect with pyknosis and lysis. Living phase contrast x 1,300.

Distinction from Occasional Cytotoxicity of Norma! Serum
A study of the effect of normal serum showed that in general thyroid cells

thrive less well in 50% (as used by Pu.vertaft ei al., 1959) than in 10% con¬
centration of serum. A positive result at 10% concentration was therefore



II : 29

158 W. J. Irvine

chosen as representing significant cytoxicity. However, even at 10% con¬
centration apparently normal human serum can occasionally have a cytotoxic
effect particularly when that serum is used fresh. This makes for difficulty in
obtaining proper controls, and no doubt may lead to occasional false positive
results. However, the cytotoxic effect of Hashimoto serum can be distin¬
guished from that of normal serum by the following criteria:
(1) Reproducibility; Hashimoto sera which are cytotoxic exhibit this effect

very consistently. This is in contrast to fresh normal human serum which is
variably toxic in an unpredictable manner.

(2) Potency; The marked difference between the survival of cells in 50%
and 10% concentration of normal serum suggests that normal cytotoxicity
is a weak phenomenon. In contrast Hashimoto cytotoxic factor has been
demonstrated in dilutions of at least 1:2500.

(3) Stability and (4) Specificity; Again, in contrast to normal serum, the
factor in Hashimoto serum is relatively stable and has so far proved specific
for thyroid cells. Cells derived from human amnion, adult adrenal, foetal
kidney, foetal liver and foetal lung have all thrived in primary culture in the
presence of potent sera (Table 1). Likewise, lymphocytes not infrequently
present in thyroid cultures are uninfluenced by this cytotoxic factor.

Table 1. Organ Specificity of Cytotoxic Factor

Tissue in
primary
culture

Test sera (50% conc.)
Cytotoxic effect
during 6 days
in cultureNos.

Cytotoxic effect
on thyroid cells

Human Amnion
I
II
III

23, 24
24, 26
32, 34

_l -

Human Adrenal
I
II

42, 58
64, 65, 66

-t

-j-

Human Foetal
(a) Kidney
(b) Liver
(c) Lung

77, 79, 90
77, 79, 90
77, 79, 90

+

-

Although apparently confined to thyroid tissue not all thyroid cells are in
fact susceptible. Hyperplastic cells invariably are, but not cells from a benign
nodular goitre. As shown in Table 2 the susceptibility of thyroid cells varies
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according to the pathology of the gland of origin. There would appear to be
no difference between the susceptibility of autogenous thyroid tissue and
thyroid cells derived from other goitres of similar pathology.

Table 2. Correlation with Thyroid Pathology

Thyroid pathology No. of expts. Cytotoxic effect

Hyperplastic 18 + +
Lymphadenoid and
hyperplastic 1 + +

Lymphadenoid 3
Normal (adj. to cyst) 1 ■I-
Non-toxic adenoma 2 -L

Benign nodular 3
CA + lymphadenoid 1 ?

Other Properties
The presence of thyroglobulin and thyroid microsomal antibodies mani¬

fested by the precipitin, tanned cell and complement fixation tests does not
determine cytotoxic activity in vitro (Irvine, 1959; 1960a). However, in my

experience a positive cytotoxic effect has always been associated with a

positive complement fixation test, but not necessarily vice versa.
As first demonstrated by Irvine (1960b), although complement is required

for the cytotoxic effect to be manifest, the cytotoxic factor itself is thermo¬
stable. It is Seitz filterable but nondialysable, and therefore probably protein
in nature. It can be absorbed out by a crude extract of a hyperplastic goitre,
but not by a similar extract made from a benign nodular goitre.
Hydrocortisone succinate has no influence on the cytotoxic effect in vitro,

and thyrotropin will not impart to the cells of a bening nodular goitre the
susceptibility to cytotoxic factor possessed by hyperplastic cells.
Susceptibility to cytotoxic factor is present only in the first 36 hr in culture

and attempts to prolong this beyond that time by incorporating thyroglobulin
into the culture medium or using the supernatant from an early culture have
proved disappointing. Likewise, fluorescent antibody studies have so far
failed to elucidate this problem.
The tissue specificity, the protein nature, the role of complement, and the

order of titres obtained all suggest that the cytotoxic effect may be related to
an antigen-antibody reaction (Irvine, 1960b).

Incidence
The incidence of the cytotoxic factor is not confined to lymphadenoid goitre,

but as shown in Table 3 it is present in a high proportion of cases of spon¬
taneous myxoedema, and in over 50% of patients with thyrotoxicosis. It is
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Table 3. Incidence of Cytotoxic Factor in Thyroid Disease

Diagnosis Treatment No. of
cases

Cytotoxic titre*

<10 >10

Lymphadenoid goitre Nil
Thyroxine ± operation

17
22 4

17
18

Primary myxoedema Nil 14 3 11

Thyrotoxicosis Nil
Carbimazole + KI

13
12

4
6

9
6

Simple goitre Nil 9 9 —

CA thyroid Nil 6 6 —

CA thyroid +
lymphadenoid goitre

Nil 2 ■—• 2

* Reciprocal of serum dilution.

absent in a proportion oflymphadenoid patients who have received treatment,
and the factor has not yet been demonstrated in cases of simple goitre or
carcinoma of the thyroid unless that carcinoma is superimposed upon a

lymphadenoid goitre. The high incidence in thyrotoxicosis at a titre of 1:10
is surprising. Figure 7 compares the order of titres obtained in lymphadenoid

TITRES OF CYTOTOXIC FACTOR IN THYROID DISEASE

LYMPHADENOID
GOITRE

THYROTOXICOSIS CA. THYROID

^ IOO-

O UNTREATED
X TREATED

Fig. 7.
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goitre, thyrotoxicosis and thyroid carcinoma. It suggests that a titre higher
than 1:100 rather than 1:10 should be taken as being significant.
A number of other so-called "auto-immune" conditions have been screened

for thyroid specific cytotoxic factor with a single positive result in an Addi¬
sonian patient (Table 4). Comparable cytotoxicity has not been observed with
adrenal or kidney cells exposed to Addisonian (idiopathic) and nephritic
sera.

Table 4. Incidence of Cytotoxic Factor in Other
Diseases

Diagnosis
Cytotox ic Titre

<10 >10

Addison's dis. (idiopathic)
D.L.E.
Rheumatoid arthritis
Nephritis
Myasthenia gravis
Primary biliary cirrhosis

3
3
3
3
4
1

1

Cytotoxic Factor and Thyroid Carcinoma
The absence of the cytotoxic factor in patients with carcinoma of the thy¬

roid (not superimposed on the lymphadenoid goitre) and the observation
that certain carcinoma cells in culture may possibly be damaged by Hashi¬
moto sera, lead to a therapeutic trial of the role of cytotoxic factor in a patient
with advanced carcinoma of the thyroid with diffuse pulmonary metastases.
Figure 8 shows the serum levels induced in this patient by 3 separate infusions

INFUSION OF CYTOTOXIC PLASMA

PLASMA INFUSIONS

VOLUME (ml)
CYTOTOXIC
TITRE |

^ 500-,

i n hi

250

SOO

300

500

so

2000

PRE-FL O
DAY

IO II 12 13 14 15

Fig. 8.
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of Hashimoto plasma obtained from 6 donors. The fact that the pulmonary
metastases were uninfluenced by this treatment may have been due to in¬
adequate circulating levels, and that if a titre of 1:1000 could have been in¬
duced it might have proved to be more beneficial.

CONCLUSION

In conclusion it may be said that the cytotoxic factor which is present in
the highest titres in untreated patients with lymphadenoid goitre is probably
related to an antigen-antibody reaction, but one that is quite independent of
auto-immunity to thyroglobulin. The possible aetiological importance of this
factor in thyroid disease and its possible role in the treatment of thyroid
carcinoma lies in the fact that it is the only autogenous factor which has been
conclusively demonstrated to have a direct adverse effect on the thyroid cell,
albeit the thyroid cell in culture.
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Cells derived from human pathological thyroid glands
may be readily cultured in vitro as monolayers (Pulver-
taft, Davies, et al., 1959 ; Irvine, 1959, 1960a). In brief,
human thyroid tissue obtained at thyroidectomy is cut
into fine portions, washed, and transferred to 0.25%
trypsin (Difco) in balanced salt solution. With incuba¬
tion at 37° C. and with intermittent shaking, clumps of
cells come into suspension, and these can be separated
from lymphocytes and red blood cells by very slow
centrifugation. Finally the cell clumps are resuspended
in nutrient medium containing a total of 20% human
serum and synthetic medium " 199 " (Morgan et al.,
1950) as diluent. The fact that these clumps of
trypsinized cells are derived from the thyroid epithelium
and not from any other tissue within the thyroid has
been established by studying their morphology under
the electron microscope (Irvine and Muir, 1962).
Some of the conditions that are necessary for a serunt

from a patient with Hashimoto's disease to have a
cytotoxic effect on human thyroid cells in vitro were
reported by Pulvertaft. Doniach, et al. (1959), and many
of the properties of the humoral cytotoxic factor
responsible for this effect were subsequently described
by Irvine (1960b, 1961a) and confirmed by Pulvertaft
et al. (1961). The purpose of this paper is to present
the results of a more extensive study of the occurrence
of the cytotoxic factor and to clarify some points which
were hitherto unresolved or controversial. In particular,
this paper establishes that the cytotoxic factor is a
circulating antibody which, though independent of

347/62
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antibody to thyroglobulin, is closely associated with or
identical to circulating complement-fixing antibody
directed against thyroid intracellular antigen.

Variation in Susceptibility of Cells Derived from
Human Thyroids of Varying Pathology

While the cytotoxic factor is specific for thyroid cells,
not all thyroid cells are equally susceptible to its action
(Irvine, 1960b, 1961a). Cells derived from hyperplastic
goitres have invariably been susceptible, provided they
are tested within the first 24-48 hours in culture and
that complement is present in adequate amounts. On
the other hand, cells derived from simple colloid goitres
have been poorly or frankly non-susceptible to cytotoxic
factor.
It is now possible to express this variation in quanti¬

tative terms by testing cells derived from different thyroid
glands against cytotoxic sera which had previously been
shown to be capable of giving titres as high as 1 :10,000.
Such sera will be referred to hereafter as " standard "
cytotoxic sera. Using such a serum the susceptibility
of cells from different thyroids was graded by noting the
highest dilution of serum at which a cytotoxic effect could
still be observed. The results are illustratedinTextFig. 1,
where it is seen that cells derived from thyrotoxic glands
often give titres greater than or equal to 1:10,000, while
cells from "normal" tissue (derived from a histologically
normal thyroid gland during parathyroidectomy and

THYRO- NORMAL
TOXICOSIS

SIMPLE MALIGNANT
GOITRE

o

5 10,000 XXX XX
X X X X X
XXX

UJ
z 1,000 X X X

1— tr

8"
..IP IOO X X

IO XXX

> X X XX X X

Text Fig. 1.—Susceptibility of thyroid cells to cytotoxic factor
correlated with pathology of gland of origin. Each cross

represents a separate gland.



from thyroid tissue remote from a simple thyroid cyst)
gave titres of 1:100 and 1:1,000 respectively. Cells
from non-hyperplastic nodules or colloid goitres gave
titres that were either negative or weakly positive (1 :10).
The few thyroid carcinomata I have had the oppor¬

tunity to study have been difficult to trypsinize, and
in only one instance has it been possible to do a satis¬
factory titration experiment. The histology of this
particular gland was that of an adenocarcinoma. Its
trypsinized cells were not susceptible to a serum which
was known to contain cytotoxic factor in high titre.
However, tumours of different histology might well
behave differently both in respect to the ease of getting
their cells into suspension and in respect to the
susceptibility of these cells to cytotoxic factor.
It was noted previously that cells derived from a

Hashimoto gland were susceptible to cytotoxic factor,
and the impression was gained that such cells were
intermediate in susceptibility between those of thyro¬
toxic glands and those of benign nodular or colloid
goitres (Irvine, 1960b, 1961a). Unfortunately, it has not
been possible to confirm this quantitatively. As with
thyroid carcinoma, the trypsinization of Hashimoto
glands is often disappointing and may vary appreciably
according to the histology.
The use of equal parts of collagenase (0.1%) and

trypsin (0.25%) did not prove helpful in the attempt to
obtain cells from one particularly large Hashimoto
goitre. Even if such a combination of enzymes had
been successful, there would be no certainty that the
cells obtained with the help of collagenase would have
the same immunological properties as cells obtained by
the use of trypsin alone.
It is of interest that the variation in susceptibility

of the different types of thyroid tissue shown in Text
Fig. 1 more or less parallels the varying amounts of
complement-fixing antigen that are known to occur
in thyroid cells of differing pathology and presumably
of differing functional states (Roitt and Doniach, 1958 ;

Belyavin and Trotter, 1959 ; Trotter and Belyavin, 1961).
In addition to testing the cells from each thyroid

gland for susceptibility to " standard " cytotoxic serum,
on each occasion the cells were also titrated for
susceptibility to any cytotoxic effect which the patient's
own serum and which the sera of patients whose thyroid
glands had previously been cultured might have on these
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cells. It was thereby clearly established that any differ¬
ence between the susceptibilities of different thyroid
cells to cytotoxic factor could not be related to whether
the experimental system was autologous or isologous.

Cytotoxic Factor as a Gamma-globulin
It is known that the cytotoxic factor is Seitz-filterable

but non-dialysable, and therefore probably protein in
nature (Irvine, 1960b, 1961a). However, considerable
difficulty was experienced in localizing the factor by
paper electrophoresis. Cohn fractionation of a serum
containing the factor in high tilre revealed cytotoxicity
in the fraction "supernatant II and III," while the same
fraction derived from a control serum did not have any
cytotoxic activity. " Supernatant II and III" in the
Cohn fractionation scheme contains a large range of
different proteins and includes thyroxine-binding protein.
Further studies were clearly required to clarify the
protein nature of the cytotoxic factor in more precise
terms.

With the collaboration of Dr. D. M. Weir, of the
Bacteriology Department, Edinburgh University, it was
decided to look again at the gamma-globulin fraction
using the de-ethylaminoethyl (D.E.A.E.) column tech¬
nique (Levy and Sober, 1960). The titre of cytotoxicity
in the test serum was determined and the absence of

Text Fig. 2.—Three electrophoretic strips: (a) of cytotoxic
serum before fractionation; (b) of same serum after separation
of gamma-globulin by D.E.A.E. column; and (c) of gamma¬

globulin fraction.
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cytotoxicity in the control serum verified before frac¬
tionation. The gamma-globulin fraction was eluted
into one container and the remainder of the sample into
another. The degree of separation of gamma-globulin
was checked by cellulose-acetate electrophoresis, and is
illustrated for the cytotoxic serum in Text Fig. 2. While
the gamma-globulin fraction is virtually 100% pure,
it can be seen that a trace of gamma-globulin has been
left with the remainder of the serum.

A sample of each serum and the two fractions derived
from a measured volume of each serum were dialysed
against synthetic medium " 199 " (Glaxo), corrected for
volume, and then titrated for cytotoxicity. This was
done for the known positive serum and for the control
serum. The results are shown in Table I.

Table I.—Results of Tests for Cytotoxicity on the Different
Serum Fractions

Cytotoxic Titre

Cytotoxic Serum Control Serum

Original serum ^ 10,000 <10
Gamma-globulin fraction = 10,000 <10
Remainder of serum 10 <10

Most of the cytotoxic activity is, in fact, resident in
the gamma-globulin fraction, and the low titre in the
remainder of the serum could be attributed to the trace

of gamma-globulin that is demonstrably left behind.
With a different " standard" cytotoxic serum and a
different control serum a similar result was obtained.
This experiment establishes that the cytotoxic factor is
certainly present in the gamma-globulin fraction, but
does not exclude the possibility of its existence to a less
extent in other fractions as well.
In view of all its known properties, the cytotoxic

factor may reasonably be assumed to be a circulating
antibody of classic type.

Incidence of Cytotoxic Factor in Serum of Patients
with Thyroid Disease and in Controls

A preliminary survey of the incidence of cytotoxic
factor (including the order of titres up to 1:1,000)
throughout the range of thyroid disease was given
previously (Irvine, 1960b, 1961a). A larger number
of sera have now been tested and the titration extended
to include a serum dilution of 1 : 10,000.



In titration experiments stationary tubes were used in
place of culture chambers. In the first tube 0.1 ml. of test
serum was mixed with 0.9 ml. of cell suspension ; then
0.1 ml. of this mixture was added to the next tube containing
0.9 ml. of cell suspension, and so on until at the fourth tube
a dilution of test serum of 1:10,000 was obtained. Of this
mixture 0.1 ml. was discarded. Then 0.1 ml. of fresh normal
human serum as a source of complement was added to all
tubes containing test sera and 0.2 ml. to the control tubes,
which contained 0.8 ml. of cell suspension. One control
tube was set up for each test serum titrated.

Although it was realized that human serum is not the
richest, the most constant, or the most convenient source
of complement, it is possible that the' serum of one
species might be damaging to the cells of another. The
results were regarded as valid only if a cytotoxic effect
was demonstrable to a titre of 1:10,000 using a
" standard " positive serum.

Screening tests controlled by the same criteria were
performed invariably in the first instance with the test
serum in a final dilution of 1 :10, and only those sera

giving a positive reaction were titrated. Consequently
each serum that was titrated was doubly checked for
cytotoxicity, using cells of different glands of origin.
Cells derived from different glands, but with the same
order of susceptibility to cytotoxic factor, gave remark¬
ably consistent results with regard to the screening tests
and titrations irrespective of whether the test serum
was autologous or homologous.
The incidence of positive screening tests with sera

from patients with different types of thyroid disorder
and from control patients is shown in Table II. Figure 3
illustrates the distribution of titres found in the sera of
these different types of patient.
The general pattern is reminiscent of that which has

been established for circulating thyroglobulin antibody
and for complement-fixing antibody (Roitt and Doniach,
1960; Irvine, 1961b)—that is, high titres were found
in the Hashimoto and spontaneous hypothyroid groups,
moderate titres occurred in the thyrotoxic group, and
little cytotoxicity was present in the sera of patients
with a simple or malignant goitre or in the control
patients. The three hospital patients showing cytotoxic
factor were suffering from disseminated lupus erythe¬
matosus (cytotoxic titre—1:1,000), Addison's disease
(cytotoxic titre= 1: 10), and diabetes mellitus (cytotoxic
titre ^1:10) respectively.



Table II.—Incidence of Cytotoxic Antibody in Thyroid Disease

No. Cytotoxic Titre*
Diagnosis of

Cases >10 <10

Hashimoto's disease:
Biopsy or pre-thyroidectomy 11 10 1
Post-thyroidectomy 8 7 1
Clinical diagnosis 20 20 —

Hypothyroidism:
Spontaneous (primary) 15 14 1
Hypopituitary (secondary) — — —

Post-thyroidectomy or post 131I therapy 6 6 —

Thyrotoxicosis:
Untreated 28 17 11
Antithyroid drugs 24 18 6
Post-thyroidectomy or post 13lI therapy 9 6 3

Simple goitre:
Pre-thyroidectomy 20 3 17
Clinical diagnosis 7 — 7

Malignant goitre .. 10 3 7
,, ,, -fHashimoto's disease 2 2 —

Controls:
Hospital 43 3 40
Normal 17 17

•Reciprocal of serum dilution.
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Text Fig. 3.—Titration of cytotoxic sera. Each dot represents
an individual patient. The numbers of positive and negative
sera shown here are in the same ratio in the different groups as

described in Table IT.



Correlation between Antibody to Thyrogiobulin,
Complement-fixing Antibody, and Cytotoxic Factor
Most patients who have developed antibodies against

their own thyroid tissue possess both thyrogiobulin and
complement-fixing antibodies. In determining the
relationship of the cytotoxic factor to these antibodies
it is necessary to study quantitatively those sera that
contain one type of antibody but not the other. The
results are illustrated in Table III.

Table III.—Correlation Between Thyrogiobulin, Complement-
fixing, and Cytotoxic Antibodies

Patient
Agar

Diffusion
Test

Tanned-cell
Haemag-
glutination

Titre

Complement-
fixation Titre
(2-5 M.H.D. of
Complement)

Cytotoxic
.Antibody
(Factor)
Titre

A
B
C
D
E
F

-

—

1,024
1,024
512
512
128
32

1,000
10,000
2*1,000
2*1,000
1,000
1,000

G
H
I
J

+
+

+

2,500,000
25,000
25,000
2,500

-

1,000
100
2*10
100

K
L
M

+ 2,500
2,500
250

-

-

The first group of patients in this Table (A-F)
indicate that the cytotoxic factor may be present in
the absence of trace amounts of thyrogiobulin antibody
as determined by the very sensitive tanned-cell haemag-
glutination (T.C.H.) test carried out according to the
modification of Fulthorpe et al. (1961). It is notable,
however, that all these sera have moderate or high
amounts of complement-fixing antibody (using 2.5
M.H.D. of complement and taking 50% haemolysis as
the end-point) specific for thyroid. The third group of
patients (K-M) demonstrate that moderate amounts of
thyrogiobulin antibody may be present in the absence
of cytotoxicity. The middle group of patients (G-J)
show moderate or high titres of thyrogiobulin antibody
but insignificant amounts of complement-fixing antibody,
and yet show moderate levels of cytotoxic activity. The
interpretation of these findings will be discussed shortly.
Text Figs. 4 and 5 correlate the titres of thyrogiobulin

and complement-fixing antibody respectively with the
titre of cytotoxic factor. The correlation is better for
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Text Fio. 5.—Correlation between titres of cytotoxic and com¬
plement-fixing antibodies. Each cross represents an individual

patient.

the complement-fixing antibody than it is for antibody
to thyroglobulin. From a study of the data in Fulthorpe
et al. (1961) it is considered that the lack of correlation
between cytotoxic factor and thyroglobulin antibody
cannot be explained by the imperfections of the direct
haemagglutination technique. The distinction of thyro¬
globulin antibody from cytotoxic factor is confirmed
by the absorption studies previously discussed. No study
has been made in the present work of humoral antibody
directed against a second colloid antigen (Balfour et al.,
1961), but again the absorption studies indicate that this
third thyroid antibody is independent of the cytotoxic
factor.
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Out of the 123 patients screened for cytotoxic factor
and for complement-fixing antibody there were 51
patients in whom the cytotoxic factor was absent, and
not one of these patients had a positive complement-
fixation reaction. Of the remaining 72 patients who
had significant titres of cytotoxicity, only 49 had a
positive complement-fixation reaction. All patients who
had a positive complement-fixation reaction specific for
thyroid showed cytotoxic activity at a titre of at
least 1:10.

The most likely interpretation of these observations
is that cytotoxic factor and complement-fixing antibody
are either closely associated or identical. If this were so,
then the explanation for the presence of positive titres
of cytotoxic factor in the absence of demonstrable
complement-fixing antibody (see Table 111 and Text
Fig. 5) would be simply that the technique of tissue
culture is considerably more sensitive than the present
method of complement-fixation.
Until such time as evidence arises to the contrary,

it can reasonably be assumed that the cytotoxic and
complement-fixing antibodies are in fact identical.

Antigenic Properties and Morphology of
" Microsomal" Fraction

" Microsomal" fraction prepared by differential
centrifugation after the method of Schneider (1948) is
known to contain a high concentration of complement-
fixing antigen (Belyavin and Trotter, 1959 ; Roitt and
Doniach, 1958). Indeed, this type of antigen is often
referred to as microsomal antigen (for example,
Fulthorpe et al„ 1961). If in fact the cytotoxic and
complement-fixing antibodies are closely related or
identical, then one would expect the corresponding
antigens or antigen to reside in the same cell fraction.
That they do coexist is suggested by the observation
that a crude extract of a thyrotoxic gland was effective
in removing the cytotoxic factor by absorption, while a
crude extract of a colloid goitre failed to do so (Irvine,
1960b, 1961a). This experiment has been repeated, and
the crude extract of the thyrotoxic gland used for the
absorption was shown to contain a large amount of
complement-fixing antigen, in contrast to the extract of
colloid goitre, which contained comparatively little of
this antigen.
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In a more precise attempt to establish the identity
or otherwise of these two antigens, tissue from a thyro¬
toxic goitre was divided into three portions. One portion
was used to determine the susceptibility of its trypsinized
cells in vitro to " standard " cytotoxic serum ; the second
portion was used to determine the antigenicity of the
tissue of origin with regard to complement-fixing anti¬
body ; and the third portion was used to prepare
" microsomal " fraction. The technique of differential
centrifugation adopted was similar to that employed by
Belyavin and Trotter (1959) and is illustrated in Text
Fig. 6. The end-product was then itself divided into

WHOLE HOMOGENATE IN 8-5°/„ SUCROSE

1,800 r. p. m. - 10
(= 600 x g.)

Washed twice with 25 ml.
sucrose solution, (.600 x g.)
-IO' on each occasion

8,200 r. p. m. - IO*
("8,SOO x g.)

Washed with 25 ml.
sucrose solution,
(8,500 x g.) - IO'

12,400 r. p.m. - 60'
(=18,000 x g.)

Washed with 25 ml.
sucrose solution,
( 18,000 x g.) - 60'

"MICROSOMES" (R) S
Text Fio. 6.—Cell fractionation scheme (after Schneider, 1948)
by differential centrifugation. R= residue; S= supernatant.

three portions—one to determine the antigenicity of the
fraction with regard to complement-fixing antibody, a
second to assess its effectiveness in removing the cyto¬
toxic factor by absorption, and a third for morphological
study under the electron microscope.
The trypsinized cells of this particular thyrotoxic

gland (T93) showed a susceptibility in vitro of 1:10,000
to a " standard " cytotoxic serum (see Text Fig. 1), and
the crude extract of the gland was antigenically potent
in a dilution up to 1:120 in a complement-fixation test
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using 2.5 M.H.D. of guinea-pig complement and a serum
giving a titre of 1:1,024. The " microsomal " fraction
was also antigenically potent in a complement-fixation
test using the same criteria as just described in a dilution
up to 1:480. Furthermore, there was no doubt that
this fraction was effective in absorbing the cytotoxic
factor. However, the morphology of the fraction was
so heterogeneous that the name " microsomal " is not at
present justifiable. As shown in Special Plate, Fig. 1,
this fraction consisted of a wide range of particulate
matter, including both mitochondria and ribosomes as
well as microsomal vesicles. In addition, some of these
vesicles contain amorphous material, while others are
empty. In view of the specificity of immunological
reactions, it would seem best to admit that we do not
know the localization of thyroid complement-fixing or
cytotoxic antigen beyond saying that it is intracellular.
Nevertheless, in so far as it has been possible to study
the antigenic content of thyroid tissue at a subcellular
level, the experiments described here confirm that the
complement-fixing and " cytotoxic " antigens are closely
associated one with the other.

In-vitro Studies with Explants of Human Thyroid
While the cytotoxic effect of complement-fixing

humoral antibody on trypsinized cells derived from
hyperplastic thyroid tissue is dramatic, the natural

LEGENDS TO SPECIAL PLATE

Fio. 1.—Morphology of "microsomal" fraction
prepared as shown in Text Fig. 6. (Electron-micrograph.

X 16,000.)
Fio. 2.—Epithelial-like cells spreading out from explant
of simple goitre after four days in plasma clot containing
25% "standard" cytotoxic serum. (Inverted phase

contrast. X184.)
Fio. 3.—Cells from periphery of same culture as Fig. 2
after eight days in vitro, demonstrating their epithelioid

nature. (Inverted phase contrast. X280.)
Fio. 4.—Periphery of explant of a Hashimoto gland
after two days' culture in plasma clot containing 25%
" standard " cytotoxic serum. (Inverted phase contrast.

X338.)
Fio. 5.—Same explant as Fig. 4, but after six days'
culture in presence of 25% cytotoxic serum. Note
presence of fusiform cells as well as round cells;
fusiform cells could be derived either from glandular
epithelium or from fibroblasts. (Inverted phase contrast.

X300.)
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history of Hashimoto's disease cannot be said to be
equally acute, and Eason (1928) has pointed out that
those thyrotoxic patients who eventually become
myxoedematous without therapy lake many years to
do so.

Explants of human normal thyroid glands (obtained
at parathyroidectomy), simple goitres, thyrotoxic glands,
and lymphadenoid goitres were therefore cultured in
plasma clots consisting of 50% fresh human plasma
and 25% chick-embryo extract and also containing 25%
control or test serum. Unlike the cultures of trypsinized
cells, the production of cellular monolayers from the
explants was variable even in the presence of the control
serum. Consequently, in each experiment eight culture
chambers each containing one or two explants were set
up against each of the different sera tested: the control
serum, the patient's own, and " standard" cytotoxic
serum. When the test serum contained thyroglobulin
antibody in high titre a dense zone of precipitation
formed around the explant. Occasional epithelial-like
cells derived from simple goitres of thyrotoxic glands
could be seen spreading beyond this area of precipita¬
tion. Special Plate, Figs. 2 and 3 illustrate epithelial-
like cells spreading in profusion from the explant taken
from a simple goitre and cultured in the presence of
" standard" cytotoxic serum (cytotoxic titre against
trypsinized cells = 1:10,000 ; tanned-cell titre=negative).
Likewise, the observations made so far do not suggest
that the presence of control or test serum within the
plasma clot makes any detectable difference to the
behaviour of the other three types of thyroid tissue when
cultured in the form of explants. In particular, four
experiments with human thyrotoxic tissue failed to show
any detectable cytotoxic effect with test serum as
compared to the controls.
This failure of the humoral antibody to influence

explants of thyroid may be due to the fact that the
epithelial-like cells take some two to four days to spread
out into the surrounding medium, by which time they
may no longer be susceptible to immunological injury.
Alternatively, in the absence of trypsin the cytotoxic
effect may be much less dramatic and more comparable
to the natural history of thyroid disease and corre¬
spondingly much less easy to detect.
Special Plate, Figs. 4 and 5 illustrate the striking

appearance of the periphery of a Hashimoto explant
after two and six days in culture respectively. The
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round cells are in all probability lymphocytes or plasma
cells or a mixture of these cell types, and it is perhaps
significant that they do not appear to be taking any
particular interest in the fusiform type of cell shown
in Special Plate, Fig. 5. Unlike the round cells, the
fusiform ones are slower in migrating out of the explant
and have the property of adhering to the glass of the
culture chamber. The fusiform cells could be derived
either from the thyroid epithelium or from fibroblasts.

Discussion and Conclusions

Much of the current interest in autoimmunity in
thyroid disease has been concerned with circulating
antibody to thyroglobulin, but there is little convincing
evidence to date that this type of antibody is necessarily
of aetiological importance. On the other hand, the
possible significance of complement-fixing antibody is
illustrated by its better correlation with the degree of
round-cell infiltration in thyrotoxic tissue removed at
partial thyroidectomy, and with the incidence of post¬
operative hypothyroidism in these patients (Irvine,
1961b ; Irvine, Macgregor, and Stuart, 1962). The
identification of thyroid cytotoxic factor with comple¬
ment-fixing antibody also underlines its relative
importance. There is no other naturally occurring
autogenous factor known which has been conclusively
shown to have a specific and direct adverse effect on
the thyroid cell, albeit the trypsinized cell in culture.
Several explanations have been given above for the

apparent failure of humoral antibody to influence non-
trypsinized thyroid tissue in culture, but the possibility
remains that cell-bound rather than humoral antibody
is of the greater aetiological significance. The present
paper indicates one way in which a pure culture of
the round-cell infiltration characteristic of Hashimoto's
disease may be obtained, and work is currently in
progress in an attempt to determine the immunological
properties of these cells in relationship to the patient's
serology and with regard to the possibility that they
may be of primary importance in the pathogenesis of
" autoimmune thyroiditis."

Summary
A thyroid-specific cytotoxic factor has been previously

described to occur in the serum of certain patients with
thyroid disease. The presence of this factor is deter¬
mined by observing the effect of the test serum on
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trypsinized human thyroid cells in tissue culture. The
variation in susceptibility to the cytotoxic factor of
trypsinized cells derived from thyroid glands of different
pathology has now been expressed in quantitative terms,
and it is noted that this parallels the known variation
in the content of complement-fixing antigen in these
cells and also the functional state of the tissue of origin.
In turn this has made it possible to express in a quanti¬
tative manner the concentration of cytotoxic factor
present in a given serum.
The demonstration that the cytotoxic factor is at least

predominantly a gamma-globulin fills an important gap
in the argument that the cytotoxic factor is a humoral
antibody.
The incidence of the cytotoxic factor in the serum

of patients with thyroid disease is similar to that of
complement-fixing antibody, but is clearly independent
of the incidence of antibody to thyroglobulin. Further¬
more, in so far as it has been possible to study the
antigen content of human thyroid cells at a subcellular
level, complement-fixing antigen and the antigen corre¬
sponding to the cytotoxic factor have been found to
exist in parallel concentrations. Therefore it may
reasonably be assumed that the cytotoxic and comple¬
ment-fixing autoimmune systems are closely associated
with each other and, indeed, are probably identical.
The rapidity of the cytotoxic effect in vitro is not in

accord with the natural history of Hashimoto's or other
forms of thyroid disease in which the factor has been
found to occur in a high titre, and it is of interest that
cells derived from human thyroid but which have not
been subjected to trypsin are apparently uninfluenced by
the presence in the nutrient medium of " cytotoxic"
antibody.
A method is described whereby the lymphocytic

infiltration characteristic of the Hashimoto goitre may
be obtained in pure culture, and it is hoped that this
may prove helpful in the attempt to clarify the relation¬
ship between humoral and cell-bound antibody.
It is a pleasure to acknowledge the support given to me

in this work by Professor Sir Derrick Dunlop and Dr. James
Robson. Professor John Bruce, Mr. J. R. Cameron, Mr.
C. W. A. Falconer, Mr. D. Mcintosh, and Professor M. F. A.
Woodruff have kindly collaborated in providing thyroid
tissue suitable for culture. I am grateful to Dr. L. G.
Plaskett, of rhe Biochemistry Department, Edinburgh
University, for doing the cell fractionation, to Dr. M. H.



IS

Robertson for collaborating in the tanned-cell haemagglu-
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Human serum containing complement-fixing thyroid auto-antibody has
been demonstrated to have a specific cytotoxic effect on trypsinized cells
cultured from human thyroid glands [4, 5, 6]. However, one of the main
difficulties experienced in this type of work is the recognition of the origin of
cells cultured in vitro, as their morphology may have little or no resemblance
to the cell in the intact tissue. It was therefore decided to strengthen the basis
on which tissue culture work in relation to thyroid auto-immunity is founded.
This has been done by studying the appearance under the electron micro¬
scope of suspensions of human thyroid cells obtained by the technique of
trvpsinization. Also, preliminary observations with the electron microscope
have been made on the cytotoxic effect induced by complement-fixing anti¬
body.

METHODS

Cells from human thyroid tissue are brought into suspension in the form of clumps
by the action of 0.25 per cent trypsin in Hank's salt solution. These clumps of cells
are then separated from erythrocytes and white blood corpuscles by slow centrifuga-
tion, washed and resuspended in nutrient medium containing a total of 20 per cent
human serum and made up to 100 per cent with diluent "199" [10].
To study the morphology of these trypsinized clumps of cells a suspension was

prepared on two separate occasions from a human thyrotoxic goitre and from a
simple colloid goitre. After 1 hr incubation in nutrient medium containing 20 per
cent of fresh normal human serum and while still in suspension, the cells were fixed
in buffered 1 per cent osmium tetroxide, spun down, embedded in agar, dehydrated
in ethanol and embedded in Araldite. Thin sections were cut on a Porter-Blum micro-
Lome equipped with a glass knife and were mounted on Athene 483 grids without a
supporting membrane. Before examination on an A.E.I. E.M.6 electron microscope
the sections were stained with 1 per cent potassium permanganate according to the
method of Lawn [9].

1 The electron microscope used in this study is on permanent loan from the Wellcome Trust.
2 In receipt of a grant from the Medical Research Council of Great Britain.

Experimental Cell Research 29



II : 55

Thyroid cells in vitro 75

The cytotoxic effect produced by incubating newly trypsinized cells for one hour
with 10 per cent standard cytotoxic or control serum in the presence of complement
(10 per cent of fresh normal human serum) was studied in the form of a blind trial.
Standard cytotoxic serum is defined as a test serum which has previously been shown
to be capable of producing a specific cytotoxic effect in a final dilution of at least
1 :10,000 on a monolayer of cells derived from human thyrotoxic glands after IS hr
in culture.
It has previously been established [4,5,6] that cells derived from thyroids of diffe¬

rent pathology vary in their susceptibility to cytotoxic complement-fixing antibody
and it was therefore possible to study mild degrees of immunological injury by using
cells from a simple non-toxic goitre that were only susceptible to relatively high
antibody concentrations corresponding to a final dilution of less than 1:10. Severe
degrees of cell damage were studied by using hyperplastic thyroid cells which were
capable of showing a cytotoxic effect with dilutions of test serum as high as 1 :10,000.

RESULTS

The appearance of clumps of cells derived from the thyroid by trypsiniza-
tion is shown in Fig. 1. Initially arranged in sheets or clumps these cells are
remarkable for the rapidity with which they adhere to glass and spread out in
monolayers. When cultured in nutrient medium containing normal human
serum, they spread out in lcS-4<S hr to appear as in Fig. 2. Whatever their
precise origin their morphology in vitro bears little resemblance lo the
structure of the thyroid epithelium of the inlact gland. The filamentous
mitochondria and spherical granules aggregate in the endoplasm and the
ectoplasm appears structureless. Some of the cells contain clear vesicles in
the ectoplasm and they tend lo fuse with each oilier to form larger vesicles
closer lo the nucleus (Fig. ,'5), bid such pinocvtosis is not extensive in these
cells.

The electron microscopic appearance of a section through a clump of
cells corresponding to those in Fig. 1 is shown in Figs. 4—6. The cells are

typically from a secretory epithelium. The luminal or inner margin bears
numerous microvilli (MV, Fig. 4) and the cells are held together by terminal
bars (771, Figs. 5-6) on Ihe lateral walls close to the luminal margin. Fig. 4

Fig. 2.—The same cells after 48 hr in culture. They now form a monolayer and have little resem¬
blance to the cells of the original inlact thyroid tissue. Note the filamentous mitochondria. Living
phase contrast, x 750.

Fig. 3.—Thyroid cell in tissue culture showing pinocytosis. Living phase contrast, x 750.

Fig. 4.—Trypsinized cells from a non-toxic goitre incubated for 1 hr in normal human serum. Note
the presence of microvilli (.4/ V) and detached basement membrane (BM). Electron microscope,
x 1600.
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Fig. 1.—Clumps of cells derived froir. auman thyroid tissue as they come off into suspension
in the presence of 0.25 per cent trypsin. Direct light, x too.
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also shows that Ihe cells have been denuded of their basement membrane
and the detached membrane is seen at BM. Fig. 6 illustrates that, close to the
terminal bar, the triple-layered plasma membranes (P) fuse to form a quin¬
tuple unit (Q) as in intestinal epithelium [11]. It would seem that the mode
of action of trypsin is to strip the epithelium from the basement membrane
without separating the cells al their terminal bars. The occurrence of rows of
intercellular vacuoles (Vt, Fig. 5) suggests that trypsin also produces some
separation of the lateral membranes but only beyond the site of the terminal
bars. The cells derived from the thyrotoxic gland and from the simple goitre
had a similar structure; no other cell type was encountered in the numerous
sections examined. Since the tissue of origin was thyroid, these cells must
necessarily be the secretory cells of the thyroid epithelium.
Although the identification of these cells as thyroid epithelium is based

on their epithelial nature in a cell suspension derived from thyroid, it is of
inlerest to compare their ultrastructure with that of cells from intact glands.
The microvilli are short and irregular in shape and distribution on the luminal
surface. The mitochondria are long and frequently appear in section as

elongated or dumb-bell profiles (M, Fig. 5). In the apical cytoplasm there
are numerous small membrane-bound vesicles ( V2, Fig. 5), while much larger
vesicles containing a homogeneous material (V3, Fig. 5) are present near the
nucleus. All (hese characteristics are reported byWissig [14] in his study of the
normal thyroid epithelium of the rat. In the rat, Wissig describes interdigitat-
ing processes arising from Ihe base of the thyroid cells and surrounded by
basement membrane. In man, similar but more extensive processes are

present in the intact tissue [7], but the base of the thyroid cells which we have
studied in vitro is smooth.

Figs. 7—10 illustrate Ihe progression of changes in a single hyperplastic
thyroid cell exposed to Ihe antibody after 18 hr in culture and examined
continuously under phase contrast microscopy. The normally filamentous
mitochondria (Fig. 7) thicken and fragment to form granules (fig. 8), the
nuclear membrane becomes prominent (out of phase in Fig. 8, but well seen

Fig. 5.—Trypsinized cells from a non-toxic goitre incubated for one hour in normal human serum.
At the surface of the cells the microvilli are clearly seen. The two cells are partially separated by
a series of intercellular vacuoles (V,). Within the cytoplasm one can make out the mitochondria
(it/) and also two different types of vesicles. In the apical cytoplasm the vesicles are small, numer¬
ous and bounded by membrane (V2), while nearer the nucleus the vesicles are larger and con¬
tain a homogeneous material that is probably the product of secretion (V3). Electron microscope,
x 14,000.

Fig. 6.—A higher magnification of Fig. 5. (hose to the terminal bar ( T11) the triple layered plasma
membranes (P) fuse to form a quintuple unit (Q). Electron microscope, x 70,000.
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Fig. 7.—Cells derived from a thyrotoxic gland after 18 hr in culture in normal human serum.
Living phase contrast, x60C.

Fig. 8.—Same cells as in Fig. 7, showing the early stage of the cytotoxic effect 5 min after adding
standard cytotoxic serum. Living phase contrast, x 600.

F'ig. 9.—Cytotoxic effect on Ihe same cell as shown in F'igs. 7 and 8, 10 min after adding standard
cytotoxic serum; note clumping of the mitochondrial material into granules and bloated appear¬
ance of Ihe cell. Thickening of the "nuclear membrane" (NM) is illustrated in an adjacent cell.
Living phase contrast, x 600.
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at NM in Fig. 9), the cytoplasm retracts, the cell rounds up and the now
coarse cytoplasmic granules (Fig. 9) show rapid movement as though power¬
ful osmotic forces had been released. Eventually the nucleus becomes pykno-
tic and the cell is lysed (Fig. 10).
The electron microscopy appearance of a suspension of trvpsinized cells

derived from the simple goitre and incubated for 1 hr in standard cytotoxic
serum is shown in Fig. 11. The different cells in this figure have undergone
varying degrees of injury in response to the action of the cytotoxic antibody
and it will be seen that the electron microscope bears out what has been
described above for phase contrast microscopy. The mitochondria in the
morphologically damaged cell of Fig. 1 1 (A/,) are all circular in profile,
indicating that they are now spherical. This corresponds to the granular
appearance of the mitochondria in Fig. <S and contrasts with their normally
filamentous structure as shown in Fig. 5 (A/), Fig. 7 and Fig. 11 (A/.2). Many
of the mitochondria of I he clearly injured cell in Fig. 1 1 are dilated. Circum¬
ferential clumping of the nuclear substance such as might give a phase
contrast appearance of thickening of the nuclear membrane is also evident in
Fig. 11. This figure also demonstrates blebbing of the nuclear membrane (II)
as part of the response of the cell to immunological and possibly other forms
of injury.
When the trypsinizcd cells of the thyrotoxic gland were examined with

the electron microscope after 1 hr incubation with standard cytotoxic serum,
there was nothing to be seen other than cell debris.

In the blind trial no difficulty was experienced in differentiating between
the lest and control series of microscopy sections. This was so even in
sections showing only relatively mild degrees of cell damage (Fig. 11). Cell
damage was not observed in the sections prepared from cells incubated
with control serum.

DISCUSSION

It is apparent that at least the majority of cells brought into suspension in
the form of clumps are derived from the thyroid secretory epithelium.
In view of the striking absence of mitosis during the culture of these cells

Fig. 10.—Cytotoxic effect at 15 min.; note lysis of the cell with pyknosis of the nucleus. Same
cell as featured in Figs. 7, 8 and 9. Living phase contrast, x 800.

Fig. 11.—Trypsinized cells derived from a non-toxic goitre and incubated for 1 hr in standard
cytotoxic serum, illustrating an intermediate stage in the cytotoxic effect. Note that microvilli
are absent, that the mitochondria (.1/,) are dilated and that there is peripheral nuclear clumping
and blebbing of the nuclear membrane (B). The cell in the upper part of the figure is relatively
normal and its mitochondria show no signs of damage (.l/2). Electron microscope, x 3200.
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in vitro [4], it is reasonable to conclude that the same cells are being observed
after 24 hr, a few weeks, or even after some months in culture. Using inverted
microscopy one can watch continuously these clumps of cells spreading out
into monolayers, and I'ulvertaft, Davies etal. [12] have demonstrated that even
after several weeks in culture the cells still retain the ability to trap radioactive
iodine and to bind it organically. In general it is true to say that these human
epithelial thyroid cells are maintained in culture and that the technique is
one of cell survival rather than of cell growth.
While Pulvertaft, Doniach et al. [13] made the important practical observa¬

tion that thyroid cells in culture are only susceptible to Ilashimoto sera during
the first 24-3(5 hr in vitro, Irvine [4, 5, 6] established that the cytotoxic factor
was probably part of an antigen-antibody reaction. He showed that the
factor was protein in nature, that complement was necessary for cytotoxicity
to be manifest, that the factor was highly specific for thyroid tissue and indeed
only for certain forms of that tissue, and that the factor was effective in high
dilution. Cytotoxicity cannot be correlated with circulating antibody to
thyroglobulin nor with antibody to a second colloid antigen 1], but it is now
apparent that the cytotoxic effect is associated or is actually a manifestation
of thyroid complement-fixing antibody [6].
Structural changes in Krebs ascites tumour cells exposed to rabbit immune

gamma globulin are described by Goldberg and Green [2], who note extensive
pinocytosis which, on the addition of complement, is followed by swelling
of the whole cell and dilatation of its membrane-limited components, such as
the nuclear envelope, mitochondria and endoplasmic reticulum. These
changes are so extensive that they are considered to represent cell death which
follows the pinocytotic ingestion of antibody.

In the present study, it was considered that the ideal experiment would be
to combine electron microscopic and phase contrast examination on indi¬
vidual cells at various phases of their exposure to the media. The method
described by Howatson and Almeida [3 was attempted, but polymerization
damage rendered melhacrylate unreliable and the adhesive property of
Araldite made it impossible to separate the cells from the cover glass. So it
was decided to observe the ultrastructural changes on cell suspensions and
compare these with similar specimens under phase contrast. Swelling of
mitochondria, aggregation of nuclear material at the nuclear membrane and
retraction of the cytoplasm progressing to rupture of the cell membrane with
formation of amorphous debris were observed under phase contrast and
similar structural changes were constantly found on electron microscopic
examination. It is probable that the alterations in structure are merely late
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stages of cellular necrosis; they were not observed in the control specimens by
either method of examination.
While our electron micrographs are consistent with the observations made

by Latta [8] in his study of the reaction of embryonic chick heart cells grown
in tissue culture to specific guinea-pig antiserum, they do not reveal the
exaggerated pinocytosis reported by Goldberg and Green [2] to occur in
ascites tumour cells treated with immune gamma globulin with and without
complement. Our inability to demonstrate these pinocytotic changes in a
human thyroid auto-immune system could possibly have been due to inap¬
propriate incubation times, but even the least damaged cells in the less
sensitive thyroid suspensions did not show this cell membrane change. In
the presence of normal serum, pinocytosis is not prominent in thyroid cells
in vitro, only a small proportion of the cells showing a few pinocytotic vacuoles
(Fig. 3). The problem of determining the mode of entry and site of action of
cytotoxic antibody awaits further study.

SUMMARY

The morphology of suspensions of trypsinized human thyroid cells has
been studied under the electron microscope and it has been established that
these cells are derived from the thyroid secretory epithelium and not from
any other cell type.
In addition a preliminary electron microscopic study has been made of

the cytotoxic effect of complement-fixing thyroid antibody on these human
thyroid cells in vitro. The morphological changes are compared with the
sequence of events seen under phase contrast microscopy.
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An electron microscopic study has been made of thyroid tissue obtained
from four patients with Hashimoto thyroiditis. Contrary to what has been
inferred from earlier light microscopy studies, the basement membrane in
Hashimoto thyroiditis is remarkably continuous, taking the form of a single
lamina some 50 mp thick. It differs from that of the normal adult human
thyroid in that there is no re-duplication of the membrane. In Hashimoto
thyroiditis, temporary gaps in the basement membrane occur which are just
sufficient to allow the passage of leucocytes in and out of the thyroid follicles.
Small breaks in the basement membrane may occur in necrotic thyroid follicles,
and cytoplasmic debris of the epithelial cells then escapes into the stroma.

A mutual activity between invading lymphocytes and the epithelial cells of
the thyroid follicles is inferred from the observation that tenuous processes of
the epithelial cells embrace the invading lymphocytes and that bulbous lympho¬
cytic processes abut against or invaginate the epithelial cells. It is conceivable
that this intimate contact allows antibody bound to the lymphocyte to be
directly transferred to the cells of the thyroid epithelium.

The light microscopy of Hashimoto thyroiditis has been well documented
since its original description by Hashimoto [1912] and the literature has
been reviewed by Hazard [1955]. More recently the role of auto-immunity
in the pathogenesis of this condition has been the subject of much valuable
research dating from the writings of Roitt et al. [1956] and of Rose and
Witebsky [1956]. Circulating antibody has been the main subject of interest,
as it is readily detected and can be quantitatively measured. A theory was
advanced that, as a result of some injury to the thyroid, antigen normally
"hidden" within the colloid vesicles could be released and trigger off a chain
reaction which caused further thyroid damage [Doniach and Roitt, 1957],

The "basement membrane" (perifollicular reticulin tissue) as seen by
light microscopy in the normal thyroid is reported to be fragmented in
Hashimoto thyroiditis [Sommers and Meissner, 1954; Stuart and Allan,
1958], an observation which has been interpreted as supporting the hypothesis
of the release of "hidden" antigen.

However, the lymphocytic infiltration of the gland may be of greater
importance in pathogenesis than the titre of circulating antibody [Irvine,
1962]. This has led to an alternative hypothesis, namely that antibody
bound to lymphocytes may be brought into contact with the cells of the
target organ in a manner comparable to what is generally believed to occur
in the homograft reaction [Mitchison, 1954],

The present electron microscopic study was carried out to determine the
appearance of the basement membrane in Hashimoto thyroiditis and the
relationship of the round-cell infiltration to the thyroid epithelial cells.

13



II : 65

14 Irvine and Muir

Materials and Methods

Fresh pathological thyroid tissue was obtained from four cases of Hashimoto
thyroiditis at partial thyroidectomy after a course of thyroxine therapy had failed
to control the size of the gland. Fresh normal thyroid tissue was obtained from one
patient during exploration of the neck for parathyroid adenomata. Tissue was also
obtained from two thyrotoxic patients at partial thyroidectomy after pre-operative
preparation with carbimazole and potassium iodide.

Light microscopy sections were stained with hematoxylin and eosin, Masson's
trichrome and also by Gomori's reticulin method. For electron microscopy, the
tissue was fixed in 1 per cent buffered osmium tetroxide, dehydrated in ethanol and
embedded in Araldite. Thin sections were cut on a Porter-Blum microtome equipped
with a glass knife and were mounted on Athene 483 grids without a supporting
membrane. Before examination on an A.E.I E.M. 6 electron microscope the sections
were stained with 1 per cent potassium permanganate [Lawn, I960],

In examining such a heterologous tissue as Hashimoto thyroiditis it is important
to ensure correct orientation and effective sampling. Our technique to overcome
these difficulties was to choose an aperture on the grid which was covered by a section
free from technical artifacts. This aperture, 65 p, in diameter, was then recorded
on some seventy negatives of overlapping fields to produce a composite electron
micrograph montage of the whole area. This provided a field of similar area to
that of a x40 light objective and which could be examined in detail at leisure.
Several such montages were made and most of the illustrations in this paper are
printed from negatives used to make these montages.

Results

General Observations.—Fig. 1 shows a tracing from a montage of an area
of tissue typical of Hashimoto thyroiditis. This tracing, which has been
reduced to a light microscope magnification ( x 1800), shows a complete
thyroid follicle and a portion of another follicle with the intervening stroma.
In the stroma different types of round-cell are to be seen: lymphocytes
characterized by their relatively structureless, scanty cytoplasm and smooth
outline; macrophages identified by their phagocytic processes and ingested
cytoplasmic contents; and plasma cells with their highly developed endo¬
plasmic reticulum. In addition there are a number of other cells which are
difficult to classify. Fibroblasts and their elongated processes are a common
feature and there is an excess of collagen in the stroma.

The section of the thyroid follicle shown in fig. 1 is surrounded by a
continuous basement membrane and the vesicle is occupied by a large giant
cell. Lying within the confines of the basement membrane and in close
relation to the thyroid follicular epithelial cells are sections of two lympho¬
cytes.

Many of these features are well known to the light microscopist and are
apparent in fig. 2, which also shows a follicle containing a giant cell (GC).
A lymphocyte (L) can be seen quite clearly in fig. 2 to be lying in very close
relation to the epithelial cells of the follicle and could conceivably be intra-
follicular in the same manner as those in fig. 1. In the examination of
sections of Hashimoto thyroiditis this close association of lymphocytes (and
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other types of round-cell) with the cells of the thyroid follicular epithelium
is a common finding both with light and electron microscopy; indeed, with
the electron microscope it is uncommon to find a section of a follicle which
does not contain at least one such round-cell within the basement membrane.

Basement Membrane.—Fig. 3 shows the single electron micrograph which
composed that portion of the montage outlined in the tracing of fig. 1. It
demonstrates a lymphocyte (L) lying in a thyroid follicle within the basement
membrane (BM) embraced by thin sheet-like processes (P) from the thyroid
epithelial cells. Separating the thyroid epithelial cells from fibroblasts (F)
and collagen (C) in the surrounding stroma there is a remarkably uniform and
unbroken basement membrane. The width of this membrane is of the order
of 50 m/i and, as this is less than the resolving power of the light microscope,
it is not surprising that this structure fails to show as an entity by any
method dependent on light microscopy.

An adjacent portion of the same Hashimoto gland stained for reticulin
by Gomori's method (fig. 4) shows that the perifollicular reticulin tissue is
fragmented. This is in contrast to what is seen when sections of normal
human thyroid are similarly stained (fig. 5), where the perifollicular reticulin
forms a continuous dark stainmg line encircling each follicle. This difference
in structure between the normal and the Hashimoto "basement membrane"

may be explained by fig. 6 which shows the appearance at the base of the
thyroid epithelium in the normal adult human gland. This structure is
composed of a similar material with the same dimensions as the single
lamina of basement membrane in the Hashimoto gland, but in the normal
adult gland it is reduplicated upon itself many times and sometimes in
relation to the foot processes (FP) of the thyroid epithelium. The overall
thickness of this reduplicated membrane (X-X) is about 2 p and therefore
readily demonstrable by light microscopy. Reticulin fibres (R), seen around
this follicle and around the next follicle to the right of the capillary, would
also contribute to the argyrophilic staining of the "basement membrane".
In the thyrotoxic tissue examined the foot processes of the epithelial cells
are more numerous than in the normal thyroid and the basement membrane
is reduplicated.

Most sections of thyroid follicles in Hashimoto thyroiditis show no breaks
in the 50 mp layer at the base of the thyroid cells. Occasional breaks in its
continuity were observed by careful searching and they can be described
under three headings. First, in areas of an advanced degree of cellular
necrosis, where the cells of the thyroid epithelium are swollen and their plasma
membranes disrupted, occasional small gaps may be seen in the surrounding
basement membrane. Such a gap (G-G) is illustrated in fig. 7 and through
this gap the necrotic debris (D) of the epithelial cell extends out into the
stroma. Secondly, on one occasion out of the many sections of Hashimoto
tissue examined, herniation of the epithelial cytoplasm into the stroma
through a restricted gap (G-G) in the basement membrane was noted (fig. 8).
The herniated portion is not covered with basement membrane. The third
and possibly the commonest cause of a gap in the basement membrane was
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that associated with the entry or exit of white cells into or out of thyroid
follicles. So common was the finding of intrafollicular lymphocytes that it
was not difficult to find sections in which they were seen entering the follicle
through a gap in the basement membrane. Such an entry of an invading

Fig. 1.—A tracing from an electron micrograph montage of Hashimoto
gland, reduced to a magnification of 1800 diameters.

lymphocyte is seen in fig. 9. The direction of movement of this cell can be
reasonably deduced from the appearance of a spear-head of clear cyto¬
plasm (E), an appearance which resembles that described by Marchesi and
Florey [1960] in their study of the migration of leucocytes from capillaries.
The clear cytoplasm is followed by a concentrated mass of mitochondria (M),
the nucleus of the lymphocyte and finally by a small cytoplasmic tail process
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Figs. 2 and 4.—Light micrographs of Hashimoto gland; fig. 2 stained Masson trichrome
x 700; fig. 4 Gomori reticulin stain. x 700.

Fig. 3.—Electron micrograph of the area outlined in fig. 1. x 20,000.

[ To face page 10
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Fig. 5.—Light micrograph of normal adult thyroid gland, Gomori reticulin stain. x 73.
Fig. 6.—Electron micrograph of part of a follicle wall from a normal gland. x 24,000.
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Fig. 7.—The basal part of an epithelial cell in a necrotic follicle showing a gap in the
basement membrane. x 17,500.

Fig. 8.—A hernia of epithelial cytoplasm projects into the surrounding stroma (from the
montage of fig. 1). x 17,500.
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Figs. 9 and 10.—Electron micrographs showing a lymphocyte entering a thyroid follicle
in Hashimoto thyroiditis: fig. 9. x 16,000; fig. 10. x 38,000.
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ll'f- C*
Figs. 11 and 12.—Electron micrographs illustrating two stages in the passage of
leucocytes through the basement membrane of Hashimoto thyroid follicles: fig. 11.

x 12,000: fig. 12. x 16,000.
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Fig. 13.—An intrafollieular lymphocyte enclosed by thyroid epithelial cells. x 30,000.
Fig. 14.—An illustration of the contact between lymphocytic processes and epithelial

cells. x 110,000'.



II : 74

Fig. 15.—An intrafollicular lymphocyte in a normal thyroid follicle. x 10,000.
Fig. 16.—The high concentration of mitochondria observed in the epithelial cells of

some Hashimoto follicles. x 50,000.
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Fig. 17.—A survey electron micrograph of a necrotic thyroid follicle in Hashimoto thyroiditis.
x 5000.

Fig. 18.—Part of the macrophage seen in the centre of the follicle in fig. 17. x 23,000.
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which is passing through the gap (G-G) in the basement membrane. A long
thin process (P) of thyroid epithelial cell cytoplasm embraces the entering
cell, and the lymphocytic spear-head penetrates towards the thyroid cell
nucleus (N). In an enlargement (fig. 10), the cytoplasm of the epithelial
cell is seen to be reduced to a thin film on the concave side of its nucleus,
between the double nuclear membrane (N) and the indented plasma membrane
(PM) of the cell.

Figs. 11 and 12 show part of the wall of two other thyroid follicles. The
vesicle lumina (L) can be seen on the left and basement membranes (B) can
be defined at the base of the epithelium. In each case a leucocyte is
penetrating a gap (G-G) in the basement membrane, but it is not possible to
determine the direction of movement. In fig. 11 most of the leucocyte is in
intercellular clefts (C) of the epithelium and only a small part is seen to
project through the gap in the basement membrane. The leucocyte in fig. 12
can be identified as a macrophage by its size, its complex pseudopodial
processes and by its cytoplasmic content. It is noteworthy that the intra¬
epithelial part of this macrophage has stripped the basement membrane (B)
off the basal surface of the epithelial cells (E) and that the detached basement
membrane has a structure capable of constricting the nucleus of the migrating
white cell as it is squeezed through the limited gap in the continuity of the
basement membrane.

A lymphocyte which has completed the process of entry and is now lying
within the thyroid follicle is shown in fig. 13. A long tenuous process (P)
of the epithelial cell encloses the lymphocyte and a continuous basement
membrane (B) is seen to the right of the process. As relatively wide gaps
are observed during passage of leucocytes through the basement membrane
and none seen in relation to intrafollicular leucocytes, it is likely that the
membrane is reconstituted but a residual small gap could not be excluded
without serial sections.

Once inside the thyroid follicle and in apposition to the thyroid epithelial
cells, the surface of the lymphocyte differs from that of lymphocytes in the
stroma. Instead of presenting a smooth outline the intrafollicular lympho¬
cyte shows numerous processes which abut (fig. 13) and even invaginate
(fig. 3 and fig. 15) the surrounding thyroid epithelial cells. Higher magnifica¬
tion of the complex surface structure of the intrafollicular lymphocyte
(fig. 14) illustrates how closely the outer layer of the cell membrane of the
lymphocyte (L) comes into apposition with the outer layer of the cell mem¬
brane of the epithelial cell (E). Each plasma membrane (PE and PL)
appears in the electron micrograph as a pair of dense lines (2-3 mg thick),
separated by a clear line of similar width. At the site of contact (C) between
the lymphocytic process and the epithelial cell the two outer layers of the
plasma membranes appear to fuse. The positions of similar close contacts
are seen at lower magnification in fig. 3, fig. 10 and fig. 15. In all these
examples there is no doubt that the space between the outer layers of the
two cell membranes is much less than the separation of 20 mg that commonly
exists between the membranes of apposing cells and it may be that in the
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case of the lymphocyte it is possible for the outer layer of its plasma mem¬
brane to come into direct contact with that of the thyroid epithelial cell.

In our electron microscopic examination of many sections of an adult
human thyroid gland, which was of normal appearance on light microscopy,
only one example of an intrafollicular lymphocyte was encountered (fig. 15).
This figure shows clearly the complexity of the surface morphology of
intrafollicular lymphocytes with its bulbous processes protruding into the
surrounding epithelial cells. Some of these processes are cut along their
length (A) but where the plane of section has been less fortunate apparently
isolated portions of lymphocyte cytoplasm (B) are seen buried in the epithelial
cells. No evidence of actual ingestion of lymphocyte cytoplasm by the
epithelium was obtained and no lymphocytic vesicles were seen which might
have suggested exocrine secretion by the enclosed lymphocyte.

Thyroid Epithelial Cells.-—Several appearances of interest were noted in
the cells of the follicular epithelium from cases of Hashimoto thyroiditis.
As shown in fig. 3, fig. 9, fig. 13 and fig. 15 the epithelial cells seem to embrace
the lymphocyte after or even during its invasion of the follicle so that the
pathway of entry of the lymphocyte is all but closed off by tenuous processes
of the epithelial cells. So commonly is this seen that there would appear to
be some mutual activity between the invading lymphocyte and the epithelial
cells.

In the epithelial cells of Hashimoto thyroiditis, the secretory granules
are fewer and smaller than in the normal gland, but many of these cells
have a markedly increased content of mitochondria (fig. 9, fig. 11 and fig. 16).
It is quite exceptional for any cell to contain a concentration of elongated,
tortuous mitochondria such as those illustrated in fig. 16. This concentration
of mitochondria is not seen in the cytoplasm of thyroid epithelium obtained
from thyrotoxic patients prepared for surgery with carbimazole and potassium
iodide, where the characteristic feature is the presence of dilated ergasto-
plasmic sacs.

In other areas of Hashimoto tissue the appearances are not that of intra¬
follicular lymphocytes and epithelial cells rich in mitochondria, but those of
necrosis. In fig. 17, it can be seen that the mitochondria of the epithelial
cells (E) are dilated and bloated in appearance, that the nuclei (N) are
swollen and show circumferential clumping, and that the cell membrane at
the luminal margin is disrupted at places so that cell contents have spilled
into the vesicles as cytoplasmic debris. There is a plasma cell (P) lying
within the follicle close to the basement membrane, its irregular shape and
dilated endoplasmic reticular cavities indicating its effete nature. This
degree of necrosis is not due to preparation artifact because lying within the
vesicle is a perfectly preserved macrophage. The basement membrane
surrounding this necrotic follicle is also remarkably well preserved and
unbroken running from B-B, although as noted in fig. 7 the basement
membrane may be disrupted over restricted areas in such a follicle. Fig. 18
shows the same intravesicular macrophage under higher power with its
pseudopodia engulfing the dispersed cytoplasmic contents (M) of the sur-
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rounding necrotic epithelial cells, thus indicating that the damage to the
follicular cells occurred in vivo and that the macrophage was already actively
phagocytosing at the time of removal of the tissue.

A notable feature in the examination of the epithelial cells in Hashimoto
thyroiditis is the variation in the appearance of the cells in follicles lying in
close relation to each other and even in cells within the same follicle. Adjacent
follicles could vary from being clearly viable and possessing vesicular colloid
to being obviously necrotic with their colloid replaced by scavenging macro¬
phages. Within the same follicle a necrotic cell may lie next to cells that
are either normal in appearance or cells that are dark-staining on account of
their rich cytoplasmic content of mitochondria. That is to say, there is no
uniform appearance of the epithelial cells that could be described as being
characteristic of Hashimoto thyroiditis.

Discussion

Basement Membrane.—Witli the advent of the electron microscope some
ambiguity has arisen with regard to the use of the term "basement mem¬
brane". In thyroid histology, for example, the light microscopist uses the
term to refer to a layer of perifollicular tissue of up to 2 ^ thick and which
can be stained specifically by silver techniques (Gomori), by periodic acid-
Schiff and by sulphuric acid-hsematoxylin [Sommers and Meissner, 1954;
Stuart and Allan, 1958], On the other hand, the electron microscopist is
not so dependent upon special staining methods and uses the term "basement
membrane" to refer to a homogeneous layer of moderate electron-opacity
applied to the outer surface of the basal plasma membrane [Dempsey and
Peterson, 1955; Ekholm and Sjostrand, 1957; Wissig, 1960; Waller, I960].
This layer, with an ill-defined and irregular outer surface, is about 50 m/x
thick and when present as an individual sheet could not be demonstrated by
light microscopy. Wissig [1960] describes cytoplasmic projections at the
base of the rat thyroid epithelium, but these are small and infrequent
compared to the extensive foot processes of the epithelial cells seen in the
normal adult human thyroid and in human thyrotoxic glands. The re¬
duplication of the basement membrane in relation to these foot processes in
the normal adult human thyroid is considered to create a layer which can be
stained and visualized in the light microscope. This reduplicated complex
structure may not develop to the same extent in experimental animals with
their short life span and it is relevant that in the thyroid of the foetal rat the
bases of the epithelial cells are smooth and covered by a single lamella of
basement membrane material [Feldman, Vasquez and Kurtz, 1961], Likewise,
a reason why the basement membrane is but a single layer in Hashimoto
thyroiditis may perhaps be related to a rapid rate of regeneration of thyroid
epithelial cells which, as discussed later, may be a feature of Hashimoto
thyroiditis.

The question of the definition of the term "basement membrane" is
clearly of fundamental importance in any discussion in which alterations in
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its structure are considered to be of importance in the pathogenesis of
disease, such as Hashimoto thyroiditis. It is submitted that the term
"basement membrane" should be reserved solely for the membrane as seen
under the electron microscope and that the material characterized by the
selective stains of light microscopy should be referred to as the perifollicular
tissue together with the additional description of the particular staining
methods used; for example, argyrophilic or PAS-positive perifollicular
tissue. It is likely that these selective staining methods pick out both the
true thyroid basement membrane as we now understand it and the variable
amount of reticulin tissue which is seen on electron microscopy to lie
immediately next to the basement membrane.

The main difference in the basement membrane in Hashimoto thyroiditis
as opposed to that in the normal adult human thyroid is that it is a single
lamina and is not reduplicated on itself to form the multi-layered structure
seen in the normal gland. The single lamina of basement membrane in
Hashimoto thyroiditis is in fact virtually continuous and remarkably uniform.

However, the continuity of the thin basement membrane in Hashimoto
thyroiditis may be interrupted by the passage of leucocytes into or out of
the thyroid follicles. During the migration of a leucocyte the gap in the
membrane is precise and can be so limited as to constrict the migrating white
cell as it passes through the membrane, which is stripped from the basal
surface of the follicular epithelium but otherwise maintains its integrity as a
structure in its own right. Many lymphocytes are observed within the
thyroid follicles, but at no time is there any remaining gap to be seen in the
basement membrane and it can reasonably be assumed that its integrity is
rapidly restored after the passage of a leucocyte.

Herniation of the follicular epithelial cytoplasm through a gap in the
basement membrane (approximately 1 /x wide) was a rare observation and its
significance is uncertain. It is conceivable that, if the herniated cytoplasm
is broken off from the parent cell and released into the stroma, it might act
as a potential source of accessible thyroid antigen. Possibly a reduplicated
basement membrane is required in the thyroid to prevent this happening.

Gaps in the basement membrane in Hashimoto thyroiditis were also
observed in relation to thyroid follicles that were the site of advanced necrosis.
The remarkable thing here was that in spite of the gross necrosis of the
thyroid epithelium the basement membrane only showed occasional breaks
and those were of the order of a fraction of a micron. Through these minute
gaps, however, the necrotic cytoplasmic contents of the epithelial cells could
be seen spilling out into the thyroid stroma in a manner comparable to that
observed by White [1959] in his fluorescent antibody studies.

The impression gained from this electron microscopic study of the base¬
ment membrane in Hashimoto thyroiditis is that, although it is reduced to a
single lamina, it is remarkably resistant to damage, but is readily interrupted
by migrating leucocytes only to be sealed again equally readily. Theoreti¬
cally the lesion required to initiate an auto-immune reaction may be so
minute that no amount of searching could exclude its occurrence and
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morphological studies are unlikely to answer the problem of the sequence in
which pathological changes occur in a chronic condition of this kind.

Sympathetic ophthalmia is another example of an auto-immune disease
[Waksman, 1959] in which the capsule of the lens is considered to be the
barrier restraining hidden antigen. It is of interest that Cohen [1961] in his
study of the developing eye also emphasizes the present confused use of the
term "basement membrane". Cohen finds that the early lens capsule is
surrounded by a single lamella of extracellular material and during develop¬
ment this becomes multi-laminate to form the final lens capsule. The role of a
basement membrane in epithelial transport mechanisms is not clear. In short
term experiments it has been noted that colloidal particles and ferritin
applied to the free surface of epithelia are partially retained even by a thin
basement membrane [Farquhar and Palade, 1960; Kaye et al., 1962; Majno
and Palade, 1961]. Majno and Palade have demonstrated considerable
arrest of colloidal mercuric sulphide by capillary basement membranes up to
3-|- hr. after injection, but they report that nearly all the injected material is
in histiocytes after 57 days. From this evidence it would appear unlikely
that the basement membrane, even a multilayered one, could retain thyroid
colloid within the vesicle throughout a lifetime. The luminal plasma
membrane of the thyroid epithelial cell, closely adherent to the plasma
membrane of adjoining cells at the terminal bars [Irvine and Muir, 1962], is a
more sharply defined membrane and seems a more likely site to retain
particles of colloidal size. The inability of colloid materials to penetrate a
terminal bar has been demonstrated experimentally by Miller [1960] using
haemoglobin in the renal tubules and by Kaye et al. [1962] with thorium oxide
on corneal epithelium.

Evidence is accumulating to suggest that the basic abnormality in
Hashimoto thyroiditis is a genetically determined defect in immunological
tolerance. This concept is supported by the observation of a hereditary
factor in thyroiditis [Hall et al., 1960; Roitt and Doniach, 1961; Irvine et al.,
1961] and by the increased incidence in patients with thyroiditis of other
disorders probably based on auto-immune mechanisms [Buchanan et al.,
1961; White et al., 1961; Irvine et al., 1962]. The nature of this defect is
unknown and could effect any part of the chain of reactions involved in
antibody production. In terms of the basement membrane theory it would
be necessary to predict a genetically determined defect in basement membrane
manufacture at the site of the different organs. However, there is no
adequate evidence to suggest that the fault lies in the release of normally
"hidden" antigen rather than in the abnormal production of antibody.
Unexpectedly high levels of radioactive iodine in the lymph leaving the
thyroids of cats, sheep and rabbits given only tracer amounts of radioactive
iodine have been reported by Daniel et al. [1962 a] and more recent studies,
in which the radioactivity of the lymph has been examined chromato-
graphically, indicate that a high percentage of this activity is probably due
to the presence of thyroglobulin [Daniel et al., 1962 6], It is conceivable that
the release of thyroglobulin into the lymph is a physiological occurrence.
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If this were to be established, there would clearly be little place for the further
consideration of the concept of "hidden" antigen as a basis of auto-immunity
to thyroid.

Lymphocytes.-—While it has long been known that Hashimoto thyroiditis
is characterized by dense round-cell infiltration it has not been generally
recognized how intimately some of these infiltrating cells, particularly
lymphocytes, may come into contact with the secretory cells of the thyroid
epithelium. This intimate relationship between the invading lymphocyte
and the organ-specific epithelial cells is clearly seen by electron microscopy,
but is also evident on re-examination of the light microscopy sections.
Lying within the basement membrane between adjacent epithelial cells or,
more commonly, embraced by cytoplasmic processes of the thyroid epithelium,
the intrafollicular lymphocyte is notable for the complexity of its surface
morphology. Numerous small papilliform processes on the surface of the
lymphocyte abut or invaginate the adjacent cells of the follicular epithelium,
and the outer layers of the cell membranes of these two different kinds of
cell may come much closer to each other than is customary for cells in
apposition. These appearances suggest that the pattern of motility of the
infiltrating lymphocyte may be altered when the lymphocyte comes into
close relation with the cells of the thyroid epithelium and that it may be
possible for protein carried on the outer layer of the cell membrane of the
lymphocyte to be transferred to a similar site on the cells of the thyroid
epithelium.

These observations on the electron microscopic morphology of the in¬
filtrating lymphocytes in Hashimoto thyroiditis are in keeping with the con¬
cept that cell-bound as opposed to circulating antibody may be of the
greater importance in the pathogenesis of the disease [Irvine, 1962]. They
are also in accord with the work of Pulvertaft et al. [1959] who noted in the
course of their tissue culture experiments that lymphocytes derived from a
Hashimoto gland appeared to be attracted to the thyroid cells and to move
in close contact with their surface, although there is nothing in the present
study to confirm their observations of lymphocytes entering into the thyroid
cell cytoplasm (emperipolesis). As already mentioned, intrafollicular
lymphocytes may be almost enclosed by sheet-like processes of the epithelial
cells, but in the numerous sections examined the site of invagination of the
epithelial cell by the lymphocyte was still apparent and the plasma membrane
of each cell remained intact. No structures which could be interpreted as
partially digested lymphocytes were observed in the epithelial cells and we
do not consider a lymphocyte deeply invaginating an epithelial cell can
truly be described as entering its cytoplasm.

The intimate contact between lymphocytes and the cells of the thyroid
follicles in Hashimoto thyroiditis in man is a corollary to the preliminary
studies of Felix-Davies and Waksman [1961] who showed that experimental
thyroiditis in the guinea-pig can be transferred to a normal homologous animal
by washed sensitized lymphocytes or spleen cells. Our observations indicate
a mechanism by which cell-bound antibody, carried by the invading lympho-
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cytes, may reach its destination and so effect its purpose of bringing about
the death of the thyroid secretory cells. It would be of great interest to
know if these two pieces of evidence, each emphasizing the importance of the
lymphocyte, could be linked together in the dimension of time by the use
of a label such as tritiated thymidine. However, an attempt to achieve this
in the related field of transplantation immunity by Najarian and Feldman
[1962] did not prove successful in so far as the sensitized lymphocytes labelled
with tritiated thymidine and injected into the recipient could not be detected
in the target organ of that animal.
It would seem that the immunological reaction occurring in the thyroid

in Hashimoto thyroiditis and at the site of the homograft reaction may be
closely comparable; in Hashimoto thyroiditis there would appear to be a
genetically determined disorder of immunological tolerance while in the
homograft reaction a normal antibody-forming system is reacting against
the presence of foreign antigen. To date most of the literature on Hashimoto
thyroiditis has been concerned with circulating antibody while the literature
on the homograft reaction has been largely concerned with antibody which
is cell-bound. The recent work of Govaerts [1960] indicates that a component
of the recipient's serum may be required for sensitized lymphocytes to be
cytotoxic to cells in culture and it may be that the two types of antibody
are not mutually exclusive but may be synergistic. Further experiments
along these lines are necessary.

Thyroid Epithelial Cells.—The epithelial cells appear to respond in an
active manner to the infiltration of the follicles by lymphocytes, because
tenuous processes of epithelial cytoplasm embracing the invading leucocytes
were frequently observed. This appearance could result from a mutual
attraction between two adjacent cell membranes.

The variation in the electron microscopic appearance of the rat thyroid
gland when treated by hypophysectomy, cold-exposure and by thiouracil has
been described by Dempsey and Peterson [1955]. Our observations on
human thyrotoxic glands prepared for surgery agree with their studies on
the rat thyroid after treatment with thiouracil; in neither instance was there
any increase in the epithelial cell content of mitochondria. Although the
profuse number of tortuous mitochondria was a striking feature of many
thyroid epithelial cells in Hashimoto thyroiditis, the fact that the patients
from whom the tissue had been obtained had previously been treated with
thyroxine precludes serious discussion on the significance of this observation.
It may be a consequence of thyroxine administi'ation which is known to
affect mitochondria [Aebi, 1952] or it may be part of the response of the
thyroid epithelial cell to the action of antibody.

Necrotic areas are also observed in sections of Hashimoto thyroiditis.
These may be seen affecting whole follicles or only individual cells within a
follicle and the juxta-position of healthy cells indicates that the necrosis was
occurring at the time of fixation. The swelling of the mitochondria to form
bloated spheres without normal cristse formation and the circumferential
clumping of the nuclear material seen in these necrotic areas are changes
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which have been observed during the cytotoxic effect of complement-fixing
antibody on trypsinized thyroid cells in vitro [Irvine, 1962; Irvine and Muir,
1962].

Our static observation of variation in the appearance of the thyroid
epithelial cells in Hashimoto thyroiditis from apparently normal to those
containing an excess of mitochondria and to those showing different stages
of necrosis within a small part of the same gland may be considered in
relation to the chronic natural history of the disease. Vickery and Hamlin
[1961] have shown that the histological appearance in Hashimoto thyroiditis
may remain essentially unchanged in the same patient over as long an
interval as 16 years. Thus, there must be an equilibrium between cell
destruction and cell proliferation. The large number of necrotic epithelial
cells seen could be due either to a gradual necrosis with slow removal of
effete cells or to an efficient scavenger mechanism attempting to compete
with extensive death of cells. The presence of large numbers of macrophages,
many in the process of ingesting cellular debris at the moment of fixation,
suggests the latter interpretation. If this interpretation is made then there
must also be regeneration of epithelial cells. Although we have not observed
mitotic figures in our light microscope preparations, it is perhaps relevant
that there may be an increased incidence of thyroid malignancy in patients
with Hashimoto thyroiditis [Lindsay and Dailey, 1955]. It is also interesting
to reflect that the absence of a goitre in spontaneous hypothyroidism, which
is believed to be based on the same pathogenic process as Hashimoto thyroid¬
itis, may be due to a relative failure in the power of regeneration of the
thyroid epithelium.

Acknowledgments

We are grateful to the Wellcome Trust for the permanent loan of the electron
microscope and to Mr. J. R. Cameron, Mr. D. Mcintosh and Professor M. P. A.
Woodruff for their co-operation in providing surgical material.

W. J. I. is in receipt of a grant from the Medical Research Council.

REFERENCES

Aebi, H. (1952). "Die Osmoregulation von Leberschnitten und Mitochondrion im
Normalzustand imcl bie der Hyperthyreuse Helv. physiol. pharm. acta, 10, 43.

Buchanan, W. W., Crooks, J., Alexander, W. D., Koutras, D. A., Wayne, E. J. and
Gray, K. G. (1961). "Association of Hashimoto's thyroiditis and rheumatoid
arthritis", Lancet, i, 245-248.

Cohen, A. I. (1961). "Electron microscopic observations on the developing mouse eye",
Developmental Biology, 3, 297-316.

Daniel, P. H., Excell, B. J., Gale, M. M. and Pratt, O. E. (1962 a). "The drainage
of thyroid hormone by the lymphatics of the thyroid gland", J. Physiol. 160, 6P.

Daniel, P. H., Gale, M. M., Pratt, O. E. and Plaskett, L. G. (1962 6). Personal



Hashimoto Thyroiditis 25

Dempsey, E. W. and Peterson, R. R. (1955). "Electron microscopic observation on
the thyroid glands of normal, hypophysectomized, cold-exposed and thiouracil-
treated rats", Endocrinol. 56, 46-58.

Doniach, D. and Roitt, I. M. (1957). "Auto-immunity in Hashimoto's Disease and
its implications", J. clin. Endocrin. 17, 1293-1304.

Ekholm, R. and Sjostrand, F. S. (1957). "The ultrastructural organization of the
mouse thyroid gland", J. ultrastruct. Res. 1, 178-199.

Farquhar, M. G. and Paxade, G. E. (1960). "Segregation of ferritin in glomerular
protein absorption droplets", J. biophys. biochem. Cytol. 7, 297-304.

Feldman, J. D., Vasquez, J. J. and Kurtz, S. M. (1961). "Maturation of the rat fetal
thyroid", J. biophys. biochem. Cytol. 11, 365-383.

Felix-Davies, D. and Waksman, B. H. (1961). "Passive transfer of experimental
immune thyroiditis in the guinea-pig", Arthritis and Rheumatism, 4, 416-417.

Govaerts, A. (1960). "Cellular antibodies in kidney homotransplantation", J. Immunol.
85, 516-522.

Hall, R., Owen, S. G. and Smart, G. A. (1960). "Evidence for genetic predisposition
to formation of thyroid auto-antibodies", Lancet, ii, 187-188.

Hashimoto, H. (1912). "Zur Kenntniss der lymphomatosen Veranderung der Schilddruse
(Struma lymphomatosa)", Arch. klin. Chir. 97, 219-248.

Hazard, J. B. (1955). "Thyroiditis", Amer. J. clin. Path. 25, 399-426.
Irvine, W. J. (1962). "Studies on the cytotoxic factor in thyroid disease", Brit. med. J.

I, 1444-1449.
Irvine, W. J., MacGregor, A. G., Stuart, A. E. and Hall, G. H. (1961). "Hashimoto's

disease in uniovular twins", Lancet, ii, 850-853.
Irvine, W. J., Davies, S. H., Delamore, I. W. and Wynn Williams, A. (1962). "An

immunological relationship between pernicious aniemia and thyroid disease",
Brit. med. J. 2, 454-456.

Irvine, W. J. and Muir, A. R. (1962). "An electron microscopic study of human
thyroid cells in vitro", Exper. Cell Res. [In the press.]

Kaye, G. I., Pappas, G. D., Donn, A. and Mallet, N. (1962). "Studies on the cornea.
II. The uptake and transport of colloidal particles by the living rabbit cornea
in vitro", J. Cell Biol. 12, 481-501.

Lawn, A. M. (1960). "The use of potassium permanganate as an electron-dense stain
for sections of tissue embedded in epoxy-resin", J. biophys. biochem. Cytol. 7,
197-198.

Lindsay, S. and Dailey, M. E. (1955). "Malignant lymphoma of the thyroid gland
and its relation to Hashimoto's disease: a clinical and pathological study of eight
patients", J. clin. Endocrin. 15, 132-153.

Majno, G. and Palade, G. E. (1961). "Studies on inflammation. 1. The effect of
histamine and serotonin on vascular permeability: an electron microscopic study",
J. biophys. biochem. Cytol. 11, 571-605.

Marchesi, V. T. and Florey, H. W. (1960). "Electron micrographic observations on
the emigration of leucocytes", Quart. J. exp. Physiol. 45, 343-348.

Miller, F. (1960). "Hiemoglobin absorption by the cells of the proximal convoluted
tubule in mouse kidney", J. biophys. biochem. Cytol. 8, 689-718.

Mitchison, N. A. (1954). "Passive transfer of transplantation immunity", Proc. Roy.
Soc. B, 142, 72-87.

Najarian, J. S. and Feldman, J. D. (1962). "Passive transfer of transplantation
immunity", J. exp. Med. 115, 1083-1093.

Pulvertaft, R. J. V., Doniach, D., Roitt, I. M. and Hudson, R. V. (1959). "Cytotoxic
effects of Hashimoto serum on human thyroid cells in tissue culture", Lancet, ii,
214-216.

Roitt, I. M., Doniach, D., Campbell, P. N. and Hudson, R. V. (1956). "Auto¬
antibodies in Hashimoto's disease (Lymphadenoid Goitre)", Lancet, ii, 820-821.

Roitt, I. M. and Doniach, D. (1961). "Auto-immunity and thyroid disease", Brit,
med. J. 1, 490.

Rose, N. R. and Witebsky, E. (1956). "Changes in the thyroid glands of rabbits
following active immunization with rabbit thyroid extracts", J. Immunol. 76,
417-427.

Sommers, S. C. and Meissner, W. A. (1954). "Basement membrane changes in chronic
thyroiditis and other thyroid diseases", Amer. J. clin. Path. 24, 434-440.



II : 85

26 Irvine and Muir

Stuajit, A. E. and Allan, W. S. A. (1958). "The significance of basement membrane
changes in thyroid disease", Lancet, ii, 1204-1206.

Vickeby, A. L. and Hamlin, E. (1961). "Struma lymphomatosa (Hashimoto's Thyroid¬
itis): observations on repeated biopsies in sixteen patients", New Eng. J. Med.
264, 226-229.

Waksman, B. H. (1959). "Experimental allergic encephalomyelitis and the 'auto¬
allergic' diseases", Int. arch. Allergy, 14 (suppl.), 1-87.

Walleb, V. (1960). " Zur Submikroskopischen Struktur der Rattenschilddruse. Elektro-
nenmikroskopische untersuchungen an der basis des Schilddrusenfollikels", Acta
Endocrin. 35, 334-350.

White, R. G. (1959). "Localization of auto-antigens in the thyroid gland by the
fluorescent antibody technique", Exper. Cell Res. Suppl. 7, 263-274.

White, R. G., Bass, B. H. and Williams, E. (1961). "Lymphadenoid goitre and the
syndrome of systemic lupus erythematosus", Lancet, i, 368-373.

Wissig, S. L. (1960). "The anatomy of secretion in the follicular cells of the thyroid
gland", J. biophys. biochem. Cytol. 7, 419-432.



II : 86

HASHIMOTO'S DISEASE
IN UNIOVULAR TWINS

W. J. IRVINE
M.B., B.Sc. Edin., M.R.C.P.E.

A. G. MACGREGOR

M.D., B.Sc. Glasg., F.R.C.P.E., M.R.C.P.

A. E. STUART
M.B. Glasg., Ph.D. Edin?, M.R.C.P.E.

G. H. HALL
M.B., B.Sc. Lond., M.R.C.P.

Reprinted from The Lancet, October 14, 1961, pp. 850-853



HASHIMOTO'S DISEASE
IN UNIOVULAR TWINS

W. J. Irvine
M.B., B.Sc. Edin., M.R.C.P.E.

LATE RESEARCH FELLOW, DEPARTMENT OF THERAPEUTICS*

A. G. Macgregor
M.D., B.Sc. Glasg., F.R.C.P.E., M.R.C.P.
LATE SENIOR LECTURER IN THERAPEUTICSf

A. E. Stuart
M.B. Glasg., Ph.D. Edin., M.R.C.P.E.

LECTURER IN PATHOLOGY

UNIVERSITY OF EDINBURGH

G. H. Hall
M.B., B.Sc. Lond., M.R.C.P.

SENIOR MEDICAL REGISTRAR, ROYAL DEVON & EXETER HOSPITAL, EXETER

There is increasing evidence that an autoimmune
process is aetiologically related to the pathogenesis of
Hashimoto's disease (lympliadenoid goitre), and the work
of Sir Macfarlane Burnet (1959a) on antibody formation
inevitably poses the question of whether there are any
genetically determined factors in the genesis of the disease.
A definite genetic basis for the inheritance of toxic

diffuse goitre has been established (Martin and Fisher
1945), and similarly it has been shown that the various
enzymic defects responsible for different forms of sporadic
goitrous cretinism are also genetically determined (McGirr
1960). ■
No definite genetic predisposition to Hashimoto's

disease has as yet been proved, although Dunning (1959)
reported three cases of Hashimoto's disease in one family;
Hall et al. (1960) found thyroid autoantibodies in twenty-
two out of thirty-nine siblings of patients with auto-
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University of Aberdeen.



immune thyroid disease, and Roitt and Doniach (1961)
found circulating antibodies in 30% of the apparently
normal relatives of patients with Hashimoto's disease,
and in 91% of the relatives who themselves were found
to have thyroid disease.
Burnet (1959b) has suggested that the capacity of an

individual to produce a given antibody is a genetically
determined quality of certain clones of reticuloendothelial
cells, which respond to contact with their appropriate
antigen by the formation of antibody. This theory of
antibody formation also implies frequent somatic muta¬
tions among the precursors of the cells that form anti¬
bodies, and Burnet has shown that these primitive cells
are suppressed by contact with the appropriate antigen.
It is suggested that somatic mutations may result in the
development of abnormal clones which produce anti¬
bodies to normal tissue constituents. Burnet's theory
would therefore provide a possible explanation of the
pathogenesis of those diseases thought to be due to
autoimmune mechanisms. There is most evidence that
an autoimmune mechanism might be setiologically
concerned in certain blood-diseases, Hashimoto's disease,
and myxoedema.
In this paper we report Hashimoto's disease in both

members of two pairs of uniovular twins, and this supports
the proposition that the capacity to produce certain types
of antibody may be genetically determined. It also lends
some support to the suggestion that Hashimoto's disease
may be due to an abnormal antigen-antibody reaction.

The First Pair of Twins
the first case

In September, 1956, when she was 48, this woman gave a
history of having developed a thyroid swelling 3 years pre¬
viously, at the time of her menopause. She had few abnormal
symptoms and showed no clinical evidence of toxicity or of
hypothyroidism. She had a moderate-sized firm diffuse
thyroid enlargement, the right side being involved more than
the left. .

Clinically she was thought to have Hashimoto's disease. Her
liver-function tests showed a thymol-turbidity of 4 units,
colloidal-gold 3 units, and serum-cholesterol 258 mg. per
100 ml. Serum electrophoresis showed a total protein content
of 6-2 g. per 100 ml., with albumin 3-2 g. and y globulin
1-5 g. per 100 ml., the y globulin representing 25% of the total
protein content. A routine radioactive-iodine test showed a
48-hour excretion of 42%, with a t index of 6 (Fraser et al.
1953). A needle-biopsy specimen showed the changes of early
Hashimoto's disease and it was decided to observe the natural
history of the condition without treatment.



The patient remained well and euthyroid, and her goitre did
not alter in size or consistence. She had no relevant abnormal
symptoms.
Further Investigations
In January, 1958, her clinical state was unaltered. Her

serum-cholesterol was 246 mg. per 100 ml., and her protein-
bound iodine (p.b.i.) 4-3 pg. per 100 ml. Zinc-turbidity was
2 units, thymol-turbidity 8 units, and colloidal-gold 1 unit.
Her y-globulin level represented 21 % ofher total serum-protein
content. A radioactive-iodine test showed a 4-hour uptake of
15%, and 48-hour uptake of 31%. She had a 48-hour excretion
of 47%, and a t index of 3. Her 48-hour protein-bound plasma-
activity level was 013% per litre.
Serological tests for thyroid antibodies showed a positive

agar-gel diffusion test (a.d.t.) and a tanned-red-cell-agglutina¬
tion test (t.r.c.) positive to a titre of 1/80. These tests indicated
the presence of antibody to thyroglobulin, and a positive
complement-fixation test (c.f.t.) to a titre of 1/32 showed the
presence of antibody to the microsomal fraction (Roitt and
Doniach 1958, Belyavin and Trotter 1959, Anderson et al.
1959).
A specimen from an open biopsy of her thyroid gland (per¬

formed by Mr. K. Paterson Brown) confirmed the diagnosis of
Hashimoto's disease.
Treatment
The patient was subsequently treated with sodium thyroxine

0-2 mg. daily, and her goitre disappeared (fig. 1).

Fig. 1. Fig. 2.

Fig. 1—The first case, after biopsy and treatment of Hashimoto's
disease with thyroxine.

Fig. 2—The second case, 7 years after thyroidectomy for Hashimoto's
disease, and after the resultant hypothyroidism has been relieved
by thyroxine.
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She had volunteered the information, in January, 1958, that
her twin sister had had a thyroid operation in 1951, and had
not been well since. Her sister (the second case) then attended
at the endocrine clinic, and she was found to be grossly
hypothyroid.

the second case

The sister was first seen in the Edinburgh Royal Infirmary in
June, 1950, at the age of 42, when she complained of a swelling
in her neck. This, she felt, spoilt her appearance but otherwise
caused no anxiety. It had been developing over the previous
3 years, and was of soft consistence and considerable size,
affecting the right side more than the left. The condition was
thought to be a nodular goitre, and partial thyroidectomy was
performed by Mr. Paterson Brown in May, 1951. The
histological appearances were those of Hashimoto's disease.
The patient became mildly hypothyroid in October, and she
was given thyroid tablets, gr. 1 daily.. During 1952 she
developed monorrhagia, which was possibly due to hypo¬
thyroidism; but she had a hysterectomy elsewhere, stopped
taking her thyroid, and did not come again to hospital.
When we saw her in March, 1958, she was obviously hypo¬

thyroid, showing most of the clinical features of this state. She
had not put on weight, and was in fact 7 lb. lighter than in
1952, but she had become forgetful, tired, constipated, and
very sensitive to cold.
Investigation showed a serum-cholesterol of 484 mg. per

100 ml., and a p.b.i. of 1-3 pg. per 100 ml. The colloidal-gold
test was negative, zinc-turbidity 4 units, and thymol-turbidity
5 units. Her serum-y-globulin at 1-2 g. per 100 ml. was 19%
of her total serum-protein. Her 48-hour radioactive-iodine
uptake was about 11%. Serological tests showed a positive
a.d.t., a positive t.r.c. test to a titre of 1/20,000, and a positive
c.f.t. to a titre of 1/10 (using 3 m.h.d. of complement).

She was subsequently treated with sodium thyroxine 0-2 mg.
daily, to which she made an excellent response, with dis¬
appearance of the hypothyroidism clinically, and return to
normal of her serum-cholesterol and p.b.i. levels. Her physical
appearance (fig. 2) became virtually identical with that of her
twin sister.

histology

Review of the histological findings in these first two patients
(considering the open biopsy specimen in 1958 for the first case
and the 1951 specimen for the second case, showed that in
each there were numerous lymphoid follicles and diffuse round-
cell infiltration, the round cells being both lymphocytes and
plasma cells. The thyroid follicles were small, and the epi¬
thelium was usually cuboidal. Their cytoplasm was strongly
eosinophilic and finely granular. A small number of giant cells
could be seen within the lumen of some follicles. Silver
impregnation demonstrated in both cases widespread fragmen¬
tation of the follicular basement membrane—a finding charac¬
teristic of autoimmunising thyroiditis (Stuart and Allan 1958).
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Fibrosis was not conspicuous in either, but it was demonstrable
in the second case.

evidence for uniovular twinning

According to the criteria of Newman (1942) the evidence for
uniovular (" identical ") rather than binovular (" dissimilar ")
twinning is convincing.
The patients are strikingly similar in general appearance, as

shown in figs. 1 and 2. They have identical hair colour (natural
blonde), texture, and form. They have the same grey-blue eye
colour, and almost the same colour pattern in the iris. Both
have very fair skin, and very similar facial complexion. Eye¬
lashes, eyebrows, lips, and ear shape are all remarkably alike.
Their hands are similar in finger length and proportions, and
their palmprints are similar; their fingerprints are distinct, but
show some similarity. The blood-group patterns are as follows:

Rh Probable
Case ABO phenotype genotype MN S PI Lu& K Lea Leb Fya.

1 0 CCDee CDe/CDe MN + ++ ____ +
2 0 CCDee CDe/CDe MN + + + +- - -- +

It can therefore be reasonably concluded that these twins are
of the uniovular (identical) type, although cross skin grafts were
not performed.

The Second Pair of Twins
the third case

This patient was born prematurely in 1906, and weighed
21/2 lb., but childhood and adolescence were normal. In 1954
thyrotoxicosis was diagnosed and treated for 2 years with
carbimazole, when she became myxedematous. Treatment
with the drug was then stopped, and her condition improved.
In 1958 she was thought to have had a small cerebral thrombosis
because she had headache, speech difficulty, and stiff cold limbs.

She was first seen by Dr. A. J. Daly in August, 1960, when
she complained of dizziness, ataxia, swollen ankles, and puffi-
ness of her face. He found an enlarged thyroid gland and
clinical myxcedema. Investigations showed a serum-cholesterol
of 405 mg. per 100 ml., thymol-turbidity 7 units, and a strongly
positive thymol-flocculation test. Serum electrophoresis
showed a total protein content of 6-9 g. per 100 ml., with
albumin 3-3 g., and y globulin 1-5 g. per 100 ml., the latter
representing 22% of the total protein content. Serological tests
showed a positive a.d.t., a positive t.r.c. to a titre of 1/1,000,000,
and a strongly positive c.f.t.

She was treated with sodium thyroxine in doses rising to 0-4
mg. daily, and her symptoms improved greatly, her goitre
became smaller, and her serum-cholesterol fell to 212 mg. per
100 ml. in 3 months (fig. 3d).

the fourth case

The twin sister of the third case weighed only 2 lb. at birth,
and was always the more delicate. In 1945 treatment was
started with iron preparations for anaemia, and in 1958 stilbces-
trol was given for menopausal symptoms; 3 months later she
developed a purpuric rash with bleeding from her gums. She
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roxine, and (b) the fourth case.

had no splenomegaly, but she had severe thrombocytopenia,
and a sternal-marrow puncture showed hypoplasia with absence
of megakaryocytes. She was .treated with prednisone for
10 months, her platelet-count became normal, and she did not
relapse when steroids were stopped. In June, 1960, she had a
myocardial infarction, confirmed electrocardiographically, and
thyroid enlargement was then noted. When seen later by Dr.
Daly she still complained of angina, her face was puffy, and the
supraclavicular tissues were full (fig. 3b). Her thyroid gland was
palpable, with a nodule 1 in. in diameter in the left lobe.
Investigations showed a serum-cholesterol of 310 mg. per

100 ml., a thymol-turbidity test of 2 units, and a negative
thymol-flocculation test. Serum electrophoresis showed a total
protein content of 6-7 g. per 100 ml., with albumin 3-1 g. and
Y globulin 1-5 g. per 100 ml., the latter representing 22% of the
total protein content.

Serological tests showed the presence of a clear line on the
a.d.t., indicating a very strong non-precipitating antibody
(Goudie et al. 1959). Her t.r.c. was positive to a titre of
1/64,000, and she had a strongly positive c.F.x.

evidence for hashimoto's disease

No histological proofof diagnosis is available for the third and
fourth cases but the presence in both cases of thyroid enlarge¬
ment, of certain hypothyroidism in the third case and probable
hypothyroidism in the fourth, of increased serum-cholesterol
and y-globulin levels in both cases, and of positive flocculation
tests in the third case makes the diagnosis probable. The
additional evidence of the positive serological investigations in
both patients makes it even more likely.

evidence for uniovular twinning

The patients are similar in appearance (fig. 3) and, like the



first and second cases, have many common body characteristics.
They have, so far as has been tested, identical blood-groups,
both having the groups A,, CDe/cde, MM, P, Fya, Kell
negative. Their palmprints and fingerprints are roughly similar,
but not identical—a finding quite consistent with uniovular
twinning.

Discussion

Uniovular twinning is rare, and Hashimoto's thyroiditis,
although becoming more often diagnosed, cannot be
considered a common disease. The probability of this
condition arising in two pairs of uniovular twins by
chance alone must therefore be remote, and such a
coincidence may perhaps indicate some underlying factor
common to both.
Such a factor could, in this instance, be either hereditary

or environmental, because both pairs of twins shared not
only the same genotype and uterine environment but
were also brought up in much the same environment
until marriage. It has been suggested (Doniach et al.
1960) that virus infections of the thyroid may be basically
important in Hashimoto's thyroiditis not only because of
the extensive breakdown of thyroid acini, with release of
potential autoantigens, but also because of a possible
adjuvant effect attributed to viruses in the causation of
autoallergic diseases (Waksman 1959). Although there
is no clear history of such a viral infection in any of these
four patients, this possibility cannot be entirely excluded.
Although virus infections of the thyroid may perhaps

be important in subacute (de Quervain's) thyroiditis
(Eylan et al. 1957, Felix-Davies 1958), where there is
pain and tenderness over the gland, their role in Hashi¬
moto's thyroiditis is based on less certain evidence.
Furthermore, the thyroid disorder appeared in our cases
many years after the twins had ceased to share the same
close environment. It seems likely therefore that the
identical genetic constitution of the twins is significant.
Hashimoto's thyroiditis is one of the conditions in

which an autoimmune mechanism may be tetiologically
important. The finding of Hashimoto's thyroiditis and
its accompanying abnormalities in uniovular twins there¬
fore indicates that some genetic factor, rather than a purely
random one, is involved to some degree in establishing
the conditions which predispose to the disease. In
particular, this observation is not compatible with an
explanation of autoimmunity in terms of a spontaneous
somatic mutation, unless the likelihood of a subsequent
somatic mutation were itself genetically determined.
Perhaps our clinical observation can be best explained
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in terms of an inborn defect in the physiological balance
which normally exists between the antibody-forming
system and the tissues of the body; in other words, to
a genetic defect in immunological homoeostasis. The
concept of immunological homoeostasis invokes a
mechanism whereby the body becomes tolerant of its own
tissues (Medawar 1961). Our clinical evidence suggests
that the extent to which immunological homoeostasis is
achieved may be genetically determined.
A defect in homoeostasis present from the time of

development of immunologically competent mesenchymia
cells may be limited to an antigen-antibody reaction
involving one particular body constituent or it may be
more generalised, so that patients with Hashimoto's
thyroiditis may also have rheumatoid arthritis (Buchanan
et al. 1961), Addison's disease (Anderson et al. 1957),
disseminated lupus erythematosus (White et al. 1961),
hepatic cirrhosis (Luxton and Cooke 1956), or haemolytic
anaemia (Wasastjerna 1959). In one of our twins (the
fourth case) thrombocytopenic purpura developed, and
it responded to corticosteroids; Evans et al. (1951)
described primary thrombocytopenic purpura associated
with haemolytic anaemia, and cytotoxic antibodies to
platelets were demonstrated.
The hypothesis of a genetically determined disorder of

immunological physiology would explain our clinical
observations better than any concept based on a purely
chance phenomenon, such as a spontaneous somatic
mutation.

Summary

Clinical, biochemical, and serological investigations
have established the diagnosis of Hashimoto's thyroiditis
in both members of two pairs of uniovular twins.
This observation is not compatible with the concept

that autoimmunity arises from a spontaneous somatic
mutation of precursors of immunologically competent
cells, but rather with the view that autoimmunity is
a genetically determined defect in the immunological
homoeostatic mechanism which normally prevents the
development of immunity to normal autologous tissue
components.
We are indebted to Dr. Anne Fulton for her help in investigating

the first and second cases, and to Dr. A. J. Daly under whose care
were the third and fourth cases; to Dr. W. S. Allan and Dr. R. B.
Goudie for the serological tests; to Dr. R. A. Cumming for the
detailed blood-grouping; and to Inspector J. G. Lonie, of the City
of Edinburgh Police, for his interpretation of the palmprints and
fingerprints.
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The immunological response to thyroid damage has been studied in the 101
thyrotoxic patients treated with radioactive iodine (131I). Patients who had
positive titres of thyroid complement-fixing (CF) antibody in the sera before
treatment invariably showed a rise in titre of this antibody commencing approxi¬
mately 6 weeks after treatment but always falling to pre-treatment or lower levels
after some months. Only in exceptional cases was there any formation of the
thyroid CF antibody in patients who had negative thyroid CF tests before
treatment; this was so even when the mI treatment was repeated on two, three
or four occasions. In general, the change in thyroid CF titre was more pronounced
than the change in titre of antibody to thyroglobulin.

Although (he epithelial cells of the human fcetal thyroid are rich in thyroid
cytoplasmic antigen, the basement membrane is even more delicate than that
noted in Hashimoto thyroiditis affecting the adult gland.

A preliminary study has been made of the thymus in Hashimoto thyroiditis.
Numerous germinal centres were observed in a thymic biopsy in one case and
the radiological appearances of an enlarged thymus were noted in two others.

These several findings are considered in terms of the possible mechanisms of
auto-immunity and the view is taken that format ion of thyroid auto-antibodies is
a result of a genetically determined disorder of immunological tolerance.

Auto-immunity in thyroid disease is established in so far that antibodies
may be present in the patient's serum, which will react with constituents of
the patient's thyroid gland [Roitt and Doniach, 1957; Witesbsky et al.,
1957]. Why this phenomenon should occur is, however, less certain. It
has been widely held that the primary disorder lies within the target organ
itself. According to this hypothesis antigen, that is normally "hidden"
and without access to the reticulo-epithelial system, escapes into the circula¬
tion and sets off a chain reaction with antibody formation and further
tissue damage or, alternatively, the thyroid constituents are altered so that
they become antigenic [Roitt and Doniach, 1957; Hijmans, Doniach, Roitt
and Holborow, 1961; Mackay and Burnet, 1963]. On the other hand, the
author has taken the view that thyroid auto-antibodies are a consequence
of disordered immunological tolerance [Irvine, 1963 a].

In the present paper the question of why thyroid auto-antibodies should
occur has been studied in three ways. The change in titre of thyroid auto¬
antibodies in response to thyroid damage, induced in thyrotoxic patients by
radioactive iodine therapy has been investigated. A specimen of human
fcetal thyroid has been examined by electron and fluorescence microscopy
and the findings compared to those noted in the normal adult thyroid and in
Hashimoto thyroiditis. Lastly, a preliminary study has been made of the
morphology of the thymus in Hashimoto thyroiditis.
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THE IMMUNOLOGICAL RESPONSE TO THYROID DAMAGE

Materials and Methods

One hundred and one thyrotoxic patients (eighty-eight women and thirteen men)
have been studied serologically before and at intervals after treatment with radio¬
active iodine (131I). The dose of 131I given at each treatment was determined by the
clinical assessment of the size of the thyroid gland. This method gives therapeutic
results comparable to what can be achieved by more elaborate techniques of estimat¬
ing the size of the thyroid gland and the biological half life of the isotope [Macgregor,
1957], The dose of 131I at each treatment varied between 4 millicuries (mC.) for a
patient whose thyroid was not clinically enlarged and 15 mC. for a patient with a
large nodular goitre. It was estimated that this would give a radiation of approxi¬
mately 100-300 p,C. per gram of thyroid. None of the patients had previously
received a therapeutic dose of 131I and none of them had undergone thyroid surgery;
all were over the age of 40 years. If the initial dose of 131I was insufficient to control
the hyperthyroidism and a period of at least 2 months had elapsed from the previous
therapy, a further dose of the isotope was given. The method of dose assessment
for second and further doses was the same as for the initial dose. Fifty-nine patients
had one dose, twenty-seven had two doses, eleven had three doses, three had four
doses and one had five doses during the time of study, which extended over a period
of 2 years. The patients were selected on the basis of a sufficient number of sera
being available at sufficiently close intervals over a period of at least 6 months after
initial treatment with 131I. The average number of sera studied for each patient was
5-4. Patients with titres of thyroid complement fixing (CF) antibody of greater or
equal to 1 : 128 were excluded as it was considered that any further rise in CF titre
might be difficult to detect in a manner that would be reliable.

All sera were tested for "microsomal" thyroid antibody [Trotter, Belyavin and
Wadhams, 1957; Roitt and Doniach, 1958] by the method of complement fixation.
The details are given elsewhere [Irvine et al., 1962], Two minimum hsemolytic
doses of complement were used and 50 per cent haemolysis was taken as end-point.
The antigen was a saline extract of human thyrotoxic gland. The suitability of each
tissue extract and its optimum dilution for use as antigen was determined by
chessboard titration using a known positive serum. Antibody to thyroglobulin was
determined by the agar diffusion test (ADT) and by the method of tanned cell
hemagglutination (TCH) as modified by Fulthorpe et al. [1961], All sera were tested
at the time the sera were obtained and at the end of follow-up when all the sera
from each individual patient were titrated simultaneously. Each serum was
stored in small containers at -20° C. Sera from each patient were also tested for
antibody to gastric parietal cells and for antinuclear factor (ANF) using frozen
sections of human gastric mucosa and the indirect fluorescent antibody (Coons)
technique [Irvine, 1963 b]. If gastric parietal cell antibody was present it was
titred hy the method of complement fixation using a saline extract of human gastric
body mucosa as antigen [Irvine et al., 1962].

Results

Twenty-six of the one hundred and one thyrotoxic patients included in
this study had thyroid CF titres of between 1 : 4 and 1: 64 prior to treatment
and the remaining seventy-five had thyroid CF titres of less than 1:4. In all
twenty-six of the former group, a rise in thyroid CF titre, occurred after 131I
treatment, but in only three out of seventy-five in the latter group. No
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correlation conld be found within the period of study between the im-
unological response following 131I therapy and the alteration in thyroid
function as determined clinically or by estimation of the serum protein
bound iodine (FBI).

Fig. 1 shows four typical findings in a patient with a rise in thyroid CF
titre. The response does not occur until about 6 weeks after the initial dose
of isotope and that the antibody titre does not reach its maximum until at
least 2 months. At 5 and 6 months after treatment the titre is beginning to
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Fig. 1. -An example of the immunological response to thyroid damage induced by 131I in
patients with thyrotoxicosis.

fall. Fig. 1 also shows that the rise in CF titre is not necessarily accom¬
panied by the formation of antibody to thyroglobulin, for the TCH titre
remained less than 1: 5 throughout. In spite of the marked rise in titre of
thyroid CF antibody, the titre of gastric CF antibody remained at 1: 4 and
the intensity of parietal cells staining in the indirect Coons technique also
remained constant. Fig. 2 confirms what is also apparent in fig. 1; the
rise in titre of thyroid CF antibody after mI therapy is transient, beginning
to fall a few months after treatment and returning to pre-treatment levels
or lower within a year. The patient in fig. 2 is exceptional in that she was
the only one to show a marked rise in antibody to thyroglobulin; the TCH
titre rose from 1: 80 to 1: 2560 and the ADT changed from negative to a
clear line and then to a classically positive reaction only to become negative
once more. The time course of the rise and fall in antibody to thyroglobulin
parallels that of the thyroid CF titre. Of the fifty-nine patients who re¬
ceived only a single dose of 131I, fourteen showed a rise in thyroid CF antibody
and the time course of the response was similar in every case to that which
has just been described. Only two of these fourteen patients had thyroid
CF titres of less than 1: 4 prior to 131I therapy.

Fig. 3 shows the titres of thyroid and gastric antibodies in a patient who
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received two doses of 131I at an interval of 8 months. The response to the
first dose is the same as illustrated in figs. 1 and 2; after the second dose,
a second rise in thyroid CF titre is apparent. Fig. 3 also illustrates the general
finding that thyroid CF titres fall below their initial levels if the follow-up
after the last therapeutic dose exceeds 12 months.

Out of the forty-two patients who received two or more therapeutic
doses of 131I, twenty-nine had thyroid CF titres of less than 1: 4 prior to
treatment. Only one of this group of twenty-nine showed a rise in thyroid
Table I.—The Presence or Absence of Gastric Parietal Cell Antibody as

Detected by the Indirect Coons Technique and of a Family History of
Thyroid Disease Correlated with the Immunological Response to Thyroid
Damage induced by 131I Therapy in Patients with Thyrotoxicosis.

Titre of thyroid CF antibody
in serum

A

Negative and no
rise after 131I

Gastric parietal
cell antibody in
serum prior to
131J
(101 patients)

Rise after 13'I

Present 9 12

Absent 22 58

Family history of "1 Present 10 12
thyroid disease >
(60 patients) J Absent 9 29

CF titre after treatment and this patient's response is illustrated in fig. 4.
He was the only patient to receive five therapeutic doses of the isotope.
There was no rise in thyroid CF titre after the initial dose, but 6 weeks after
the second dose the titre rose to 1: 8, only to fall to less than 1: 4 after a
further 2 months had elapsed. There was a sharp rise in titre after the third
dose and a further rise after the fourth dose; 7 months later the titre was

beginning to fall. After the fifth dose there was a further rise. This case
illustrates that even after repeated thyroid damage with 131I the antibody
response, when it occurs, is only transient. There was no evidence for the
formation of antibodies to thyroglobulin in this patient and the gastric CF
test for parietal cell antibody remained negative throughout, although the
indirect Coons test was weakly positive in all samples of serum.

All four of the patients included in figs. 1-4 had a family history of thyroid
disease and two had also a family history of pernicious anaemia. Three of
these four patients had gastric parietal cell antibody in the serum in
addition to thyroid CF antibody. Table I shows that there is a higher
incidence of gastric parietal cell antibody among thyrotoxic patients who
showed a rise in thyroid CF titre after 131I (9 out of 31 patients) than in those
who showed no such rise (12 out of 70 patients). Likewise, there is a higher
incidence of a family history of thyroid disease among the patients who
showed a positive immunological response to thyroid damage (10 out of 1!)
patients) than among those who did not (12 out of 41 patients).
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Only two of the total one hundred and one thyrotoxic patients gave an
unequivocally positive test for ANF and in both instances the staining of
the nuclei was honogeneous. One of the two is the patient described in
fig. 3 while the other was a woman of 45 years with a rise in thyroid CF titre
in response to one therapeutic dose of 131I hut with no family history of
thyroid disease or of pernicious anaemia and with no gastric parietal cell
antibody in her serum. In neither case was there any rise in titre of ANF
in response to thyroid damage induced by the 131I.

ELECTRON AND FLUORESCENCE MICROSCOPIC STUDY
OF HUMAN FCETAL THYROID

Materials and Methods

Fresh normal thyroid tissue from a human foetus at 24 weeks was obtained after
a therapeutic abortion. Tissue for electron microscopy was fixed in 1 per cent
buffered osmium tetroxide, dehydrated in ethanol and embedded in araldite. Thin
sections were cut on a Porter-Blum microtome equipped with a glass knife and were
mounted on Athene 483 grids without a supporting membrane. Before examination
on an A.E.I.E.M. 6-electron microscope the sections were stained with 1 per cent
potassium permanganate [Lawn, I960], Another portion was rapidly frozen to
-70° C. and used for antigenic analysis by the fluorescent antibody technique
[Irvine, 19G3 6], Frozen sections were treated for 20 min. with a human serum
containing a high titre of thyroid CF antibody (1 : 256) which had been previously
shown to give strong cytoplasmic staining with adult human thyroid epithelium but
not with adult gastric mucosa. The sections were then washed in phosphate buffer
(pH=7-0 0-15 M), for 20 min. with gentle agitation, treated for a further 20 min.
with anti-human globulin conjugated with fluorescein (Progressive Laboratories,
Baltimore), washed again and then mounted in 50 per cent glycerol-saline. Sections
were examined under the ultra-violet using a Zeiss universal microscope fitted with
an Osram 200 volt mercury vapour lamp. Control studies were done using normal
human serum, conjugated anti-human globulin alone and using sections of kidney
obtained from the same foetus.

Results

The electron microscopic morphology of human foetal thyroid at 24 weeks
is shown in figs. 5 and 6. Fig. 5 shows a portion of a thyroid follicle with
apocrine secretion into the lumen. Microvilli are seen projecting from the
thyroid epithelial cells into the colloid (C). The thyroid epithelial cells of
the foetus have a morphology similar to that described for adult human
thyroid [Irvine and Muir, 1963 a and b], adjacent cells being held together by
junction plates and terminal bars. A small amount of collagen is present
in the stroma and a tenuous basement membrane can be seen at the base of
the epithelial cells although it is difficult to be certain of its continuity. The
basement membrane region is seen at higher magnification in fig. 6. This
shows clearly the tenuous morphology of the thyroid basement membrane
in the foetus and how it bridges the gap between two adjacent epithelial cells.

Fig. 7 is a fluorescence photomicrograph of a different portion of the same
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foetal thyroid. A frozen section has been treated with a homologous human
serum containing a high titre of thyroid CF antibody and then with anti-
human globulin conjugated with fluorescein. The cytoplasm of the foetal
thyroid epithelium is stained by the conjugate, but there was no significant
staining when a normal human serum was used, nor with the conjugated
anti-human globulin alone, nor with sections of kidney from the same
foetus using the same positive serum. These findings indicate that at this
stage of foetal development the thyroid epithelium contains thyroid antigen
comparable to that of the adult human thyroid.

THYMUS

Materials and Methods

The thymus in a case of Hashimoto thyroiditis has been studied by carrying out
a biopsy of the upper cornua of the thymus which presented in the operative field
at partial thyroidectomy (Professor M. F. A. Woodruff). The indication for partial
thyroidectomy in this patient was the persistence of a large goitre that was causing
compression of the trachea in spite of 6 months treatment with thyroxine. The
thymic biopsy specimens were fixed in 10 per cent formol saline and stained with
hematoxylin and eosin, Leishmann and methyl green pyronine.

In four unoperated patients with Hashimoto thyroiditis, an attempt was made to
assess the size of the thymus radiologically using the technique of pneumo¬
mediastinum [Condorelli, 1951; Hughes et al., 1962], By this technique, which was
done with the collaboration of Dr. Michael Sumerling, oxygen is introduced into the
retrotracheal space through a fine straight needle inserted above the sternal notch.
The oxygen separates the tissue planes and thereby allows the various structures
within the mediastinum to be seen more clearly. Our experience with this method
will be reported more fully later. None of the patients had received any steroid
treatment.

Results

The presence of Hassall's corpuscles was used as the main criterion for
establishing that the biopsy tissue was in fact derived from the thymus.
Numerous small germinal centres were noted and the cortex of the thymus
was poorly differentiated from the medulla. An example of a germinal
centre within the thymic biopsy is shown in fig. 8 and a part of the same
follicle is shown at higher magnification in fig. 9. The typical features of a
germinal centre are present; large pyrinophilic cells, reticular cells, large
and small lymphocytes, mitotic figures and increased vascularization. Plasma
cells were not in evidence. The thyroid gland of the patient from whom
the thymic biopsy was obtained showed a very heavy degree of lymphocytic
infiltration. The patient (Mrs. F. McL., 44 years) had a titre of thyroid CF
antibody in her serum > 512, only small amounts of antibody to thyro-
globulin (TCH 25) and no antibody to gastric parietal cells. The ANF was
negative.

Fig. 10 is a radiograph of the chest of a patient (Mrs. C. B. 59 years) who
was suffering from Hashimoto thyroiditis, pernicious ansemia, rheumatoid
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Fig. 5.—Electron micrograph of the thyroid of a normal human foetus at 24 weeks
gestation.

(C)=colloid. (BM) =basement membrane.
Note the presence of apocrine secretion and the morphology of secretory activity within

the thyroid epithelial cells. x 8000.

[To face page 330]
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Fig. ().—A higher magnification o-: fig. 5. The arrow points to the same region
in both figures. The basement membrane (BM) is seen as a very tenuous

structure. x 32,000.

Fig. 7.—Unfixed frozen section of the same human fetal thyroid as in figs. 5
and 6 stained by the indirect fluorescent antibody (Coors) method using a serum
that was known to contain a high titre of complement-fixing (C.F.) thyroid
antibody. Note the staining of the epithelial cytoplasm indicating the

presence of the corresponding antigen in the foetal tissue. x 75.
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Fig. 8.—A germinal centre within a biopsy of an upper cornu of the thymus in a patient
with histologically proven Hashimoto thyroiditis. (H. & E. x200.)

Fig. 9.—An enlargement of fig. 8 showing the presence within the germinal centre of
reticular cells, large and small lymphocytes and mitotic figures. (H. & E. x 625.)



Fig. 10.—Lateral radiograph of chest of a patient (Mrs. C. B. 59 years) with
Hashimoto thyroiditis, pernicious anaemia, diabetes mellitus and rheumatoid
arthritis. The technique of pneumo-mediastinum demonstrates the thymus
(indicated by the arrows), which's considered to be of normal size. [Dr. M. D.

Sumerling.]



Fig. 11.—Lateral rad ograph of chest of a patient (Mrs. A. McN. 50 years) with
Hashimoto thyroiditis. The technique of pr.eumo-mediastinum demonstrates a
mass (indicated by the arrows) in the anterior mediastinum that is considered to

be an enlarged thymus. [Dr. M. D. Sumerling.]
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arthritis and diabetes mellitus and in whom oxygen had been introduced into
the mediastinum as described above. The thin layer of tissue (indicated by
the arrows) as seen in this lateral view is probably thymus and in this case
there is no evidence that it is enlarged. The patient had a small firm goitre
and her antibody titres were as follows: thyroid CF titre 256; ADT neg;
TCH 2500; gastric CF titre neg.; indirect Coons for parietal cell antibody
- positive( +). Fig. 11 is a comparable radiograph of a euthyroid patient
(Mrs. McN., 50 years) with Hashimoto thyroiditis presenting as a recurrence of
a goitre three years after partial thyroidectomy for thyrotoxicosis. The
diagnosis of thyroiditis was confirmed by a surgical biopsy. Her antibody
titres were as follows: thyroid CF titre > 1024; ADT neg.; TCH 25,000;
gastric CF titre neg.; indirect Coons for parietal cell antibody neg. In
contrast to fig. 10 there is a clearly defined mass lying in the anterior medias¬
tinum. The patient was given 20 /./C of 131I orally and a scan of the neck
and chest was done 24 hr. later. All the radioactivity was confined to the
neck and there was none over the area of the mediastinal mass. The mass in
the mediastinum is most likely to be thymus, although it is not possible to
say how much of it is true thymic tissue and how much of it is adipose tissue.
The radiographic appearance of the thymus of the third patient with
Hashimoto thyroiditis (Mr. H. M. 50 years) was comparable to that shown in
fig. 10 and was considered to be normal. In the fourth patient with Hashi¬
moto thyroiditis (Mrs. M. G.. 37 years) the thymus was enlarged in a manner
comparable to fig. 11.

Discussion

In considering the mechanism of auto-immunity in thyroid disease the
function of three tissues must be taken into account. These are the target
organ itself, the antibody forming cells and the thymus. Some abnormality
in any one of these tissues may be the primary factor in the production of
auto-immune phenomena. It is convenient to make a simple equation of
auto-immunity with the target organ on the one side and with the antibody-
forming cells, together with any factor that may control the function of these
cells, on the other. This is illustrated in fig. 12.
If the primary defect lies within the target organ, then there must be

either an abnormal release of thyroid constituents that are normally kept
"hidden" from the antibody-forming ceils or thyroid constituents are being
frequently and normally released but are altered in some way such as to
make them antigenic to a normal antibody-forming system. Alternatively,
the function of the thyroid is initially undisturbed but antibodies are formed
against it as a result of a primary defect in the antibody-forming system.
This type of defect may be intrinsic in the antibody-forming system itself
or may lie in a controlling factor such as the thymus. The experimental
findings presented in this paper will be discussed in terms of this scheme.
It is perhaps not surprising that patients who already have antibodies to

thyroid tissue present in their circulation should have a rise in thyroid
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antibody litre in response to thyroid damage induced by 131I. Such a
result is in keeping with the established facts of immunology. The pattern
and time course of the immunological response is, however, of considerable
interest. The delay of some 6 weeks before the rise in thyroid antibody
titre is in keeping with the observation that it commonly takes at least this
interval before symptomatic and objective improvement occurs in the
thyrotoxic state. In the majority of patients little alteration was noticed
in the titre of antibody to thyroglobulin and this suggests that the damage

I DISTURBED ANTIGEN

Normal release of abnormal constituents.

^ THYMUS
\? Defective control
\ ANTIBODY-FORMING'
n.U'.V CELLS

— :ggg:
? Primary defect .

Normal release of normal constituents.

Fig. 12.—Possible mechanisms in thyroid auto-immunity.

induced by 131I therapy is confined to the thyroid epithelial cytoplasm. The
rise in thyroid CF antibody titre was invariably transient and could be
maintained only if repeated doses of 131I were given. That the thyroid CF
titre had returned to the pre-treatment level or to a lower level within
12 months of the last therapy establishes beyond doubt that an episode or
repeated episodes of thyroid damage do not give rise to a chain reaction of
antigen release, antibody formation and further thyroid damage. Felix-Davies
[1958] reported a case of primary thyrotoxicosis that developed subacute
thyroiditis which was probably due to infection by the mumps virus. He
found that the titre of antibody to thyroglobulin as determined by the
precipitin test rose to a maximum 3 months after the acute stage and then
gradually decreased, but serial observations of the titre of thyroid CF antibody
were unfortunately not described. The patient gave a positive family
history of thyroid disease.
If the primary defect in thyroid auto-immunity is within the thyroid

gland itself, then one must assume that there is some damaging agent that is

if DISTURBED TOLERANCE

THYROID FOLLICLE
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continually or intermittently effective; only in this way would the release of
thyroid antigen maintain the titre of thyroid antibody in the serum at a
constant level. However, it is difficult to conceive how such a mechanism
can explain the high titres of thyroid antibody that may exist in the sera of
hypothyroid patients who at autopsy are found to have little or no remaining
thyroid tissue. The idea that some damaging agent might lead to a defect
in the thyroid basement membrane with continual leak thereafter of thyroid
antigen [Sommers and Meissner, 1954; Stuart and Allan, 1958] does not gain
support from the electron microscopy studies of Hashimoto thyroiditis
previously reported [Irvine and Muir, 1963 a]. The concept of "antigen
leak" is further discredited by the present demonstration that the normal
human foetal thyroid at 24 weeks is rich in cytoplasmic or "microsomal"
antigen and yet the basement membrane of the normal human thyroid at
this stage of development is comparable to what is seen in Hashimoto
thyroiditis. Hjort and Pedersen [1962] have shown that thyroglobulin may
be demonstrated in the serum of parturient women and their newborn
children without the formation of antibodies and Daniel et al. [1962] have
demonstrated in experimental animals that thyroglobulin may be released
physiologically in high concentrations in the thyroid lymphatics. It may be
concluded that in terms of the scheme in fig. 12, there is no acceptable
evidence to support the concept that the primary defect in thyroid auto¬
immunity lies within the thyroid itself.
If the defect lies on the other side of the equation, then the antibody-

forming cells must have lost the ability to recognize thyroid components as
being part of the body's own tissues. In current immunological terms this
means that the immunologically competent cells are no longer tolerant to
these thyroid components. Perhaps the main evidence in favour of this
concept is the negative finding of how difficult it is to induce the formation
of thyroid antibodies in the majority of thyrotoxic patients with thyroid
CF titres of less than 1 : 4, even when the destructive dose of 131I is repeated
on two, three or four occasions each separated by an interval of at least
two months. If one accepts that it is unrealistic to assume that some
unknown damaging agent continues to operate on the thyroid long after all or
virtually all the thyroid tissue has disappeared, then one must assume that
the continual formation of thyroid antibodies in many cases of hypothyroid¬
ism must be due to a defect in the antibody-forming cells generations of
which continue to form thyroid antibody.

Addisonian pernicious anaemia in its frank and latent forms is commoner
among patients with spontaneous hypothyroidism than in control patients
of comparable age and sex [Tudhope and Wilson, 1962] and patients with
idiopathic adrenal insufficiency have a high incidence of thyroid disease in
their previous history, at autopsy and among their relatives [Wells, 1930;
Sloper, 1953: Trvine, 1963 a and c]. There is a high incidence of gastric
parietal cell antibody in patients with Hashimoto thyroiditis, spontaneous
hypothyroidism and thyrotoxicosis [Irvine et al., 1962; Taylor et a,I., 1962;
Irvine, 1963 /;; Irvine et al., 1964] and patients with idiopathic adrenal



II : 112

334 Irvine

insufficiency have a significant incidence of antibodies not only to adrenal
but also to thyroid and to gastric mucosa [Irvine, 1963 a and c]. The fact
that both the thyroid and the body of stomach have a common embryo-
logical origin in the foregut and that both have the property of concentrating
iodine suggests that there may be a common antigenic disturbance in these
two sites, but the independence of thyroid cytoplasmic and gastric parietal
cell antigen largely discredits this. The adrenal cortex is derived from the
ccelomic mesoderm of the posterior abdominal wall and is not known to
share any of the functions of the thyroid or gastric mucosa. Table 1 of this
paper shows that patients with a positive immunological response to thyroid
damage tend to have a positive family history of thyroid disease in their
immediate relatives. Only two patients out of the one hundred and one

thyrotoxic cases studied gave an unequivocal test for AXF and the im¬
munological system in both these patients was sensitive to the body's own
thyroid constituents. The most satisfactory explanation of these findings
would appear to be that in thyroid auto-immunity there is a genetically
determined defect in immunological tolerance at the level of antibody
formation and that this particular defect is characterized by the production
of a multiplicity of specific type antibodies.

In recent years it has been established that the thymus plays a crucial
role in the development of the immunological system [Miller, 1963]. This
raises the question as to whether some abnormality in the thymus may be
primarily responsible for the disorder of homeostasis that occurs in thyroid
and other forms of auto-immunity in man. The finding of numerous germinal
centres in a small portion of the thymus from a patient with Hashimoto
thyroiditis and the finding of a large radiological opacity that is almost
certainly thymus in the anterior mediastinum of two other patients with
Hashimoto thyroiditis are, therefore, of considerable interest. Using a
slightly different technique of mediastinography Hare and Mackay [1963]
found the thymus to be enlarged in four patients with myasthenia gravis,
but in two patients with untreated systemic lupus erythematosus and in
one case of pernicious anaemia the thymus was considered to be of normal
size. It has long been known that thymic hyperplasia is associated with
myasthenia gravis [Norris, 1936; Castleman, 1955] and that it may occur in
patients with thyrotoxicosis, adrenal insufficiency and acromegaly [Pettavel,
1914; Sloan, 1943; McEachern and Parnell, 1948; Castleman, I960].
Germinal centres have been reported in the thymus of a patient with systemic
lupus erythematosus [Mackay and de Gail, 1963]. Antibodies to skeletal
muscle have been described in myasthenia gravis [Strauss et al., 1960] and,
as emphasized in this paper, thyrotoxicosis is known to be associated with
auto-immunity. The incidence of antibodies in the sera of patients with
adrenal insufficiency has already been referred to. However, from a review
of the literature there does not appear to be any correlation between the
presence of germinal centres within the thymus and the degree of lymphocytic
infiltration within the thyrotoxic gland removed at partial thyroidectomy.
While it is stated that germinal centres are absent from the thymus gland in
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normal individuals [Miller, 1963], it should be recalled that in a study of
150 cases of sudden death Sloan [1943] found occasional germinal centres in
as many as fourteen. Sloan considered that occasional lymph follicles
(germinal centres) might possibly be found in most normal glands if serial
sections were cut and this is also the view of Kostowiecki [1963], who made a
detailed autopsy study of a 3-year-old girl who was killed accidentally.
In spite of his extensive experience Sloan [1943] was unable to set up signifi¬
cant standards for the normal thymus on account of great variations in weight,
the amount of thymic tissue and the amount of adipose tissue. The variation
in the amount of adipose tissue that may be associated with the thymus is
likely to be the main source of error in assessing the size of the thymus by
radiological methods.

The significance of the thymus in adult physiology is quite unknown.
There is little to suggest that thymectomy in adult man leads to any impair¬
ment of immunological function. Although Wilmers and Russell [1963]
have reported a case of auto-immune hsemolytic anaemia that went into
remission after thymectomy, Alarcon-Segovia et al. [1963] have reported two
cases of systemic lupus erythematosus following thymectomy for myasthenia
gravis and Helyer and Howie [1963] in their study of the NZB/Bl strain of
inbred mice showed that neonatal thymectomy does not prevent the spon¬
taneous development of auto-immune hsemolytic anaemia in these animals.

In conclusion, while there is evidence that germinal centres occur much
more commonly in the thymus of patients with myasthenia gravis, Hashimoto
thyroiditis, thyrotoxicosis, adrenal insufficiency and systemic lupus erythe¬
matosus than in subjects without these diseases, it cannot be said on the
present evidence whether the changes in the thymus are responsible for the
breakdown in immunological homeostasis or whether they are simply another
manifestation of auto-immunity. The answer to this problem must await
the fuller understanding of the physiology of what is so vaguely termed the
immunologicallv-competent cell.
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There is evidence that, in thyrotoxic patients with
lymphoid infiltration of the thyroid, hypothyroidism
tends to develop after partial thyroidectomy (Whitesell
and Black 1949, Greene 1950, 1953). Furthermore, the
presence of circulating thyroid antibodies has been
correlated with the degree of lymphoid infiltration in the
thyroid (Stuart 1958, Goudie et al. 1959, Schade et al.
1960). The present study was carried out to determine
whether the levels of circulating thyroid antibodies in the
sera of thyrotoxic patients could be related to the sub¬
sequent response of these patients to treatment and could
therefore be used to forecast a patient's response to any
one of the three current forms of treatment.
* Formerly senior lecturer in therapeutics, University of Edinburgh.
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The Patients

Observations were made upon 78 thyrotoxic patients, and
this group provided the basis for a prospective survey. Most of
the patients were included in the series reported by Macgregor
(1960) in which diagnostic criteria and basis for the selection of
treatment are reviewed. All were clinically thyrotoxic and had
abnormal radioactive-iodine tests characteristic of thyrotoxi¬
cosis. The chemical protein-bound iodine was high in the 65
patients in whom it was measured. The patients can be divided
into three groups according to the type of definitive treatment
selected.
Partial thyroidectomy.—33 patients fell into this group. Of

these, 30 were consecutive patients who were submitted to
partial thyroidectomy after preliminary preparation with
carbimazole or mctllylthiouracil followed by potassium iodide.
In all 30, the histological appearance of the thyroid was
compatible with the diagnosis of thyrotoxicosis. Each patient
was observed at the endocrine clinic for at least three years
after operation. Of the 3 other patients in this group, 2 had
a positive precipitin test. This test was negative in the third,
but the thyroid tissue removed at operation showed much
lymphoid infiltration. Details of 2 of these 3 additional patients
are presented later (cases 1 and 2). Serum was obtained from
each of these 33 patients immediately before operation.
Antithyroid drugs.—This small group comprised 11 thyro¬

toxic patients who were treated for twelve to eighteen months
with adequate doses of antithyroid drugs and who were
subsequently observed at the clinic for at least three years. All
patients responded well during treatment with the drugs.
Serum was obtained from each before treatment was started.
Radioactive-iodine therapy.—34 patients were given radio¬

active-iodine therapy and were subsequently observed for at
least three years. Serum was collected for antibody studies
before the therapeutic dose of radioactive iodine was adminis¬
tered, and the1 dose was assessed in each case according to the
method of Macgregor (1957). In tables I and ill patients who
required second or further therapeutic doses of radioactive
iodine are classified as " relapse "j but such "relapse"
indicates inadequate radioactive-iodine therapy in the first
place rather than true relapse after the euthyroid state had been
attained. 2 patients in this group, with positive precipitin
tests, are described later (cases 3 and 4).

Methods

Thyroglobulin antibodies.—Thyroglobulin antibodies were
detected by the methods of Oudin (1948) or Ouchterlony
(Oakley and Fulthorpe 1953) and by the more sensitive tanned-
cell hemagglutination (t.c.h.) technique of Boyden (1951).
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Purified thyroglobulin or crude thyroid extract was used as
antigen.
Complement-fixing antibody.—The antigen was a crude

extract of thyrotoxic glands. Complement was titrated in the
presence of antigen, and the greatest concentration of antigen
which was not anticomplementary was employed. Complement
was used in a concentration of 3 m.h.d. and 100% htemolysis
was taken as the end-point.
Lymphoid infiltration in thyroid tissue removed at operation.—

The degree of lymphoid infiltration in the operation specimen
was graded subjectively from 1 to 3 according to severity: 1
represented little or no infiltration, 2 a moderate amount, and 3
a great amount. Enough blocks from each gland were examined
(usually four but sometimes as many as seven) to ensure that
the grading was representative of the specimen as a whole. The
sections were assessed by one of us (A. E. S.) without know¬
ledge of the clinical history or the results of laboratory
investigations in the patient concerned.
Biochemical tests.—Serum flocculation tests, and paper

electrophoresis to determine the serum-protein pattern, were
carried out on all patients. The results were found to have no
relation to the therapeutic result achieved and are not reported
in detail.

Results
Thyroglobulin Antibodies
Table i shows the distribution of titres of antibody to

thyroglobulin in the sera of each of the 78 thyrotoxic
patients before the start of definitive treatment and relates
this to the response to treatment after three years. The
result of treatment after three years in the 5 thyrotoxic
patients who had sufficient thyroglobulin antibody to
give a positive precipitin test is shown in table ii. 5 of the
10 patients who subsequently became hypothyroid had
high titres (greater than or equal to 1:5120) before treat¬
ment. 5 of the 12 patients with the highest t.c.h. titres
became hypothyroid, whereas only 3 of the 44 patients
with negative tests became hypothyroid. 3 of the 10
patients who became hypothyroid had a positive preci¬
pitin test. 4 patients with high t.c.h. titres relapsed into a
thyrotoxic state after initial treatment with drugs or radio¬
active iodine.
In the group treated by surgery, 3 of 5 patients with

high t.c.h. titres became hypothyroid but only 1 of 28
with moderate or negative t.c.h. titres. Both the patients
with positive precipitin tests became hypothyroid and



TABLE I—SERUM THYROID ANTIBODIES AND CLINICAL STATE THREE

YEARS AFTER TREATMENT
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To thyroglobulin (1/t.c.h.
titre*):

^5120 2 3 1 3 1 2
640-2560 7 I 1
40- 320 5 1 1 2 3 1
None 1 14 1 6 2 8 10 2

Total no. of patients 1 28 4 8 3 14 14 6

Complement-fixing (1/c.F.
titret):

^512 1 1 1
64-256 1 3 1 2
4-32 2 1 1
None 1 24 6 3 12 12 6

Total no. of patients 1 28 4 8 3 14 14 6

* t.c.h. = tanned-cell hemagglutination,
t c.f. = complement fixation.

the single patient who relapsed after operation had no
circulating antibody to thyroglobulin.
In the group treated with radioactive iodine, 6 patients

became hypothyroid and 4 of these had positive t.c.h.
titres. 3 of the 8 patients with t.c.h. titres equal to or
greater than 1:640 became hypothyroid but only 2 of the
20 patients with negative t.c.h. titres. There was no
correlation between the t.c.h. titre and the need for
second or further doses of radioactive iodine: Of the
6 patients with high t.c.h. titres, 2 became hypothyroid
after one dose, 1 was euthyroid three years later, and 3'
required further doses of radioactive iodine before a
euthyroid state was achieved. Of the 3 patients with
positive precipitin tests, 1 became hypothyroid, another

TABLE II 5 THYROTOXIC PATIENTS WITH POSITIVE PRECIPITIN TESTS:

CLINICAL STATE THREE YEARS AFTER TREATMENT

Type of treatment
Clinical state after three years

Relapse Euthyroid Hypothyroid

Thyroidectomy
Radioactive iodine 1 "l"

2
1



7

required a second dose, and the 3rd became and remained
euthyroid (table n).
In the small group treated by long-term administration

of antithyroid drugs, the only patient with a high t.c.h.
titre relapsed after the drug was withdrawn.
Complement-fixing Antibody
Of the 6 patients (table i) with high complement-fixing

titres (greater than or equal to 1:64) who were treated by
surgery, 4 became hypothyroid, whereas none of the 27
patients with low or negative titres developed post¬
operative hypothyroidism. The single patient who
relapsed after surgery had no complement-fixing antibody.
There was no such correlation in the group treated by

radioactive iodine: 2 patients with titres equal to or
greater than 1:64 required second doses of radioactive
iodine, and none of the 6 patients who became hypo¬
thyroid after a single treatment had complement-fixing
antibody (detectable by the somewhat crude technique
we used. In our series, the proportion of thyrotoxic
patients with positive complement-fixation tests is much
lower than that reported by Anderson et al. (1959) who
used a more refined technique).
In the small group of patients treated by drugs alone for

twelve to eighteen months, the single patient with a high
titre of complement-fixing antibody relapsed after with¬
drawal of the drug.

Lymphoid Infiltration of the Thyroid
2 of the 3 patients with grade-3 lymphoid infiltration

of the thyroid and 2 of the 8 patients with grade-2 infiltra¬
tion became hypothyroid after surgery (table ill). By
contrast, none of the 22 patients in whom lymphoid
infiltration was classified as grade 1 became hypothyroid.
All 4 patients who became hypothyroid had high titres of
complement-fixing1 antibody; only 3 had high tanned-
cell titres and in 1 both the precipitin and the tanned-
cell tests were negative. Table ill suggests that the
complement-fixation reaction correlates better with the
degree of lymphoid infiltration and the incidence of post¬
operative hypothyroidism than does the tanned-cell test.
This difference in correlation could, howevef, be explained
by imperfections of the direct-haemagglutination tech¬
nique (Fulthorpe et al. 1961) or possibly by differences in
the sensitivity of the two methods.



table iii—serum thyroid antibodies, thyroid infiltration, and
clinical state three years after partial thyroidectomy

Degree of lymphoid infiltration

1 2 3

Antibodies

Relapse Euthyroid Hypothyroid Relapse Euthyroid Hypothyroid Relapse Euthyroid Hypothyroid
To thyroglobulin (1/t.C.H.

titre*):
^5120
640-2560.. . . ..

40- 320
None i

1
5
3
12

1
1
2
2

1

1

i
2

Total no. of patients 1 21 6 2 1 2

Complement-fixing (1/c.f.
titref):
Js512 ..

64-256
4-32
None i

1
20

1
1
4

2
1 1

1

Total no. of patients 1 21 6 2 1 2

* t.c.h. =tanned-cell hemagglutination,
t C.F. =complement fixation.

Cases of Particular Interest

4 thyrotoxic patients have been selected for detailed
reports since, in each, high antibody titres were associated
with long-standing illness. Cases 3 and 4 also illustrate the
successful treatment with radioactive iodine of thyrotoxic
patients who had high titres of thyroid antibody, although
repeated treatment was necessary for both patients. 1 of
these patients had rheumatoid arthritis, a condition
known to be associated with thyroid disease (Short et al.
1957) and with the presence of thyroid autoantibodies
(Buchanan et al. 1961b).
Case 1.—Female, born 1919. After developing rheumatoid

arthritis, she became thyrotoxic at the age of thirty-seven and
complained ofweight loss, exophthalmos, finger tremor, palpita¬
tions, and a goitre. She responded well to treatment with
methylthiouracil. The drug was continued for eighteen months,
but she relapsed a year after its withdrawal. The precipitin
test was positive, t.c.h. titre was 1:12,000, and complement-
fixing antibodies were present to a titre of 1:512. Partial
thyroidectomy was then performed, and five months later she
became hypothyroid. Macroscopically, the gland was com-
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posed of numerous greyish-white nodules. Microscopically,
the dominant feature was chronic thyroiditis, although there
were quite extensive areas of uncomplicated thyroid hyper¬
plasia. The parts affected by thyroiditis had small follicles with
large numbers of lymphocytes and plasma cells. Colloido-
phagy was common and there were numerous foci of follicular
disruption, colloid liberation, and macrophage infiltration.
Fibrosis was slight and Askanazy cell change, although present,
was distributed irregularly. Special stains revealed striking
granularity of the epithelial cells. The histological diagnosis
was chronic thyroiditis and thyroid hyperplasia.
Case 2.—Female, born 1920. When she was thirty-four she

was found to have a goitre, but she was clinically euthyroid.
Two years later the goitre enlarged; she lost weight and com¬
plained of palpitations and nervousness, and investigations
confirmed the presence of thyrotoxicosis. She responded to
treatment with methylthiouracil which was continued for
four years. After the withdrawal of the drug features of thyro¬
toxicosis quickly recurred—diarrhoea, weight loss, finger
tremor, warm moist hands, and exophthalmos. The precipitin
test and t.c.h. titre were negative, and complement-fixing
antibodies were present to a titre of 1:128. Partial thyroidec¬
tomy was performed and six months later she became hypo¬
thyroid. On section, the gland was firm and of an unusual pale
pinkish-white colour; in one of the lobes, soft white tissue had
replaced the usual thyroid substance. The naked-eye appear¬
ances suggested lymphoid infiltration of the gland and raised
a strong suspicion of lymphadenoid goitre. Microscopic
examination revealed follicles of normal or large size lined by
vacuolated columnar epithelium—appearances immediately
suggestive of diffuse thyroid hyperplasia. Between these
follicles were numerous microfollicles and lymphoid cells
(grade-3 infiltration). All types of follicle showed colloido-
phagy and the lumen of some was devoid of colloid and con¬
tained only nucleated cells, many of them macrophages. There
were no lymphoid follicles and Askanazy cell change was absent.
Case 3.—Female, born 1925. At the age of twenty-two,

this patient had a partial thyroidectomy for thyrotoxicosis. The
histological appearance was of diffuse thyroid hyperplasia, and
there was no lymphoid infiltration or other signs of thyroiditis.
Ten years later symptoms of thyrotoxicosis returned and she
had a recurrent goitre. She responded well to treatment with
antithyroid drugs which were given for six months. The
precipitin test was positive, the t.c.h. titre was 1:10,240, and
complement-fixing antibodies were absent. A first dose of
radioactive iodine (14 millicuries) was given; she improved
clinically at first but a year later required a further dose of
14millicuries. Thereafter, she became and remained euthyroid.
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Case 4.—Female, bom 1914. This patient became thyro¬

toxic at the age of forty-three with loss of weight, excessive
sweating, palpitations, finger tremor, and a goitre. The
precipitin test was positive, t.c.h. titre was 1:1024, and she had
no complement-fixing antibodies. She was treated with
8 millicuries of radioactive iodine. Fifteen months later her

symptoms recurred and a further 4 millicuries was given. She
then became and remained euthyroid.

3 of these 4 patients, who had surgical treatment at some
stage, illustrate a spectrum of histological changes from
uncomplicated thyroid hyperplasia (case 3) to a morpho¬
logical pattern of thyroiditis which, in several areas, was
indistinguishable from diffuse and unequivocal Hashi¬
moto's disease (case 1). In case 3 there was nothing in the
histological appearance of the thyroid tissue removed to
suggest that, some ten years later, the precipitin test would
be positive. This is of interest because, in general, we
have not been able to demonstrate any substantial increase
in antibody titre up to three years after partial thyroidec¬
tomy—neither in patients with previously negative tests,
nor in those with previously demonstrable thyroid anti¬
body. But, while the precipitin test was positive, no

complement-fixing antibodies were demonstrable; this
may be further illustration of the good correlation between
the degree of lymphoid infiltration and titre of comple¬
ment-fixing antibodies. In 1938, Picado and Rotter
performed experiments in guineapigs to try to determine
what effect circulating thyroid antibody may have on the
histological appearance of the thyroid gland; this was
several years before the present resurgence of interest in
autoimmunity in thyroid disease.

Discussion

Diagnosis of Thyrotoxicosis
The diagnostic criteria used in the present series are

such that there can be no doubt that all patients were
hyperthyroid. Buchanan et al. (1961a) believe that " auto¬
immune thyroiditis " in a euthyroid patient may simulate
thyrotoxicosis clinically, and the results of radioactive-
iodine studies are known to be disturbed in some patients
with lymphadenoid goitre (Skillern et al. 1956, Beare
1958). Nevertheless, the level of serum protein-bound
iodine was elevated in all 65 of our patients in whom it was
measured, and this will usually differentiate between a
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euthyroid patient with lymphadenoid goitre (Hashimoto's
disease) and true hyperthyroidism with or without
associated thyroiditis.
The Agar-diffusion (" precipitin ") Test
Buchanan et al. (1961a) hold that thyroglobulin anti¬

bodies should be accorded clinical significance in the
assessment of the thyrotoxic patient. They believe that
" if suitable serological tests were carried out in all cases
of overt or suspected thyrotoxicosis some patients would
be saved from unnecessary destructive therapy by radio¬
active iodine or operation ". They describe 5 overtly
thyrotoxic patients with positive precipitin tests: 3 had a
partial thyroidectomy, and 2 of these 3 developed hypo¬
thyroidism early in the postoperative period; a 4th patient
required " high " doses of potassium perchlorate, taking
six months to reach a euthyroid state; and the 5th patient
needed two large doses of radioactive iodine (16 millicuries
and 12 millicuries) before the euthyroid state could be
maintained. These authors give no indication of the total
number of thyrotoxic patients from which these 5 patients
were selected, and their follow-up was never longer
than eighteen months.
Our findings confirm theirs with regard to the agar-

diffusion test. Both our patients with positive precipitin
tests who were treated surgically rapidly developed
hypothyroidism, but only 1 of the 3 patients with a
positive precipitin test who were treated by radioactive
iodine became hypothyroid. The combined figures from
both groups produce 10 thyrotoxic patients with a
positive precipitin test: 5 of these were treated surgically
and 5 were treated with radioactive iodine; 4 of the surgical
group rapidly became hypothyroid, but only 1 of the
radioactive-iodine group developed hypothyroidism.
There is, therefore, increasing evidence to suggest that a
thyrotoxic patient with a positive precipitin test is liable to
develop hypothyroidism early in the postoperative period
if treated by partial thyroidectomy, but the same risk does
not seem to attach to radioactive-iodine therapy.
Tanned-cell Hcemagglulination Titre
Although there are exceptions, a positive precipitin test

is generally associated with a high tanned-cell hemag¬
glutination (t.c.h.) titre. 1 of the 3 thyroidectomy patients,
who had circulating thyroglobulin antibody, had a high
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t.c.h. titre but a negative precipitin test; this suggests
that the precipitin test may be too crude a measure of this
antibody for prognostic purposes. Like the precipitin
test, the t.c.h. titre is of little value in forecasting the
response of a patient to a single dose of radioactive iodine;
our prospective findings are consistent with the retro¬
spective observations of Blagg (1960) who maintained
that no clinical significance should be attached to the
presence of a low titre of thyroglobulin antibody in patients
with thyrotoxicosis who are treated with radioactive iodine.
Titre of Complement-fixing Antibody
The complement-fixation reaction correlates well with

the clinical response to surgery, and the titre of comple¬
ment-fixing antibody closely parallels the degree of
lymphoid infiltration in the operation specimen. Comple¬
ment-fixing antibody has been shown to be specifically
cytotoxic to human thyroid cells in vitro (Irvine 1960,
1961, 1962); and we have formed the impression, from the
present small series, that the complement-fixation test is
a better prognostic index than hemagglutination tests.
Buchanan et al. (1962) have shown in a large series of
patients that there was significant correlation between the
titre of complement-fixing antibodies and the incidence of
postoperative hypothyroidism.
Management of Thyrotoxic Patients with High Titres of Auto¬
antibody
Although early postoperative hypothyroidism is likely

when thyrotoxic patients with high titres of thyroid auto¬
antibodies are treated by partial thyroidectomy, it does
not necessarily follow that surgery is contraindicated
under these circumstances. In the absence of surgery or
any other form of destructive therapy the natural history
of the disease process is such that Albutt (1897) main¬
tained that a spontaneous remission occurs in about 50%
of thyrotoxic patients, and Eason (1928) pointed out that
about 10% of thyrotoxic patients eventually become
hypothyroid. (Their patients, however, took decades to
achieve these transformations.) By analogy, surgery may
be regarded as curtailing the natural history of thyro¬
toxicosis by many years. This reasoning is confirmed by
the patients whose case-histories we have described in
some detail.
We believe that, in patients for whom partial thyroidec-
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tomy is the treatment of choice, the presence of high
titres of thyroid antibodies may be of value in predicting
the onset of early postoperative hypothyroidism, and that
this should be anticipated by the prophylactic administra¬
tion of thyroxine. The rapid onset of postoperative hypo¬
thyroidism is not desirable but may well be preferable
to protracted treatment with antithyroid drugs which have
their own potential dangers.
There is, as yet, insufficient evidence that the physician

should take into account the presence of thyroid anti¬
bodies in deciding whether or not radioactive-iodine
therapy is indicated. There are still too many imponder¬
able factors relating to this form of treatment to make
undue emphasis on the presence of antibodies justifiable.
The degree of lymphoid infiltration indicated by a raised
complement-fixation titre might be a factor in determining
that a lesser dose be given than would otherwise be
thought suitable; but most systems of calculating dosage
are still somewhat empirical (Macgregor 1957). The most
difficult factor to assess in arriving at the correct dose of
radioactive iodine is the susceptibility of the patient's
thyroid tissue to any given amount of radiation. Con¬
sequently, the poor correlation between the level of
thyroid antibodies before treatment and the clinical
response to a single dose of radioactive iodine does not
necessarily imply that the presence of circulating thyroid
autoantibodies is irrelevant to the natural history of the
condition. In the radioactive-iodine group, any effect
that autoimmunity may have in determining the patient's
response to treatment never becomes apparent because of
the difficulty of assessing a standardised dose which will
produce the same amount of thyroid damage as that
inflicted at operation.
The prognostic significance of antibodies in patients

treated with antithyroid drugs is not clear. Fulthorpe et
al. (1961) say that if patients with high antibody titres in
their sera are given antithyroid drugs they " often require
small maintenance doses and eventually go into pro¬
longed remission of their hyperthyroid symptoms ". They
provide no evidence to justify such a statement; nor do we
know of any published or unpublished data—either with
a wide statistical basis or derived from a few individual
patients—which would help to prove this hypothesis.
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Antibody titres should first be determined before therapy
in many more patients who are to be treated conservatively
with drugs alone; only thus will we discover whether or
not the presence of antibodies provides any indication as
to which patients will go into spontaneous remission.

Summary
A prospective study was made in which the titres of

thyroglobulin and complement-fixing antibodies were
determined in 78 patients before treatment. The response
to partial thyroidectomy, radioactive-iodine therapy, or
antithyroid-drug treatment was assessed after at least
three years.
Early postoperative hypothyroidism was common

where the precipitin test was positive and, more particu¬
larly, where there was a high titre of complement-fixing
antibody; but hypothyroidism after radioactive-iodine
therapy could not be predicted from the titre of thyroid
antibodies present. There was no evidence that the
response to treatment with antithyroid drugs could be
predicted from the presence of raised titres of thyroid
autoantibodies.
The presence of antibodies in the sera of thyrotoxic

patients should not necessarily preclude surgery or radio¬
active-iodine therapy which is otherwise indicated; but
postoperative hypothyroidism should be expected in the
presence of a positive precipitin test or a high titre of
complement-fixing antibody. In the middle-aged or
elderly thyrotoxic patient, with strongly positive tests for
thyroid antibodies, surgery (followed by prophylactic
thyroxine) or radioactive-iodine therapy is preferable to
long-term conservative treatment with antithyroid drugs.
We are grateful to our surgical colleagues, Mr. J. R. Cameron and

Mr. D. Macintosh, for their helpful collaboration and to Dr. Anne
Fulton for her invaluable assistance. We are also grateful to the
department of clinical chemistry, Royal Infirmary, Edinburgh, for
carrying out serum electrophoresis, flocculation tests, and the serum
protein-bound iodine estimations. W. J. I. is in receipt of a grant
from the Medical Research Council and A. E. S. of one from the
Scottish Hospitals Endowment Trust.
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The prognostic significance of thyroid autoantibodies was con¬
sidered in relation to the three main types of treatment used in the
management of thyrotoxicosis:
(a) radioiodine; (b) antithyroid drugs; (c) partial thyroidectomy.
In all cases, the sera used in this study were obtained before treat¬

ment was started. The sera were tested for antibody to thyroglobulin
by the agar diffusion test (Roitt, Campbell & Doniach, 1958), by the
tanned cell haemagglutination method (Fulthorpe et a!., 1961) and
by immunofluorescence using fixed sections of human thyroid.
Immunofluorescence was also used for the detection of antibody to a
second component of colloid (Balfour et a/., 1961). Antibody to
thyroid cytoplasmic (microsomal) antigen was detected by the
methods of complement fixation using the manual microtitre
technique with two minimum haemolytic doses of complement and
taking 50 per cent haemolysis as end point (Irvine, 1966) and by
immunofluorescence using unfixed sections of human thyrotoxic
gland (Holborow et aL, 1959).
The patients were classified into three groups according to the

results of the serological tests.
1. Antibody to thyroid microsomal antigen positive by immuno¬
fluorescence and a thyroid-specific complement fixation
titre 1 : 32.

2. Positive tests for antibody to thyroglobulin and/or antibody to
thyroid microsomal antigen, but complement fixation titre less
than I : 32.

3. All tests negative for antibody to thyroglobulin, to the second
colloid antigen, or to thyroid microsomal antigen. LATS was
not included in the present study.

The diagnosis of thyrotoxicosis was made by the usual clinical
features together with a 4 hour1:111 thyroid uptake, serum PB127I and,
in some cases, a 48 hour serum PB,31I.
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RA OIOIODINE THERAPY

The suggestion has been made that immunological mechanisms
may be at least partly responsible for the high incidence of hypo¬
thyroidism following radio-iodine treatment. Blagg (1960) found a

high incidence of antibodies to thyroglobulin (77 per cent) in 58
patients who had become hypothyroid after 131I therapy, compared
to an incidence of 55 per cent in 103 patients who were euthyroid
more than 1 year after1311 treatment. Skanse & Nilsson (1961) found
an increased incidence of thyroid complement fixing antibodies in a
small series of 15 patients who had become hypothyroid after 131I
treatment, compared to patients who were euthyroid after 131I
therapy. The time interval after the 131I therapy at which the
serological tests were done was not stated. In a study 2 to 3 years
after 1311 treatment for thyrotoxicosis, Green & Wilson (1964)
found no relation between antibody levels and the onset of hypo¬
thyroidism and concluded that 13IJ had no effect on the formation of
thyroid antibodies. Einhorn, Fragraeus & Jonsson (1965) found
thyroid antibodies after 1311 treatment for thyrotoxicosis in a greater
proportion of patients who developed hypothyroidism than in others,
but only during the first year of follow-up.
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Fig. 1. An example of the change in the pattern of thyroid serology
following 131I treatment in a patient with thyrotoxicosis (from Irvine, 1964).
By courtesy of the Editor, Quarterly Journal ofExperimental Physiology).

The immunological response to thyroid damage induced by 131I
has been studied by Irvine (1964) in 101 thyrotoxic patients. As
shown in Fig. 1, a rise in the titre of thyroid microsomal antibody
may occur during the months following therapy, but this rise is
transitory. The titre in subsequent years may fall to less than the
initial value. In general, the rise in antibody titre following therapy
affects only the thyroid microsomal antibody and not antibody to
thyroglobulin. If the results are to be correlated with prognosis, it is
important to study thyroid antibody levels before given treatment.
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Table 1

Analysis of thyrotoxic patients treated with 1317 and the
incidence ofpost therapy hypothyroidism

Follow-up study
Hypothyroid

Number % Per annum

1 year 356/419
2 years 344/419
3 years 215/275
4 years 99/123

31
10
7
2

8-7%
+ 2-9%
+ 3-3%
+2-0%

50

Total thyrotoxic patients treated with 13II 1962-1964 = 467
Number with serology before l31I treatment = 419

Four hundred and sixty seven thyrotoxic patients were treated for
the first time with radioactive iodine at the Endocrine Clinic, Royal
Infirmary, from January 1962 to December 1964 (Table 1). Serum
was obtained from 419 of these patients before the radio-iodine was
given. The patients were followed clinically without regard to the
results of the serological tests. 123 patients were treated in 1962 and
99 of these were followed for 4 years. 275 patients were treated in
1962-1963 and 215 of these have been followed for 3 years. Of the
initial 419 patients with serological studies, 344 have been followed
for 2 years and 356 for 1 year. The incidence of hypothyroidism in
the first year after treatment was 8-7 per cent; yearly thereafter an
additional number of those observed developed hypothyroidism.
Of the 356 patients followed for at least a year, 75 per cent were

positive for antibody to thyroglobulin, to the second colloid antigen
or to thyroid cytoplasmic antigen (Fig. 2). Of the 25 per cent who
were negative for these antibodies, the incidence of post-therapy
hypothyroidism was 10 per cent. 15 per cent of those with antibody
to thyroglobulin and/or moderate to low litres of thyroid microsomal
antibody became hypothyroid. The incidence of hypothyroidism in
those patients with high litres of thyroid microsomal antibody
(C.F.T. ^ 1 :32) was 16 per cent, flic difference in the incidence
of hypothyroidism in the three groups is not statistically significant
(X2 = 0-8868).
The pattern of antibodies in the total of 50 patients who became

hypothyroid is shown in Fig. 3. 82 per cent of those who became
hypothyroid had demonstrable circulating thyroid antibodies before
treatment compared to 75 per cent in the group as a whole. This
difference is likewise not statistically significant. The difference in

I
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HYPOTHYROID

SEROLOGY
NEGATIVE

L CFT 2 I !1

100 %

62 %

18 %

356
PATIENTS

Fig. 2. Fig. 3.

Fig. 2. The incidence of thyroid antibodies before treatment correlated
with the occurrencc-of hypothyroidism following 13II therapy.

Fig. 3. The incidence of thyroid antibodies in the 50 patients who became
hypothyroid after mI therapy.

the incidence of high complement fixation titres in the two groups
is also not significant. No correlation was found between the titres
of thyroid complement fixing antibody and the onset of early or late
hypothyroidism.
The sera of 3 of the total 356 patients treated with 131I included in

this study gave a positive agar diffusion test for antibody to thyro-
globulin. 1 of the 3 became hypothyroid 2 months after 6 mc 131I,
a second was euthyroid 3 years after a single dose of 6 mc 131I, and a
third required 32 mc 13,1 in five treatments over a period of 2 years
and still has some clinical and objective evidence of thyrotoxicosis.
The complement fixation titres of these 3 patients were 8, 256 and 16
respectively. 25 of the 356 patients had tanned cell haemagglutina-
tion titres > 2,500; 4 became hypothyroid within 1 year after first
treatment with radio-active iodine and 2 subsequently became
hypothyroid; 5 required more than one treatment. There would not
appear to be any correlation between high titres of antibody to
thyroglobulin and response to 131I therapy.
When the amount of radioiodine given to the patients who

subsequently became hypothyroid is considered, the initial dose did
not differ from that given to the others but the number of treatments
and the total dose was smaller (Table 2). The dose of radio-iodine
administered was judged largely in relation to the size of the thyroid
gland, so that the amount of radiation given as a first dose to these
two groups per gram of thyroid tissue may be assumed to be the same.
It is conceivable that patients with thyroid antibodies may be more
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Table 2

Dose of131I given to thyrotoxic patients who subsequently became
hypothyroid compared to that given to patients who have

not yet become hypothyroid

Rendered

hypothyroid (50) Euthyroid (306) Significance

Initial treatment
av. dose mCi. I31I . 5.5 5.3 N.S.

Total treatment
av. dose mCi. mI . 7-0 8-6 p < 010

Number of treatments
per patiant 1-2 1-6 p < 0001

Table 3

Dose of 1317 given to thyrotoxic patients correlated with the
titre of complement-fixing thyroid antibody in the serum

before treatment

Thyrotoxics studied (356)

Initial Initial Significance
Serology Serology
CFT>32 Negative

Initial treatment
Av. dose mCi. 131I 5-8 5-3 p<0-20

Total treatment
Av. dose mCi. I31I 100 8-1 p<001

Number of treatments
per patient - 1-6 1-6 N.S.

radio-sensitive but we gained a clinical impression from seeing these
patients from time to time that the converse might be true; that is,
that some patients with high complement fixation titres might be
more radio-resistant in that they require repeated doses of 131I in
order to render them euthyroid.
Although patients with strongly positive serology had larger

goitres and required a bigger initial dose of 131I than the patients with
negative serology, the number of treatments administered was

virtually identical in the two groups (Table 3). We were unable to
demonstrate any consistent difference in serology pattern between
groups requiring a dilferent number of radioiodine treatments.
In conclusion, no correlation was found between the presence in

the serum of antibodies to thyroglobulin, to the second colloid
antigen, or to thyroid microsomal antigen before treatment and the
incidence of post-131! hypothyroidism. There was no suggestion that
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patients who became hypothyroid had received more radio-iodine
than the other thyrotoxic patients who did not become hypothyroid.
Patients with high complement fixation litres tend to have bigger
goitres and were not more radio-sensitive.

TREATMENT WITH ANTITHYROID DRUGS

A proportion of thyrotoxic patients treated with antithyroid drugs
over a sufficient period of time go into a lasting remission. It has been
suggested that immunological mechanisms may promote such a
favourable course (Fuithorpc el a!., 1961). If this were the case, the
detection of thyroid autoantibodies in a thyrotoxic patient might
be an indication for withholding destructive forms of therapy.
All patients who started a course of antithyroid drug treatment

between December 1963 and December 1966 were studied. 3

patients were excluded because no serum for thyroid antibody studies
was available before treatment was started. At the present time, 50
of these have completed a course of antithyroid drug treatment of 15
months' average duration and, of these, 63 percent had demonstrable
circulating thyroid antibodies by the methods described. 48 patients
were referred directly to surgery or 131I therapy after preliminary
drug treatment and 83 per cent of these patients had thyroid anti¬
bodies in the serum. The 50 patients given long term antithyroid
drug treatment tended to have smaller, less nodular goitres before
treatment (average estimated size 40 grams) than the 48 patients
referred for surgery or radioactive iodine therapy (average goitre
size estimated as 55 grams). The patient's antibody status was not
taken into account in considering the choice of treatment.
Of the 50 patients who completed their course of drug treatment,

36 have been followed for at least 1 year after withdrawal of therapy
(Table 4). 17 remain in remission at a year, and 19 have relapsed.
15 of the 36 patients had negative serology and, of these, 8 have
remained in remission and 7 have relapsed. 9 of the 36 patients had
complement fixation titres of > 1 : 32 and, of these, 3 have remained
in remission and 6 have relapsed. With regard to antibody to
thyroglobulin, the sera of all 36 patients were negative by the agar
diffusion test and only 1 patient had a tanned cell haemagglutination
titre of 2,500. This patient, whose thyroid complement fixation titre
was 1 : 8, remained in remission 1 year after withdrawal of drug
therapy.
The number of patients is small, but there would already appear to

be little evidence to suggest that high titres of complement fixing
antibody would indicate that a natural remission of thyrotoxicosis
over a period of 2 to 3 years is likely.
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Table 4

Follow up of thyrotoxic patients treated with antithyroid drugs
correlated with pre-treatment serology

1 year follow-up after completing course of drugs = 36 patients
Duration of drug treatment (6-30 months) = average 15 months
In remission after one year follow-up = 17 patients
Relapse of thyrotoxicosis within one year follow-up = 19 patients

Remission Relapse

Negative serology (15) . 8 7
CFT > 32 (9) ... 3 6

PARTIAL THYROIDECTOMY

Whitcsell & Black (1949), Greene (1950, 1953) and Levitt (1951)
demonstrated that there was a high incidence of post-operative
myxoedema in those thyrotoxic patients who had a significant
degree of lymphocytic infiltration in the thyroid gland. Goudie,
Anderson & Gray (1959) showed that there was a correlation
between the presence of thyroid complement fixing antibody in the
serum and the occurrence of lymphocytic infiltration and Askanazy
cell change in the thyroid in 77 patients without overt thyroid
disease studied at post-mortem. Schade etal. (I960), in their analysis
of 54 patients with thyroid disease (including 19 with thyrotoxicosis),
concluded that appreciable lymphocytic infiltration in the thyroid
correlated with the presence in the serum of antibody to thyroglobulin
and not thyroid complement fixing antibody. Their study was

retrospective, the sera being obtained after partial thyroidectomy:
it is known that the serological pattern changes after thyroidectomy
with a fall in thyroid antibody level. Buchanan et al. (1962) showed
in a study of 57 thyrotoxic patients that there was some, but not a

strong, correlation (p = 0-05) between a positive non-quantitative
thyroid complement fixation test (serum used undiluted or at I : 4)
before surgery and post-operative hypothyroidism. They found a
wide scatter in the distribution of the measurements of lymphocytic
infiltration in the thyroid when this was correlated with the results
of what is effectively a screening method for thyroid complement
fixing antibody. A correlation was found (p less than 0-001) when
the lymphocytic infiltration measurements were expressed in terms
of the square root. Hjort & Mogensen (1962) studied both thyro¬
globulin and thyroid complement fixing antibodies in 16 thyrotoxic
patients before surgery; 6 of these patients were positive for thyroid
complement fixing antibody, and 4 of these 6 developed post¬
operative myxoedema. Post-operative myxoedema did not occur in
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any of the patients in whom no antibodies, or only thyroglobulin
antibodies, could be demonstrated before operation. In a previous
report from this Clinic (Irvine, 1962), which involved a prospective
and quantitative study on 33 thyrotoxic patients treated by surgery,
it was found that early post-operative hypothyroidism occurred when
the agar diffusion (precipitin) test for antibody to thyroglobulin was

positive and, more particularly, when there was a high titre of
complement fixing thyroid antibody.

hy pot hyroid

164
patients

Fig. 4. The incidence of thyroid antibodies at diagnosis correlated with
the incidence of hypothyroidism after partial thyroidectomy.

Two hundred and forty three patients had a partial thyroidectomy
performed by Mr Cameron orMrMclntoshinonesurgicalunitinthe
Royal Infirmary between January 1962 and May 1966. Sera were
available before operation on 216. 164 of these patients were
followed post-operatively for at least a year and the majority for
more than 2 years. Of these 164, 76 per cent had demonstrable
thyroid antibodies pre-operatively (Fig. 4). 14 patients or 8 per cent
of the entire group became hypothyroid, all within 1 year of their
operation, and all with circulating thyroid antibodies pre-operatively.
Only 1 patient had a positive agar diffusion test. The complement
fixation titre was 1:16. This patient was euthyroid 18 months after
operation. 5 other patients had tanned cell titres of2,500 and all were
euthyroid at 2 to 4 years' follow-up.
Out of the 30 patients with moderate or high complement fixation

titres, 7 became hypothyroid in the first year after surgery. This
represents an incidence of 23 per cent or approximately 1 in 4. Out
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of the 95 patients with weakly positive complement fixation tests
and/or positive tests for antibody to thyroglobulin or to the second
colloid antigen, 7 became hypothyroid representing an incidence of
8 per cent. None of the 39 patients whose serology was negative
became hypothyroid.
Significant lymphocytic infiltration was considered to be present in

97 (59 per cent) of the 164 thyroidectomy specimens and 58 (35
per cent) also had germinal centre formation. 92 of those with
lymphocytic infiltration (95 per cent) and 52 of those with germinal
centre formation (95 per cent) had detectable titres of thyroid anti¬
body in the serum, whereas only 45 per cent of the patients without
lymphocytic infiltration and 65 per cent of those without germinal
centre formation in the sections examined had thyroid antibodies,
frequently in low titre. Lymphocytic infiltration was present in all 14
patients who subsequently became hypothyroid, and was extensive in
6. Germinal centre formation was demonstrated in 8.
The present study confirms the value of thyroid complement

fixing antibodies in predicting the chance of hypothyroidism follow¬
ing surgery for thyrotoxicosis.

SUMMARY

556 thyrotoxic patients treated by radioiodine, antithyroid drugs
(average duration 15 months) or partial thyroidectomy were studied
serologically before treatment and the results correlated with clinical
follow-up of at least one year. The serological tests included antibody to
thyroglobulin and antibody to thyroid microsomal antigen.
The patients treated with radioiodine showed no correlation between

their serological status and the incidence of post-therapy hypothyroidism.
Patients with high titres of antibody to thyroid microsomal antigen had
larger thyroid glands than those whose serum was negative for thyroid
antibody; they received larger total doses of 131I but the same number of
treatments as the serologically negative patients.
There was no evidence that the presence of antibody to thyroglobulin or

of thyroid microsomal antibody was of value in predicting lasting remission
after antithyroid drug treatment.
With regard to surgery, patients with negative tests for these two thyroid

antibodies would appear to stand little risk of becoming hypothyroid.
In the presence of antibody to thyroglobulin 'or low titres of thyroid
microsomal antibody there is a definite risk at about 8 per cent. Those
patients who have moderate to high titres of thyroid microsomal antibody
prior to surgery stand a substantial risk of hypothyroidism thereafter,
estimated at approximately 1 in 4. The conclusion would therefore
seem to be justifiable that high titres of thyroid microsomal antibody in a
thyrotoxic patient is a relative contra-indication to partial thyroidectomy.
If partial thyroidectomy is performed on such patients, careful follow-up
is obligatory in view of the risk of post-operative hypothyroidism.
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DISCUSSION

Einhorn: Dr Stewart, do you know the incidence of recurrence in
serologically negative thyrotoxic patients treated by partial thyroid¬
ectomy?
Stewart: Out of 164 patients treated by surgery in this series, 5

relapsed giving an incidence of 3 per cent. There was no serological
or histological correlation that could be found in this small number of
5 patients. 1 out of the 39 patients in the serologically negative group
relapsed; 3 out of 95 with low complement fixation titres or antibody
to thyroglobulin relapsed; 1 out of the 30 patients with high com¬

plement fixation titres relapsed. This gives an incidence of 3 per cent
in all three groups.
Deborah Doniach: We did a similar study some years ago and

obtained the same results as yours. We selected 75 thyrotoxic
patients with complement fixation (CF) titres of 1/64-1/512 or
tanned cell haemagglutination (TCH) titres of 1/25,000 and upwards.
We found that 30 per cent of those with high CF titres developed post¬
operative myxoedema within a year and a further 20 per cent became
myxoedematous 5-10 years after thyroidectomy. However, patients
with a high CF were also found among those presenting with
recurrent thyrotoxicosis several years after thyroidectomy. A high
TCH titre in the absence of CF did not appear to affect the post¬
operative outcome. Like you, we found no correlation between the
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antibodies and the post-radiation myxoedema and I wonder if the
difference between our studies and Professor Einhorn's is that in his
case the tests were done after the radiation. I think that probably
accounts for it.
Stewart: Yes, Professor Einhorn showed a higher incidence of

thyroid complement fixing antibodies in the post-radiation hypo¬
thyroid patients, but only in the first year of follow-up. Isn't that
so?
Einhorn: Yes.

Deborah Doniach: We stated in the past (Fulthorpe et al. [1961]
Fulthorpe, A. J., Roitt, E M., Doniach, D. & Couchman, K. [1961].
J. clin. Path. 14, 654) that a high antibody titre in a thyrotoxic
patient might favour lasting remission after a course of antithyroid
drugs. With increased experience we find that many of the patients
having high antibody levels suffer from a severe form of thyro¬
toxicosis which may be poorly controlled with drugs so that operation
has to be resorted to despite the risk of myxoedema.
Einhorn: There is really no difference between our findings

because we also did not find any correspondence between antibodies
before treatment and the incidence of hypothyroidism after treat¬
ment. We only found that almost all patients who developed
hypothyroidism within the first year after 131I treatment had at that
time thyroid cytoplasmic (microsomal) antibodies. This is a very

interesting observation and I wonder if someone might speculate as
to why this should occur.
Irvine: I think the reason why, in general terms, there is no

correlation between the presence or absence of antibodies before
treatment and the incidence of hypothyroidism after 13I[, while a

good correlation exists after surgery, is that the effect of irradiation
on the thyroid cells with regard to hormone synthesis and cell
division overwhelms any influence that immunological factors may
have in the 1311 group.
With regard to the incidence of microsomal antibody in the

patients who became hypothyroid within the first year of treatment,
our findings arc shown in Table 1. While the incidence in this
hypothyroid group is higher than in patients who arc not hypo¬
thyroid, the increase in the incidence of thyroid microsomal antibody
after treatment compared with the pre-treatment figures is similar in
the two groups of patients. In our experience the difference in
the post-treatment thyroid serology for the hypothyroid and non-

hypothyroid groups during the first year of follow up is not so
marked as reported by yourself (Einhorn, J., Fagraeus, A. & Jonsson,
J. 1965. J.clin. Endocr. Metab. 25,1218),butl agree that it does exist.
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Table 5

Incidence of thyroid microsomal antibody in thyrotoxicosis
before and after treatment with 131/.

No. of Pre-treatment 2 12 months post-
paticnts scrum treatment scrum

Hypothyroid
within

12 months of treatment
37 73% 92%

Not hyperthyroid
within

12 months of treatment
106 57% 74%

p pcO.K) p<0.02

Wayne: The demonstration by Raymond Greene [1953]. {Mem.
Soc. Endocrin. 1, 16) of an increased risk of hypothyroidism after
surgery in patients with lymphocytic infiltration in the thyroid really
antedates our ideas of autoimmunity. Dr Buchanan and others in
my department ([1963], J. Endocr. 24, 115) did some studies similar
to those which Dr Stewart has just described. 1 think our conclusions
were substantially the same as his. At present we feel that this is a
statistical correlation and we do not think that it is terribly helpful in
deciding therapy in the individual case.
Irvine: In the paper to which you refer the complement fixation

tests were done using undiluted serum and serum diluted 1 : 4.
Unless the complement fixation test is made more quantitative, a
positive screening test at low titre will only show a statistical correla¬
tion of little practical significance. The clinical significance of a

positive thyroid complement fixation test in a pre-operative thyro¬
toxic patient increases with the height of the litre.
Macgregor: Can I ask Selwyn Taylor to put his own personal

approach to this problem? If he gets a thyrotoxic patient for whom
there is an indication for partial thyroidectomy and high titres of
antibody, does he cut their throat or does he give them radioiodine?
Taylor-. I cut their throat; but with such patients I tend to leave

more thyroid behind in the neck. 1 think one gets to know the
look of a thyroid gland which is heavily infiltrated with lymphocytes
and lymphoid tissue. It is paler and has a sharper edge. These are
the patients in whom I tend to leave more gland and, although this
must be very much hit and miss, over the years it has seemed to be a
useful thing to do.
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Auto-immune Mechanisms in

Thyroid Disease
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While the immunology of thyroid disease has been Studied from the time of
Papazolu (1911) and Picado and Rotter (1936), the main advances have been made
more recently particularly by Rose and Witebsky (1956), Doniach and Roitt (1957),
Belyavin and Trotter (1959) and Goudie, Anderson and Gray (1959). It is an estab¬
lished fact that circulating antibodies directed towards specific components of the

patient's own thyroid tissue commonly occur in certain types of thyroid disease.

Apart from their diagnostic and possible prognostic value, the question arises as

to why these antibodies should occur and what part, if any, they may play in patho¬
genesis. In this complex subject speculation has tended to outrun experimental fact
and I would like to use this opportunity to offer some critical re-appraisal within
the limits of our present knowledge.

As indicated in Table I there are three known circulating auto-antibodies for

specific components of human thyroid tissue. These auto-antibodies are particu¬

larly liable to occur in the sera of patients with Hashimoto thyroiditis or its atro¬

phic variant, "spontaneous" hypothyroidism. I will refer to these two conditions

collectively as chronic thyroiditis. Further work arising out of the known clinical
association between pernicious anaemia and thyroid disease has revealed that

patients with chronic thyroiditis have a significantly high incidence of circulating
antibody to mucosa of body of stomach and also to intrinsic factor. Likewise,

patients with pernicious anaemia have an increased incidence of circulating thyroid
antibodies (Irvine, Davies, Delamore & Wynn Williams, 1962; Taylor, Roitt,

Doniach, Couchman & Shapland, 1962; Irvine, Davies, Delamore & Wynn Williams,
1963).

Using the indirect Coons technique (Coons & Kaplan, 1950), the specificity of

gastric complement -fixingantibody for the cytoplasm of parietal cells can be demon -
strated fully. In the same way as there is a general correlation between the titre of
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METHODS OF DETECTING THYROID ANTIBODIES TABLE I

I Antibody to thyreoglobulin

(a) Agar diffusion test (A. D. T. ) or "precipitin" test,

(b) Tanned cell haemagglutination (T. C. H. ),

(c) Latex particle agglutination,

(d) Fluorescent antibody method.

II Antibody to particulate fraction of thyroid cytoplasm

(a) Complement fixation test (C.F. T. ),

(b) Fluorescent antibody method,

(c) Cytotoxicity for thyroid epithelial cells in vitro.

III A second antibody to colloid

(a) Fluorescent antibody method.

complement-fixing thyroid antibody and the degree of thyroiditis in the patient's

gland (Irvine, Macgregor & Stuart, 1962), so there is a fair correlation in 46
patients with chronic thyroiditis between the titre of complement-fixing gastric anti¬

body and the ability of the patient's stomach to secrete acid in response to histamine

(Irvine, Davies, Delamore & Wynn Williams, 1963). In order to demonstrate that
gastric antibodies are auto-immune in nature it was necessary to go to an earlier

stage in the disease process and unequivocal proof was achieved through the volun¬

tary co-operation of a subject whose only abnormality was a family history of

thyrotoxicosis and pernicious anaemia. This exemplifies the well-known

genetic aspects of auto-immunity, which, in relation to thyroid disease, have
been studied by Hall, Saxena and Owen (1962) among others, although not every¬
one would agree on the available evidence that it is a dominant trait.

Auto-immunity and its genetic aspects could arise either as a primary pheno¬
menon or simply as a reflection of some other basic factor, itself genetically deter¬

mined, and which gives rise to tissue damage and therefore to an anti-body response.
I shall return to this point shortly but the fact that a patient may have no detectable

abnormality either of gastric histology or function and yet have very high titres of

gastric antibody does suggest that immunological factors may be genetically deter -
mined in their own right.
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TABLE II

COMPLEMENT FIXATION ,'C. F.) TESTS IN PERNICIOUS ANAEMIA AND

THYROID DISEASE

Diagnosis
No. of

cases

% with positive ( >1:4) C.F. tests for % with
positive
T.C.HBody of Stomach Thyroid Liver

Pernicious anaemia

(Addisonian)
untreated 24 74 1 7 - 21
treated 30 80 43 - 27

Hashimoto thyroiditis 50 34 82 4 80

Spontaneous hypothy¬
roidism 92 30 63 4 70

Thyrotoxicosis 221 23 .24 1 39

Simple goitre 46 6 6 - 19

Hospital control
patients 100 4 4 ~ 12

(using 2.0 M.H.D. of complement)

Further evidence along these lines comes from a study of adrenal insufficiency.
Those patients in whom no cause can be established and who are conveniently des¬
cribed as being "idiopathic" have a high incidence of specific-type antibodies to
adrenal, thyroid and stomach and there is a correspondingly high incidence of thy¬
roid disease and to a lesser extent of pernicious anaemia among the patients them¬
selves and also among their relatives (Table HI). These features were not present
in six patients with adrenal insufficiency of proven tuberculous origin. One could
argue that there might be a subtle difference between tuberculous destruction of the
adrenal and some other type of destruction so that there would be an antibody res¬

ponse as a result of the one type and not of the other, but this would not explain the
incidence of associated clinical disease, nor the presence of other antibodies in the
serum. It would appear that Hashimoto thyroiditis, pernicious anaemia and "idio¬

pathic" adrenal insufficiency are closely related disorders and that one of the links
between them is a defect of immunological homeostasis characterised by a multipli¬
city of antibodies that are precise in their specificity for distinct components of
individual tissues. This type of immunological disorder is diametrically opposite
to the non-specific reactions one meets with in disseminated lupus erythematosus,
in which anti -nuclear factor(s) will react with any human tissue that contains nuclei.
The low incidence of anti-nuclear factor(s), of the non-specific complement fixa¬
tion reaction and of biological false positive reactions for syphilis in adult patients
with thyroiditis, pernicious anaemia and idiopathic adrenal insufficiency is in

keeping with this hypothesis.
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TABLE IH
IDIOPATHIC ADRENAL INSUFFICIENCY

ASSOCIATED
DISEASE

RELEVANT
FAMILY

HISTORY

CIRCULATING C.F. ANTIBODIES
SEX

ADRENAL GASTRIC THYROID

MYXOEDEMA NEG. 128 NEG. 25

FEMALE

THYROTOXICOSIS 128 256 4 2SO

MYXOEDEM A 32 NEG 32 25,000

32 NEG. NEG NEG.

THYROTOXICOSIS >512 NEG 4 NEG

GOITRE (HASHIMOTC
RHEUMATOID
ARTHRITIS

?)
PA 4 NEG NEG 5

GOITRE 32 16 32 2SOOO

NEG NEG NEG 25,000

LATENT PA NEG >32 NEG 5

MALE

NEG 8 4 2 SO

16 NEG NEG NEG

NEG 16 NEG 25

NEG NEG NEG NEG

DIABETES 16 NEG NEG NEG

DIABETES NEG NEG NEG NEG

What I have been saying is contrary to the concept of thyroid auto-immunity

proposed only a few years ago (Doniach & Roitt, 1957; Burnet, 1959; Hijmans,
Doniach, Roitt & Holborow, 1961). I refer to the idea that the normal components
of the thyroid are "hidden" from the reticulo-endothelial system during the crucial

period when immunological tolerance is developing and when the body learns to

distinguish what is "self" from "non-self". Assuming that the thyroid antigen is

effectively kept hidden during this period, then subsequent damage to the thyroid

might release thyroid antigen which would then be regarded as foreign to the indi¬
vidual's normal immunological system so that antibodies are produced and a chain
reaction is set up as a result of further thyroid damage. This concept has been
examined from two points of view; the immunological response of patients to thy¬
roid damage and the appearance of the thyroid basement membrane in normal
adult thyroid tissue, in chronic thyroiditis and in the normal human foetus.

Thyroid complement-fixation, agar diffusion and tanned cell haemagglutina-
tion tests were carried out on 50 thyrotoxic patients prior to therapy with radio-
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active iodine (^*1) and at repeated intervals afterwards for a period varying from
9 to 18 months. In general, those patients who had negative serology prior to

therapy remained negative, while the majority of patients with positive tests prior
to treatment showed a transient rise in their antibody titres. Radioactive iodine is
considered to be a particularly suitable form of destructive agent for this type of
study as it gives rise to a protracted period of thyroid damage and according to the

dosage system which I have used (Macgregor, 1957) about 40% of the patients

require further therapy two months after the initial treatment and this is quite a

convenient interval from an immunological point of view. This being so the differ¬
ence in antibody response between those who did and those who did not have anti¬
bodies prior to therapy cannot be ascribed to a simple secondary response in the
former. It would therefore seem that there is a basic difference in the antibody-

producing mechanism in these two groups of patients and not necessarily any diffe¬
rence in the availability of thyroid antigen at a peripheral level. The transient
nature of the rise in antibody titre is in keeping with the studies of Felix-Davies

(1958) on subacute thyroiditis.
If the concept of "hidden" antigen were correct then one might expect to find

a morphological basis for it. With the light microscope and conventional staining
methods a uniform layer of perifollicular tissue is seen to surround the thyroid
follicles of the normal adult and this layer is fragmented in many instances of
Hashimoto thyroiditis (Sommers & Meissner, 1954; Stuart & Allan, 1958; Irvine
& Muir, 1963a). However, to assume that these appearances represent the thyroid
basement membrane is not warranted as this is a structure the morphology of which
can only be defined by the resolving power of the electron microscope. As Ulus-
trated in Figure 1 the basement membrane in the adult human thyroid is a redupli¬
cated structure, while in chronic thyroiditis it is more usual for it to be only a

single layer (Figures 2, 3 and 4). This layer, however, is remarkably continuous

and, with one principal exception that I shall refer to later, is only broken in areas

that show very gross thyroid necrosis (Irvine & Muir, 1963a). The basement mem¬
brane surrounding the follicles of the human foetal thyroid at 24 weeks is even

more tenuous than in Hashimoto thyroiditis and yet the epithelial cells of this same

gland are rich in thyroid antigen (Irvine, 1963b). It would therefore seem almost
inevitable that the immunological system of the developing foetus must become
familiar with the presence of thyroid and its various constitutents. This view is
confirmed by the work of Hjort and Pedersen (1962) who showed that a high propor¬
tion of newborn infants have thyroglobulin or something very similar to thyroglobu-
lin actually circulating in their blood. In experimental animals there is evidence
that high concentrations of organically bound iodine are normally present in the

lymphatics draining the thyroid (Daniel, Gale, Plaskett & Pratt, 1962). It is
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Figure 1. Electron micrograph of part of a follicle wall from a
normal adult thyroid. C=colloid, E^epithellal cell, X-X=reduplicated
basement membrane. xl4,000.

difficult to induce experimental thyroiditis in animals using an extract of the
animal's own or isologous thyroid and success can only be achieved by the addition
of Freund adjuvant, a substance whose mode of action is not clearly known but which
seems to alter the responsiveness of the animal's antibody-forming system. There
is therefore little evidence to describe thyroiditis as a consequence of the release
of normally "hidden" thyroid components or indeed that it is necessarily related
to any particular disturbance at an antigen level. It would seem more probable
that in thyroiditis there is a genetically determined defect in immunological tole¬
rance at the level of antibody formation and that this particular defect is charac¬
terised by the production of a multiplicity of specific-type antibodies.

In vitro experiments

The passive infusion of thyroid antibodies into healthy experimental animals
is a harmless procedure. This may be due to the antibody failing to reach the

antigen on account of the various barriers to protein diffusion. However, as shown
in Figure 2 this problem does not arise in vivo for plasma cells which are known
secretors of classical type antibody, may be seen lying within the confines of the

thyroid follicle in patients with Hashimoto thyroiditis. The possible cytotoxic
effect of thyroid antibodies for thyroid cells has been tested by putting the anti-
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Figure 2. Electron micrograph of the periphery of a thyroid follicle in
Hashimoto thyroiditis. Note a plasma cell (PI) lying outside the
follicle and a second plasma cell (P2) lying within the follicle and
separated from PI by a continuous unilaminal basement membrane, B-B.

x30,000.

body in direct contact with a suspension of trypsinised human thyroid cells main¬
tained in culture. It was thereby established that while antibody to thyroglobulin
or to the second component of colloid had no demonstrable effect on these cells,

thyroid complement-fixing antibody produced rapid lysis provided the thyroid cells
had not been in the culture for longer than 48 hours and provided the thyroid cells
had an appreciable content of thyroid antigen (Irvine, 1960; Forbes, R.oitt,Doniach
& Solomon, 1962; Irvine & Muir, 1963b). However, such a dramatic cytotoxic
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Figure 3. Electron micrograph of a lymphocyte (L) entering a thyroid
follicle in Hashimoto thyroiditis. C=colloid, E=epithelial cell, G-G
is the gap made in the unilaminal basement membrane by the lymphocyte
in transit. xl6,000.

(By kind permission of the Editor, Quart. J . exper. Physiol.)

effect Is not In keeping with the prolonged natural history of Hashimoto thyroiditis
and the suddeness of the cytotoxic effect in vitro is no doubt related to the change
induced in the thyroid cell membrane by the trypsin. When clot cultures were
made of human thyroid explants no detectable cytotoxic effect of thyroid comple¬

ment-fixing antibody was apparent (Irvine, 1962). If circulating complement -

fixing antibody is to be significantly cytotoxic in vivo some other factor may be

required to render the cells more susceptible to its action.

Lymphocytes as carriers of cell-bound antibody
The histology of chronic thyroiditis does not immediately suggest that it is

the outcome of an interaction solely between humoral antibody and tissue antigen.
It is more reminiscent of the homograft type of immunological response in which
cell-bound rather than humoral antibody is believed to play the major role and in
which lymphocytes rather than plasma cells are involved. I have already illustra¬
ted a plasma cell lying within a thyroid follicle (Figure 2), but in chronic thyroi¬
ditis one finds lymphocytes in the same situation much more commonly. Figure 4
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Figure 4. Electron micrograph showing a lymphocyte (L) lying within
a thyroid follicle in Hashimoto thyroiditis. Note the numerous

papillary processes on the surface of the lymphocyte and the rich con¬
centration of mitochondria (M) in the thyroid epithelial cytoplasm.
The basement membrane separates the thyroid epithelium from a
fibroblast (F) lying in the stroma. Although the site of entry of the
lymphocyte into the follicle has all but been closed off by tenuous
processes of epithelial cytoplasm, the basement membrane is con¬
tinuous. Continuity of the basement membrane after the entry of a
lymphocyte has so far always been noted in the many similar sections
studied. x20', 000.
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illustrates a lymphocyte penetrating the single lamina of the basement membrane
and invaginating a thyroid epithelial cell, the direction of movement of the lympho¬
cyte being inferred from the observations on lymphocytic motility by Marchesi
and Florey (1960). Figure 4 shows a lymphocyte lying within a thyroid follicle and
surrounded by tenuous processes of thyroid epithelial cytoplasm. On no occasion
did it appear that the lymphocytes had ever actually entered the thyroid cytoplasm
as described by others using phase microscopy. The structureless cytoplasm of
the lymphocyte contrasts with the elaborate endoplasmic reticulum of the plasma
cell and suggests that the lymphocyte may be a passive carrier of cell-bound anti¬

body. The outer layer of the cell membrane of the lymphocyte comes into very
intimate contact with the corresponding membrane of the thyroid epithelial cell and
it is quite conceivable that any antibody that might exist on the surface of the lym¬

phocyte could be directly transferred to the surface of the epithelial cell. It has
been reported in a preliminary communication that experimental thyroiditis can be
transferred adoptively by the passive infusion of a suspension of lymphocytes from
a sensitised animal (Felix-Davies & Waksman, 1961) and it is very important that
these results should be confirmed.

Lymphocytes from patients with chronic thyroiditis do not seem to have any

dramatic cytotoxic effect on thyroid epithelial cells in vitro, although they may

show a tendency to clump around the thyroid cells.

Circulating antibody and cell-bound antibody are at the two extremes of immu¬

nological thinking and it may well be that the one is ancillary to the other.

Thyroid metabolism in chronic thyroiditis
It is known that in many cases of chronic thyroiditis there is a rapid uptake

131
of I by the thyroid and also a rapid discharge of the isotope in the protein-bound
form (Skillern, Crile, McCullagh, Hazard, Lewis & Brown, 1956). The widely
stated view that this results from a small iodine pool within the gland is unlikely to
be the complete answer, but that in addition something must be stimulating the

thyroid cells. Estimates of TSH activity in the serum are difficult to interpret
with certainty because of the relative lack of control studies and differences in the

methods used by individual workers. Nevertheless, from the detailed investigation
131

of one patient with untreated thyroiditis (4-hour I thyroid uptake = 38%) it would

appear that TSH levels were near maximal for that particular patient at the time of

study (Kirkham & Irvine, 1963). This conclusion differs from that reached by El

Kabir, Doniach and Turner-Warwick (1963) from single estimations carried out on
24 patients with thyroiditis. Thyroid stimulation by endogenous TSH would explain
the suppression of the patient's thyroid function by triiodothyronine, the fact that
her gland could not be further stimulated by exogenous TSH and the diminution in
the size of this particular gland in response to exogenous thyroid hormone.
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Effectively high levels of TSH might also contribute to the remarkable concentra¬
tion of mitochondria seen in the cytoplasm of many of the epithelial cells in untrea¬
ted Hashimoto thyroiditis. It may also be reasonably inferred from the electron

microscopic morphology of Hashimoto thyroiditis that there is a rapid process

of epithelial cell production and destruction and it is possible that the difference
between Hashimoto thyroiditis with a goitre and "spontaneous" hypothyroidism
without a goitre is due to a relative failure of ceU regeneration in the latter
(Irvine & Muir, 1963a).

Thymus

To conclude this brief account of auto-immune mechanisms in thyroid disease
I would like to say a few words about the thymus. I have put forward evidence

suggesting that the old concept of hidden antigen is probably untenable and that

thyroiditis, pernicious anaemia and idiopathic adrenal insufficiency may be looked

upon as geneticaUy determined disorders of immunological tolerance. There is

increasing evidence that the thymus has some control over the development of the
immunologicaUy competent mesenchymal cells and it is conceivable that some

abnormality in the thymus in later life might also influence immunological homeo-
statis (Burnet, 1962).

Thymic tissue has been looked for in 4 cases of Hashimoto thyroiditis coming
to partial thyroidectomy having failed to respond adequately to exogenous thyroxine.
In two cases nothing but fat was found in the spura-sternal notch. In another case
a structure was noted to extend down behind the sternum and histologically this
tissue consisted of a series of lymph nodes with deposits of pigment and numerous

lymph follicles. In the remaining case a structure of similar naked-eye appear¬

ance was observed to extend behind the sternum and histologically this had an

appearance suggestive of hyperplastic thymus in so far as scattered lymph follicles
were present although plasma cells were not a feature. Comparable follicles were

not seen in thymic biopsies obtained from 12 patients coming to partial thyroidec¬

tomy for either simple goitre or thyrotoxicosis uncomplicated by thyroiditis.
It is difficult to draw any definite conclusions from this limited morphological

evidence but it would seem a little unlikely that the seat of the immunological soul
remains in the thymus throughout life. While the thymus may be of great impor¬
tance in the foetus and during the formative years, it is less cert ain whether it

plays a comparable role in the adult.
The precise function of the thymus in the different stages of human develop¬

ment and ageing and the more detailed knowledge of the basic mechanisms of anti¬

body production are the issues which demand the closest attention in the field of

auto-immunity in the future.

139



REFERENCES

Belyavin, G. and Trotter, W. R. (1959) Lancet, _i, 648.
Burnet, F. M. (1959) In "The Clonal Selection Theory of Acquired Immunity",

Cambridge University Press, London.

Burnet, F. M. (1962) Brit. med. J., 2, 807.
Coons, A. H. and Kaplan, M. H. (1950) J. exp. Med., 91, 1.
Daniel, P. M., Gale, M. M., Plaskett, L. G. and Pratt, O. E. (1962)

J. Physiol., 165, 65-66.
Doniach, D. and Roitt, I. N. (1957) J. clin. Endocr., 17, 1293.
El Kabir, D. J., Doniach, D. and Turner-Warwick, R. (1963) J. clin. Endocr.

(in press).
Felix-Davies, D. (1958) Lancet, i, 880.
Felix-Davies, D. amdWaksman, B. H. (1961) Arthr. and Rheum., 4, 416.
Forbes, I. J., Roitt, I. N., Doniach, D. and Solomon, I. L. (1962) J. clin.

Invest., 41, 996.
Goudie, R. B., Anderson, J. R. and Gray, K. G. (1959) J. Path. Bact., 77, 389.
Hall, R., Saxena, K. M. and Owen, S. G. (1962) Lancet, ii, 1292.
Hijmans, W., Doniach, D., Roitt, I. N. and Holborow, E. J. (1961) Brit. med. J.,

2, 909.
Hjort, T. and Pedersen, G. T. (1962) Lancet, U, 259.
Irvine, W. J. (1960) Scot. med. J., 5, 511.
Irvine, W. J. (1962) Brit. med. J., 1, 1444.
Irvine, W. J. (1963a) Quart. J. exp. Physiol., (in press).
Irvine, W. J. (1963b) - in preparation.

Irvine, W. J., Macgregor, A. G. and Stuart, A. E. (1962) Lancet, U, 843.
Irvine, W. J., Davies, S. H., Delamore, I. W. and Wynn Williams, A. (1962)

Brit. med. J., 2, 454.
Irvine, W. J., Davies, S. H., Delamore, I. W. and Wynn Williams, A. (1963) -

in preparation.

Irvine, W. J. and Muir, A. R. (1963a) Quart. J. exp. Physiol., 48, 13.
Irvine, W. J. and Muir, A. R. (1963b) Exp. Cell Res., 29, 73.
Kirkham, K. E. and Irvine, W. J. (1963) - in preparation.
Macgregor, A. G. (1957) Brit. med. J., 1, 492.
Marchesi, V. T. and Florey, H. W. (1960) Quart. J. exp. Physiol., 45, 343.
Papazolu, A. (1911) C.R. Soc. Biol. (Paris), 71, 671.
Picado, C. and Rotter, W. (1936) C.R. Soc. Biol. (Paris), 123, 1111.
Rose, N. R. andWitebsky, E. (1956) J. Immunol., 76, 417.
Skillern, P. G., Crile, G., McCullagh, E. P., Hazard, J. B., Lewis, L. A.

and Brown, H. (1956) J. clin. Endocr., 16, 35.

Sommers, S. C. and Meissner, W. A. (1954) Amer. J. clin. Path., 24, 434.
Stuart, A. E. and Allan, W. S. A. (1958) Lancet, ii, 1204.
Taylor, K. B., Roitt, I. N., Doniach, D., Couchman, K. G. and Shapland, C.

(1962) Brit. med. J., 2, 1347.



II : 156

THYROTOXICOSIS AND DIABETES MELLITUS

ASSOCIATED WITH SHEEHAN'S SYNDROME

W. J. Irvine, D. R. Cullen, C. Ezrin and K. E. Kirkham

Proc. Roy. soc. Med. (1969), 62^, 40.



II : 157

Reprinted from Proceedings of the Royal Society of Medicine, January 1969, Vol. 62,
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Sheehan's Syndrome Associated with
Thyrotoxicosis and Diabetes Mellitus

W J Irvine mb FRCPEd,
D R Cullen mrcp mrcpg, K L Kirkham ma phD
{Royal Infirmary, and MRC Clinical
Endocrinology Research Unit, Edinburgh)
and C Ezrin md

(General Hospital, Toronto)

A 50-year-old woman, para 10, had had a post¬
partum haemorrhage at 40 years, followed by
failure of lactation, amenorrhoea and loss of body
hair. For two years she had complained of weak¬
ness, lethargy and marked weight loss and, more
recently, of mild polydipsia and polyuria.

She was clinically thyrotoxic, having a goitre
with bruit, a sinus tachycardia and bilateral lid
retraction. Four-hour thyroid gland 131I uptake
was 98% (normal <40%), PBI 15-2 gg/100 ml
(normal 3-5-8-5), l25l T;) serum uptake 2-0 (normal
0-90-1 16). The serum was positive for long
acting thyroid stimulator (LATS), thyroid micro¬
somal antibody and thyroglobulin antibody.
Glycosuria marked (2g/100ml). No ketonuria.
Blood sugar 372 mg/100 ml. Plasma 11-OHCS 86
/<g/100 ml at 08 30 hours (normal <26); 32[ig/100
ml at 2400 hours (normal <10).

She was treated with carbimazole, propranolol
and digoxin. Soluble insulin 20 units subcutan-
eously was followed by profound hypoglycemia,
which responded quickly to intravenous glucose.
The patient died three days after admission.

The thyroid histology was that of a thyrotoxic
gland with some focal thyroiditis. The adrenals
showed predominantly compact cells in zona
fasciculata (normal reaction to stress). There was
no obvious abnormality in the pancreas. In the
pituitary was an infarct, the remaining tissue con¬
sisting mainly of chromophobes; some cortico-
trophs were present but no somatotrophs, gonad¬
otrophs or thyrotrophs.

Thyrotoxicosis in a patient with Sheehan's
syndrome has been reported on only one previous
occasion, by Fajans (1958). This association is of
particular interest as it provides additional clinical
evidence that excessive secretion of thyroid
stimulating hormone (TSH) by the pituitary gland
is not the cause of thyrotoxicosis. The presence of
LATS in high titre in a case where the pituitary
was largely infarcted and consisted mainly of
chromophobe cells and some corticotrophs, is
in keepingwith a non-pituitary origin for LATS.
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Immunological Relationship Between
Pernicious Anaemia and Thyroid Disease
Achlorhydria is a cardinal feature of Addisonian
pernicious anaemia and also occurs in a high proportion
of patients suffering from spontaneous hypothyroidism
(Tudhopc and Wilson, 1962). It is conceivable that the
impairment of gastric acid secretion in both these
conditions may be based on immunological mechanisms.
This has been investigated by testing the sera of such
patients and of patients suffering from Hashimoto's
thyroiditis for antibodies against mucosa and against
thyroid by the technique of complement fixation.
Clinical Material.—The following cases were included

in the present study:
14 untreated patients diagnosed consecutively as

suffering from Addisonian pernicious anaemia and 27
treated cases currently maintained on cyanocobalamin :
77 patients with untreated or treated spontaneous
hypothyroidism ; 44 untreated cases of Hashimoto's
thyroiditis, the majority of whom were euthyroid ; and
100 hospital control patients suffering from a range of
other diseases excluding D.L.E. and hepatitis.

Methods

The technique of complement fixation (C.F.) adopted
was after the method of Donnelley (1951). Saline
extracts were prepared from mucosa taken from body
of stomach, pyloric antrum, and jejunum in patients
undergoing partial gastrectomy for duodenal ulcer and
from colonic mucosa taken proximal to an area of
diverticulitis at colectomy. Saline extracts were also
prepared from human thyrotoxic glands at the time
of partial thyroidectomy and from human foetal liver
obtained within three hours of death. Each tissue was

homogenized with four volumes of calcium-magnesium
buffer of pH 7, centrifuged at 3,000 r.p.m. for 15 minutes,
and small aliquots of the supernatant were stored at
-20° C. The optimum dilution of antigen was determined
by chessboard titration with known positive sera ; the
highest concentration that was not anti-complementary
was used. Sera were stored at - 20° C. and inactivated
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for 30 minutes at 56° C. before testing. Complement
(C1) preserved in Richardson's salt solution (Burroughs
Wellcome) was titrated in the presence of antigen. The
haemolytic system consisted of a 2% sheep-cell
suspension sensitized with five minimum haemolytic
doses of haemolytic serum. The test was done in
"

perspex " trays, 3 drops of each reagent being measured
from pipettes cut to deliver 30 drops/ml. Serum and
antigen were incubated for one hour at 37° C. with
two minimum haemolytic doses of C1, the haemolytic
system was added, and incubation was continued for a
further one and a quarter hours. The results were read
visually, taking 50% haemolysis as the end-point. Serum
controls were done routinely and known positive and
negative sera were included in each batch of tests. All
sera were initially screened at dilutions of 1:4, 1:8,
1:16, and 1: 32. Sera giving titres greater than or equal
to 1 :32 were titrated again in doubling dilutions from
1:4 to 1 :512.

C.F. tests were also carried out using hog intrinsic-
factor (Lederle) as antigen component. Serum gamma¬
globulin fractions were made, using the de-ethylamino-
ethyl (D.E.A.E.) column technique, and the purity
of the fractions was verified by cellulose acetate
electrophoresis.
Gastric acid secretion was measured by the augmented

histamine test (Card and Marks, 1960). The level of
vitamin Bl3 in the serum was determined micro-
biologically using Lactobacillus letchmannii as test
organism, cyanide being added to the serum (Girdwood,
(1960); oral absorption of vitamin B12 was measured
by the method of Schilling (1953). Gastric biopsy was
performed using the Crosby capsule (Crosby and Kugler,
1957).

Results of Complement-fixation Tests

The results of the C.F. tests in patients with pernicious
anaemia, spontaneous hypothyroidism, or Hashimoto's
thyroiditis and in hospital control patients are shown
in the Table. The incidence of positive C.F. tests against
gastric extract is significantly raised in all the three
conditions mentioned compared with the controls (75%,
22%, 29%, and 4% respectively). This is so even when
titres greater than or equal to 1:32 are alone considered
(22%, 14%, 8%, and 3% respectively).
Positive C.F. tests with gastric extract occur in both

untreated and treated cases of pernicious anaemia.
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Complement Fixation Tests in Pernicious Anaemia and Thyroid
Disease

Diagnosis
No. of
Cases

Percentage with
Positive C.F. Tests for

Body of
Stomach Thyroid Liver

Pernicious anaemia 4! 75 37 0
Untreated 14 64 17
Treated 27 82 48

Spontaneous hypothyroidism 77 22 64 4
Hashimoto's thyroiditis 44 29 81 4
Hospital control patients .. 100 4 4 0

C.F. antibodies to thyroid occur in 40% of the
pernicious anaemia patients while the results in
spontaneous hypothyroidism, Hashimoto's thyroiditis,
and in the control group conform with those reported
by others (Roitt and Doniach, 1958).
Saline extracts prepared from the gastric body from

six patients gave consistent results with positive and
negative sera, whereas similar extracts from pyloric
antrum, jejunum, and colon were invariably inactive.
Gamma-globulin fractions were prepared from three

positive sera and contained the active principle in both
varieties of the C.F. test. A serum giving a strongly
positive C.F. reaction with gastric extract produced
a negative result in a chessboard titration with serial
dilutions from 1 to 0.001 mg. of hog intrinsic factor
per ml.

Correlation With Gastric Acid Secretion,
Absorption of Vitamin B12, and Gastric Biopsy
Six of 14 patients with untreated spontaneous hypo¬

thyroidism had histamine-fast achlorhydria; five of
these six had a positive C.F. test against gastric extract
in contrast to none of the other eight patients. Of the
12 hypothyroid patients who had Schilling tests only
one (who was also achlorhydric) gave a definitely low
result, and this was associated with a serum vitamin B12
at the lower limit of normal (169 p/ig./ml.) and a C.F.
titre against gastric extract of 1: 32.
Gastric biopsies in four cases of untreated spontaneous

hypothyroidism all showed reduction in the number of
parietal cells and mild to moderate excess of lymphocytes
and plasma cells in the stroma. On electron microscopy
the surviving parietal cells were normal in appearance
with a normal intracellular canalicular system ; the
glandular epithelium was supported on a thin intact
basement membrane. Two of these cases had histamine-
fast achlorhydria and moderate C.F. titres against gastric
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extract (1:64 and 1:32); the other two had
hypochlorhydria and negative C.F. tests for stomach.

Discussion

The above results show that in the sera of some

patients with pernicious anaemia there is a factor,
located in the gamma-globulin fraction, which will fix
complement in the presence of a saline extract from
mucosa of body of stomach but which will not do so
with similar extracts from pyloric antrum, jejunum, and
colon. These properties indicate that this factor is an
antibody. This antibody is also found in a significant
number of patients with spontaneous hypothyroidism
and Hashimoto's thyroiditis, though it has been shown
to be independent of C.F. antibody to thyroid. The
low incidence of positive results to liver excludes the
non-specific autoimmune reaction of Gajdusek (1958).
The achlorhydria and absence of parietal cells in

pernicious anaemia and the reduction in acid secretion
and in the number of parietal cells in spontaneous
hypothyroidism correlates with the specificity of this
gastric antibody for the mucosa of body of stomach.
Although specificity for a particular cell type in the
body of stomach has not yet been demonstrated, the
occurrence of gastric antibodies could conceivably be
the result of, or the cause of damage to, the parietal
cell mass. Whereas Taylor (1959) and Schwartz (1960)
demonstrated that the sera of one-third of patients with
pernicious anaemia will block intrinsic factor, the
technique of C.F. does not show any correlation in
spontaneous hypothyroidism between the presence of
gastric antibodies and malabsorption of oral vitamin B,,.
A negative result was also obtained with hog intrinsic
factor.

The histology of the gastric mucosa in the early stages
of pernicious anaemia is not unlike that of the thyroid
in Hashimoto's thyroiditis in that both show lymphocyte
and plasma-cell infiltration, and in this respect the
round-cell infiltration seen in the gastric mucosa in
spontaneous hypothyroidism is of particular interest.
As in the pathogenesis of thyroiditis (Irvine, 19621, it
may well be that the gastric antibodies described in this
paper are ancillary to cell-bound antibody that may
be carried to the mucosa by the invading lymphocyte.
The overlap of antibodies to gastric mucosa and to

thyroid in patients with pernicious anaemia and in
patients with spontaneous hypothyroidism correlates with
the known clinical association between these two
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conditions and suggests that they may both be based
on disordered immunological homoeostasis. As argued
previously from genetic studies (Irvine et ai, 1961),
it is unlikely that this upset in immunological physiology
is due to a spontaneous somatic mutation, but rather that
it is the result of a more generalized defect in immune
tolerance.

Summary

Complement-fixing antibodies to an extract of mucosa
of body of human stomach were found in 75% of cases
of pernicious anaemia, 22% of cases of spontaneous
hypothyroidism, 29% of cases of Hashimoto's thyroiditis,
and in 4% of hospital control patients.
Complement-fixing antibodies to thyroid were

recorded in 37% of cases of pernicious anaemia
and in 4% of the hospital control patients.
Tests for immunological specificity were made with

an extract of human liver.

In 14 cases of untreated spontaneous hypothyroidism
the results of alimentary-function tests were correlated
with the serological findings.
One of us (W. J. I.) is in receipt of a grant from the
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Antibody specific for the mucosa of the body of human stomach was detected
by the method of complement-fixation in 62 per cent of patients with Addisonian
pernicious anaemia, in 20 per cent of patients with Hashimoto thyroiditis, in
25 per cent of patients with spontaneous hypothyroidism, and in 3 per cent of
blood donors. Using the technique of fluorescence microscopy the specificity
of this gastric antibody has been further defined to a particulate component of
parietal cell cytoplasm. It is an auto-antibody that will react equally well with
homologous gastric mucosa provided the mucosa contains a normal concentra¬
tion of healthy parietal cells. The indirect fluorescent antibody technique is a
more sensitive test for parietal cell antibody than the method of complement-
fixation and the incidence of positive results in Addisonian pernicious anaemia,
Hashimoto thyroiditis, spontaneous hypothyroidism and blood donors is corres¬
pondingly higher at 78, 25, 32 and 4 per cent respectively. Complement-
fixing gastric antibody is distinct from antibody to intrinsic factor but the latter
does not appear to stain any other cell type in the gastric body mucosa with
the fluorescent antibody technique.

The relationship between pernicious anaemia, chronic thyroiditis and idio¬
pathic adrenal insufficiency is discussed and it is argued that one of the basic
factors in the pathogenesis of these three conditions is a genetically determined
defect in immunological tolerance.

Complement-fixing antibodies to a saline extract of the mucosa of the
stomach body were first described by Irvine et al. [1962] in their study of
the immunological relationship between Addisonian pernicious anaemia and
thyroid disease. The relevant gastric antigen could only be extracted from
the body of stomach and not from the pyloric antrum nor from lower levels
in the alimentary tract. The presence of gastric complement-fixing antibody
in the serum of fourteen patients with spontaneous hypothyroidism was
correlated with hypochlorhydria in response to an augmented histamine test.
These two observations led to the conclusion that the occurrence of gastric
antibodies could be either the result or the cause of damage to the parietal
cell mass. The purpose of the present work was to study this gastric antigen-
antibody reaction in greater detail using the fluorescent antibody technique.

Materials and Methods

The sera studied were obtained from sixty-seven patients with proven Addisonian
pernicious ansemia, 189 patients with either Hashimoto thyroiditis or spontaneous
hypothyroidism and from 195 blood donors. While many of the patients with
Addisonian pernicious anasmia or thyroid disease were newly diagnosed, others had
received treatment for varying periods with parenteral cyanocobalamin or thyroxine.

Both the direct and the indirect fluorescent antibody techniques of Coons and
Kaplan [1950] have been employed. For the indirect method anti-human globulin
conjugated with fluorescein (Progressive Laboratories, Baltimore) was used and
for the direct method fluorescein isothiocyanate was conjugated to control and test

427



Ill : 9

428 Irvine

sera by the method of Marshall et al. [1958], the free dye being removed by passage
through a sephadex G75 column.

Gastric body mucosa was obtained from patients undergoing partial gastrectomy
for duodenal ulcer and by gastric biopsy in patients with Hashimoto thyroiditis,
spontaneous hypothyroidism and patients suffering from a variety of other conditions
and who had complement-fixing antibody in their serum [Irvine et al., 1963].
The gastric biopsies were obtained by means of a Crosby capsule [Crosby and Kugler,
1957], In total this amounted to samples of gastric body mucosa from forty-two
subjects. Buccal mucosa and mucosa from the pyloric antrum, duodenum, jejunum,
ileum and colon were also studied. Human thyroid, adrenal and liver were included
as further tests of specificity. Gastric mucosa from a 24-week old human foetus was
obtained at therapeutic abortion. In each case the tissue was immediately frozen
to -70° C. in a solid C02-acetone mixture and stored for up to 3 months at -20° C.
Unfixed sections of approximately 4 ju thickness were cut on a cryostat at -25° C.,
mounted on slides and air-dried. The sera were applied with a platinum loop to
the sections which were then incubated at room temperature for 20 min. in Petri
dishes, kept humid by moist filter paper. The sections were then washed in phosphate
buffer (pH=7-0; 0-15 M) for 20 min. For the indirect technique the fluorescein
conjugated anti-human globulin was applied for a further 20 min. and the sections
washed in two changes of buffer with gentle agitation for 20 min. Some of the
sections were counterstained with papain conjugated with rhodamine B200 [Alexander
and Potter, 1963],

Serial sections of mucosa from the body of human stomach were cut in order to
identify cells stained by the fluorescent antibody technique. The first section was
stained by the fluorescent antibody method (direct or indirect) using a serum that
contained antibody for gastric mucosa. The second section was stained by con¬
ventional histological techniques using a modification of the method of Zimmerman
[1925], and the third section was treated by the fluorescent antibody method using a
control negative serum. The modified Zimmerman method is as follows:

1. The air-dried sections attached to slides are passed through ascending grades
of alcohol to xylol, left in xylol for 3 min. and then brought down
descending grades of alcohol to water. This preliminary procedure greatly
improves the subsequent staining.

2. 0-5 per cent periodic acid for 5 min.
3. Wash in running tap water for 2 min.
4. Stain in Schiff's leucofuchsin for 15 min.
5 .Wash for 10 min. in running tap water.
6. Stain in Mayer's haemalum for 10 min.
7. Blue in tap water.
8. Stain for 10 min. in 0-5 per cent aurantia in 70 per cent alcohol.
9. Rinse rapidly in tap water.
10. Differentiate in 5 per cent phosphotungstic acid.
11. Wash well in tap water.
12. Stain in aniline blue for 5 min.
13. Wash and blot lightly.
14. Dehydrate in terpineol for 2 min.
15. Pass through xylol and mount in D.P.X.

The parietal cells and erythrocytes are stained a bright yellow, the peptic cells a
dark purple, the mucous cells red and connective tissue a light blue.

Absorption tests were carried out using saline extracts of mucosa of the body of
human stomach and of human thyrotoxic tissue. In each case the specific anti¬
genicity of the tissues was verified by the fluorescent antibody technique. The
amount of complement-fixing antigen in each extract was estimated by a chessboard
titration using doubling dilutions of the tissue extract and of known positive sera.
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The two tissue extracts were then matched by adjusting their initial concentrations
so that on serial dilution they both lost their ability to fix complement in the presence
of their respective antibodies at the same titre (1 : 32). Using gastric and thyroid
extracts, absorption tests were done in perspex trays according to the method of
Dean andWebb [ 1926]. The serum used for the absorption gave a positive fluorescent
antibody test with a section of human gastric body mucosa and had a gastric
complement-fixation titre of 1 : 64. Incubation was continued for 4 hr. at 37° C.
and, after being kept at 4° C. overnight, the fluorescent antibody test was repeated
with an aliquot sample from each cup of the perspex tray to detect whether or not
any unabsorbed gastric antibody still remained.

Inhibition tests were performed using sera of known complement-fixation titre
of gastric and thyroid antibodies. Each serum was incubated with a frozen section
from the body of human stomach for 4 hr. at 37° C., washed and then treated with a
serum containing a high titre of gastric antibody, directly conjugated with fluorescein
isothiocyanate.

The details of the method for detecting complement-fixing antibodies in the
serum for gastric and for thyroid tissue have been described previously [Irvine et al.,
1962], Doubling dilutions of serum were used and in general the complement-
fixation titres were reproducible to plus or minus one dilution. Circulating antibody
to intrinsic factor was detected by the method of Jeffries et al. [1962] using starch
gel electrophoresis and intrinsic factor-58CoB12 complex.

Subcellular fractions of human gastric mucosa were prepared by differential
centrifugation as previously described for thyroid tissue [Irvine, 1962] and the various
fractions were tested by the method of complement-fixation for their relative content
of gastric antigen.

The augmented histamine test [Card and Marks, 1960] was used to measure the
patient's gastric acid secretion.

Results

Specific Staining of Parietal Cells.—Positive fluorescent staining of
selected cells within the mucosa of the body of human stomach was obtained
with the sera of 78 per cent of the sixty-seven patients with Addisonian
pernicious anaemia, 30 per cent of the 189 cases of chronic thyroiditis (Hash¬
imoto thyroiditis or spontaneous hypothyroidism) and 4 per cent of the
control subjects using the indirect Coons technique. The distribution
of the staining in a vertical section through the mucosa is illustrated in fig. 1.
The intensity of staining shown in fig. 1 was frequently observed with the
sera of patients with pernicious anaemia or chronic thyroiditis and is graded
as + + (see Table II). Definite but less marked specific staining was given
the subjective grading of +. In the absence of counterstaining with papain-
rhodamine there was an even but slight background staining with the
fluorescein conjugate. There was seldom any difficulty in classifying a
result as negative, +or+ +, but in any instance where doubt existed the
result was classified as being negative. The results were highly reproducible
on repeated testing. Provided the gastric section did not show chronic
gastritis and had a normal content of parietal cells no significant difference
could be detected when the same serum was tested against sections obtained
from the gastric mucosa of many different individuals.

The distribution of the specific staining in fig. 1 is similar to that of
parietal cells with maximum intensity at a level just below the mucous neck
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cells. Deeper in the mucosa both the distribution of parietal cells and of
specific staining becomes more sparse. The morphology of the specifically
stained cells corresponds to that of parietal cells and it is only the cytoplasm
of the cell that is stained and not the nucleus. Fig. 2 demonstrates that
the gastric antigen is present in selected cells of the stomach of a human
foetus at 24 weeks.

Figs. 3 and 4 are serial sections of gastric body mucosa obtained by
biopsy from a 52-year-old woman who had a high titre of gastric complement-
fixing antibody in her serum (1 : 256), a family history of pernicious ansemia
and thyroid disease, and a gastric acid secretion of 3-6 m.Eq. HC1. in the post-
histamine hour. The light microscopy of the gastric biopsy was normal.
Fig. 3, which is a reversed photomicrograph, shows that the antibody detected
by the technique of fluorescent staining is a true auto-antibody since the
pattern of fluorescent staining is similar in sections of the subject's own
gastric tissue and in sections of homologous gastric mucosa. Fig. 3 also
illustrates that this antigen-antibody reaction can be demonstrated by the
direct as well as by the indirect Coons technique. Fig. 4 was prepared by
staining the unfixed section by the modified Zimmerman method. By insert¬
ing a dark blue filter the parietal cells and blood vessels appeared black
compared with the lighter texture of other types of cell present. The fields in
figs. 3 and 4 are matched, as can be seen by the presence of the blood vessel
(BV), the morphology of the crypts of the mucus neck cells (MN) and the
general pattern of the gastric glands. Within the limits of a serial section the
fluorescent stained cells in the gastric glands of fig. 3 can be matched in¬
dividually with the dark parietal cells in fig. 4. One example is indicated by
the arrow in the figures but many other examples of cell for cell identification
can be made on inspection.
It has been possible to repeat this experiment in the auto-immune system

on three other occasions using patients who still had parietal cells in their
gastric biopsy specimen and whose sera gave positive tests for gastric antibody
with homologous tissue. Thegastric complement-fixation titre and the gastric
secretion of free HC1 in the post-histamine hour in each of these three cases
was 1:8 and 15 m.Eq. in a patient with idiopathic adrenal insufficiency
1:16 and 12 m.Eq. in a patient with a family history of Addisonian pernicious
ansemia and 1:64 and 6 m.Eq. in a patient who complained of indigestion.
On each occasion the results with the fluorescent antibody using autologous
or homologous gastric mucosa were identical.

Sera that gave strong staining of the mucosa of gastric body by the
indirect fluorescent antibody technique gave negative results with cryostat
sections of human buccal mucosa, mucosa from the pyloric antrum and from
lower levels of the alimentary tract. Thyroid cytoplasmic staining, was,
however, not uncommonly observed and a number of patients with idiopathic
adrenal insufficiency whose sera reacted with gastric mucosa also reacted with
cryostat sections of adrenal and of thyroid, but not of other tissues. The
findings in adrenal insufficiency are presented elsewhere [Irvine, 1963,
a and c].



Fig. 1.—Unfixed frozen section of the mucosa of the body of adult
human stomach stained by the indirect fluorescent antibody method
using a serum from a patient with untreated pernicious ansemia.
The specific staining is in the distribution of the parietal cells.
Only the cytoplasm s stained and not the nuclei. Ultra-violet,

x 95.

Fig. 2.—Unfixed frozen section of the mucosa of the body of human
foetal stomach at 24 weeks gestation stained by the same technique
and using the same serum as in fig. 1. Specific staining is seen in
the cytoplasm of selected cells in the developing gastric tubules.

Ultra violet, x 125.
[To face page 432
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Fig. 3.—"Unfixed frozen section of a gastric biopsy from a patient who
had a high titre of gastric antibody in her serum. The section has
been stained with the patient's own serum directly conjugated with
fluorescein isothiocyanate. Specific staining is restricted to the
cytoplasm of selected cells of the gastric tubules, demonstrating the
autoimmune nature of this antigen-antibody reaction. Ultra-violet,

x 175.

Fig. 4.—Adjacent frozen section to fig. 3 stained by the modified
Zimmerman method for parietal cells. MN =mucous neck cells;
BV = blood vessel. As indicated by the arrows, cells stained by the
direct fluorescent antibody method in fig. 3 can be identified as parietal

cells in this figure. Ultra-violet, x 175.
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The results of the absorption tests using a saline extract of mucosa of the
body of human stomach and a similar extract of thyroid from a thyrotoxic
patient are shown in Table I. While the extract of gastric mucosa is capable
of absorbing gastric antibody as determined by the indirect Coons technique,
the thyroid extract did not influence the presence of antibody to parietal
cells. Using the direct Coons technique with parietal cell antibody directly
conjugated with the fluorescent dye, specific staining of parietal cell cytoplasm
could be inhibited by previously treating the section of gastric mucosa with
a serum that was known to react strongly with parietal cell cytoplasm and to
have a high titre of gastric complement-fixing antibody (1 : 256), but was

Table I.—Selective Absorption of Gastric Antibody by Tissue Extracts

Dilutions of tissue extract

Gastric extract Thyroid extract
Dilutions , * , , * ^ Saline
of serum 1 : 1 1 : 2 1 : 4 1 : 8 1 : 16 1 : 32 1 : 1 1 2 1 : 4 1 8 1 : 16 1 : 32 control

1 1 + + + + + + + + + + + + + + + + + + + + + + + + +
1 2 + + + + + + + + + + + + + + + + + + + + + + +
1 4 - + + + + + + + + + + + + + + + + + + + + +
1 8 - - - + + + + + + + + + + + + + + + + + +
1 16 - - - - - + + + + + + + +
1 32 - _ _ _ - + - + + + + + +
Saline - _ - - - - - - - - - - -

+ + = strong "1
+ =moderate >Fluorescent staining of parietal cells in gastric sections
- = negative J

not inhibited by a serum capable of staining thyroid epithelial cytoplasm and
possessing a high complement-fixing titre of thyroid antibody (1 : 512).
Differential centrifugation studies with human gastric mucosa showed that
most of the gastric antigen detectable by the method of complement-fixation
is in the particulate fraction, but a clear separation between mitochondria
and microsomes was not achieved.

Correlation with Other Serological Tests.—Table II shows that there is
good correlation between the titre of complement-fixing gastric antibody
and the results obtained with the indirect Coons technique for parietal cell
antibody in the total of 451 patients or subjects studied. The lack of
correlation between the titre of thyroid complement-fixing antibody and
the results of the indirect Coons technique for parietal cell antibody using
the same sera confirms the findings with the inhibition and absorption tests
referred to above and emphasizes the respective specificities of the parietal
cell and thyroid antibodies. Positive complement-fixation tests with liver
extract are uncommon in pernicious anaemia and thyroid disease and there
is no correlation between the titre of antibody to thyroglobulin and the
presence of gastric antibody. It is reasonable to assume that the fluorescent
antibody technique detects the same antibody as the gastric complement-
fixation test, but is more sensitive.

Fig. 5 shows the distinction between gastric complement-fixing antibody
and circulating antibody to intrinsic factor. In the presence of antibody to
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Table II.—The Serological Results in the 451 Subjects Studied

Indirect fluorescent antibody technique using gastric body mucosa

Pernicious
anaemia

Hashimoto

thyroiditis
Spontaneous

hypothyroidism

Thyroid

Liver

> 1,024
512
256
128
64
32
16
8
4

Neg.

Tanned Cell Titre

> 1,024 . .

512 2
256 1 . . 1 . . 1
128 2 1 . . 3
64 3 1 2 3 5
32 .. 1 8 3 3 3
16 . . 10 1 3 2
8 4 3 1 2 3
4 4 1 1 3 . .

Neg. 15 13 2 48 3 85 7 2

15 22 30
2

46 10
3

82 22 18

Blood
donors

Neg. + + + Neg. + + + Neg. + + + Neg.
Complement-fixation titre
Gastric

187

1,024 1 6 2 . . 1
512 5 1 2 . .

256 1 6 3 5 2 1
128 1 10 1 1 10 3 2
64 1 1 4 1 5 4 3
32 1 1 1 4 8 2 1 1
16 1 4 5 1 9 1 1
8 1 2 2 7 2 1 1
4 1 2 3

Neg. 13 18 20 6 1 4 37 7 9 182

187

Thyroglobulin
> 2,500,000 1 2 1 1

250,000 4 1 2
25,000 10 2 1 9 1 1
2,500 2 3 9 1 1 11 1 1
250 2 4 5 2 16 4 4 3
25 2 1 6 2 15 6 5 8
5 1 1 2 3 7 2 2

Neg. 12 17 20 10 2 2 24 7 7 174

+ +
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intrinsic factor the electrophoretic migration of intrinsic factor =S8CoB 12
complex is blocked so that the radioactive marker remains at the origin.
The three sera shown in fig. 5 were tested for parietal cell antibody by the
indirect Coons technique; the normal serum gave a negative result and the
other two sera both gave strong staining of parietal cells only. There was

Normal Serum

(Gastric C.F.T.= neq,j

Fig. 5.—The electrophoretic migration of
intrinsic factor-6SCoB12 complex after incuba¬
tion with normal serum and with serum from

patients with pernicious ansemia.

no detectable difference in the pattern of staining with the sera from the
two patients with pernicious anaemia.

Occasional anti-nuclear staining was observed with the sera tested using
the indirect fluorescent antibody technique, but a detailed study of anti-
nuclear factors is not included in the present work.

Discussion

The findings presented in this paper extend the initial observations
made by Irvine et al. [1962] and fulfil the prophecy that the gastric antibody
detected by complement-fixation is specific for the cytoplasm of parietal
cells. It has also been confirmed that complement-fixing antibody is distinct
from antibody to intrinsic factor, but in accordance with the findings of
Taylor et al. [1962] antibody to intrinsic factor does not appear to stain any
other cell type in the mucosa of the body of human stomach. The indirect
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fluorescent antibody technique is a more sensitive test than the method of
complement-fixation, but the latter is more convenient for the determination
of antibody titre.

The demonstration that gastric antibody reacts with the subject's own
cells is an important point in any discussion of auto-immune phenomena.
Not only does the study of the auto-immune system dispel doubt about
possible artefacts that may arise from the presence of blood group antigens
in or on the secretory cells of the alimentary tract, but it establishes that
immunological factors may act on the subject's own tissues and not simply
on tissues that are homologous and which must differ in at least some of
their antigenic constituents. To exclude interference from blood group
antigens it is not sufficient to use group 0 stomach as substrate and to absorb
sera "with appropriate red cells" [Taylor et al., 1962] as there are many more
blood groups than simply the ABO groups. However, the constancy of the
pattern and intensity of the fluorescent staining when many gastric substrates
with different blood groups are used against the same sera shows that blood
group substances play no significant part in this reaction. It is likely,
however, that blood group substances may give faint fluorescent staining in
homologous systems and that in the study of parietal cell antibody weak
fluorescent reactions should be ignored. The study of the auto-immune
system has been repeated sufficiently often in different patients and compared
with the fluorescent staining of homologous gastric body mucosa for it to be
confidently stated that gastric auto-antibody will react equally well with
homologous or autologous body mucosa provided the mucosa contains a
sufficient concentration of healthy parietal cells.

In fluorescent antibody work the careful criteria of Coons and Kaplan
[1950] should be followed. In addition to the demonstration of staining
of a particular cell type in one specific tissue by the indirect method, the
immunological reaction should also be demonstrable when the antibody is
directly conjugated with the fluorochrome. Furthermore, the antibody
should be capable of specific absorption by the antigen and of specific inhibi¬
tion with unconjugated homologous antiserum. These criteria have now
been satisfied. With appropriate controls the technique of complement-
fixation and the fluorescent antibody method are valid means of detecting
true auto-antibody to parietal ceils. The auto-antibody is a gamma globulin
[Irvine et al., 1962] of the 7s variety [Taylor et al., 1962] and reacts with a
particulate component of the parietal cell cytoplasm. Although both gastric
and thyroid epithelium share the property of concentrating iodide and have
a common embryological origin, the lack of correlation in the incidence of
gastric and thyroid complement-fixing antibodies and the selective absorption
of each antibody by the corresponding tissue indicates that the two systems
are immunologically distinct. Further definition of parietal cell antigen has
not yet been achieved.

The demonstration of auto-antibodies in the patient's serum is not
sufficient evidence to establish auto-immunity as an important factor in the
pathogenesis of the illness. One should also be able to demonstrate the
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production of antibodies against the same antigen in the experimental
animal and the appearance of pathological changes in the corresponding
tissue of an actively sensitized animal that are similar or identical to those
in the human disease. Hennes et al. [1962] have reported the production
of transient gastric atrophy in dogs by intradermal injections of autologous,
homologous and human gastric juice in Freund's adjuvant but the significance
of the serological findings in the experimental animals is somewhat equivocal.

Addisonian pernicious anaemia, chronic thyroiditis and idiopathic adrenal
insufficiency are related disorders in that they are clinically associated one
with the other, they each have a high incidence of circulating antibodies
specific for the tissue primarily involved and there is an overlap in the in¬
cidence of these specific antibodies between the three conditions [Irvine,
1963 a]. Discussion on the pathogenesis of one of these three diseases is
therefore likely to be applicable to the other two, the basic question being: is
the damage to the specific tissue produced directly by an immunological
reaction or is the damage brought about by some other agent with the sub¬
sequent formation of antibody? In adrenal insufficiency antibodies to
adrenal tissue have been found in eight out of fifteen cases of idiopathic origin
and in none out of seven patients of tuberculous origin [Irvine, 1963 c]. This
difference is the more relevant when it is remembered that tubercle bacilli
are a potent adjuvant in the production of tissue antibodies. In thyroid
disease the problem has been studied by observing the change in antibody
titres following damage to the hyperplastic human thyroid using single or
repeated therapeutic doses of 131I. A wide range of sensitivity of the
antibody-forming system was found in different patients, some patients not
responding in a detectable manner even after repeated thyroid injury at
intervals of 2-4 months while others showed a marked but transient rise in

thyroid antibody titres [Irvine, 1963 b]. The serum level of thyroid antibody
seems more dependent on the homeostatic control of the antibody-forming
system rather than on the continuous supply of large amounts of antigen
by a process of continual tissue destruction. This would be in keeping
with the observation that the serum titres of thyroid and gastric antibodies
are extremely stable in spite of the fact that few of the specific anti¬
genic cells remain in spontaneous hypothyroidism or in Addisonian pernicious
anaemia.

Any hypothesis explaining the occurrence of auto-immunity in pernicious
anaemia must also take into account the presence of gastric antigen in the
human foetus at a time when immunological tolerance is developing and
also that the stomach of the adult may be exposed to many traumatic
irritants. In the presence of normal immunological tolerance there may be
no detectable antibody response to non-specific damage to the gastric mucosa,
but if the mechanism of immunological tolerance were defective or hyper¬
sensitive then an immunological reaction might be initiated and might be
maintained by further trivial injury or even in the absence of it. It is
conceivable that the normal wear and tear of tissues may provide sufficient
antigenic stimulus to a hypersensitive antibody-forming system. This
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concept is further discussed in relation to chronic thyroiditis [Irvine and
Muir, 1963; Irvine, 1963 a and 6] in which there is evidence that at least
one of the "antigens", thyroglobulin, occurs physiologically in the blood
stream [Hjort and Pederson, 1962], In contrast to the collagen diseases,
such as systemic lupus erythematosus, in which the hypersensitivity of
the immunologically competent cells is predominantly towards cellular
components shared by all tissues, the disorder of immunological tolerance
in pernicious anaemia, chronic thyroiditis and idiopathic adrenal insufficiency
is specific for a multiplicity of individual components of separate tissues.

Genetic studies provide further evidence that immunological factors may
be important in the pathogenesis of pernicious anaemia and its related
disorders. The tendency to form antibodies against one's own perietal cells
is probably inherited as a dominant trait with incomplete penetrance [Irvine
et al., 1963]. A similar situation exists in thyroid auto-immunity [Hall et al.,
1962]. If auto-antibodies to gastric mucosa or to thyroid epithelium simply
arose as a result of trauma, then it would be very difficult to understand why
there should be this genetic trait. Furthermore, gastric auto-antibodies
may occur in the presence of a normal gastric biopsy and normal secretion
of gastric acid. Whatever else may be involved in the pathogenesis of
pernicious ansemia and chronic thyroiditis one factor would appear to be a
genetically determined defect in immunological tolerance.

The presence of circulating auto-antibody should be regarded simply as
an indicator of immunological activity. Classical antibody may be produced
locally by plasma cells which may come into intimate contact with the target
tissue: thus the antibody may be effective without there being sufficient
overspill into the circulation to allow its detection in serum. More¬
over, there is a second, though possibly related, immunological effector
mechanism involving antibody that is cell-bound and which may be carried
to the target tissue by lymphocytes in the absence of any abnormal gamma
globulin in the serum. It is therefore not necessary for the concept of auto¬
immunity as a primary factor in pathogenesis that the sera of all patients with
the disease should contain classical antibody. Indeed, pernicious ansemia
has been described in association with hypogammaglobulinansemia [Larsson
et al, 1961], although it is not known whether the electrophoretic pattern was
abnormal at the time of onset of the pernicious ansemia.

The gastric mucosa in Addisonian pernicious ansemia, the thyroid gland
in chronic thyroiditis and the adrenal gland in idiopathic adrenal insufficiency
are each heavily infiltrated with lymphocytes and other types of round
cell. Williams and Doniach [1962] have emphasized the relation between
these three conditions in their study of focal thyroiditis in patients with
pernicious ansemia coming to post-mortem and in their summary of the
literature on the incidence of focal thyroiditis in idiopathic adrenal in¬
sufficiency. The popular concept of auto-immunity as the consequence of
the release of "hidden" antigen [Doniach and Roitt, 1957; Burnet, 1959;
Hijmans et al., 1961] must be viewed with caution until there is some evidence
to support it. The evidence discussed above is much more in favour of a
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genetic disorder of immunological tolerance. The problem of auto-immunity
then becomes essentially the same as the problem of the homograft reaction
in transplantation immunology. Instead of the body effectively discarding
transplanted foreign tissue from a homologous donor in a matter of days, in
diseases associated with auto-immunity the process is slower and the im¬
munologically competent cells so deranged that they may in due course
discard a multiplicity of individual components of one or more of the body's
own tissues. This would appear to be a simple and satisfactory explanation
of the histology of pernicious anaemia, the finding of specific-type antibodies
in the serum and the clinical, immunological and pathological association
with chronic thyroiditis and to a lesser extent with idiopathic adrenal
insufficiency.
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In a preliminary communication on the immunological relationship
between pernicious anemia and thyroid disease it was reported that the
sera of 75 per cent of 41 patients with Addisonian pernicious anemia
contained complement-fixing antibody specific for gastric body mu¬
cosa and that 37 per cent of these sera contained complement-fixing
antibody specific for thyroid. Conversely, while the sera of 70 per cent
of 121 patients with either Hashimoto thyroiditis or spontaneous hypo¬
thyroidism contained complement fixing antibody to thyroid, 25 per cent
were found to contain complement-fixing antibody specific for gastric
body mucosa.1 These laboratory tests, which have since been con¬

firmed by Taylor et al.2 and by Doniach et al.,3 are in accord with
the known clinical association between pernicious anemia and thyroid
disease.4

In our previous study 6 of 14 patients with untreated spontaneous hy¬
pothyroidism had a histamine-fast achlorhydria with normal serum vita¬
min B12 levels; five of these six had a positive complement fixation test
with gastric extract in contrast to none of the other eight patients. This
observation, together with the fact that the antigen was only to be found
in the gastric body mucosa and not in the pyloric antrum or elsewhere
in the alimentary tract, suggested that gastric complement-fixing anti¬
body might be specific for parietal cells; this specificity has now been
established by the fluorescent antibody technique.2'3 It has also been
demonstrated that the antibody will react with the patient's own parietal
cells and is therefore a true autoantibody.3

The purpose of this paper is to assess the clinical and pathological
significance of gastric parietal cell antibody; that is, what the presence
of the antibody in the patient's serum means in terms of gastric histology
and function.

*Present Address: Ivi.R.C., Clinical Endocrinology Research Unit, 2 Forrest Road,
Edinburgh, Scotland. Medical Research Council grant recipient.

fPresent Address: Department of Pathology, Washington University Medical School,
St. Louis, Missouri.

^Present Address: Department of Pathology, University of Otago, Dunedin, New
Zealand.
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Methods

The details of the complement fixation method used have been de¬
scribed previously.1 Two minimum hemolytic doses of complement (C')
were used in all tests and the same procedure was adopted for the different
antigens; gastric, thyroid and liver. Fifty per cent hemolysis was taken as
the end-point. Mucosa from the body of human stomach was obtained at
partial gastrectomy for duodenal ulcer. Partial thyroidectomy for thyro¬
toxicosis provided human thyroid tissue and human fetal liver was obtained

FIGURE 1. Positive indirect Coons test for gastric parietal cell antibody. An unfixed
section of mucosa from the body of the stomach of patient undergoing partial gas¬
trectomy for duodenal ulcer was incubated with the serum from a patient with
Addisonian pernicious anemia, washed, and then treated with antihuman gamma
globulin conjugated with fluorescein. (Ultraviolet x 50)

at early postmortem. Sera that were anticomplementary are recorded as

giving a negative complement fixation test.
The fluorescent antibody technique of Coons and Kaplan6 was used

for the identification of antibody to parietal cells5 and will be referred to
as the Coons technique. The antigen-antibody reaction is confined to the
cytoplasm of the parietal cell and is illustrated in FIGURE 1. The com¬

plement fixation test and the Coons technique were both used to detect anti¬
body to gastric mucosa, the complement fixation test being more con-
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venient for the determination of antibody titer, the fluorescent method
being more sensitive. The method of tanned-cell hemagglutination (T.C.H.)
and the agar diffusion test (A.D.T.) were employed to detect the presence

of antibody to thyroglobulin.' Antinuclear factors were detected by the
occurrence of nuclear staining in the sections of gastric mucosa which
were used in the study of antibody to parietal cells. Only unequivocal
nuclear staining was recorded as positive and weaker reactions were

ignored. The majority of sera from patients with Addisonian pernicious
anemia, Hashimoto thyroiditis and spontaneous hypothyroidism were also
examined by cellulose acetate paper electrophoresis.

The patient's gastric acid secretion was estimated by the augmented
histamine test of Card and Marks,8 the position of the gastric tube being
confirmed by X-ray screening. In patients who were unwilling to have en

augmented histamine test or in whom this test was impracticable, an esti¬
mation of the gastric acid secretion was made by the tubeless "Diagnex"
method of Stark and Rubenstein9 using caffeine sodium benzoate as the
gastric stimulant.

The level of vitamin Bi2 in the patient's serum was determined micro-
biologically using Lactobacillus Icichmannii as test organism, cyanide
being added to the serum;10 oral absorption of vitamin B12 was measured
by the method of Schilling."

Gastric biopsy was performed using a Crosby capsule12 the position of
the capsule in the body of the stomach being confirmed by X-ray screen¬

ing. In the examination of the biopsy specimen particular attention was paid
to the thickness of the gastric mucosa, the concentration of parietal and
chief cells present and the degree of lymphocytic infiltration. The biopsy
specimens were graded subjectively according to whether the concentra¬
tion of parietal cells was considered to be normal or only slightly reduced
(+ + +), definitely reduced ( + + ), or whether very few or no parietal cells were
to be seen (±). The lymphocytic infiltration was graded from normal (±),
through moderately severe ( + +)to heavy or very heavy ( + + +). The gastric
biopsy specimens were examined without knowledge of the results of the
augmented histamine test. All specimens have been independently examined
by two examiners (W. J. Irvine & A. W. Williams).

Portions of some of the gastric biopsies were taken for fluorescent anti¬
body studies so that the patient's serum could be tested against his own

gastric mucosal cells. Portions of the gastric biopsy tissue were also taken
for examination under the electron microscope. For electron microscopy
the tissue was fixed immediately in 10 per cent glutaraldehyde in Palade-
sucrose buffer pH 7.4 and after one-two hours the tissue was transferred to
one per cent buffered osmium tetroxide for a similar period. The tissue was
then dehydrated in ethanol and embedded in Araldite. Thin sections were
cut on a Porter-Blum microtome equipped with a glass-knife and were
mounted on Athene 200 and 483 grids without a supporting membrane. The
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sections were stained with lead citrate and uranyl acetate successively
and examined on an A.E.I.E.M. six electron microscope. A composite
electron micrograph montage was made as described previously in the
examination of human thyroid tissue13 and numerous other sections were

screened paying particular attention to the morphology of the parietal
and chief cells and the nature of the round-cell infiltration.

Results

The Incidence of Gastric and Thyroid Antibodies
and Antinuclear Factors in Specific Diseases

and in Control Subjects
TABLE 1 compares the incidence of thyroid and gastric antibodies

and of antinuclear factors in the sera of patients with Addisonian pernicious
anemia, with different types of thyroid disease and in control patients and
subjects. The clinical diagnosis of thyrotoxicosis or of hypothyroidism
in patients included in TABLE 1 was always substantiated by radio-iodine
tests and, if necessary, by the estimation of the serum protein-bound
iodine. The sera from patients with thyroid disease were obtained at the
time of diagnosis and prior to treatment. The diagnosis of simple goiter was

accepted for the purpose of this study only if there was subsequent histo¬
logical proof. Histological confirmation was also available in the majority
of patients with Hashimoto thyroiditis. The control subjects were divided
into two groups; one group were subjects attending the Blood Transfusion
Center as potential blood donors and the other group were patients in the
Royal Infirmary or attending the medical out-patient department and who
are not included in any of the disease categories mentioned in this paper.

Sixty-three per cent of the 108 patients with Addisonian pernicious
anemia gave a positive complement-fixation test with gastric body mucosa
and 27 per cent gave a positive complement-fixation test with thyroid.
With the more sensitive indirect Coons technique the sera of 76 per cent of
the patients with Addisonian pernicious anemia gave a positive result for
gastric parietal cell antibody. The increased incidence of thyroid anti¬
bodies in pernicious anemia is confirmed by the tanned-cell hemagglutina¬
tion (T.C.H.) test for antibody to thyroglobulin. Twenty-six per cent of the
patients with pernicious anemia having this antibody in the serum as

opposed to only nine per cent of 1,001 control patients or subjects.
The sera of 30 per cent of the total of 203 patients with chronic

thyroiditis (Hashimoto thyroiditis or spontaneous hypothyroidism without
goiter) gave specific staining of gastric parietal cells with the indirect
Coons technique and 23 per cent gave positive gastric complement-
fixation tests. The incidence of thyroid antibodies in this group of patients
corresponds with that reported by others.14 Gastric parietal cell antibody
was detected by the indirect Coons technique in 24 per cent and by the
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complement fixation method in 17 per cent of 302 consecutive thyrotoxic
patients in contrast to the corresponding figures for the 64 patients with
simple goiter (three per cent and three per cent, respectively) who show an
incidence of this antibody similar to that observed in the 629 blood donors
(five per cent and three per cent, respectively). Although the incidence of
thyroid antibodies is very similar in the two control groups, gastric parietal

TABLE 1

THE INCIDENCE OF GASTRIC AND THYROID ANTIBODIES
AND ANTINUCLEAR FACTORS IN ADDISONIAN PERNICIOUS ANEMIA,

IN THYROID DISEASE AND IN CONTROL SUBJECTS

Per cent with positive tests
No.
of

I.C. for

gastric
parietal
cells

C.F. (> 1:4) for
T.C.H.

(>1:5)cases Body of
stomach Thyroid Liver

A.N.F.

Pernicious anemia 108 76 63 27 - 26 4

Hashimoto

thyroiditis 64 25 20 83 3 78 4

Spontaneous
hypothyroidism 139 33 25 58 3 70 3

Thyrotoxicosis 302 24 17 34 1 32 2

Simple goiter 64 3 3 5 - 12 -

Hospital controls 372 8 6 3 1 9 2

Blood donors 629 5 3 4 1 9 1

I.C. = indirect Coons fluorescent antibody method.
C.F. = complement fixation using 2.0 M.H.D. of complement, reading at

50% hemolysis.

T.C.H. = tanned-cell hemagglutination test for antibody to thyroglobulin.

A.N.F. = anti-nuclear factor/s.

cell antibody was found more frequently in the hospital control patients than
in the blood donors.

Complement-fixation tests with liver antigen were included as a test for
tissue specificity. Sera that reacted with extract of liver also reacted with
extracts of thyroid and stomach and must therefore be discounted in the
assessment of tissue-specific complement-fixation tests.

Whereas none of the sera of the 64 simple goiter patients and less than
one per cent of the 629 blood donors showed strongly positive nuclear
staining by the fluorescent antibody technique, unequivocal nuclear
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FIGURE 2. Gastric parietal cell staining and nuclear staining given by a serum
from a patient with thyrotoxicosis using the indirect Coons fluorescent antibody
technique. This section of gastric mucosa was obtained from the same patient as in
FIGURE 1. (Ultraviolet x 160)

staining was observed with the sera from four per cent of patients with
Addisonian pernicious anemia, with three per cent of the sera from the
chronic thyroiditis patients and with two per cent of the sera from
patients with thyrotoxicosis or from patients in the hospital control group.
The occurrence of both nuclear and parietal cell staining with the same
serum was uncommon and is illustrated in FIGURE 2.

FIGURE 3 shows the distribution by age and sex of the 629 subjects
attending as potential blood donors and of the patients with Addisonian per¬
nicious anemia, with chronic thyroiditis and with untreated thyrotoxicosis
and indicates those who were found to have gastric parietal cell antibody in
the serum. In the blood donor control subjects the incidence of gastric
antibodies is higher in women than in men and in the women increases with
age. Some of these control subjects were temporarily rejected as blood
donors because of anemia (women with Hb. of less than 12.4 gm. per cent
and men with Hb. of less than 13.9 gm. per cent), but at the present time
they provide the most readily available random standard against which to
compare the incidence of gastric antibodies in any particular disease. In
Addisonian pernicious anemia gastric parietal cell antibody occurs equal¬
ly commonly in either sex and in all age groups although no patients with
the juvenile form of the disease were included in this study. The histogram
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for chronic thyroiditis reflects the age and sex incidence of this condition
and shows that gastric parietal cell antibody occurs in the sera of approxi¬
mately one-third of the female patients in each decade between 30 and 80
years. Gastric antibodies were not observed in the three patients with
juvenile myxedema. In thyrotoxicosis the incidence of gastric parietal
cell antibody is only slightly less than that observed in Hashimoto thyroiditis
or spontaneous hypothyroidism and follows a similar pattern with respect to
age in female patients between the ages of 30 and 80 years. There are in¬
sufficient male patients to allow any deduction on the importance of sex
in the incidence of gastric parietal cell antibody in thyroid disease, but the
incidence of 20 per cent in 45 male patients with thyrotoxicosis is com¬

parable to the frequency observed in female thyrotoxic patients.
FIGURE 4 shows that there is no obvious difference in either the in¬

cidence or the titer of gastric parietal cell antibody in patients tested either
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FIGURE 3. The incidence of gastric parietal-cell antibody in the sera of blood

donors and of patients with Addisonian pernicious anemia, with chronic thyroiditis
and with thyrotoxicosis according to age and sex.
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FIGURE 4. The incidence and titer of gastric parietal-cell antibody in the sera of
the 108 patients with Addisonian pernicious anemia according to the time since
diagnosis.

at the time of diagnosis or after many years of treatment with parenteral
vitamin Bi2 or with liver extract. Although the findings would be com¬

patible with a gradual reduction in antibody titer over a period of many
years, the titers of gastric and thyroid antibodies have been found to be
remarkably constant in individual patients with Addisonian pernicious
anemia who have been studied serologically at the time of diagnosis and for
up to five years thereafter.

TABLE 2 shows the complement fixation titers of gastric parietal cell
antibody in the sera of patients included in TABLE 1. None of the sera
from the patients with Addisonian pernicious anemia exceeded a titer of
1:128 but, while the majority of titers in the other groups of patients also
fell within this limit, substantially higher titers were recorded in some

patients with spontaneous hypothyroidism, in some hospital control patients
and in a few blood donors. While a raised gamma-globulin is a common
occurrence in Hashimoto thyroiditis and in spontaneous hypothyroidism,
it was only rarely observed in Addisonian pernicious anemia. This finding is
in keeping with the relatively low range of titers for gastric parietal cell
antibody in Addisonian pernicious anemia. TABLE 2 also includes 25
additional subjects who were rejected as blood donors on account of
anemia. The finding of gastric parietal cell antibody in six out of these 25
subjects indicates that the incidence of this antibody in subjects without
any clinical abnormality is probably significantly less than indicated in
FIGURE 3.

The results of immunological studies in other clinical conditions that
primarily affect the alimentary tract or that are known to be associated
with atrophic gastritis are summarized in TABLE 3. Antibody to parietal
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cells was detected in one out of 24 patients with aphthous stomatitis, in
eight out of 47 patients with iron deficiency anemia, in two out of 28 patients
with malabsorptive disease and in five out of 30 patients with ulcerative
colitis. One of the five ulcerative colitis patients with gastric antibody
in the serum (gastric C. F. = 1:32; gastric I. C. = + +) was also suffering
from hepatic cirrhosis but gastric parietal cell antibody was not detected
in two other ulcerative colitis patients with associated hepatitis nor in
three who had goiter or were being treated for hypothyroidism. The one

patient with duodenal ulcer who had gastric antibody in the serum was a
female aged 37 years who was also suffering from thyrotoxicosis and she will be
referred to again later under the heading of thyrotoxicosis. Only one of 34

TABLE 2

GASTRIC COMPLEMENT FIXATION (C.F.) TITERS IN THE SERA OF SUBJECTS
WITH POSITIVE INDIRECT COONS (I.C.) TEST
FOR GASTRIC PARIETAL CELL ANTIBODY

Addisonian pernicious anemia Hashimoto thyroiditis Spontaneous hypo¬ thyroidism Thyrotoxicosis (consecutive, untreated)
' Hospital controls Blooddonors (including rejects) Blooddonors rejecteddueto anemia

No. of subjects with
positive I.C. test
for gastric parietal
antibody

512

256

£ « 128
So c,•*-* <u D4

^
39

O 10
o X 16
•e 5
In 8
rt a
O- 4

neg.

82

1

3

17

22

13

12

14

16

1

1

3

3

1

3

1

3

46

2

3

4

8

6

6

3

3

11

66

1

3

4

7

12

12

13

14

28

3

2

2

2

4

4

3

2

6

30

2

2

2

6

2

4

3

4

5

6

1

1

1

3

No. of subjects with
negative I.C. and
negative C.F. tests
for gastric parietal
cell antibody

26 48 93 236 344 599 19

Total subjects 108 64 139 302 372 629 25
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TABLE 3
THE INCIDENCE OF GASTRIC AND THYROID ANTIBODIES AND ANTINUCLEAR

FACTORS IN OTHER TYPES OF ALIMENTARY DISEASE

No.
No. with positive tests

Diagnosis of I.C. for

gastric
parietal
cells

C.F. (>1:4) for
T.C.H.
(>1:5)Body of

stomach Thyroid Liver
A.N.F.

Aphthous
stomatitis 24 1 1 1 1 .

Iron deficiency
anemia 47 8 8 5 _ 4 _

Gastric ulcer 20 - - - - 1 -

Carcinoma stomach 9 - - - - - -

Partial

gastrectomy 34 1 1 3 _ 4 1

Gastroenterostomy 12 - - - - - -

Polycythemia (pri¬
mary or secondary 17 - - - - - -

Duodenal ulcer 35 1* 1* 1* - 1 -

Malabsorptive
disease 28 2 3 2 2 5 _

Crohn's disease 14 - - - - - -

Ulcerative colitis 30 5 6 4 2 3 -

Abbreviations as in TABLE 1.
* This patient also had thyrotoxicosis

partial gastrectomy patients had gastric parietal cell antibody in the
serum. She had undergone a partial gastrectomy three years previously for
duodenal ulcer and had subsequently become iron deficient. It may be
relevant that she had a family history of diabetes mellitus. Gastric antibody
was not detected in eight patients who had previously had a partial gastrec¬
tomy and whose bone marrow had become megaloblastic nor was it found
in 12 patients who had undergone gastroenterostomy for duodenal ulcer. As
yet we have not found gastric antibodies in patients with gastric ulcer,
carcinoma of the stomach, primary polycythaemia, or Crohn's disease.

The results of serological studies in other clinical conditions that are

associated with auto- or isoantibodies or which may have some clinical
association with Addisonian pernicious anemia are summarized in TABLE
4. Organ-specific complement-fixing antibodies are a common occurrence in
idiopathic adrenal insufficiency and, in particular, gastric parietal cell
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antibody was found in the sera of eight out of 21 patients suffering from this
condition. Gastric antibodies were not found in any of the eight patients with
tuberculous destruction of the adrenal gland and the one patient in this group
with antibody to thyroglobulin had a family history of thyroid disease. The
correlation between gastric acid secretion, gastric histology and the titer
of gastric antibody in patients with adrenal insufficiency is discussed
elsewhere.15,16

TABLE 4

THE INCIDENCE OF GASTRIC AND THYROID ANTIBODIES AND ANTINUCLEAR
FACTORS IN CONDITIONS ASSOCIATED WITH ADDISONIAN PERNICIOUS

ANEMIA OR WITH IMMUNOPATHY

No. with positive tests
No.
of

I.C. for

gastric
parietal
cells

C.F. (> 1:4) for
T.C.H.
(>1:5)

cases Body of
stomach Thyroid Liver

A.N.F.

Adrenal insufficiency
Idiopathic
Tuberculous

21
8

8 8 6 - 11
1

-

Diabetes mellitus

(without overt per¬
nicious anemia or

thyroid disease) 174 21 17 16 15 4

Myasthenia gravis
(including 1 case
with pernicious
anemia, 3 with
treated thyrotoxi¬
cosis, 1 with
Hashimoto thyroid¬
itis and 1 with
rheumatoid

arthritis) 35 3 3 4 8 1

Rheumatoid arthritis 64 3 2 1 - 5 6

Lupus erythematosus 10 - 2 2 2 3 10

Hepatic cirrhosis or

lupoid hepatitis 20 9 7 3 3 2 5

Interstitial pulmon¬
ary fibrosis 14 4 4 2 - 2 2

Biological false
positive 60 3 7 6 4 8 8

Abbreviations as in TABLE 1.



Ill : 34

668 Annals New York Academy of Sciences

o 20 -

20 40 60 so 20 40 60 so

MALE FEMALE

AGE IN YEARS

POSITIVE INDIRECT COONS TEST
FOR PARIETAL CELL ANTIBODY.

NEGATIVE INDIRECT COONS TEST
FOR PARIETAL CELL ANTIBODY.

FIGURE 5. The incidence of gastric parietal-cell antibody in the sera of 174
patients with diabetes mellitus without overt pernicious anemia or thyroid disease.

The incidence of gastric antibodies in the sera of patients with diabetes
mellitus but without overt pernicious anemia or thyroid disease is shown
according to the patient's age and sex in FIGURE 5. Gastric parietal
cell antibody would appear to occur more commonly in middle aged
diabetic patients than in the blood donors of the same age. We have also
found this to be the case with respect to thyroid antibodies in the diabetic
patients. A more detailed analysis of the serological findings in diabetes
mellitus has already been reported.1'

Out of 35 patients with myasthenia gravis attending the Neurological
Unit of the Northern General Hospital, Edinburgh, Scotland (J. A.
Simpson) three were found to have gastric antibody in the serum; in one
of these patients the myasthenia was associated with Addisonian pernicious
anemia and in another with thyrotoxicosis. The incidence of thyroid anti¬
bodies conforms with the fact that four out of the remaining 34 patients had a

previous history of thyroid disease.
The incidence of gastric parietal cell antibody in 64 consecutive

patients with rheumatoid arthritis (treated or untreated) routinely attending
the Northern General Hospital (J.R.R. Duthie) is low at five per cent. None
of the 10 patients with lupus erythematosus (two with discoid form) showed
gastric parietal cell staining by the fluorescent antibody method although
antinuclear factors were demonstrated in all of these sera. This contrasts

with the findings in hepatic cirrhosis where the sera of nine out of 20 patients
showed positive staining of the gastric parietal cell cytoplasm with the
fluorescent antibody method. Of 60 patients who were rejected as blood
donors on account of their sera giving a false biological positive reaction
for syphilis, three showed positive fluorescent staining of gastric parietal
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cell cytoplasm by the indirect Coons technique. All three of these sera gave

nonspecific complement fixation tests but negative results when tested
by the fluorescent antibody technique with sections of thyroid and of
liver.

FIGURE 6 summarizes the distribution of gastric parietal cell antibody
as detected by the fluorescent antibody technique in 372 hospital patients
who were suffering from diseases other than those already mentioned in this
paper. The antibody was detected more commonly than in the blood donors
(FIGURE 3), indicating that this type of immunological disturbance
may be associated with a variety of clinical disorders. As in the blood
donors the incidence of gastric antibodies is higher in women than in men
and in patients over the age of 40 years.

Correlation Between Gastric Parietal Cell A ntibody,
Gastric Cytology and Maximal Acid Secretion

FIGURE 7 illustrates the correlation between the titer of gastric
parietal cell antibody in the serum and the amount of free gastric acid
secreted in response to an augmented histamine test in 65 patients with
Hashimoto's thyroiditis or spontaneous hypothyroidism. These patients
were selected on the basis of their willingness to cooperate on a voluntary
basis in this research program after the intended procedures had been
explained to them. Serum for antibody studies was obtained a few days
before the histamine test. A secretion of gastric acid greater than 10 mEq.
HC1 in the posthistamine hour was considered to be normal and none of the
10 patients in this group was found to have parietal cell antibody in the

MALE FEMALE

AGE IN YEARS

POSITIVE INDIRECT COONS TEST

FOR PARIETAL CELL ANTIBODY.

NEGATIVE INDIRECT COONS TEST

FOR PARIETAL CELL ANTIBODY.

FIGURE 6. The incidence of gastric parietal-cell antibody in the sera of 372
hospital control patients who had conditions other than those included in TABLES 1-4.
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FIGURE 7. The incidence and titer of gastric parietal-cell antibody in Hashimoto
thyroiditis and spontaneous hypothyroidism (chronic thyroiditis) correlated with
the patient's gastric acid secretion in 65 cases.

serum. Twenty-four of the patients had histamine-fast achlorhydria and
gastric parietal cell antibody was found in the sera of 14. Thirty-one were

hypochlorhydric with an acid secretion of less than 10 mEq. HC1 in the
posthistamine hour and seven of these patients had gastric parietal cell
antibody in the serum. While all patients in whom the parietal cell antibody
was demonstrated were considered to have some reduction in gastric acid
secretion, the severity of this reduction cannot be predicted from the titer
of the antibody in the serum. It is also apparent that achlorhydria can
occur in chronic thyroiditis without detectable levels of the antibody in
the serum.

The mean age of the patients included in FIGURE 7 was 53.7 years; and
the mean age of each subgroup was found to be 51.5 years for those with a

gastric acid secretion greater than 10 mEq. HC1 in the posthistamine hour,
51.1 years for those with an acid secretion of more than 5 mEq. and less
than 10 mEq., 50.8 years for those with some free acid but less than 5 mEq.
and 58.0 years for those with histamine-fast achlorhydria. The mean age

of the patients with gastric antibody in the serum was 55.0 years as opposed
to 52.6 years for those in whom this antibody could not be detected. No
significant differences in antibody titer or of maximal gastric acid
secretion have so far been found in patients who were hypothyroid at the
time of investigation, in untreated euthyroid Hashimoto patients or in
patients whose hypothyroidism had been corrected with thyroxine for
several years. A repeat histamine test on a patient who was achlorhydric at
the time of diagnosis of hypothyroidism showed persistent achlorhydria
and no change in antibody titer one year after full replacement therapy with
thyroxine.
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Gastric biopsies were done on 41 of the 65 patients with either Hashimoto
thyroiditis or spontaneous hypothyroidism whose maximal gastric acid
secretion had been titrated. The gastric biopsy was done within two weeks
of the histamine test meal. The histological appearance varied from that of
normal gastric body mucosa to severe atrophic gastritis. One example is
shown in FIGURE 8. The gastric mucosa is thinned, few parietal cells
or chief cells remain and there is a marked infiltration with lymphocytes
and other round cells. In FIGURE 9a the complement fixation titer of
gastric parietal cell antibody is plotted against the concentration of
parietal cells within the patient's gastric biopsy specimen. With one

exception all patients with the antibody in the serum were considered to
have a moderate or severe reduction in the number of parietal cells. In
FIGURE 9d the reduction in parietal cells correlates with the reduction in
gastric acid secretion within the crude limits of assessment of parietal cell

FIGURE 8. Biopsy obtained by Crosby capsule from the stomach of a male patient
aged 51 years with spontaneous hypothyroidism. The mucosa is thinned, the number
of parietal and chief cells is reduced (P = + + ) and there is a moderate lymphocytic
infiltration (L = + + ). (Hemotoxylin & eosin x 100)
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FIGURE 9. Interrelations between the titer of gastric parietal-cell antibody in
the serum, the concentration of parietal cells and the degree of lymphocytic in¬
filtration within the gastric biopsy specimen, and the patient's gastric acid secretion
in response to histamine in 41 cases of Hashimoto thyroiditis or spontaneous
hypothoroidism.

mass from the subjective inspection of a biopsy specimen. In FIGURE 9b
the gastric complement fixation titer is plotted against the severity of the
lymphocytic infiltration within the patient's gastric biopsy specimen; all
patients in whom gastric parietal cell antibody was present in the serum
were considered to have an abnormal degree of lymphocytic infiltration
within the gastric mucosa. Neither in regard to parietal cells or lympho¬
cytes can the severity of the histological abnormality be predicted from
the antibody titer. In FIGURE 9c the degree of lymphocytic infiltration
is plotted against the parietal cell content of the gastric biopsy specimen;
in general, the more severe the lymphocytic infiltration the greater the
reduction in the number of parietal cells. In one patient a heavy lympho¬
cytic infiltration (L = + + +) was noted and yet the number of parietal and
chief cells were not markedly reduced (P = + + + ). This patient's gastric
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FIGURE 10. A lymphocyte lying within the basement membrane of a gastric tubule
and in close apposition to a chief cell. (Electron micrograph x 7,400)
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FIGURE 11. The continuity of the basement membrane and the interdigitations
between lymphocyte and chief cell are illustrated. The lymphocyte is surrounded
by tenuous cytoplasmic processes from the chief cell. (Electron micrograph
x 18,000)

biopsy specimen was therefore selected for detailed examination under the
electron microscope and the findings are illustrated in FIGURES 10-12.

In FIGURE 10 a lymphocyte (L) is seen to lie within the basement mem¬

brane (BM) of the gastric tubule and in immediate apposition to a gastric
chief cell. The chief cell contains numerous mitochondria with normal

cristae formation, an abundance of secretory granules and also a great
deal of pigment (Pi) that has the appearance of lipofuscin. The signifi¬
cance of this pigment is uncertain. Numerous bulbous projections are

present on the surface of the lymphocyte and the lymphocyte is embraced
by tenuous cytoplasmic processes from the adjacent chief cell in the same
manner as noted in the lymphocytic infiltration of thyroid follicles in
Hashimoto thyroiditis.1'1 Careful examination shows that these cytoplasmic
processes from the chief cell are covered by plasma membrane and that
the lymphocyte is invaginating the chief cell rather than entering its
cytoplasm. In FIGURE 11 the bulbous projections of another lymphocyte
are seen at higher magnification interdigitating with projections from the
neighboring chief cell. The space between the plasma membrane of the
lymphocyte (L) and the plasma membrane of the gastric chief cell (C) is
extremely narrow so that over some areas the two membranes would appear
to be in direct contact. The basement membrane (BM) in FIGURE 11
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is a continuous unilaminar structure and the embracing processes of
gastric epithelial cytoplasm are again seen in relation to the lymphocyte.
In FIGURE 12 an invading cell (L) is seen in relation to a parietal cell (P)
and a chief cell (C). The parietal cell is characterized by the presence of a
canaliculus (ca) and by the absence of secretory granules. The presence
of pigment is again a striking feature. The nature of the invading cell is not
certain as the poor chromatin content of the nucleus and the prominent
golgi apparatus are not typical of a lymphocyte, it is probably a lymphoblast.

Gastric acid secretion and histology have been investigated in a smaller
series of thyrotoxic patients, many of whom were selected because of the
presence of gastric parietal cell antibody in the serum while others were
selected on account of anemia. The results are shown in TABLE 5.
Twelve of the 21 patients gave a positive indirect Coons test for gastric
parietal cell antibody. Ten of the patients were achlorhydric by the aug¬
mented histamine test and one other patient had a negative Diagnex test
indicating absent or minimal gastric acid secretion; eight of these 11
patients have gastric parietal-cell antibody in the serum. Gastroscopy was

performed on one patient and gastric biopsy was done on 10 of the total
21 patients. Seven of these 11 patients have gastric parietal cell antibody in
the serum and all seven had evidence of gastritis and had either achlorhydria
or a very low gastric acid secretion in response to histamine. Four of the
ten patients who had gastric biopsies done had no detectable level of

FIGURE 12. An invading cell (L) in relation to a parietal cell (P) and a chief cell
(C). (Electron micrograph x 4,000)
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gastric parietal cell antibody in the serum; two (cases 4 and 9) had
evidence of gastritis in the biopsy specimen with thinning of the mucosa,
marked lymphocytic infiltration and reduction in the number of parietal
cells associated with a histamine-fast achlorhydria, while the other two
(cases 18 and 19) had normal gastric histology and a moderate or normal
secretion of gastric acid. Nine out of the 21 patients in TABLE 5 gave a

positive family history of Addisonian pernicious anemia or of goiter. No
correlation was observed between the patient's thyroid function as in¬
fluenced by treatment and the gastric acid secretion in response to
histamine.

With the exception of cases 1-3, all patients in TABLE 5 had normal
serum levels of vitamin Bi2. Case 1 was found to have frank pernicious
anemia with a serum vitamin BJ2 of less than SOjUMg./ml., an impaired Schilling
test (4.8 per cent) and a megaloblastic marrow. Cases 2 and 3 probably had
latent pernicious anemia with serum vitamin B[2 levels of 74 /xMg-/ml. and
154/^g./ml. (respectively), equivocal Schilling tests and normoblastic bone
marrow. Case 4 had achlorhydria, gastritis and a normal Schilling test in 1962,
but a year later a repeat Schilling test was equivocal at 7.9 per cent and the
severity of her gastritis (as assessed by repeat gastric biopsy) had advanced.
Case 5 was known to have had histamine-fast achlorydria for at least five
years and high titers of gastric parietal-cell antibody in the serum for at least
two years, but at the end of this period she still had a few parietal cells in the
gastric biopsy specimen and the level of vitamin Bi2 in the serum and the
Schilling test of vitamin Bi2 absorption were both normal.

Anaemia in cases 4, 5, 8, 9, 10, 11, 13 and 14 was hypochromic and
was corrected by treatment with oral iron. Repeat augmented histamine
tests in cases 4 and 5 showed that the correction of the anemia had no

effect on the achlorhydria and atrophic gastritis was still present on

gastric biopsy. In case 14 the correction of anemia by oral iron for a

period of 12 months did not increase the gastric acid secretion and fewer
parietal cells were found in the repeat gastric biopsy specimen.

Several of the thyroid patients with achlorhydria gave a history of
indigestion and flatulence and had previously been investigated for peptic
ulcer or gastric carcinoma in other clinics and by ourselves. Case 3
(TABLE 5) had a protein losing gastroenteropathy in association with
atrophic gastritis and case 16 had scarring of the duodenum on X-ray
although no definite ulcer crater was seen. This latter patient initially gave
a history suggestive of peptic ulceration and the gastric acid secretion
at that time was 19.2 mEq. HC1 in the posthistamine hour. She was also
clinically thyrotoxic and this diagnosis was confirmed by a raised four
hour thyroid gland uptake of radioiodine of 52 per cent. High titers of
gastric parietal cell antibody were present in the serum and had remained
unchanged (a year later) when a repeat barium meal still showed scarring
of the duodenum and the gastric acid secretion was recorded as 7.5 mEq.
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HC1 in the posthistamine hour. During the intervening year her thyrotoxi¬
cosis had been controlled by carbimazole and her ulcer symptoms had
abated spontaneously. The marked reduction in gastric acid secretion is
not in keeping with the observations of Bock and Witts,18 who only observed
small alterations in acid secretion after treatment of thyrotoxicosis and it
is possible that in this particular case the reduction in gastric acid secre¬

tion is to be associated with her high titers of gastric parietal cell antibody.
Out of 47 patients with iron deficiency anemia included in TABLE 3

the gastric acid secretion was measured in 16 cases by the augmented
histamine test or by the tubeless Diagnex method (TABLE 6). Six out of
eight patients with histamine-fast achlorhydria or a negative Diagnex test
had gastric parietal cell antibody in the serum and two had a known family
history of pernicious anemia. Hypochlorhydria was present in at least five of
the remaining eight patients. Two of these five patients had low titers of
gastric parietal-cell antibody in the serum; one of these two had a high
titer of thyroid complement-fixation antibody in the serum while the other
patient gave a family history of thyrotoxicosis. Only one patient of the total
16 had a normal gastric acid secretion, although in two cases no quantita¬
tive measurement of the gastric acidity was available. Thyroid complement-
fixing antibody occurred more frequently in the patients in whom gastric
antibody was also present, but all the sera gave negative reactions with
liver. There is no correlation between the presence of gastric antibody in
the serum and the patient's hemoglobin, which varied between 4.9 g. per

cent and 9.8 g. per cent. The occurrence of occult or moderate blood
loss was equally common in patients with gastric antibody and in those
without. Cases 1, 7, 9 and 11 had no demonstrable blood loss or history of
dietary deficiency while the remainder had menorrhagia or occult blood
in the feces associated with hemorrhoids or with hiatus hernia. The severity
of the blood loss was such that active measures to control hemorrhage
were seldom required; case 6 had hemorrhoids treated by injection, case
10 had a hysterectomy for fibroids and case 11a curettage for menopausal
menorrhagia. Gastric biopsies were done in two of the patients in TABLE 6.
In one, who had gastric antibody in the serum and histamine-fast achlorhy¬
dria, the gastric biopsy specimen showed advanced atrophic gastritis; in
the other, who had no detectable gastric parietal cell antibody in the
serum and who secreted 0.5 mEq. HC1 in the posthistamine hour, the gastric
biopsy specimen was normal. All the patients in TABLE 6, with the excep¬
tion of case 11, responded well to treatment with oral iron even before
active measures were taken to control blood loss. All the achlorhydric
patients in TABLE 6 had normal serum vitamin Bi? levels and had normal
Schilling tests.

By contrast, severe chronic iron deficiency anemia was studied in 20
patients attending Baroda Hospital, India, with hookworm infestation.
Their hemoglobins ranged from 1-4 g. per cent but none of these patients
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had gastric parietal cell antibody in their sera. The secretion of gastric
acid in the posthistamine hour was determined in six of these patients and
ranged from achlorhydria in one to 3.5 mEq. HC1 in another.

Gastric function was investigated in 14 of the patients with ulcerative
colitis included in TABLE 3. One patient had atrophic gastritis, histamine-
fast achlorhydria, and gastric parietal cell antibody in the serum (indirect
Coons + ; C.F.T. = 4). None of the other 13 patients in whom atrophic
gastritis had been excluded had gastric antibody in the serum.

Gastric acid secretion was measured in one patient with diabetes
mellitus, two patients with lupoid hepatitis and in 10 hospital control patients
all of whom had gastric parietal cell antibody in the serum (TABLE 7).
Six of these 13 patients had histamine-fast achlorhydria and two of the others
gave a negative result in the tubeless test. Two patients had a gastric acid
secretion of less than 10 mEq. and only one patient was known to have a

gastric acid secretion of greater than 10 mEq. HC1 in the posthistamine hour.
The remaining two patients were Diagnex positive, indicating the presence of
free acid in the stomach. Four of the 13 patients in TABLE 7 had a

family history of either pernicious anemia or of goiter or of both these
conditions. The gastric antibody titers are comparable to those in TABLE
6 and to those found in patients with thyroid disease or pernicious anemia
but the titers of thyroid antibodies are not remarkable. On investigation of
vitamin Bi2 metabolism one elderly female in this group of patients was
found to have latent pernicious anemia with a serum vitamin Bl2 level
of less than 50 /qig./ml., a urinary excretion of 0.6 per cent on the
Schilling test (normal greater than 12 per cent) but the marrow was normo¬
blastic. No demonstrable abnormality of vitamin B[2 metabolism was
found in the other patients. Gastric biopsy specimens obtained from
three of the patients with achlorhydria showed atrophic gastritis. Cases 11
and 12 of TABLE 7 were not achlorhydric but had gastric parietal cell
antibody in the serum; the gastric biopsy specimens showed a normal
concentration of parietal cells although the degree of lymphocytic infil¬
tration in one of these biopsies was considered to be increased. A portion of
the gastric biopsy specimen from case 11 was used in the direct and
indirect fluorescent antibody technique with the patient's own serum. In
this way it was confirmed that gastric antibody is a true autoantibody
reacting with the patient's own parietal cells.

The patients in TABLE 7 either gave no history of indigestion or

complained of flatulence or of vague epigastric discomfort. While no
definite clinical diagnosis was established in seven of the patients, four had
clinical disorders that are known or thought to be associated with auto¬
immunity. Of these four, two had lupoid hepatitis, one had interstitial
pulmonary fibrosis and another had chronic relapsing pancreatitis. The
complement-fixation test with liver was positive in case 9 but was negative
in all other cases.
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Genetic Aspects

A detailed family history was available in 27 of the patients included in
TABLES 6 and 7. None of those patients themselves had evidence of overt
pernicious anemia or of thyroid disease and all of them had normal levels of
protein-bound iodine in the serum. Eight of these 27 patients gave a positive
family history of pernicious anemia or of thyroid disease. This contrasts
with the findings in 4,905 random blood donors aged 18-65 years who were
asked if any of their blood relatives had pernicious anemia or goiter; 1.9
per cent gave a family history of pernicious anemia, 4.12 per cent gave a

family history of goiter and 0.2 per cent gave a family history of both
conditions.

FIGURE 13. A pair of uniovular twins (cases 1 and 2 of TABLE 8) both of whom
have gastric parietal-cell antibody in the serum and both of whom have developed
latent pernicious anemia simultaneously.

A study was made of relatives of patients who had gastric antibody in
the serum and where possible the serological findings were correlated with
gastric function and histology. Some examples of our findings are given in
TABLE 8. The first two patients in TABLE 8 are uniovular twins (FIGURE 13)
and we are grateful to J. A. Bruce and J. J. R. Iluthie for allowing us to study
them. Both patients were married, lived in their own homes in different parts
of the same city and were admitted within the same month to different hos¬
pitals. The laboratory findings on admission are shown in TABLE 9 and are
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strikingly similar in the two patients. The serum vitamin Bi2 levels are low
but higher than generally encountered in frank pernicious anemia. The Schil¬
ling tests show impairment of absorption of oral vitamin B,2 but that this is
correctable with the addition of intrinsic factor.

Cases 3 to 11 in TABLE 8 represent a family in which both parents
have gastric parietal-cell antibody in the serum. The mother has proven

TABLE 9

THE LABORATORY FINDINGS IN CASES 1 AND 2 OF TABLE 8

Hemoglobin (gm. %)
before oral iron
8 weeks after oral iron

Propositus Uniovular twin

6.1
(blood transfusion)

5.7
11.0

Serum iron (pg. %)
Iron binding capacity (pg. %)

24 69
670

Serum vit. (m Mg-/rah)
before oral iron
after oral iron

98, 98, 97 219

149, 170, 98

Bone marrow

before oral iron
after oral iron

normoblastic

early megaloblastic
normoblastic

Schilling test (%)
without intrinsic factor
with intrinsic factor

7.8
34.2

4.7
30.5

Antinuclear factor neg. neg.

Blood groups ORh+(D)MsP1++Lua-
Fya + K-

ORh+(D)MsP1++Lua-
Fya+K-

Secretor status pos. H substance pos. H substance

Serum protein bound
iodine (pg. %) 3.1 5.8

Addisonian pernicious anemia but the Schilling test on the father was
normal. Three of the seven children have gastric antibody in the serum.
One of the offspring with gastric antibody was found to have histamine-fast
achlorhydria but a normal absorption of oral vitamin B,2 and another was
found to have hypochlorhydria with a mild to moderate degree of gastritis
on gastric biopsy. One of the offspring without gastric antibody in the serum
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has a normal gastric biopsy and a fair secretion of gastric acid in response
to histamine. Of the four offspring who did not have gastric antibody, two
are uniovular twins. In spite of the high titers of gastric antibody encounter¬
ed in this family, thyroid antibodies were notably absent. The frequency of
gastric parietal-cell antibody in the sera of siblings of positive subjects is
shown in cases 12 to 19 of TABLE 8. The pattern of inheritance of
thyroid antibodies varies independently of gastric parietal cell antibody in
the families studied.

Discussion

The significance of gastric parietal-cell antibody may be considered
under three headings; as an aid to the diagnosis of atrophic gastritis, as
an aid to the understanding of the pathogenesis of that condition and as a

biological phenomenon.
This paper has established that almost without exception the presence

of gastric parietal-cell antibody in the serum is associated with some
reduction in the secretion of gastric acid as estimated by the augmented
histamine test and with some degree of atrophy or "nonspecific" inflam¬
matory change within the mucosa of the body of the stomach. This
relationship has been studied most fully in patients with Hashimoto thyroi¬
ditis or spontaneous (primary) hypothyroidism but it also exists in thyrotoxi¬
cosis, in iron deficiency anemia and in hospital control patients. However,
neither the presence nor the titer of gastric parietal-cell antibody in the
patient's serum enables the physician to predict the severity of impaired
gastric function or histopathology. A further limitation to the diagnostic
value of gastric parietal-cell antibody is that histamine-fast achlorhydria
and severe atrophic gastritis can occur without the antibody being
present in detectable levels in the serum. Although diagnostically false
positive results are rare, false negative results are not uncommon.

In attempting to assess the role of autoimmunity in the pathogenesis of
Addisonian pernicious anemia it is important to be able to study patients
who are developing the condition and who are still at an early stage in the
course of events that culminates in the full clinical picture. This can be
done by studying patients with clinical disorders that are known to be
associated with Addisonian pernicious anemia (e.g. thyroid disease), by
studying the relatives of patients with Addisonian pernicious anemia
(since it has long been known that this condition has a hereditary basis),
or by studying large numbers of control patients or subjects. Gastric
parietal-cell antibody would appear to be present from the earliest detect¬
able stages of the disease process. In one family (cases 3-11 of TABLE 8)
three stages in the development of Addisonian pernicious anemia can be
discerned in different members who were studied simultaneously and who
had the antibody in the serum. The simultaneous, but independent diagnosis



688 Annals New York Academy of Sciences

of latent pernicious anemia in two uniovular twins with comparable titers
of gastric parietal-cell antibody in their sera again illustrates that strong
hereditary factors operate in the pathogenesis of the atrophic gastritis of
Addisonian pernicious anemia and in determining whether an individual
will form antibody against his own gastric mucosa. The familial incidence
of gastric parietal-cell antibody is similar to that described for thyroid
antibodies in the relatives of patients with Hashimoto thyroiditis19,20 and
would be compatible with the view that the predisposition to gastric or

thyroid autoimmunity is inherited as a dominant characteristic. If this is
so, then one can deduce that in about 30 per cent of subjects the in¬
heritance of the predisposition to develop autoantibodies to gastric mucosa
or to thyroid must be linked. The finding of autoantibodies among the
siblings of patients with pernicious anemia and the description in uniovular
twins of latent pernicious anemia with a remarkably similar clinical and
immunological pattern provides strong evidence against the occurrence
of a spontaneous somatic mutation resulting in a clone of cells producing
autoantibody against a specific tissue. However, such a mechanism might
explain the occurrence of autoantibodies in patients who give no family
history compatible with autoimmunity and whose parents or siblings do
not show tissue-specific antibodies in their sera, but the present limited
evidence would suggest that an inherited trait towards autoimmunity is
much more commonly implicated. Whether or not a genetic predisposition
to form gastric autoantibodies becomes manifest would seem to depend
upon the individual's age and sex, in that gastric parietal-cell antibody is
found in the sera of the control population rather more commonly in fe¬
males above the age of 40 years than in other age groups or in males. The
incidence of pernicious anemia and of thyroid disease is maximal in the
middle-aged female.

The occurrence of gastric parietal-cell antibody in a proportion of
patients with chronic iron deficiency anemia in the absence of severe
blood loss is also of particular interest in the study of the various stages of
the disease process that may precede frank Addisonian pernicious anemia.
There is much discussion as to whether iron deficiency anemia causes

atrophic gastritis or whether it is the result of it.21 23 The frequency of a history
of Addisonian pernicious anemia or of goiter among the blood relatives of
patients with iron deficiency anemia with occult or moderate blood loss
and a normal serum level and absorption of vitamin Bi2 suggests an

etiological relationship with frank Addisonian pernicious anemia. The
immunological similarity between these patients and those with frank
Addisonian pernicious anemia contrasts with the negative serological
findings in 20 patients with severe chronic iron deficiency anemia as a

result of hookworm infestation and tends to confirm this hypothesis. How¬
ever, the majority of the patients with chronic iron deficiency anemia due
to severe blood loss, although not showing gastric parietal-cell antibody in
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the serum, did have some degree of hypochlorhydria or even achlorhydria
on gastric analysis and it may be that these two hypothesis of gastritis in
relation to iron deficiency are not mutually exclusive.

The significance of gastric parietal-cell antibody in terms of im¬
munological theory and therefore as a biological phenomenon has been
discussed elsewhere.16 The view is taken that this antibody is a manifesta¬
tion of a genetically determined disorder of immunological tolerance. The
incidence of gastric antibodies in other clinical conditions believed to be
due to, or associated with, autoimmunity would be in keeping with this
hypothesis. Some authorities argue that tissue autoantibodies arise as a

consequence of tissue damage and do not take part in the initial tissue
injury.24 If this were so it would be difficult to conceive how tissue
destruction can occur within multiple organs in a genetically determined
manner with the formation of autoantibodies when it is known that tissue
destruction will induce only a transitory rise in antibody titer or no rise
at all.15,26 It would also be difficult to understand why antibody titers should
remain so constant long after all, or virtually all, the relevant antigen
has been lost from the body. It has been suggested that tissue antigen may

normally be hidden from contact with immunologically competent cells
and that autoantibody is formed only when the tissue injury occurs as a
result of some other noxious factor. Such a concept in relation to vascu¬
larized tissues such as thyroid or gastric mucosa should be discarded as it
has been demonstrated that not only can antigen escape physiologically
from the thyroid vesicle,26 28 but that cells of the reticuloendothelial
system may penetrate the thyroid vesicle13 or, as illustrated in this paper,
the gastric tubule.

The disorder of immunological tolerance in Addisonian pernicious
anemia in thyroid disease and in idiopathic adrenal insufficiency is largely
restricted to components of individual tissues and the incidence of non-

organ specific antibodies (such as antinuclear factors) is low. We have
not been able to confirm the high incidence of nuclear staining which
Beck29 has claimed. It is not certain that all nuclear staining is due to
an antigen-antibody reaction and the more sensitive one makes the technique
the more likely is it that nonspecific electrostatic forces may play a

significant part in binding the conjugated gamma globulin to certain
components of the tissue section.'"1

Summary

Gastric parietal-cell antibody has been detected in the sera of 76
per cent of patients with Addisonian pernicious anemia, in 31 per cent of
patients with Hashimoto thyroiditis or spontaneous hypothyroidism, in 24
per cent of patients with thyrotoxicosis, in eight out of 47 patients with
chronic iron deficiency anemia in the absence of gross blood loss, in
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eight out of 21 patients with idiopathic adrenal insufficiency and in five
per cent of control subjects. The indirect fluorescent antibody tech¬
nique was used as a screening procedure and titrations were done by the
method of complement fixation using a saline extract of human gastric
body mucosa. The autoimmune nature of this antibody has been estab¬
lished by the direct and indirect fluorescent antibody method using gastric
biopsy material and the patient's own serum and is distinct from antibody
to intrinsic factor.

The presence of gastric parietal-cell antibody in the serum is almost
invariably associated with hypochlorhydria and frequently with histamine-
fast achlorhydria and with a corresponding reduction in the concentration
of parietal cells within the gastric biopsy specimen and with an abnor¬
mally heavy degree of lymphocytic infiltration within the gastric mucosa.
Neither the severity of the gastric histopathology nor of the reduction in
gastric acid secretion can be predicted from the titer of gastric parietal-
cell antibody in the serum. Severe atrophic gastritis with achlorhydria
and marked lymphocytic infiltration can occur in the absence of the
antibody in the serum and an electron microscopic examination of the
gastric body mucosa from such a patient has demonstrated that lym¬
phocytes may come into intimate contact with gastric parietal and chief
cells. Cell-bound antibody carried to the target organ by lymphocytes may

be of more fundamental importance in the pathogenesis of atrophic gastritis
than antibody in the form of gamma globulin in the patient's serum.

The view is taken that in Addisonian pernicious anemia, in certain
forms of thyroid disease and in idiopathic adrenal insufficiency there is a

genetically determined disorder of immunological tolerance characterized
by the production of a multiplicity of antibodies that are precise in their
specificity for distinct components of individual tissues.
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Clinical and Pathological Significance of
Parietal Cell Antibodies

Dr W J Irvine (MRC Clinical Endocrinology
Research Unit; Department ofTherapeutics,
Royal Infirmary, Edinburgh)
Two autoantibodies, or possibly groups of
autoantibodies, specific for constituents of the
gastric mucosa, have been described in man.
Radioimmune techniques have provided an in
vitro method for detecting antibody to intrinsic
factor. A second antibody to a constituent of
stomach can be detected by the method of
complement fixation or by the fluorescent anti¬
body technique. This second antibody, which is
the subject of the present paper, is specific for an
insoluble component of the cytoplasm of the
gastric parietal cell. The antigen is mainly in the
microsomal fraction of the parietal cell and the
antibody may be referred to as the parietal
microsomal antibody.

Methods ofDetecting Parietal
MicrosomalAntibody
Fluorescent antibody technique: At the present
time the most sensitive method for detecting
parietal microsomal antibody is by the fluorescent
antibody technique (Taylor et al. 1962, Irvine
1963a). It is convenient to use the indirect method
whereby an air-dried unfixed fresh frozen section
of mucosa from the body of the stomach is
treated with the test serum, washed and treated
with anti-human y-globulin conjugated with
fluorescein isothiocyanate. The antibody is a true
autoantibody in so far as it will react with the
subject's own parietal cells. By using anti-human
IgG and anti-human IgM conjugated sera it has
been shown that the parietal microsomal antibody
is an immunoglobulin of class IgG. The species
specificity of the parietal microsomal antigen is

wide and adequate staining can be obtained with
rat stomach as well as with human (de Boer et al.
1965). With the fluorescent antibody method
particular care must be taken to ensure that
staining specific for parietal cell cytoplasm is not
mistaken for mitochondrial staining that is
demonstrable with sera from patients with
primary biliary cirrhosis (Walker et al. 1965).
The distinguishing feature of the latter is that all
the cells of the gastric mucosa stain (although the
parietal cells stain the most intensely) and the
staining is more coarsely granular than with sera
that contain antibody specific for parietal cells.
The most suitable control tissue is human renal
cortex. The cells of the distal renal tubule are rich
in mitochondria and they will show bright
fluorescence in the presence of mitochondrial or
'M' antibodies, but not when the test serum
contains antibody that is specific only for parietal
cells (Doniach et al. 1966).
Using the fluorescent antibody technique the

reaction between an antibody in the test serum
and an insoluble tissue antigen (e.g. parietal
microsomal antigen) can also be detected by
demonstrating that complement fixation has
occurred. An anti-beta^-globulin (Lachmann
et al. 1962) specific for a C'3 component of
human complement is used after conjugation
with fluorescein isothiocyanate. The tissue
sections are incubated in a moist box for 30
minutes at room temperature with 2 drops of the
patient's serum together with 2 drops of fresh
normal human serum as a source of complement.
The conjugate is then applied for 30 minutes. The
sections are washed for 15 minutes after each step
of the procedure (Doniach et al. 1966). This
technique has the advantage that the amount of
background staining is negligible.
Complement fixation: When tissue extracts are
used in place of tissue sections, the Takatsy

INCUBATION MIXING ROLLER PUMP REAGENT ml/min

SAMPLER
WASH

BUFFER 2-0

Fig 1 Flow diagram for the screening of sera for
complement fixing gastric or thyroid antibodies.
The rate ofsampling was 20 per hour with a ratio
of sample to wash of 1 to 5. The filter in the
colorimeter was 660 mg. and the flow ceil was
15 mm tubular
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microtitre technique is the most suitable among
the manual methods for detecting complement
fixation. Only small volumes of reagents are used
(0 025 ml) and reproducible titrations using
doubling dilutions can be achieved. The method,
however, does require technical skill and time.
The end-point is read by eye.
In the attempt to achieve a method for detecting

parietal cell antibody that would be devoid of
subjective interpretation and of variation in the
standard of manual manipulation, I have studied
the possibility of automating the gastric comple¬
ment fixation reaction. The apparatus consists of
an automatic sampler, a roller pump, a thermo¬
stat, a colorimeter and a recorder. The procedure
is based on the manual method of complement
fixation and the set-up used in the preliminary
experiments is shown diagramatically in Fig 1.
The analysis of incubation times, the effect of
temperature and the most suitable reagent
volumes and sampling times are discussed in a

separate paper (Irvine 1966). The following
reagents were used: preserved guinea-pig com¬
plement, complement fixation buffer, fresh sheep
red cells, haemolysin, saline extracts of human
thyrotoxic tissue and of human gastric mucosa
from gastrectomy specimens from patients with
duodenal ulcer and of rat liver. Antigen, com¬
plement and antibody, each in separate channels,
are fed through the roller pump. The reagents are
then mixed and transferred to a delay coil in a
37-5°C oil bath to encourage any antigen-anti-
body reactions with the concurrent fixation of
complement. The samples are then recirculated by
the roller pump and at this stage sheep red cells
sensitized with haemolysin are introduced into the
system. After a further period of mixing and
incubation the degree of lysis of the red cells is
detected by the colorimeter. Bubbles of air are
introduced to minimize contamination of one

sample with the next. Before the test sera are
examined for the presence of complement fixing
antibody initial titrations are made of comple¬
ment, of antigen and of complement in the
presence of antigen. With the set-up shown in
Fig I, 20 sera per hour are tested. The sera are

initially run against gastric antigen, followed by
thyroid antigen, liver extract and finally in the
absence of antigen to check for tissue specificity
and for anticomplementary effects.
Fig 2 illustrates the screening of 16 sera by the

auto-analyser for complement fixing gastric
antibody. The base line represents full hemolysis
in the absence of the complement fixing antibody.
In the presence of the antibody, haemolysis is
inhibited and a peak is obtained on the tracing.
There are formalin markers at the beginning and
end of the run. Some of the sera give strong
complement fixation with gastric antigen, others

Formalin

Fig 2 Screening of 16 sera for gastric complement
fixing antibody. The gastric antigen was a I in 8
dilution of a saline extract of the mucosa of the body of
the stomach from a patient undergoing partial gastrec¬
tomy for duodena! ulcer. The sera were also tested
against a I in 16 dilution ofa saline extract of rat liver.
Preserved guinea-pig complement was used in a
dilution of 1 in 30

give weaker reactions and others are plainly
negative. One of the sera giving a strong reaction
with gastric mucosa also reacted with liver. This
was partly due to a nonspecific reaction and
partly due to an anticomplementary effect. Good
qualitative agreement has been achieved between
the results of the fluorescent antibody technique,
the Takatsy complement fixation and the auto-
analyser complement fixation tests.

Incidence ofGastric Parietal Cell Antibody
Out of 175 patients with addisonian pernicious
anaemia 75% were found to have parietal cell
antibody in the serum by the fluorescent antibody
technique and 52% had antibody to intrinsic
factor. Similar findings were found in a small
series of patients with latent pernicious ana:mia.
Out of 629 blood donors the overall incidence for
parietal cell antibody was 5%. In the 141 women
between the ages of 40 and 59 included in this
group of blood donors the incidence of the
parietal cell antibody was 9%; none of themiddle-
aged female donors had antibody to intrinsicfactor
(Irvine 1965). Patients with thyroid disease were
studied for the incidence of parietal cell antibody
because it is recognized in this country that per¬
nicious anaemia occurs in about 5-7% of patients
with thyrotoxicosis, Hashimoto goitre or primary
hypothyroidism. Out of 560 patients with one or
other of these three forms of thyroid disease
between a quarter and a third were found to have
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parietal cell antibody in the serum; this contrasts
with only 3% with antibody to intrinsic factor.
As already mentioned in the control group of
subjects the incidence of the parietal cell antibody
appeared to increase in the female subjects with
age. However, in patients with pernicious amemia
or with thyroid disease there did not seem to be
any relationship between the age of the patient
and the incidence of the antibody (Irvine et al.
1965).

Correlation with Gastric Function and Histology
Addisonian pernicious anaemia is of course the
end stage of a disease process which presumably
has a fairly prolonged prodromal or latent period
that is subclinical. The symptoms of chronic
atrophic gastritis may be minimal and at best are
nonspecific. A study was therefore made in which
the gastric serology was correlated with gastric
acid secretion in response to a standard dose of
histamine. The results in 157 thyroid patients are
summarized in Table 1. Fifty-seven of these
patients had complete achlorhydria and 75 % of
the achlorhydric patients had parietal cell anti¬
body in the serum. This is the same percentage as
in patients with pernicious ansemia. In patients
who were capable of secreting some acid (albeit a
reduced amount) the incidence of the parietal cell
antibody was less; 37% of those with an acid
secretion of 0-5 mEq and 33% in those with an
acid secretion of 5-10 mEq HC1 in the post-
histamine hour. In the presence of a good acid
secretion (^10 mEq HC1 in the post-histamine
hour) the incidence of the parietal cell antibody
was 10%. By comparison, in this particular series
antibody to intrinsic factor was found only in
patients who were achlorhydric and who had
malabsorption of vitamin B12 in the Schilling test
correctable by giving hog intrinsic factor. The
same correlation between the presence of the
antibodies in the serum and the function of the
gastric mucosa has been found in smaller groups
of patients with iron-deficiency anaemia, diabetes,
idiopathic adrenal insufficiency, simple atrophic
gastritis and in hospital control subjects (Irvine
1963A, Adams et al. 1964, Irvine et al. 1965,
Coghill et al. 1965). The general statement can
therefore be made that the presence of the parietal
cell antibody in the serum correlates with some

Table 1
Gastric secretion and serology in 157 patients with thyrotoxicosis,
Hashimoto goitre or primary hypothyroidism

Gastric acid secretion
(imEq HC1 in the post-histamine hour)
Achlorhydria >0<5 >5<10 >10

No. ofpatients 57 46 24 30
Percentage positive for:
Parietal cell antibody 75 37 33 10
Intrinsic factor antibody 21 - - -

Section ofClinical Immunology and A llergy 3

reduction in the gastric acid secretion. There is a
general but rather poor correlation between the
titre of the parietal cell antibody and the severity
of the hypochlorhydria.
The histology of the stomach in patients with

and without parietal cell antibody in the serum
was studied by gastric biopsy using a Crosby
capsule. In general, there was a good correlation
between the reduction in acid secretion and the
severity of atrophic gastritis as evidenced by the
reduction in parietal cells and of chief cells in the
biopsy specimen.

Autoimmunity and Pathogenesis
Gastric atrophy is often accompanied by a
considerable degree of round cell infiltration.
Jeffries et al. (1965) have shown in gastric
biopsies from patients with pernicious anamiia
that the mononuclear cells infiltrating the
mucosa may contain immunoglobulins of the
type lgG or IgM, but there is as yet no direct
evidence to suggest that antibody specific for the
gastric mucosa is produced by these cells. It is,
however, theoretically possible that plasma cells
in the gastric mucosa may be secreting gastric
antibody so that the concentration of antibody
on the surface of the gastric mucosal cells may
have little relation to the titre of the antibody in
the circulation. It is also possible that lymphocytes
infiltrating the mucosa may be carrying antibody
that is bound to the surface of the lymphocyte
and it is doubtful if this would be demonstrable
by present immunofluorescent methods.
Convincing experiments have yet to be done to

show that a state of chronic atrophic gastritis can
be produced in experimental animals by immuno¬
logical techniques, for example, by the repeated
subcutaneous injection of gastric antigen emulsi¬
fied with Freund adjuvant. It has also not yet been
possible to demonstrate a cytotoxic effect of
humoral antibody or of lymphocytes on parietal
cells in tissue culture, the difficulty being that
parietal cells appear to be basically unwilling
to grow in tissue culture.
It appears that gastric autoimmunity may be

present from the earliest stages of atrophic
gastritis. The genetic predisposition to develop
gastric autoimmunity (see Doniach & Roitt p 691)
indicates that the formation of gastric auto¬
antibodies is intimately associated with the
pathogenesis of gastritis but it does not tell us
whether or not autoimmunity is a prime factor in
initiating the disease process.

Summary
Two autoantibodies or groups of autoantibodies
have been described in man which are specific for
constituents of the gastric mucosa. One antibody
is to intrinsic factor and the other is to an
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insoluble fraction of the gastric parietal cell
cytoplasm. While the antibody to intrinsic factor
shows a high correlation with malabsorption of
vitamin B12 and lack of secretion of intrinsic
factor in the gastric juice, the parietal microsomal
antibody correlates simply with the presence of
atrophic gastritis which may be severe or mild.
These antibodies are valuable indicators of
disordered immunological reactions and should
prove helpful in the further understanding of
immunological mechanisms in man. The recog¬
nition of these antibodies in patients' sera is
likely to lead to a clearer understanding of the
natural history of atrophic gastritis as a disease
process. They are also likely to lead to the better
detection of patients who are at risk or who have
actually got addisonian pernicious anaemia in its
frank or latent form.
Acknowledgments: I am indebted to Dr Howard

Davies of the Department of Hsematology,
Royal Infirmary, Edinburgh, for his collaboration
and to Mr Kenneth Marwick and Miss Laura
Scarth for their invaluable technical assistance.

REFERENCES
Adams J V et al. (1964) Lancet i, 401
Coghill N F et al (1965) Gut 6, 48
de Boer W G R M et al (1965)7. clin. Path. 18, 456
Doniach D, Roitt I M, Walker J G & Sherlock S
(1966) Clin. exp. Immunol. 1, 237
Irvine W J

(1963a) Quart J. exp. Physiol. 48, 427
(19636)7. Endocrin. 26, xxxii
(1965) New Engl. J. Med 273, 432
(1966) Clin. exp. Immunol. 1 (in press)
Irvine W J, Davies S H, Teitelbaum S, Delamore I W & Wynn
Williams A (1965) Ann. N. Y. Acad Sci. 124, 657
Jeffries GH & Sleisenger M H (1965)7. clin. Invest. 44, 2021
Lachmann P J, Muller-Eberhard H J, Kunkel H G & Paronetto F
(1962)7. exp. Med 115,63
Taylor KB et al. (1962) Brit. med. J. ii, 1347
Walker J G, Doniach D, Roitt IM & Sherlock S (1965) Lancet i, 827



EFFECT OF GASTRIN I AND II

ON SECRETION OF INTRINSIC FACTOR

W. J. IRVINE
M.B., B.Sc. Edin., M.R.C.P.E.

Preliminary Communication

Reprinted from The Lancet, April 3, 1965, pp. 736-737



EFFECT OF GASTRIN I AND II ON

SECRETION OF INTRINSIC FACTOR

Gregory- and Tracy 1 found that, in conscious dogs with
denervated fundic pouches, single subcutaneous injections
of gastrin I or gastrin n in the range 0-25-2-5 jig. per kg.
body-weight stimulate acid and volume flow of gastric
juice without significantly increasing the output of pepsin.
They showed that gastrin I and gastrin u are closely
comparable in all respects and that qualitatively their
actions are virtually identical. In man gastrin II adminis¬
tered by subcutaneous or intramuscular injection or by
slow intravenous infusion acts as a potent stimulator of
gastric acid secretion.'2 The present report concerns the
effect of gastrin I and II on the gastric secretion of
intrinsic factor.

MATERIALS, SUBJECTS, AND METHODS
Gastrin, in a concentration of 150 gg. per ml., was prepared

by Leo Pharmaceuticals from hog antral mucosa by the extrac¬
tion procedure of Gregory and Tracy up to and including the
fractionation on sephadex G50. This results in a mixture of
gastrin I and II in approximately equal amounts. No histamine
could be detected in this preparation when tested with guinea-
pig ileum in vitro (histamine content no greater than 10 nano-
grammes per ml.).

4 subjects were studied; 3 had normal Schilling tests using
5*Co vitamin B,2, and 1 had untreated addisonian (pernicious)
anaimia. Gastric biopsy, using a Crosby capsule, was done on
the 3 subjects .with normal vitamin-B,2 absorption. The sera of
all 4 patients were tested for antibody to parietal cells 3 and to
intrinsic factor."

1. Gregory, R. A., Tracy, H. J. Gut, 1964, 5, 103.
2. Makhlouf, G. M., McManus, J. P. A., Card, W. I. Lancet, 1964, ii, 485.
3. Irvine, W. J. Quart. J. exp. Physiol. 1963, 48, 427.
4. Irvine, W. J., Davies, S. H., Sumerling, M. D. Proceedings of the Tenth

Congress of the International Society of Blood Transfusion, Stockholm,
1964 (in the press).



TABLE I—IMMUNOASSAY OF INTRINSIC FACTOR IN GASTRIC JUICE

—

Test Serum control
Radio¬
active
standard

1 2 3 4 5

Phosphate buffer (ml.) . . 0-5 0-5 0-5 0-5 30
Test gastric juice (ml.) . . 10 * 10
Normal serum (ml.) 10 10
Positive serum 1 (ml.) . . 10 10

Mix and stand 1C min. at room term:>erature
400 (xmg.57Co. vitamin
Bia(ml.) 10 10 10 10 10

Mix and stand 2( min. at room temperature
20% activated charcoal in
phosphate buffer (ml.) 0-5 0-5 0-5 0-5

Mix and stand 0 min., centrifuge count

radioactivity in supernatant
i i

Each subject was given an intramuscular injection of 2 ng.
gastrin per kg., and, on a different day, 40 jig. histamine acid
phosphate per kg. The injection of histamine was preceded by
intramuscular injection of 100 mg. mepyramine maleate. An
interval of 2 or 3 days was allowed between tests in any single
subject, and the order in which the tests were done was
randomised. The technique of aspirating gastric juice was that
described by Makhlouf et al.2 The gastric secretion was aspirated
for 40 minutes before the injection of the test substance, and
was labelled " basal". Aspiration was continued for 100
minutes after the injection of either histamine or gastrin.
Samples of gastric juice were collected at 10-minute intervals,
and the volume was recorded. Aliquots of all samples were
titrated with 0-1 N NaOH using phenophthalein as indicator,
and the remainder of each sample was neutralised to pH 7 0
with 2 N NaOH and stored at — 20°C. Each sample of gastric
juice was titrated for intrinsic factor content by a modification
of the method of Ardeman and Chanarin.5 The details are

shown in table I. The positive serum contained antibody to
intrinsic factor in a titre of >250 pm. units per ml.

RESULTS

The accompanying figure shows (a) the effect of gastrin
(i and ii) and (b) the effect of histamine on the volume,
acidity, and intrinsic-factor content of the gastric secretion
in a woman, aged 56, with a normal gastric biopsy, a
normal Schilling test of vitamin-B12 absorption, and
negative gastric serological tests (subject 1 in table n).
The intramuscular injection of 2 pg. gastrin per kg.
caused a distinct increase in the secretion of intrinsic
factor, besides increasing the flow of gastric juice and the
secretion of gastric acid. The secretion of intrinsic

5. Ardeman, S., Chanarin, I. Lancet, 1963, ii, 1350.



TABLEIISUMMARYOFFINDINGSINTHE4SUBJECTSSTUDIED
Subject
Age(yr)

Sex

Stimulus

Intrinsic-factor secretion([xmg.units)
Hydrochlcric-acid secretion(mEq.)

Gastricbiopsy

Schillingtest(%)

no.

Basal
40min.

Testfirst 40min.

BasalTestfirst
40min.100min.

1

56

F

Histamine GastrinIandn

3700 3500

10,000 14,200

0-5260 0-219-9

Normal

120

2

48

F

GastrinIandII Histamine

840 1400

5800 9300

03I5-3 0-68-9

Moderategastritis (P++jL++)

250

3

63

F

Histamine GastrinIandII
1800 280

3000 1200

Achlorhydria Achlorhydria

Severeatrophic
gastritis(P±,L+++)

17-2

4

50

F

GastrinIandn Histamine

18

.5

3 6

Achlorhydria Achlorhydria !

Notdone

2-8(correctedwith intrinsicfactor)

P=parietal-cellcontent. L=lymphocyticinfiltration.



factor was greatest in the first 20 minutes after the
injection of gastrin. After injection of histamine, the
secretion of intrinsic factor was greatest at 20-40 minutes.
While the secretion of intrinsic factor and of gastric acid

I

£

80

60

40

20

§

Gastrin (I &Q )
2 /ug.per kg.l.M.
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MINUTES
Effect of intramuscular injection of (a) gastrin (I and 11) 2 (j.g. per
kg. body-weight and (b) histamine 40 pLg, per kg. body-weight
histamine on volume, acidity, and intrinsic-factor content of
gastric secretion in a woman, aged 56, with normal gastric
histological appearance and function.



during the basal 40 minutes was comparable, the secretion
of intrinsic factor during the 100 minutes after the
injection of gastrin was slightly greater at l-9x 104 |j.mg.
units than after histamine (1-5 XlO4 u.mg. units). The
secretion of gastric acid was, however, greater after
histamine (26-0 mEq.) than after gastrin (19-9 mEq.) in
this subject.
Table II summarises the findings in the 4 subjects

studied. The grading of the histological appearances of
the gastric biopsy for parietal cells (P) and lymphocytic
infiltration (L) is that used previously.6 As in subject 1, in
subject 2 the secretion of intrinsic factor following gastrin
was maximal in the 0-20 minute period, while after
histamine it was maximal in the 20-40 minute period. In
subject 3 the peak secretion of intrinsic factor after
histamine occurred at 20-40 minutes, but the response to
gastrin was more diffuse. The secretion of acid and of
intrinsic factor diminishes with increasing severity of the
gastric lesion: thus only trace amounts of intrinsic factor
were detectable in the gastric juice of the patient with
addisonian (pernicious) anaemia. The secretion of intrinsic
factor after histamine or gastrin was of the same order in
subjects 1 and 2, but there was some discrepancy in
subject 3; this patient had achlorhydria and severe
atrophic gastritis, and the few remaining specialised cells
within the mucosa may have responded poorly to a second
stimulus within 2 days.

DISCUSSION AND SUMMARY

It is established that a preparation of gastrin, which
contains gastrin I and II in approximately equal pro¬
portions, and which is free of histamine, stimulates the
secretion of intrinsic factor by the human stomach. The
amount of intrinsic factor secreted in response to gastrin
(2 ug. per kg intramuscularly) is comparable to that
following histamine (40 pig per kg. intramuscularly), but
the response to gastrin is apparently more prompt than
that to histamine.
Besides its physiological significance, this observation is

likely to be important in the investigation of gastric
function in clinical practice. As noted by Makhlouf et al.2
gastrin is entirely free of the unpleasant side-effects of
histamine; and, when supplies of gastrin become more

6. Irvine, W. J., Davies, S. H., Teitelbaum, S., Delamore, I W., Williams,
W. A. Ann. N.Y. Acad. Set. (in the press).
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plentiful, gastrin is likely to replace histamine in routine
gastric analysis. The development of-g simple method for
the assay of intrinsic factor in gastric juice has added a new
dimension to the clinical assessment of gastric function.
The secretion of intrinsic factor in the post-histamine
hour has already been shown to be ofvalue in the investiga¬
tion of patients with atrophic gastritis4 and in the
differential diagnosis of patients with macrocytic antenna
or vitamin-B12-deficiency (personal observation). In
addisonian (pernicious) anaemia the secretion of intrinsic
factor during the post-histamine hour is not greater than
100 gmg. units. This preliminary report indicates that
gastrin is likely to be as effective as histamine in studying
the gastric secretion of intrinsic factor.
Dr. Howard Davies performed the gastric biopsies and Schilling

tests. Dr. T. B. B. Crawford analysed the preparation of gastrin for
histamine content. I am grateful to Dr. R. C. Haynes for his care in
the collection of gastric juice and to my technicians, Mr. Kenneth
Marwick and Miss Laura Scarth, for their assistance.
M.R.C. Clinical Endocrinology

Research Unit,
2, Forrest Road, and wf t Trvtmf

Department of Therapeutics, " .

Royal Infirmary, Edinburgh M.B., B.SC. Edin., M.R.C.P.E
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Current methods of establishing the diagnosis of

typical addisonian pernicious anaemia include the demon¬
stration of macrocytes in the peripheral blood, megalo¬
blastic change in the bone-marrow, histamine-fast
achlorhydria, a low serum level of vitamin B12, proof of
malabsorption of oral radioactive vitamin B12, and a
reticulocyte response to vitamin-B12 therapy. Several
techniques may be used to demonstrate malabsorption of
the vitamin, but the method devised by Schilling (1953)
is commonest: the fasting patient is given an oral dose
of radioactive vitamin B12, followed by an injection of the
non-radioactive vitamin, and the test depends upon a
reliable 24-hour collection of urine and the absence of

impaired renal function. The parenteral administration
of vitamin B12, however, may be undesirable until an
unequivocal diagnosis has been established and also when
it is intended to follow the natural history of the disease
in its latent form. In addition, the Schilling test is
influenced by causes of malabsorption of vitamin Bu,
besides lack of intrinsic factor, and to make the necessary
distinction the test has to be repeated with an oral dose of
intrinsic factor.
Our purpose was to determine whether these ' inflations

in the investigation of the patient with suspected Addisonian
pernicious anaemia could be overcome by direct immuno-



assay of the gastric secretion of intrinsic factor. The
secretion of intrinsic factor in response to histamine and
to a preparation of gastrin I and II was compared.

Patients

45 patients investigated were divided into 5 groups.
12 patients with frank aadisonian pernicious ancemia.—The

diagnosis was made by the presence of macrocytosis in the
peripheral blood, a megaloblastic marrow, a histamine-fast
achlorhydria, a low serum-vitamin-B12 level, and an abnormal
Schilling test correctable by oral hog intrinsic factor.
3 patients with latent addisonian pernicious ancemia.—All 3

patients had histamine-fast achlorhydria, a level of vitamin B,_.
in the serum that was equivocal or in the low normal range
(lower limit of normal = 170 (i|rg. per ml.), a normoblastic
marrow, and an abnormal Schilling test which was correctable
by exogenous intrinsic factor.

12 patients with histamine-fast achlorhydria but without
evidence ofmalabsorption of vitamin B12.—The pH of the gastric
juice after histamine was not less than 6 0 in all samples. All 12
patients had normal serum levels of vitamin B12 and normal
Schilling tests of vitamin-B12 absorption.

7 patients with minimal gastric-acid secretion in the augmented
histamine test.—The pH of one or more samples of the gastric
aspirate was less than 6 0 in the post-histamine hour and the
gastric-acid secretion ranged from no titratable acid to a
titratable secretion of 0-5 mEq. hydrochloric acid. All these
patients had a normal serum level of vitamin B12 and a normal
Schilling test of vitamin-B,2 absorption. .

11 patients in whom the gastric acid secretion in the post-
histamine hour was between 2-9 and 19-3 mEq. hydrochloric acid.
—The serum level of vitamin B12 and the Schilling test were
normal in each of these patients.

Methods
Gastric Analysis
An augmented histamine test of gastric acid secretion (Kay

1953) was carried out on all 45 patients. Using a preparation of
gastrin I and II (Leo Pharmaceuticals, batch no. 64121) as
stimulant gastric analysis was also carried out on 43 of the 45
patients. A minimum interval of forty-eight hours was allowed
before gastric analysis was repeated on the same patient, and
the tests (with histamine or gastrin) were randomised. Hista¬
mine and gastrin were given by subcutaneous or intramuscular
injection, the mode of injection of the two stimuli being the
same for an individual patient.
The dose of histamine acid phosphate was 0 04 mg. per kg.

body-weight; this was preceded by an intramuscular injection
of 50-100 mg. mepyramine maleate half an hour before the
injection of histamine. The gastrin was prepared from hog
antral mucosa by the extraction procedure of Gregory and
Tracy (1964), up to and including fractionation on ' Sephadex
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G50 The product is a mixture of gastrin I and II in roughly
equal amounts. Although a number of impurities may be
present, the preparation was free of histamine (less than 10 ng.
per ml. when tested in vitro with guineapig ileum). The dose
of gastrin was 2 gg. per kg. body-weight.
The details of the technique for aspirating gastric juice were

as described by Makhlouf et al. (1964). The fasting residual
juice was discarded, and samples were collected at ten-minute
intervals thereafter. At the end of an hour the six samples were
labelled " basal secretion ". Histamine or gastrin was then
given, and aspiration was continued for at least a further hour,
samples being collected at ten-minute intervals. The pH of
each sample was determined. An aliquot of each sample with
pHs;4 0 was titrated with 01 N sodium hydroxide with
methyl-red as indicator. The remainder of the sample was then
neutralised. Where the volume of any ten-minute sample was
less than 1-5 ml., two or more such samples obtained within
the first hour or within the second hour were pooled. In a few
instances, the total juice aspirated in one hour was pooled so
that repeated assays could be done on the same sample.
The specimens of gastric juice were available for immuno¬

assay of intrinsic-factor content from 40 of the patients who
had an augmented histamine test and from all 43 patients who
were given gastrin.
Metabolism of Vitamin B12
The level of vitamin B12 in the serum was determined

microbiologically with Lactobacillus leichmannii as test organism,
cyanide being added to the serum (Girdwood 1960). Oral
absorption of radioactive vitamin B12 was measured according
to the method of Schilling (1953) with 0-5 gg. of 58Co-vitamin-
B12 with a specific activity of TO jrC per g.g.

Gastric Biopsy
A gastric biopsy specimen was obtained in some of the

patients by means of a Crosby capsule (Crosby and Kugler
1957). The parietal-cell content of the biopsy specimens was
graded from normal (P+ + +) through P++,P+ top— (no
parietal cells seen). The lymphocytic infiltration in the biopsy
specimen was graded from L ± (normal) through L+ + to
L+ + + (heavy lymphocytic infiltration).
Gastric Serology
Antibody to parietal cells was detected by the indirect Coons

fluorescent-antibody technique (Irvine 1963) and by the method
of complement fixation (Irvine et al. 1962).
Antibody to intrinsic factor at the vitamin-B12 binding site-

was detected and titrated by the charcoal method (Ardeman
and Chanarin 1963) as modified by Irvine (1966). 0-5 ml.
serum is incubated at room-temperature for ten minutes with
01 ml. human gastric juice known to contain a high content
of intrinsic factor and with 1-4 ml. phosphate buffer. 20 ng.
"Co-vitamin B12 (specific activity = l-0 gC per gg.) in 0-5 ml.



TABLE I—PATIENTS WITH FRANK ADDISONIAN PERNICIOUS ANALMIA

Intrinsic-factor secretion
(ng. units) Gastric serology

Case Histamine Gastrin Antibody to:

Basal
hour

Post-
stimula¬
tion hour

Basal
hour

Post-
stimula¬
tion hour

Parietal
cell

Intrinsic
factor

1
2
3
4
5
6
7
8
9
10
11
12

0

0
11
9

0
21 ±13 (2)

28
30
8

2±3 (4)

0

40
0
0

'6
10 ±12 (4)

7
0
0

12 ±12 (4)

2
56
0
13

32 ±24 (4)
5 ±7 (4)
0±; (4)

0
0
0

0
36
0
0

10±9 (4)
5 ±6 (4)

26 ±26 (4)

0
0
0

+
±
±
±
±
±
±
±
±
±
±

±
±
±
±

4

±
±
±
±

When the assay was repeated results are shown as the mean±l standard
deviation with the number of assays in parentheses.

buffer is then added and incubation continued at room tem¬

perature for twenty minutes. Free 57Co-vitamin-Bi2 that is not
bound to serum at the end of this period is absorbed by mixing
for two minutes with 0-5 ml. 20% activated charcoal (British
Drug Houses, Ltd., Poole, England) in phosphate buffer.
After centrifugation the amount of 57Co-vitamin-B,2 in the

supernatant is counted in a well-type scintillation counter with
a sodium-iodide crystal. The amount of vitamin-B12 binding
in the presence of test serum is compared with that in the
presence of normal serum. The number of counts recorded by
the scintillation counter equivalent to 1 ng. 57Co-vitamin-B]2
is calculated from the standard, which contains 20 ng. 57Co-
vitamin-B12 made up to a volume of 3-0 ml. Two controls,
one consisting of buffer, normal serum, 57Co-vitamin-B12, and
charcoal, and the other, consisting of buffer, "Co-vitamin-B,.,
and charcoal, are included in each battery of tests to check the
absorptive efficiency of the charcoal. The inhibition of vitamin-
B12 binding due to the presence of antibody to intrinsic factor
in the test serum is calculated. The titre of intrinsic-factor
antibody in the serum is expressed as the inhibition of vitamin-
B12 binding in nanograms that would be produced by 1 ml. of
the serum. A titre of >5 ng. units per ml. is regarded as
positive for antibody to intrinsic factor. To avoid false positive
results the patient must not have received parenteral vitamin
B12 during the preceding twenty-four hours.

Immunoassay of Gastric Intrinsic Factor
The content of intrinsic factor in samples of gastric juice

was determined by the charcoal method (Ardeman and
Chanarin 1963) as modified by Irvine (1966). The procedure is
identical in principle with that already described for the detec¬
tion of antibody to intrinsic factor. 0-5 ml. test gastric juice
and 1-0 ml. buffer are incubated in one tube with 10 ml.
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normal human serum and in another tube with 1 0 ml. human
serum known to contain a high litre of antibody to intrinsic-
factor (SslOO ng. units per ml.). 400 ng. "Co-vitamin-B,.,
(specific activity=0-l ptC per (rg.) is then added, and after
further incubation any unbound vitamin B12 is removed by-
mixing with 0-5 ml. 20% charcoal suspension followed by
centrifugation. The supernatant is counted in a scintillation
counter. By comparing the vitamin-B,, binding in the presence
of normal serum and in the presence of the standard anti-serum,
the intrinsic-factor content of the test gastric juice can be
calculated in ng. units per ml. gastric juice. If the concentration
of intrinsic factor in the test gastric juice is comparable with
the titre of intrinsic-factor antibody in the standard anti-serum,
the procedure must be repeated with a lower dilution of test
gastric juice. A standard, control and a charcoal control are
included as before, but with the proper volumes of buffer and
serum.

Results

Tables i-v give the intrinsic-factor content of the
gastric aspirate during the basal hour and during the hour
after stimulation by parenteral histamine (0 04 mg. per kg.
body-weight) or gastrin I and ii (2 |j.g. per kg. body-
weight), the gastric serology, and also the available gastric
biopsy findings in the 45 patients.

In the 12 patients with frank addisonian pernicious
anaemia only trace amounts, if any, of intrinsic factor
could be detected in either the basal or the post-histamine
gastric secretion. Twenty specimens of the basal-hour
gastric secretion were available for intrinsic-factor assay
from the 12 patients: in nine the total secretion of intrinsic
factor during the basal hour was nil; in the other eleven
the highest figure obtained was 56 ng. units. In the ten
collections of gastric juice secreted during the post-
histamine hour available for assay of intrinsic factor, the
highest total content of intrinsic factor recorded was
40 ng. units.

Specimens of gastric juice aspirated during the hour
following the injection of gastrin were available from
10 patients: in seven of these specimens the secretion of
intrinsic factor was found to be nil; and in the other three
specimens the highest figure recorded was 52 ng. units.
In six one-hour collections of gastric juice the intrinsic-
factor assay was repeated on two or four occasions; the
results are shown as the mean ± 1 standard deviation
with the number of assays in parentheses (table i). The
variation in the assay of intrinsic factor is approximately
±3 ng. units per ml. gastric juice. This means that the
percentage variation in the assay of the total intrinsic-



TABLE II—PATIENTS WITH LATENT PERNICIOUS ANALMIA

Case
no.

Intrinsic-factor secretion
(ng. units)

Gastric serology

Antibody to:

1st hour Stimulus 2nd hour Parietal
cell

Intrinsic
factor

13
14
15

43 ±27 (3)
93 ± 14 (4)
44 ±40 (5)

Gastrin
Gastrin
Histamine

87 ±18 (4)
142 ±43 (4)
108 ±36 (4)

±
+
+

+
+

Number of assays in parentheses.

(actor content secreted during a period of one hour is
highest in the presence of low concentrations of intrinsic
factor and becomes insignificant with high concentrations.
During the two-hour collection (basal hour -f post-

stimulation hour) in any individual patient, the highest
recorded intrinsic factor secretion was 92 ng. units. The
highest concentration of intrinsic factor in any individual
sample of gastric juice (i.e., ten-minute collection) was
estimated as 18 ng. units per ml. in the basal period and
11 ng. units per ml. in the post-stimulation period. There
was no evidence of any stimulation of intrinsic-factor
secretion in the patients with frank pernicious anaemia
either with histamine or gastrin, but the volumes of gastric
juice secreted tended to be higher after histamine or
gastrin than during the basal period.
All 12 of the patients with frank pernicious anaemia had

a positive test for parietal-cell antibody in the serum with
complement-fixation titres ranging from 1/8 to 1/128. The
serum of 8 of the patients was positive for antibody to

TABLE III—PATIENTS WITH ACHLORHYDRIA (pH>6'0), NORMAL
SCHILLING TESTS, AND NORMAL SERUM-VITAMIN-BI2 LEVELS

Case
no.

Intrinsic-factor secretion
(ng. units)

Gastric
biopsy

Gastric serology

Histamine Gastrin Antibody to:

Basal
hour

Post-
stimula¬
tion
hour

Basal
hour

Post-
stimula¬
tion
hour

Parietal
cell

Intrinsic
factor

16 100 85 P-, L±± + —

17 192 920 347 279 — +
18 429 887 287 157 ± —

19 450 390 312 382 P-, L±±± ± —

20 65 563 188 567 P-, L±± ± —

21 478 680 1750 636 + —

22 2040 891 ± —

23 lioo 1800 1770 P±+, L±± ± —

24 1460 1520 1250 2860 P + , L± + ± —

25 23 494 183 742 P-, L±± — —

26 360 870 822 508 P±, L+ + + — —

27 1950 1290 638



TABLE IV—PATIENTS WITH MINIMAL GASTRIC ACID SECRETION (LESS
THAN 0-5 mEq. HYDROCHLORIC ACID IN THE POST-HISTAMINE HOUR)

Case
no.

Intrinsic-factor secretion
(ng. units)

Gastric
biopsy

Gastric serology

Histamine Gastrin Antibody to:

Basal
hour

Post-
stimula¬
tion
hour

Basal
hour

Post-
stimula¬
tion
hour

Parietal
cell

Intrinsic
factor

28 283 621 P + , L+ + + _

29 895 2860 925 810 + —

30 2200 2080 + —

31 645 914 552 1750 — —

32 2710 4680 452 2980 P + , L+ -f -f — —

33 479 3170 P4-, L+ + + — —

34 2620 5280 2060 3450 P + , L+ +

intrinsic factor, the titres ranging from 14 to 260 ng. units
per ml. 1 patient in this group had a gastric biopsy, and
the appearances were those of severe atrophic gastritis; no
parietal cells were seen(p—) and the mucosa was heavily
infiltrated with lymphocytes (L+ + +) (table I).
The findings in the 3 patients with latent pernicious

anaemia are shown in table II. In none of the patients was
there any evidence of stimulation of intrinsic-factor
secretion by either histamine or gastrin. The maximum
concentrations of intrinsic factor recorded (5-17 ng. units
per ml.) overlap with those noted in patients with frank
pernicious anaemia, but the total secretion of intrinsic factor
during the two-hour collection in each patient (mean
130-235 ng. units) was greater than that recorded in any
of the 12 patients with frank pernicious anaemia. In view
of the range of variation on repeat assays, a larger number
of patients within this group would need to be studied
before the secretion of intrinsic factor in patients with
latent pernicious anaemia could be said with confidence to
be significantly higher than in patients with frank
pernicious anaemia.
2 of the patients had antibody to intrinsic factor in a

titre of 19 and 76 ng. units respectively. The sera of all
3 patients with latent pernicious anaemia were positive for
parietal-cell antibody, and the complement-fixation titres
were 1/32, 1/64, and 1/128.
The results in the 12 patients with histamine-fast

achlorhydria (pH >6-0 in all samples) and normal
vitamin-B12 absorption are shown in table III. With the
exception of 1 patient (case 16), the intrinsic-factor
secretion in the post-stimulation hour was higher than
that recorded in any of the patients in tables I and II. In
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TABLE V—RANGE OF INTRINSIC-FACTOR SECRETION IN PATIENTS

SECRETING BETWEEN 2'9 AND 19 3 mEq. HYDROCHLORIC ACID IN
THE POST-HISTAMINE HOUR

Intrinsic-factor secretion
(ng. units) Gastric serology:

no. of cases positive
Case Histamine Gastrin

Basal
hour

Post-
stimula¬
tion hour

Basal
hour

Post-
stimula¬
tion hour

Parietal
cell

Intrinsic
factor

35-
45

640-5230 5720-
23,300

1250-5350 2370-
17,500

3 0

many, but not all, of the samples of gastric juice the
concentration of intrinsic factor (3-136 ng. units per ml.)
was above that in the patients with frank or latent per¬
nicious anaemia. Again, the clearest index was the sum
of the intrinsic-factor secretion in the basal and

post-stimulation hours.
Only 1 of the 12 patients in this group (case 17) had

antibody to intrinsic factor detectable in the serum

(titre=27 ng. units per ml.). She had a family history of
pernicious anaemia; a maternal aunt and a sister were
known to have this disease. So far as could be ascertained,
the patient had not recently received an injection of
vitamin B12. The sera of 8 of the 12 patients were positive
for antibody to parietal cell cytoplasm and the com¬

plement-fixation titres ranged from 1/4 to 1/128. A gastric
biopsy specimen was obtained in 7 of the patients; all
showed a pronounced but variable reduction in the
number of parietal cells (p—, P+, or P++), and all
showed an increased degree of lymphocytic infiltration
(l-|—j- or L-j—I—b).
The results in the 7 patients with minimal gastric-acid

secretion in the post-histamine hour are shown in table IV.
In this group the acid secretion in response to gastrin or
to histamine was comparable. In 3 of the patients the
samples of the histamine-test analysis were not available
for intrinsic-factor assay. The secretion of intrinsic factor
during the basal hour alone (283-2710 ng. units) was
higher than the total secretion over two hours that was
recorded in any of the patients with frank or latent
pernicious anaemia. The total secretion of intrinsic factor
over the two hours in the 7 patients with minimal gastric
acid (904-7900 ng. units) was significantly higher than in
any of the patients in table I or ii. There was evidence in
some patients (table iv) that the secretion of intrinsic
factor was increased in response to histamine or gastrin;
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this was more clearly seen when the intrinsic-factor
secretion was studied at intervals of ten minutes to obtain
the peak in the secretion of intrinsic factor. A gastric
biopsy specimen was available in 4 of the patients
(table iv). All the specimens showed advanced atrophic
gastritis with increased lymphocytic infiltration, but at
least a few parietal cells (p+ ) were seen in each specimen.
None of the patients with minimal acid secretion had

antibody to intrinsic factor in the serum; 3 of the 7 patients
had parietal-cell antibody in the serum in titres of 1/4,
1/128, and 1/256.
Table v summarises the range of values for intrinsic-

factor secretion in the 11 patients with a gastric-acid
secretion varying between 2-9-19-3 mEq. hydrochloric
acid in the post-histamine hour. In this group there was
definite evidence of stimulation of intrinsic-factor
secretion in response to histamine or gastrin. The range
of values is in general higher than that noted in the
patients in table iv, though there is some overlap. None
of the patients had antibody to intrinsic factor in the
serum. 3 of the 11 patients gave a positive Coons test for
parietal-cell antibody, but the complement-fixation titres
were low (< 1/16). The acid secretion during the post-
histamine hour in the 3 patients with parietal-cell antibody
was 2-9, 7-9, and 8-6 mEq. hydrochloric acid. Gastric
biopsy specimens were obtained in 2 of these 3 patients;
both showed some degree of atrophic gastritis (p+ +,
l++). In 2 patients with negative gastric serology and
an acid secretion of greater than 10 mEq. hydrochloric
acid in the post-histamine hour the specimens were
normal in appearance (p+ + +, l±).
With one exception the response in the secretion of

intrinsic factor after histamine was greater than that after
gastrin, but in all the patients (table v) the secretion of
gastric acid was higher in response to histamine (mean=
9-0 mEq. hydrochloric acid) than it was in response to
this particular preparation and dose of gastrin (mean=
4-9 mEq. hydrochloric acid).

Discussion

We determined the gastric secretion of intrinsic factor
by immunoassay in 45 patients with varying grades of
severity of atrophic gastritis. The findings showed a good
correlation with the patient's vitamin-B12 metabolism, as
assessed by the Schilling test, with and without exogenous
intrinsic factor. Patients who are able to secrete even

minimal amounts of gastric acid had a secretion of
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intrinsic factor of not less than 900 ng. units in the basal
hour plus the hour following stimulation with gastrin or
histamine. These patients had normal Schilling tests.
Among the 27 patients with histamine-fast achlorhydria,
15 gave evidence of malabsorption of vitamin B12 in the
Schilling test. In the 12 patients with frank pernicious
anaemia the total secretion of intrinsic factor as estimated
by immunoassay in the basal hour plus the post-stimula¬
tion hour was less than 100 ng. units, whereas in the
3 patients with latent pernicious anaemia the secretion of
intrinsic factor in the corresponding two hours was
between 85-300 ng. units. The 12 patients with
histamine-fast achlorhydria but with normal Schilling
tests all had a two-hour secretion of intrinsic factor (as
estimated by immunoassay) of greater than 400 ng. units,
with .the exception of 1 patient who was estimated to have
an intrinsic-factor secretion of 185 ng. units in the two
hours of the test.

These levels for the secretion of intrinsic factor in

patients with atrophic gastritis of varying severity are in
keeping with the previous reports of Ardeman and
Chanarin (1963) and Irvine (1965b and c). Our findings
confirm that in patients who are able to secrete gastric acid
both histamine (Ardeman and Chanarin 1965) and gastrin
(Irvine 1965a, Wangel and Callender 1965) stimulate the
secretion of intrinsic factor.
The advantage of an in-vitro method of assaying

intrinsic factor is that the patient's ability to secrete
intrinsic factor can be assayed directly without subjecting
him to additional procedures. Moreover, the administra¬
tion of radioactive substances to the patient can be
avoided, and the method does not depend on adequate
renal function and twenty-four-hour urine collections.
The test can be carried out in the outpatient department
and does not alter the vitamin-B12 status of the patient.
The laboratory procedure is simple, and, if a number of
tests are being performed at regular intervals, the cost
compares very favourably with that of a Schilling test.
The equipment is standard in any hospital that has a
radioisotope department. The charcoal method already
■described is economical of serum and of gastric juice. It
is more suited to the routine hospital laboratory than the
dialysis method of Abels et al. (1963) or the guineapig-
ileum method of Sullivan et al. (1963). The success Of
the method, however, depends on accurate positioning of
the intragastric tube and careful supervision of the gastric
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aspiration throughout the two hours of a standard
augmented histamine test or gastrin test.
Difficulty in the diagnosis of addisonian pernicious

anaemia can arise in the latent form of the disease or in the

patient who has been given vitamin-B12 therapy before-
adequate investigation has been completed. In both
instances the only diagnostic criteria of the disease may
be the demonstration of histamine-fast achlorhydria and
of malabsorption of oral radioactive vitamin B12 which
can be corrected by the simultaneous administration of
exogenous intrinsic factor. In these circumstances the
direct estimation of intrinsic-factor secretion by immuno¬
assay is likely to be of particular clinical value.
Though the preparation of gastrin we used did not

provide a maximal stimulus for acid or intrinsic-factor
secretion, it augmented the volume of gastric secretion in
a sufficient number of the achlorhydric patients to be of
value. Gastrin has the advantage of being free of the
unpleasant side-effects of histamine.
In previous reports (Irvine 1965b and c, Irvine et al.

1965) the presence of gastric parietal-cell antibody in the
serum was shown to correlate well with histological
evidence of gastritis and reduction in the gastric-acid
secretion, but gave little indication of the severity of the
gastric disorder. Some 75% of patients who lack intrinsic
factor have a positive serological test for gastric parietal-
cell antibody (Irvine et al. 1962, Taylor et al. 1962,
Irvine 1963). Many patients with gastric parietal-cell
antibody, however, do not lack intrinsic factor and have
adequate oral vitamin-B12 absorption. Two antibodies to
different antigenic determinants on the intrinsic-factor
molecule or polymer are recognised. In patients with
pernicious anaemia the incidence of antibody to intrinsic
factor at the vitamin-B12-binding site is about 60%
'Ardeman and Chanarin 1963, Doniach and Roitt 1964,
Irvine 1965b and c) whereas the incidence of the second
antibody to intrinsic factor, detected by the electrophoretic
retention method, is between 20-45% (Jeffries et al. 1962,
Taylor et al. 1962). With few exceptions the presence of
intrinsic-factor antibody at the vitamin-B]2-binding site
is correlated with achlorhydria and malabsorption of
vitamin B12 in the Schilling test, correctable by exogenous
intrinsic factor (Irvine 1965b and c). This is borne out
in the present paper (tables i-iii).
Addisonian pernicious anaemia is a potentially serious

but eminently treatable condition. Many patients with
early untreated addisonian pernicious anaemia pass
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through a period of chronic but vague ill health before
the typical clinical picture of the disease develops; some
suffer neurological damage which may not always be
completely reversible. Latent as well as the frank forms
of the disease should therefore be diagnosed and treated
as early as possible. Serological testing for antibodies to
gastric parietal-cell cytoplasm and to intrinsic factor
should be carried out for screening people known to be at
special risk—e.g., blood relatives of patients with addi-
sonian pernicious anaemia (Callender and Denborough
1957), patients with thyroid disease (Tudhope and Wilson
1962, Irvine 1965b and c) and patients with idiopathic
iron-deficiency ansmia (Heath 1933). Patients with
positive tests for parietal-cell antibody and particularly for
antibody to intrinsic factor should undergo gastric
analysis with determination of their acid secretion, using
either histamine or gastrin. In persons who are achlor-
hydric the gastric intrinsic-factor secretion in the same
samples of gastric juice should be measured; when it is
less than 300 ng. units in the combined basal and post-
stimulation hours they should be further investigated by
measurement of the serum-vitamin-B12 level and by
radioactive vitamin-B12-absorption studies to confirm the
diagnosis of pernicious antemia. Persons who secrete
more than 300 ng. units of intrinsic factor during the two
hours of the test and who have either a histamine-fast or
a gastrin-fast achlorhydria should be regarded as potential
pernicious antemia subjects, and the level of the serum-
vitamin B12 should be checked annually.
Although the absence of gastric parietal-cell and

intrinsic-factor antibodies in about 10% of patients with
addisonian pernicious anaemia will result in some patients
with the latent disease being undetected by such antibody-
screening tests, we believe these tests, when used in con¬
junction with the immunoassay of gastric intrinsic factor,
will result in a much earlier and improved detection of
clinically unsuspected cases, particularly in the groups at
higher risk.

Summary
The content of intrinsic factor in the samples of gastric

juice obtained during a standard gastric analysis when
either histamine or gastrin was used as stimulant was
correlated with the microscopic appearances in the
stomach and the patient's ability to secrete acid and to
absorb oral vitamin B12 (without and with exogenous
intrinsic factor).

18 patients who secreted acid had normal absorption of
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oral vitamin B12, and the secretion of intrinsic factor in
the gastric juice aspirated during the basal hour and post-
stimulation hour was 900-28,000 ng. units. In 12 patients
with frank addisonian pernicious anaemia the gastric
secretion of intrinsic factor during the same two-hour
period was less than 100 ng. units. In 3 patients with
latent pernicious anaemia the intrinsic-factor secretion
was <235±57 ng. units during the two hours of the test.
In 12 patients with achlorhydria but with adequate
absorption of oral vitamin BI2, the intrinsic-factor secre¬
tion during the two-hour gastric analysis was greater than
400 ng. units, except in 1 patient who secreted 185 ng.
units.
The advantages of the direct assay of intrinsic factor

are: (1) it reduces the need to administer radioisotopes in
the investigation of patients suspected of having pernicious
ansemia; (2) it avoids the necessity of giving vitamin B12
during the period of investigation; (3) it can be carried
out simultaneously with a conventional gastric analysis
using either histamine or gastrin; and (4) it is simple
and economical.

Screening tests for gastric antibodies should become
a routine investigation in persons at special risk. Those
with positive antibody tests should undergo gastric
analysis, and if achlorhydria is present, the samples of
gastric juice should be assayed for intrinsic-factor content.
If this is found to be less than 300 ng. units during the
two-hour period of gastric aspiration, full investigation
for pernicious antemia along conventional lines should be
instituted.
We are grateful to the many physicians who allowed us to study

their patients; to Sister Marion Herbertson, Staff-nurse S. W.
Sinclair, and Staff-nurse Mrs. Helen Wilson for their care and
patience with the gastric analyses; and to Miss Irene Park for her
secretarial help.
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Immunological Aspects of Pernicious Anaemia

W.J. Irvine; S.H. Davies and M.D. Sumeri.ing

Two antibodies that are specific for gastric mucosa or its secretions are rec¬
ognised to occur in the sera of patients with Addisonian pernicious anaemia.
One of these antibodies is specific for the cytoplasm of the gastric parietal cell,
while the other is specific for intrinsic factor. Neither of these antibodies are

species specific; parietal cell antibody will react with rat gastric parietal cells
and the antibody to intrinsic factor will react with an extract of hog gastricJ oo

Fig. i. Unfixed frozen section of gastric mucosa from a patient with duodenal ulcer. The section
was stained by the indirect Coons fluorescent antibody (l.C.) method using serum from a patient
with pernicious anaemia. The staining is in the distribution of the parietal cells. This fig. also de¬
monstrates the presence of anti-nuclear factor, which is found in only 4% of patients with perni¬

cious anaemia (Ultra-violet X40).



74 Irvine ct al., Immunological Aspects of Pernicious Anaemia

mucosa as well as with intrinsic factor present in normal human gastric juice.
Both these antibodies have been shown to be 7S gammaglobulins.
The techniques of immunofluorescence and of complement-fixation can be

used to demonstrate antibody to gastric parietal cells [7, 13, 4] and the first of
these methods is illustrated in fig. 1. Antibody to intrinsic factor can be detect¬
ed by the in vivo inhibition of vitamin BI2 absorption [12] and by the in vitro
methods of electrophoretic retention [9] and of inhibition of binding of vit¬
amin Bi2 to serum in the presence of normal gastric juice [1, 2].

Incidence and Significance ofGastric Antibodies

Antibody to gastric parietal cell cytoplasm has been found in 73% of patients
with pernicious anemia and antibody to intrinsic factor in 53%; one or other
or both of these antibodies being present in 86% of patients with pernicious
anaemia [6]. 25% of patients with thyrotoxicosis and 33% of patients with
chronic thyroiditis have gastric parietal cell antibody in the serum [6] and this
is matched by the high incidence of pernicious anaemia in patients with
thyroid disease [10, 14]. Fig. 2 shows how the presence of this antibody is
correlated with the secretion of gastric HC1 in the augmented histamine test.
Gastric biopsies from the majority of these patients were examined and a good
correlation was found between the reduction in gastric acid secretion and the
severity of atrophic gastritis in the biopsy material [8], Only 3% of patients
with thyrotoxicosis or chronic thyroiditis have antibody to intrinsic factor in
the serum [6] and it will be seen from fig. 2 that this antibody has only been
found in the presence of histamine fast achlorhydria and that there is a high
correlation between the presence of this antibody and impaired absorption of
oral vitamin BI2 in the Schilling test.
In a series of 629 blood donors, sub-divided according to age and sex, the

incidence of gastric parietal cell antibody was found to be higher in females
than in males and to rise with age [8]. An incidence of 14% was found in fe¬
males in the 50-60 decade as opposed to 2% in females or males under the age
of 30. None of 141 female blood donors between the ages of 40 and 60 years
were found to have antibody to intrinsic factor in the serum [6], again empha¬
sising the high correlation between latent or overt pernicious anaemia and the
presence of this antibody.

Disordered Immunological Tolerance
The atrophic gastritis ofpernicious anaemia and chronic thyroiditis are similar
in so far that both conditions are characterised by a high incidence of organ-
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Fig. 2. Gastric acid secretion in the post-histamine hour correlated with the titrc of gastric parietal
cell antibody and the presence or absence of antibody to intrinsic factor in the sera of 124 patients

with thyrotoxicosis, Hashimoto goitre or primary hypothyroidism.

specific antibodies and that both have essentially the same age and sex distribu¬
tion.Miller [i i] has demonstrated the importance of the thymus gland in the
development of the immunological system and it is possible that the thymus
may also be important in the maintenance of immunological homeostasis in
the adult. It has been argued that thyroid autoimmunity may be regarded as a
disorder of immunological tolerance [5] and, by analogy, this concept can be
extended to include the formation of gastric auto-antibodies in pernicious
anaemia [4]. In a series of thymic biopsies carried out during a standard partial
thyroidectomy a correlation was found between the presence of germinal
centres in the thymic medulla and the presence of an abnormal degree of
lymphocytic infiltration within the thyroid [3].
Using the technique of pneumomediastinography the size of the thymus

was found to be abnormally large (P = 0.03) in patients with thyroid or gastric
antibodies in the serum (16 patients, mean thymus size = 10.o cm2, S.D. =
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Fig. 3. A lateral radiograph (tomogram) of the chest using the technique of pneumomcdiastino-
graphy to demonstrate the thymus. The cross sectional area of the thymus in the central plane was
estimated to be 14.8 cm2. Mrs. A. McE. 60 years, pernicious anaemia and primary hypothyroidism.

T = thymus, S = sternum, RV = right ventricle, RA = right auricle, A = aorta.

5.5) when compared to the size of the thymus in patients who had thyroid
disease but no thyroid or gastric antibodies in the serum (6 patients, mean
thymus size =5.1 cm2, S. D. = 4.0). Fig. 3 illustrates an enlarged thymus in a
patient with pernicious anaemia and primary hypothyroidism and who had
high titres of gastric and thyroid antibodies in her serum. Although the
amount of lymphoid tissue within the thymus cannot be determined by radio¬
logical methods (for much of the thymus may be replaced by fibrous and
adipose tissue) it is possible that an enlarged thymic shadow may be an indica¬
tion of thymic hyperplasia within the recent past.

The in vitro Assay ofGastric Intrinsic Factor

Immunological studies in pernicious anaemia have led to the development of
an in vitro method for the assay of intrinsic factor in gastric juice [2, 6], In
fig. 4, all patients with an intrinsic factor secretion in the gastric juice > 50

g units in the post histamine hour had normal Schilling tests of vitamin
BI2 absorption, whereas the 5 patients with intrinsic factor secretion of < 18
m/j, g units in the post histamine hour had frank pernicious anaemia.
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Fig. 4. The secretion of intrinsic factor and of HCI in the gastric juice in the post-histamine hour
correlated with the presence or absence of antibody to intrinsic factor in the patient's serum.
Patients above the horizontal line had a normal absorption of oral vitamin BI2; those below the

line had pernicious anaemia.

Conclusion

Antibodies to gastric mucosa serve as an indicator of those subjects who are particularly likely to
develop pernicious anaemia and they may give some indication of the pathogenesis of this condi¬
tion. In addition, they have led to the development of an in vitro method for the assay of intrinsic
factor in gastric juice.
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SUMMARY

A modification of the charcoal method for the detection and titra;ion of antibody
to intrinsic factor in serum and for the assay of intrinsic factor in human gastric
juice is described. The antibody was detected in a titre greater than 5 ng units/ml
in 52% of the sera of 162 patients with Addisonian pernicious anaemia. False
positive results may occur if the serum is withdrawn within 24 hr of the parenteral
administration of normal therapeutic doses of vitamin B12.
In the analysis of human gastric juice, the charcoal method cf immunoassay

clearly distinguishes between intrinsic factor and other vitam n Bi2 binding
substances. A good correlation was observed between the gastric acid secretion,
the ability to absorb oral radioactive vitamin B, 2 in the Schilling te: t, and the assay
of intrinsic factor in the gastric juice. Intrinsic factor as an antigen is stable in acid
and alkali media but is destroyed by incubation at 56°C for 30 min. A secretion of
less than 100 ng units intrinsic factor in the gastric juice during the post-histamine
hour is not compatible with adequate vitamin B12 absorption and is indicative of
Addisonian pernicious anaemia.
A good correlation was observed between the immunoassay and the biological

activity of preparations of hog intrinsic factor. To correct the absarption of oral
vitamin B,2 in the Schilling test in patients with pernicious anaemia 300-600 ng
units hog intrinsic factor are required. It is suggested that hog ntrinsic factor
preparations should be defined in terms of nanogram units intrinsic factor per
milligram.

The development of a satisfactory in vitro method for the assay of int
provide an important advance towards the isolation and characteriza'
substance. It would also prove helpful in following the natural history of the disease process

•insic factor would
ion of this elusive

that culminates in the condition of Addisonian pernicious anaemia.
Correspondence: Dr W. J. Irvine, M.R.C. Clinical Endocrinology Research U

Edinburgh.
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promising developments has been the assay of intrinsic factor usin
niques.
Antibody to intrinsic factor was first identified in vitro by Jeffries,

(1962) using an electrophoretic retention technique. The methods described by Abels et al.
(1963) and by Ardeman & Chanarin (1963) depend upon the obs
factor binds vitamin B,2; in the presence of antibody to intrinsic
vitamin BI2 to intrinsic factor is inhibited. These latter two mt
similar except that Abels and his colleagues use dialysis to rem
from the system while charcoal is used for this purpose by Ardemajn & Chanarin (1963).

the methods using
an the intrinsic factor

genie determinant on
7/. (1963) have shown
the serum as detected

tq inhibit the action of
nts with Addisonian

Roitt, Doniach & Shapland (1964) have demonstrated that
dialysis or charcoal detect antibody to the vitamin B12-binding site
molecule while the electrophoretic method relates to a different ant
the intrinsic factor molecule. Both Jeffries et al. (1962) and Abels et
a correlation between the presence of antibody to intrinsic factor in
by their respective in vitro techniques and the ability of that serum
exogenous intrinsic factor in the absorption of vitamin BJ2 in pat
pernicious anaemia.
The purpose of the present communication is to describe a modific;

Ardeman & Chanarin for the detection and titration of antibody
human serum and for the titration of intrinsic factor in human gastric
intrinsic factor secreted following histamine stimulation has been metsured in a variety of
patients and the results correlated with the patient's ability to secrele gastric acid and to
absorb oral vitamin B,2 and with the presence or absence of antibod) to intrinsic factor in
the serum. Using this method of assay, the intrinsic factor content of i number of prepara
tions of hog antral mucosa has been determined and the results compared with the biological
activity of these preparations.

immunological tech-

Hoskins & Sleisenger

rvation that intrinsic
factor the binding of
thods are essentially
)ve free vitamin Bl2

tion of the method of
to intrinsic factor in

juice. The amount of

DETECTION AND TITRATION OF ANTIB
TO INTRINSIC FACTOR

ODY

Screening test for antibody to intrinsic factor
The procedure used for the detection of antibody to intrinsic factor

given in Table 1.
The tests were done in disposable plastic 10 ml test tubes with plaitic stoppers (Stayne

Laboratories Ltd, High Wycombe, Bucks., England). The phospha e buffer consists of
0-5 M-NaH2P04 brought to pH 7-0 with 10 N-NaOH and diluted
before use.

Gastric juice from a patient with duodenal ulcer provides a convenient source of intrinsic
factor; the most suitable specimen is usually obtained in the first 40
lation by histamine or gastrin (Irvine, 1965a). The concentration of
millilitre of the gastric juice should be ^ 75 ng units/ml (vide infra). Th;
at —20°C for at least several months without loss of the antigenic properties of intrinsic
factor.
In order to standardize the degree of mixing the specimens were placed in a Rolamix

apparatus (Luckham Ltd, London, England) for the time intervals indicated.

r in human serum is

0 with 0-85% saline

riin following stimu-
intrinsic factor per
juice can be stored
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Lyopholized 57Co vitamin B12 (Cyanocobalamin) was obtained from
Centre, Amersham, England, in 10 /<c ampoules with a specific activity of 1-0 /.tc/ng. To

101

the Radiochemical

5 ml buffer to give
diluted 1:10 before

prepare a stock solution the contents of one ampoule were dissolved in
a concentration of 400 ng 57Co vitamin Bl2 per ml. This was further
use. 57Co vitamin B,2 was used in preference to 60Co vitamin B,2 because of the higher
efficiency of detecting the y-radiation. 57Co has no /i-radiation and the intensity and energy
of its y-radiation is less than that of 60Co; these properties combined with the shorter
half-life (270 days as opposed to 5-27 years) makes 57Co vitamin B12 less hazardous than
60Co vitamin B12 in the event of contamination of personnel or equipment.
Instead of using activated charcoal in powdered form (Ardeman & Chanarin, 1963;

Irvine, 1965b, c), it was found that more reproducible results were obtained if the activated
charcoal (British Drug Houses, Poole, England) is made into a 20% suspension in buffer.
In this way clumping of the charcoal is reduced.

Table 1. Detection of antibody to intrinsic factor in serum

Test Standard Control;

1* 3* 4*

Phosphate buffer (ml)
Standard gastric juice (ml)
Normal serum (ml)
Test serum (ml)

20 ng "Co vitamin B12
(1-0 Mc/pg) in buffer (ml)

20% charcoal in buffer (ml)

1-4
0-1

1-4
0-1

0-5 —

0-5

Mix for 10 min

2-5 1-5 2

0-5 -

0'5 0-0-5 0-5 0-5

Mix for 20 min

0-5 0-5 — 0-5

Mix for 2 min, centrifuge,
count activity in supernatant

These tubes need only be included once in each battery of tests
which many test sera (tube 2) are studied.

A well-type scintillation counter with a If x 2 in. sodium iodide crystal was used and each
sample was counted for a period of 100 sec. By reference to the standard the number of
counts equivalent to 1 ng 51Co vitamin B12 was determined. The amouht of antibody to
intrinsic factor in the test serum is represented by the difference in counts between tubes 1
and 2 (see Table 1). The titre of intrinsic factor antibody in the serum is calculated as the
inhibition of vitamin BJ2 binding in nanograms that would be produced by 1 ml of the test
serum. The titre is expressed in ng units/ml. Using the reagents as shown in Table 1 the
titre of antibody to intrinsic factor is given by the formula:

Count in tube 1 —Count in tube 2

Standard —Background counts
x 40.

Ill : 95
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included as controls for the absorptive properties of the charcoal,
charcoal will remove more than 99% of free vitamin B12 (tube 5) biit
small amount of vitamin B12 that is bound to serum in the absence of
4).

They ensure that the
will not absorb the
intrinsic factor (tube

£ 60'

50-

.£ 40
s.

-£>5

co| 30
i_

C

s"1
2 20-1

10-

—i 1 1 1 i 1 1—

0-1 0-2 0-3 0-4 0-5 0-6 0-7
Volume of standard gastric juice (ml)

0-8

Fig. 1. Titration of serum B.1249 for antibody to intrinsic factor at the vita
site using increasing amounts of gastric juice in the presence of a constant
serum.

0-9 1-0

min B12 binding
amount of the test

> 5 ng units/ml are
amount of intrinsic
titrate the antisera
itamin B12 binding

that is possible within the limits of this screening test require to be titrated

III : 96

The variation in counts in Table I, if repeated throughout a seiies of experiments, is
+ 2%. This degree of error is equivalent to less than 1 ng of vitam n B12 binding. In the
analysis of a large number of test sera it was found that there was no significant variation
in the vitamin BI2 binding properties of normal serum in the absence of gastric juice as
compared to serum from patients with pernicious anaemia or with tlyroid disease or from
a large number of hospital control patients. It is therefore not necessary to compare the
vitamin B12 binding properties of normal serum and test serum in tie absence of intrinsic
factor. The standard and background counts are estimated at the beginning and at the end
of each series of experiments as a control of the counting apparatus. Tubes 4 and 5 are

Tubes 1, 3, 4 and 5 need be included once only in each battery of tests. This greatly
simplifies the method and allows the analysis of large numbers of test $era. The number of
tubes required is x + 4, where .v is the number of sera to be tested.
The procedure shown in Table 1 serves as a screening test for the presence of antibody

to intrinsic factor. Sera that give an inhibition of vitamin Bl2 binding ol
regarded as positive for intrinsic factor antibody. According to the
factor in the gastric juice used in the test, this screening procedure wil
to between 10 and 20 ng units/ml. Sera giving maximum inhibition of \

Titration of antibody to intrinsic factor
Sera were titrated for antibody to intrinsic factor by determining the inhibition of

vitamin B12 binding by a constant amount of the test serum in the presence of increasing
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amounts (0-05-1-00 ml) of a standard human gastric juice containing ^
factor/ml. The volume of the gastric juice at each stage was made up
An example of such a titration is shown in Fig. I. The procedure adojy
in Table 1 except that 0-5 ml buffer and TO ml serum were used and t
each stage of the assay. In tube 2, 0-2 ml test serum was diluted in C
human serum. 400 ng 57Co vitamin B12 (specific activity 0-1 pc/pg)
added to each tube. The procedure for absorption with charcoal wa:
The serum studied in Fig. 1 gave a titre of 250 ng units intrinsic factor
titration curve indicates that the results are highly reproducible and
between a single antigen and antibody.
For the routine titration of sera for antibody to intrinsic factor it

Table 2. Routine titration of antibody to intrinsic factor in

103

100 ng units intrinsic
to 1-0 ml with buffer,
ted was as described

ube 1 was included at

•8 ml pooled normal
in TO ml buffer was

as described above,

antibody per ml. The
that the reaction is

is only necessary to

Test Standard Contr ols

3* 4*

Phosphate buffer (ml)
Standard gastric juice (ml)
Normal serum (ml)
Test serum (ml)

400 ng 57Co vitamin B12
(0-1 mc/|itg) in buffer (ml)

20% charcoal in buffer (ml)

1-0
1-0

0-5

1-0

1-0

3-0

0-5

Mix for 10 min

2-0

0-5

1-0

2-5

1-0 1-0 1-0

Mix for 20 min

0-5 0-5 — 0-5

Mix for 2 min, centrifuge,
count activity in supernatant

These tubes need only be included once in each battery of tests in
which many sera may be titrated.

determine the level of the plateau in the titration curve shown in Fig.
routine titration is shown in Table 2. A control test using a standard ant
is included in each set of titrations to verify the upper limit of the titratic
will detect. Test sera with titres approaching this limit require to be titn
ml test serum diluted in 0-4 ml normal human serum.

The titres of intrinsic factor antibody (vitamin B12 binding site) in the
with Addisonian pernicious anaemia are shown in Fig. 2. The antibody

The procedure for
iserum of high titre
n which the system
ted again using 0-1

tera of 162 patients
was present in a

titre of >5 ng units/ml in 52% and the titres ranged from 5-4 to 790 nig units/ml.

False positive results for antibody to intrinsic factor
In the in vitro system a high level of stable vitamin Bl2 in the test sdr

with the 57Co vitamin B12 for the available binding sites and so produo
result. In order to test this possibility, serum was obtained from a norn)al

um may compete
:e a false positive
subject (W.J.I.)

Ill : 97
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immediately before and at 2, 4, 8, 24, 48 and 72 hr after an intramuscular injection of
1000 vitamin B12 (Cytamen, Glaxo). The titre of antibody to intrinsic factor was <5 ng

units/ml (negative) before the injection, but rose to 27 ng units/ml at 2 hr and fell to 14 ng

units/ml at 4 hr and was again less than 5 ng units/ml at 8 hr and thereafter. The corre¬

sponding figures for the serum vitamin B12 levels determined by microbiological assay
(Girdwood, 1960) were 0-3, 20, 6, 2-5, 1 -3 and 0-8 ng/ml, respectively. A patient with treated
pernicious anaemia, whose serum was negative for antibody to intrinsic factor 6 days after
1000 /<g intramuscular vitamin B12, showed a titre of 12 ng units/ml 6 hr after an intra¬
muscular injection of 1000/(g Cytamen. In two other patients with pernicious anaemia, but
with negative tests for antibody to intrinsic factor, the duration of a false positive result
following 1000 /<g Cytamen intramuscularly was limited to 24 hr.

103

A

10* -

CD
c 101

<5 2

..N

Fig. 2. The incidence and titres of antibody
to intrinsic factor (vitamin B,2 binding site)
in the sera of 162 patients with Addisonian
pernicious anaemia. The antibody was present
in a titrc of greater than 5 ng units/ml in 52%
of the patients.

TITRATION OF INTRINSIC FACTOR IN
HUMAN GASTRIC JUICE

In the assay of the intrinsic factor content of a sample of gastric juice it is advantageous to
use a serum with a high titre of antibody to intrinsic factor. This ensures that in the majority
of assays the limiting factor is the amount of intrinsic factor in the sample of gastric juice
and not the amount of antibody to intrinsic factor that had been used. Where the recorded
amount of intrinsic factor in the sample of gastric juice approaches the known amount of
antibody in the standard antiserum, the test must be repeated using either a higher titre
antiserum or the gastric juice should be diluted.
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In order to obtain a supply of suitable standard antisera a small panel was made of fit,

co-operative patients with high titres of intrinsic factor antibody in their sera who were

agreeable to donating 200-400 ml of blood every 6 months for the purpose of this research.
Care was taken to ensure that the donor had not received an injection of vitamin B12
within the previous 24 hr for the reason discussed above. The donor whose serum was
used for the majority of assays was one of the few patients with antibody to intrinsic factor
in the serum but who had no evidence of malabsorption of vitamin B12 and who was not
receiving vitamin B,2 therapy.

Each of the standard antisera were titrated for antibody to intrinsic factor by the method
illustrated in Fig. 1 and also by the single tube method described in Table 2. Sera with
antibody titres ^100 ng units/ml were considered suitable for use as standard antisera.
Figs. 3-5 show the titration of intrinsic factor in three selected samples of gastric juice. The

Table 3. Immunoassay of intrinsic factor in human gastric juice

Test Controls Standard

1 2 3* 4* 5* 6*

Phosphate buffer (ml) 1-0 1-0 1-5 1-5 2-5 3-0

Test gastric juice (ml) 0-5 0-5 — — —

Normal serum (ml) 1-0 — — 1-0 — —

Standard anti-serum (ml) — 1-0 1-0 — —

Mix for 10 min

400 ng 57Co vitamin B12
(0-1 /uc/^g) in buffer (ml) 1-0 1-0 1-0 1-0 1-0 1-0

Mix for 20 min

20% charcoal in buffer (ml) 0-5 0-5 0-5 0-5 0-5 —

Mix for 2 min, centrifuge,
count activity in supernatant

*These tubes need only be included once in each battery of tests in which
many samples of gastric juice may be assayed.

amount of antigen has been kept constant at TO ml test gastric juice and the amount of
standard antiserum progressively increased in tube 2 (see Tables 1 and 2) from 0-0 to 0-5 ml.
In Fig. 3 the gastric juice is from a patient with duodenal ulcer who had a high secretion

of gastric acid (34 mEq HC1) during the hour following a subcutaneous injection ofhistamine
(0-04 mg/kg body weight). The inhibition of vitamin B12 binding (the difference in counts
between tube 1 and 2 divided by the number of counts equivalent to 1 ng 57Co vitamin B12)
increases with the addition of increasing amounts of standard antiserum until all the
intrinsic factor available has reacted with the antibody. Thereafter, the addition of further
quantities of antiserum has no effect on the vitamin B12 binding. In this sample of gastric
juice most of the vitamin B12 binding could be inhibited by the antiserum.
In contrast, the sample of gastric juice used in Fig. 4 is from a patient with Addisonian

pernicious anaemia. The difference between the vitamin B12 binding in the presence of
normal serum and in the presence of standard antiserum is insignificant. There is almost a
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Fig. 3
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Figs. 3-5. The experimental procedure in these figures was the same as shown in Tables 1 and 2
but using the following quantities of reagents: Tube 1 (O): 1 -5ml buffer, 1 ml test gastricjuice, 1 ml
pooled normal human serum. Tube 2 (x): 1 -5ml buffer, 1 ml test gastricjuice, increasingamounts
of standard anti-serum made up to 1-0ml with pooled normal human serum. Tube 4 (•): 2-5 ml
buffer, no gastric juice, 1 ml pooled normal human serum. 200 ng "Co vitamin BI2 (0-1 fic/fg)
was added to each tube, to the standard and to the controls. 0-5 ml 20% charcoal suspension
in buffer. Individual legends are given at the foot of the facing page.
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comparable amount of vitamin B12 binding per ml gastric juice but this is all due to non¬
specific vitamin B12 binding substances that do not have the physiological function nor the
antigenic properties of intrinsic factor.
In Fig. 5 the same procedure had been used to analyse the gastric juice from a patient

with histamine-fast achlorhydria but in whom there was no evidence of malabsorption of
oral vitamin B12. This sample of gastric juice contains a very high content of vitamin B12
binding substances, but only about one-third of the vitamin B12 binding capacity is due to
the presence of intrinsic factor.
In order to have a rapid assay for the intrinsic factor content of gastric juice it is necessary

to detect the flat portion of the curve (x) illustrated in Figs. 3-5. This can be done using a
two tube assay, together with a single standard and single charcoal controls. The count in
tube 1 (normal serum) should not approach that of the standard and the units of intrinsic
factor antigen recorded in the volume of gastric juice under test should not approach the
number of ng units of antibody to intrinsic factor that are present in the standard antiserum
used. If these limitations are reached it is necessary to dilute the sample of gastric juice and
repeat the test. The procedure for the rapid assay of intrinsic factor content of samples of
gastric juice is then as shown in Table 3. Before this procedure was adopted as the routine
laboratory test for assay of intrinsic factor in gastric juice further studies were done con¬
cerning the absorptive properties of charcoal.

Absorptive properties of charcoal
The effect of prolonging the duration of mixing with charcoal in the penultimate stage

of each procedure was studied over a period of 2^10 min. The results in the assay of a
specimen of gastric juice for intrinsic factor are shown in Fig. 6.
Within this period of study there is little change in the amount of 57Co vitamin B12

absorbed by the charcoal suspension. In particular, the amount of binding of vitamin B,2 to
serum that was inhibited by the presence of antibody to intrinsic factor was essentially

Fig. 3. Titration of vitamin B12 binding substances in the pooled gastric juice secreted during
the post-histamine hour in a male aged 42 years with duodenal ulcer. Secretion of HC1
during the hour following i.m. 0-04 nig histaniine/kg body weight = 34 mEq. Most of the
binding of vitamin B12 can be inhibited by the anti-serum. Intrinsic factor content of this
gastric juice is estimated at 64 ng units/ml.
Fig. 4. Titration of vitamin B12 binding substances in pooled gastric juice secreted during the
post-histamine hour from a female aged 69 years with Addisonian pernicious anaemia. Only
a small proportion of the binding of vitamin B12 can be inhibited by the anti-serum; the gastric
juice contains a high concentration of vitamin B12 binding substances that do not have
intrinsic factor activity. Intrinsic factor content is estimated at 3 ng units/ml gastric juice.
Fig. 5. Titration of vitamin B12 binding substances in the pooled gastric juice secreted during
the post-histamine hour in a female aged 27 years with histamine-fast achlorhydria, but a
normal level of serum vitamin B12 and a normal Schilling test of vitamin B12 absorption.
Note the change in scale in the ordinate in comparison to Figs. 3 and 4. Due to the high con¬
centration of vitamin BJ2 binding substances in this juice 400 ng "Co vitamin B12 had to be
used for the first set of points when no antiserum was present in the system. The binding of up
to 80 ng vitamin B12 per ml gastric juice can be inhibited by the antiserum. The gastric juice
contains a high concentration (140 ng units/ml) of non-specific vitamin B12 binding substances.
The intrinsic factor content of this gastric juice is therefore 80 ng units/ml.
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Fig. 6. The effect of prolonging the period of absorption with charcoal in the immunoassay of
intrinsic factor in gastric juice. The experimental procedure was as shown in Table 2 but with
varying times allowed for absorption with charcoal. The same standard gastric juice and the
same standard antiserum was used throughout this experiment. Tube 1 (o); Tube 2 (x); Tube 3
(•). The amount of intrinsic factor per ml of the gastric juice was estimated as 46'8, 46-8,
47-9, 45-6 and 43-8 ng units/ml using 2, 5, 10, 25 and 40 min incubation with charcoal,
respectively.

constant irrespective of the duration of absorption with charcoal. The figures obtained for
the intrinsic factor content of this particular sample of gastric juice after mixing with
charcoal for 2, 5, 10, 25 and 40 min were 46-8, 46-8, 47-9, 45-6 and 43-8 ng units/ml respec¬
tively. A mixing time of 2 min was therefore adopted as standard procedure.

Table 4. Comparison of Ihe absorptive properties of charcoal in buffer and in 3 %
bovine albumin. The experimental procedure was as described in Table 3. The
standard is shown separately. The complete assay was repeated six times at each

stage and the results are presented as the mean ± 1 standard deviation

Tube 20% charcoal in buffer 20% charcoal in 3 % albumin
No. counts/100 sec ± 1 SD counts/100 sec ± 1 SD

1 14783 ± 139 16707 ± 184
2 2395 ± 104 2959 ± 40
3 2070 ± 60 3479 ± 130
4 I960 ± 75 3147 177
5 204 ± 25 1880 80

Intrinsic
factor 132-5 ±0-7 ng units/ml 145-5 ±2-1 ng units/ml
content

Radioactive standard =75-181 ± 402 counts/100 sec.

Background = 89 ± 8 counts/100 sec.
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According to Herbert et at. (1964) the charcoal is effective in selective absorption by

virtue of the fact that it becomes coated with protein and thereafter acts as a molecular
sieve that will only absorb small molecules such as free vitamin B12 but not vitamin B12
that is bound to protein. A study was therefore made in order to determine whether it was
necessary to coat the charcoal with protein (e.g. bovine albumin) before adding it to the
system or whether there was sufficient protein in the system already without incorporating
this step. The titration of intrinsic factor content of a sample of gastric juice and the titration
of antibody to intrinsic factor in a sample of serum was therefore done using a 20% sus¬
pension of uncoated charcoal in phosphate buffer and using a 20% suspension of charcoal
in 3% bovine albumen solution and phosphate buffer. The results in the titration of intrinsic
factor in gastric juice are shown in Table 4.
In the presence of albumin coated charcoal the counts were higher in all tubes including

tube 5 which contained only 57Co vitamin B12 in buffer prior to the addition of the char¬
coal. The difference in counts for the various tubes with and without albumin were fairly
consistent in tubes 1, 3, 4 and 5 but not in tube 2; hence the discrepancy in the assay figures
(132-5 ng units/ml as opposed to 145-5 ng units/ml). The reproducibility was not improved
by the use of albuminized charcoal. The procedure shown in Table 3 for the rapid assay
of intrinsic factor in gastric juice was therefore adopted as routine.

Reproducibility of the immunoassay of intrinsic factor
The variations in counts recorded by the scintillation counter in tubes 1 and 2 of Table 3

was +1-2%. Test samples of gastric juice, particularly from achlorhydric patients may
contain very low concentrations of intrinsic factor which may or may not be associated
with high concentrations of other vitamin B12 binding substances. However, using 57Co
vitamin B12 with specific activity of 0-1 fic/pg the counts recorded in tubes 1 and 2 were
always greater than 1000 in 100 sec. The variation in the assay of intrinsic factor was found
to be +3 ng units/ml gastric juice. The percentage variation was therefore maximal in
specimens of gastric juice that contain minimal amounts of intrinsic factor and is minimal
in specimens that contain high concentrations of intrinsic factor.

Studies on the stability and on the filtration of intrinsic factor antigen
Using the method of immunoassay shown in Table 3 it was demonstrated that intrinsic

factor lost its antigenic properties as a result of incubation at 56°C for 30 min. After this
treatment no intrinsic factor could be detected by immunoassay in a sample of gastric juice
that previously gave a titre of 130 ng units/ml.
The titre of intrinsic factor as determined by immunoassay was not significantly influenced

by incubation at pH less than 2-0 for 2 hr at room temperature; the titre was the same

(+ 1-5 ng units/ml) as in an aliquot of the same sample of gastric juice that was immediately
neutralized to pH 7-0 and in another aliquot that was taken up to pH 10-0 for 20 min and
then brought to pH 7-0 and kept at room temperature for 2 hr. There was no evidence of
loss of intrinsic factor antigen on standing at room temperature (20°C) for 2 hr.
Filtration through a sterilizing Carlson asbestos pad (type EK, John C. Carlson, Ltd,

Barnoldswick, Lanes., England) in a Seitz filter removed intrinsic factor and other vitamin
Bj2 binding substances. There was no loss of intrinsic factor activity after Seitz filtration



Ill : 104

110 W. J. Irvine

through a clarifying Carlson asbestos pad (Type K) or through a Berkefeld filter (British
Berkefeld Filters Ltd, Tonbridge, Kent, England).

Results of immunoassay of intrinsic factor in human gastric juice
The secretion of intrinsic factor during the post-histamine hour was studied in eighty-

seven patients suffering mainly from duodenal ulcer, thyroid disease or pernicious anaemia.
Gastric aspiration was performed as described previously (Irvine, 1965a) and the histamine

105i
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Fig. 7. The secretion of intrinsic factor and of HC1 in the gastric juice during the post-
histamine hour. The histamine was given subcutaneously or intramuscularly in a dose of 0-04
mg/kg body weight. One hundred and three assays of intrinsic factor were made on eighty-seven
samples of gastric juice from eighty-seven patients. In nine instances the variation between
repeat assays was not sufficiently large to be discernible on the graph. Patients with achlor¬
hydria, those with malabsorption of oral vitamin B12 in the Schilling test and those with anti¬
body to intrinsic factor in the serum are indicated, x , Patients serum positive for antibody to
intrinsic factor; •, patients serum negative for antibody to intrinsic factor.

was given by subcutaneous or intramuscular injection in a dose of 0-04 mg/kg body weight
(Kay, 1953). The secretion of gastric acid during the post-histamine hour in this patient
population varied from histamine-fast achlorhydria (pH>6-0) to 34 mEq HC1 (titrated
with OT N-NaOH using methyl red as indicator).
In Fig. 7 the secretion of intrinsic factor is correlated with the secretion of gastric HC1

in the same samples of juice and with the patient's ability to absorb oral vitamin B12 in the
Schilling test (Schilling, 1953). In patients with evidence of malabsorption of vitamin B12
it was shown that the Schilling test could be corrected when repeated with the simultaneous
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administration of hog intrinsic factor. The serum of each patient was tested for antibody
to intrinsic factor by the methods shown in Tables 1 and 2. There is a broad correlation
between the secretion of intrinsic factor and the secretion of gastric acid during the post-
histamine hour. In general terms, the higher the secretion of gastric acid the higher the
secretion of intrinsic factor. Patients with evidence of malabsorption of vitamin B,2 in the
Schilling test all had a secretion of intrinsic factor in the post-histamine hour of less than
80 ng units. Patients with achlorhydria but normal Schilling tests of vitamin B12 absorption
had ^100 ng units intrinsic factor in the gastric juice secreted during the post-histamine

TO5-,

Volume of gastric juice (ml)

Fig. 8. The intrinsic factor content correlated with the volume of gastric juice secreted during
the post-histamine hour in the same group of patients as in Fig. 7. x , Patients serum positive for
antibody to intrinsic factor; •, patients serum negative for antibody to intrinsic factor.

hour. Patients that were capable of secreting acid in response to histamine had an intrinsic
factor secretion of ^500 ng units in the post-histamine hour.
Fig. 8 refers to the same group of patients as shown in Fig. 7 and correlates the volume

of the gastric secretion with the secretion of intrinsic factor during the post-histamine hour.
The reduction in intrinsic factor secretion is not entirely dependent upon a reduced volume
of secretion.
The immunoassay of intrinsic factor was repeated on sixteen of the samples of gastric

juice included in Figs. 7 and 8. In nine instances the variation in results was insufficient to
be demonstrable on the graph; in the other seven instances the repeat analyses on the same

gastric juice are shown by lines joining the corresponding points.
In this population of patients the presence of antibody to intrinsic factor in the serum
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was invariably associated with histamine-fast achlorhydria and malabsorption of vitamin
B, 2 in the Schilling test that was correctable by exogenous intrinsic factor.
The pattern of secretion of intrinsic factor following the subcutaneous or intramuscular

injection of 0-04 mg/kg histamine has been previously described (Irvine, 1965a; Wangel &
Callender, 1965). The secretion of intrinsic factor is maximal during the first 30 min and
then falls off more rapidly than the volume or the acidity of the gastric juice. Fig. 9 shows

Time (min)

Fig. 9. The volume, acidity and intrinsic factor content of the gastric secretion in response to a
constant intravenous infusion of histamine, 0-04 mg/kg body weight/hr.

that when histamine was given by constant intravenous infusion a very prompt release of
intrinsic factor into the gastric juice occurred within the first 10 min and was maintained
to some extent during the second 10 min. Thereafter the secretion of intrinsic factor was
at a lower level but greater than during the basal 1 hr. In contrast, the volume and the
acidity of the gastric juice rose progressively during the 1 hr of the infusion. In two other
subjects similarly studied the secretion of intrinsic factor returned to near basal levels
during a second hour of histamine infusion although the acid secretion was maintained.
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ANALYSIS OF PREPARATIONS OF HOG INTRINSIC FACTOR

Commercial preparations of hog intrinsic factor were assayed biologically by determining
how much of the preparation was required in order to correct the absorption of oral
vitamin B12 in patients with Addisonian pernicious anaemia. The method of assay is based
on the recommendations of the Anti-anaemic Preparations Advisory Board of the U.S.
National Formulary (11th edition, 1960) and is described in Table 5. The method consists
of a series of Schilling tests each separated by a minimum of 2 days control period with
intramuscular flushing doses of 1000 fig vitamin B12 given on each day. Serial 24 hr collec¬
tions of urine were counted in a large ring Geiger counter for their content of the isotope
and the result expressed as a percentage of the dose administered. Urine collections from
48 to 72 hr after the oral administration of 57Co vitamin B12 either contained no radio¬
activity or only negligible amounts.

Table 5. Procedure for the in vivo assay of preparations of hog intrinsic
factor

58Co vitamin B12 Parenteral Intrinsic factor

Day Og) vitamin B12 (fg) preparation

1 0-5 1000 — "I
Baseline|2 1000

3 1000 J response

4 0-5 1000 Test 1 11 Sample5 1000
6 — 1000 If response
7 0-5 1000 Test 2 |1 Sample8 1000

9 — 1000 — | response
10 0-5 1000 Test 3 1 Sample11 1000
12 — 1000 — Jf response

The same commercial preparations of hog intrinsic factor were assayed using the in
vitro method. The appropriate weight of the intrinsic factor preparation was dissolved in
phosphate buffer and the procedure was thereafter the same as in Table 3, substituting the
solution of intrinsic factor for gastric juice. Seven preparations of intrinsic factor were

assayed both by the in vivo method and by the in vitro technique. In the in vitro assay each
preparation of hog intrinsic factor was assayed at least four times. The comparison between
the in vitro and the in vivo assay of preparation WES-818 is shown in Fig. 10. In the in vivo
assay of this preparation three patients with pernicious anaemia were studied. By the in
vitro technique 1 mg of preparation WES-818 was found to contain 120 ng units of intrinsic
factor, and in the in vivo assay between 2-5 and 5-0 mg of the preparation were sufficient to
correct the Schilling test in all three patients with Addisonian pernicious anaemia.
In Table 6 the results of the in vivo assay of the seven preparations of hog intrinsic factor

are compared with the in vitro assay determinations of intrinsic factor content. There is
an inverse relationship between the minimum weight of the preparation that is effective in

H
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Fig. 10. A comparison between the in vitro (a) and the in vivo (b) assay of hog intrinsic factor
preparation WES—818. (b) •, pernicious anaemia patient 1; x, pernicious anaemia patient 2;
a, pernicious anaemia patient 3.

the in vivo assay and the content of intrinsic factor per milligram of the preparation as
determined by the in vitro assay. It is estimated that 300-600 ng units hog intrinsic factor
are required to correct the Schilling test in patients with pernicious anaemia.

Table 6. Analysis of preparations of hog intrinsic factor

Content of intrinsic factor
Minimum weight by in vitro assay

Hog intrinsic factor effective by
preparation in vivo assay % of total

(mg) ng units/mg vitamin B12
binding substances

3908C—46— 1 0-5 720 ± 10* 21
WES—818 2-5-5-0 120 ± 4 31

WES—942 5 98 ±4 25
Revai—189 10 52 ± 3 26
L129 25 26 ± 5 17

934C—186—1 10 15 28 ± 3 36
48743—129 50 8 + 4 7

*The results of the in vitro assay are shown as the mean + 1 SD of at least four
assays.
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DISCUSSION

The charcoal method for the detection and titration of antibody to intrinsic factor in the
serum and for the titration of the intrinsic factor content of gastric juice or of preparations
of hog intrinsic factor is both simple and rapid. It is well suited to a hospital routine labora¬
tory that is familiar with the use of isotopes. The results are highly reproducible and the
shape of the titration curves indicate that only one antigen-antibody reaction is involved.
Roitt et at. (1964) showed that the charcoal method (Ardeman & Chanarin, 1963) and the
dialysis method (Abels et at., 1963) both determine the presence of antibody to intrinsic
factor at the vitamin B12 binding site, while the electrophoretic retention method of Jeffries
et at. (1962) detects the presence of an antibody to intrinsic factor that is specific for a site
remote from that of vitamin B,2 binding. In a batch of thirty-one sera from patients with
pernicious anaemia, Roitt et at. (1964) noted that the charcoal and the dialysis methods
gave the same incidence of positive results. Charcoal is, however, a more convenient method
of removing free vitamin B12 from the in vitro system than is dialysis.
The observation by Herbert et at. (1964) that protein is required in the test system in

order to allow the charcoal to selectively absorb unbound vitamin BI2 is confirmed but it
was found to be unnecessary to use albumin-coated charcoal if serum in the quantities
recommended in Tables 1-3 was already present in the in vitro system. The period of
absorption with charcoal is not critical. Shorter incubation times before and after adding
the 57Co vitamin B12 may well prove satisfactory but were not studied during the present
investigation. In order to avoid false positive results for antibody to intrinsic factor it is
important to verify when obtaining the sample of serum that the patient has not received
parenteral vitamin B,2 during the preceding 24 hr. The incidence of antibody to intrinsic
factor (vitamin B12 binding site) in a titre of greater than 5 ng units/ml serum was found
to be 52% in patients with proven Addisonian pernicious anaemia. In a group of eighty-
seven patients (Figs. 7 and 8) suffering predominantly from duodenal ulcer, thyroid disease
or pernicious anaemia, nine had antibody to intrinsic factor in the serum and all these nine
had a histamine-fast achlorhydria and evidence of malabsorption of vitamin B12 in a

Schilling test that was correctable by the simultaneous administration of exogenous
intrinsic factor. This is in keeping with the previous observation that only a small minority
of patients with antibody to intrinsic factor (vitamin B12 binding site) in the serum have
adequate absorption of oral vitamin B12 (Irvine, 1965b, c). It remains to be seen whether
the few patients with intrinsic factor antibody in the serum and adequate vitamin Bl2
absorption will progress to latent or frank pernicious anaemia during the course of months
or years. The clinical value of antibody to intrinsic factor (vitamin B12 binding site) as a

rapid serological screening test for pernicious anaemia can be summarized in the statement
that it need give few false positive results but that the incidence of false negative results is
high at 40-50%. The second antibody to intrinsic factor, as detected by the electrophoretic
retention method, has a low incidence of positivity in the sera of patients with pernicious
anaemia at 20-30% (Jeffries et at., 1962). Moreover this antibody tends to occur when
antibody to intrinsic factor at the vitamin B12 binding site is also present (Rice & Irvine,
unpublished observations). These factors limit the diagnostic usefulness of the Jeffries type
of intrinsic factor antibody.
The titre of antibody to intrinsic factor as determined by the charcoal method ranged up
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to 790 ng units/ml serum. Sera with a titre of >100 ng units/ml are suitable for use as
standard antisera in the assay of the intrinsic factor content of samples of human gastric
juice. In order to obtain sufficient standard antisera it is advisable to form a small panel
of blood donors among patients with treated pernicious anaemia who are in good health,
have high titres and who are co-operative.
The charcoal method for immunoassay of intrinsic factor in human gastric juice clearly

distinguishes between intrinsic factor and other vitamin B12 binding substances that are
frequently present in gastric juice. Jt gives results that are in keeping with the patient's
gastric secretion of acid and the patient's vitamin B,2 metabolism as studied by the Schilling
test. Other in vitro methods for the assay of intrinsic factor in gastric juice have been based
on the finding that vitamin B12 uptake by rat liver slices is enhanced by intrinsic factor
(Miller & Hunter, 1957) and on the observation that vitamin B12 uptake by everted sacs of
guinea-pig ileum is facilitated by human intrinsic factor (Strauss & Wilson, 1960; Wolff &
Nabet, 1962). Because of uncertainty as to its physiological meaning, relative insensitivity
to human intrinsic factor, and the occasional failure of the system to detect intrinsic factor
in gastric juice containing free acid (Herbert, 1959), the liver assay has not been widely used
in the study of human intrinsic factor. Sullivan, Herbert & Castle (1963) have developed
the guinea-pig ileum method by using pooled lots of homogenized guinea-pig intestinal
mucosa to avoid the variabilities of the everted sacs of guinea-pig ileum. The ratios of
vitamin B,2: intrinsic factor: receptors are, however, somewhat critical if reproducible
results are to be obtained (Herbert & Castle, 1961). Jeffries, Sleisenger & Benjamin (1963)
have modified their electrophoretic technique so as to identify and measure human intrinsic
factor in gastric juice. However, the charcoal method is probably the most sensitive,
reproducible, and easily performed of the assays for intrinsic factor that are presently
available.
The clinical value of the charcoal method of intrinsic factor assay is indicated by the clear

difference in the estimated secretion of intrinsic factor in achlorhydric patients with and
without evidence of malabsorption of oral vitamin B12 in the Schilling test (Fig. 7). A
gastric secretion of less than 80 ng units intrinsic factor in the hour following subcutaneous
or intramuscular histamine, 0-04 mg/kg body weight in a standard Kay test (Kay, 1953),
is indicative of Addisonian pernicious anaemia provided the gastric aspiration has been
adequately performed. The secretion of intrinsic factor in response to histamine (Ardeman,
Chanarin & Doyle, 1964) and to gastrin (Irvine, 1965a; Wangel & Callender, 1965) in the
diagnosis of Addisonian pernicious anaemia is discussed more fully in a separate paper
(Irvine et a/., 1965).
A further application of a satisfactory method for the in vitro assay of intrinsic factor

is the study of the physiology of intrinsic factor secretion. During a constant infusion of
histamine it was observed that the peak in the secretion of intrinsic factor occurred at the
beginning of the infusion but soon fell to a steady level. This steady level was appreciably
higher than the secretion of intrinsic factor during the basal hour when saline was being
infused at the same rate. In contrast, the volume and the acidity of the gastric juice progres¬
sively increased during the 1 hr period of histamine infusion, as described by Lawrie, Smith
& Forest (1964). It would therefore seem likely that, as a result of stimulation with histamine,
intrinsic factor may be washed from the crypts into the gastric juice or that a reserve of
intrinsic factor within the cells of the gastric mucosa may be rapidly released into the gastric
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juice. This phase appears to be followed by a steady rate of intrinsic factor secretion
dependent upon continued stimulation, but this latter phase in the secretion pattern was
not so clearly seen in two other patients similarly studied.
The lack of species specificity of antibody to intrinsic factor is such that the serum of a

patient containing the antibody in a suitable titre can be used for the titration of preparations
of hog antral mucosa for intrinsic factor activity. A good correlation was found between
the intrinsic factor activity of hog preparations determined by the charcoal method of
immunoassay and the activity of these preparations when tested in vivo. It was found that
some 300-600 units of hog intrinsic factor were required to correct the absorption of oral
vitamin B,2 in patients with Addisonian pernicious anaemia. It is therefore now possible
to characterize the activity of any given preparation of hog intrinsic factor in terms of units
of intrinsic factor activity per milligram of the preparation. It is suggested that in using
hog intrinsic factor for diagnostic purposes a minimum dose of 1000 ng units should be
regarded as acceptable.
In view of the ease and precision with which the charcoal method of immunoassay can

distinguish between intrinsic factor and non-specific vitamin B12 binding substances, this
technique should be of considerable value in the separation of intrinsic factor using ex¬
traction procedures. Finally, the possibility is raised that the application of immunological
techniques may themselves lead to the eventual isolation of intrinsic factor.
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„ In a study of 137 achlorhydric subjects, an
Summary . - . ^intrinsic-factor secretion of < 80 ng. units

in the hour after administration of histamine or penta-
gastrin gave a 94% correlation with the presence or
absence of pernicious anaemia (p.a.). In a further 145
subjects a correlation was noted between intrinsic factor
and acid secretion. In 10 subjects histamine and penta-
gastrin were shown to be closely comparable gastric stimuli
with regard to volume, acid, and intrinsic-factor secretion.
The percentage retention measured by total-body counting
at 7 days after oral 58Co-vitamin-B12 was <23% in 12
patients with p.a. and >33% in 22 subjects with no
evidence of p.a., including 12 with achlorhydria. The
radioimmunoassay of intrinsic factor and the measurement
of vitamin-B12 absorption by total-body counting are
complementary procedures. As neither influences the
manifestations of the disease process they should be par¬
ticularly useful in prospective studies on the natural his¬
tory of atrophic gastritis.

introduction

The study of gastric autoimmunity has emphasised the
high incidence of subclinical atrophic gastritis, particularly
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in patients with certain disease-groups, such as the auto¬
immune thyroid disorders. It is clear that only in a pro¬
portion of these patients does the disorder progress to
frank pernicious anaemia (p.a.). The purpose of the
present study is to determine the reserve of gastric function
by radioimmunoassay of intrinsic factor and the adequacy
of vitamin-B12 absorption using total-body counting. An
important advantage of both of these techniques is that
they do not alter the serum-vitamin-B12 level while studies
on the natural history of atrophic gastritis are in progress.

Patients Studied

Gastric analysis was done on a total of 282 subjects, 145 of
whom were shown to be capable of secreting at least some acid.
137 subjects had achlorhydria (see accompanying table) and
within this group 75 of the 81 patients classified as having
pernicious anaemia (p.a.) had a megaloblastic marrow and/or

DIAGNOSIS OF PATIENTS WITH ACHLORHYDRIA

Diagnosis No.

Pernicious ancemia 81
Without P.A.:
Thyroid disease -t iron-deficiency anaemia 34

Iron-deficiency anaemia alone 8

Maiabsorptive disease 8
Gastric carcinoma 1

Idiopathic Addison's disease 2
Diabetes mellitus 2
Control subject 1

56

a serum-vitamin-B12 less than 50 pg. per ml. and an abnormal
Schilling test corrected by oral intrinsic factor. 6 patients had
the above features except that the serum-vitamin-B12 was
between 50 and 120 pg. per ml. and the marrow was normo¬
blastic; these patients were considered to have latent P.A.
Achlorhydria with a normal Schilling test was detected by
gastric analysis in patients with disorders which are known to
be associated with atrophic gastritis—autoimmune thyroid
disease (Tudhope and Wilson 1962, Irvine 1965), idiopathic
iron-deficiency anaemia (Dagg et al. 1964), idiopathic Addison's
disease (Irvine et al. 1967), and diabetes mellitus (Dotevall
1961)—in which an increased incidence of achlorhydria is
recognised.
In addition the presence of gastric parietal-cell antibody and

intrinsic-factor antibody i in the sera of these patients was used
as an indicator of the presence of atrophic gastritis (Irvine 1965).
Achlorhydria was defined as a pH of 6 0 in all samples before
and after gastric stimulation with histamine or pentagastrin.
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The acid secretors were detected as part of the above study,
but patients with duodenal ulcer were also included.

16 patients had folate deficiency, and in 11 of these the
marrow was megaloblastic.

Methods

Gastric juice was collected from the fasting patient according
to the procedure described by Makhlouf et al. (1964). After
localisation of the gastric tube radiologically, the fasting juice
was aspirated and then discarded. The gastric juice was
collected by continuous aspiration for a period of one hour
(basal specimen). Histamine (0 04 mg. per kg. body-weight) or
pentagastrin (6 (ig. per kg. body-weight) was then given intra¬
muscularly and the juice collected during the following hour in
20-minute samples. 50-100 mg. of mepyramine maleate was
given intramuscularly 20 minutes before the histamine. In
some instances histamine or pentagastrin was given by intra¬
venous infusion in a dose of 0-04 mg. per kg. per hour and 6 pg.
per kg. per hour, respectively, and the gastric juice was aspirated
continuously for a period of 2 hours and collected in 10-minute
samples. Without delay the samples were measured for volume
and titrated to pH 7 0 as determined by pH meter and auto¬
matic titrator (type TTT lc ' Radiometer ', Copenhagen) using
10N NaOH. The final volumes were recorded and the

samples stored at — 20°C.

Radioimmunoassay of Intrinsic Factor
The intrinsic-factor content of gastric juice was assayed by a

modification of the methods of Ardeman and Chanarin (1963),
Gottlieb et al. (1965), and Irvine (1966), by determining the
difference in vitamin-Br2 binding capacity of 0-5 ml. aliquots of
gastric juice in the presence of 10 ml. normal serum and in the
presence of an equal volume of serum containing a high titre of
intrinsic-factor antibody I (> 100 ng. units per ml.). 10 ml.
phosphate buffer pH 7 0 was added to the mixture of gastric
juice and serum which was then incubated at room-temperature
for 20 minutes. 400 ng. 5,Co-vitamin-B12 with a specific
activity of 0-1 nC per [ig. was added and incubation continued
for a further 20 minutes. 0-5 ml. of 10% charcoal in a 2%
albumin phosphate buffer solution (pH 7 0) was used to
separate free and bound 3,Co-vitamin-B12. Finally the charcoal
was mixed for 3 minutes before centrifugation for 15 minutes at
3500 r.p.m. With achlorhydric juices the volume of gastric
juice used for incubation with normal serum and with antibody
positive serum was increased when possible to 10 ml. and the
volume of buffer reduced to 0-5 ml. When the juice was

particularly tenacious it was homogenised for 2 minutes in an
' M.S.E.' homogeniser.

Total-body Counting
The absorption of oral vitamin B12 was studied using a total-

body counter of the " shadow shield " type with two detectors,
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Fig. 1—Volume and acid and intrinsic-factor content of gastric
juice before and after stimulation with histamine (0*04 mg. per
kg. per hour) and pentagastrin (6 iig. per kg. per hour) by intra¬
venous infusion in the same subject.

one placed above and one below the patient. Each detector
consisted of a 12-5 cm. diameter by 9 cm. thick Na I crystal
with a 12-5 cm. photomultiplier tube and was shielded by
10 cm. of lead. The detectors were suspended with their faces
83 cm. apart, and the patient lay on a couch which moved
between the detectors over a total distance of 200 cm.

The patient was counted before and immediately after 0-5 (rg.
;,8Co-vitamin-B12 (2 (J.C per |ig.) was given orally. Measure¬
ments were made over a wide energy range (0-2-1-0 MeV), and
each measurement was for a total time of 12 minutes during
which the patient passed between the detectors 4 times. 7 days
later the patient was counted for a third time to ascertain the
percentage retention of the isotope in the body. In the interim,
care was taken to ensure regular bowel movements with the use
of aperients if necessary. To allow for isotope decay and any
counter instability, all measurements were related to the count-
rate obtained from a standard source.
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Other Procedures

Vitamin-B12 absorption was also estimated by a Schilling
(1953) test in which 0-5 |j.g. of 58Co-vitamin-B12 with a specific
activity of 10 uC per |ig. was given orally. 2 hours later a
flushing dose of 1000 ;rg. of vitamin B12 was given intra¬
muscularly, and the urine was collected for 24 hours after the
test dose (normal > 12-5% urine recovery; equivocal 7-5-12-5%;
malabsorption vitamin B,2 <7-5%). When an abnormal result
was obtained, the Schilling test was repeated together with an
oral dose of > 1000 ng. units hog intrinsic factor (Irvine 1966).
Patients with impaired renal function were excluded from this
study.
The serum-vitamin-B12 level before the Schilling test was

determined microbiologically using Lactobacillus leichmannii as
a test organism, cyanide being added to the serum (Girdwood
1960).

10
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Fig. 2—Comparison of intrinsic-factor secretion in 10 subjects in the
hour following stimulation with histamine and pentagastrin given
either intramuscularly or by intravenous infusion, the same
route being used for both stimuli in each patient. For doses see
text.
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Results

Intrinsic-factor Secretion Determined by Radioimmunoassay
The volume and the acid and intrinsic-factor content

of gastric juice before and after stimulation by intravenous
infusion of histamine and of pentagastrin are compared in
the same subject in fig. 1.
After either form of stimulus the pattern of gastric

secretion was closely similar. In particular, with both
stimuli the intrinsic-factor secretion was maximal within
the 1st hour. The secretion of intrinsic factor in the hour

following histamine or pentagastrin was compared in 10
patients and was again found to be closely similar (fig. 2).
This was also true with regard to the acid secretion. 3 of
these patients had pernicious anaemia, 1 had achlorhydria
without pernicious anaemia and 6 were capable of secreting

10 ' ' 1
<io' io 10 io2

ACID ( meq. HCl) *■
Fig. 3—Intrinsic-factor secretion in the post-stimulation hour in

145 patients whose acid secretion varied from 43'4 to O'l meq.
hydrochloric acid.
The sera of all these subjects was negative for intrinsic-factor

antibody I.



acid (T3-43-4 meq. hydrochloric acid) in the post-
stimulation hour. The histamine or pentagastrin was
given intramuscularly or by intravenous infusion, but
the same route was used for either stimulus in any one

patient.
The intrinsic-factor secretion in the hour following

either histamine or pentagastrin in the 145 subjects who
were capable of secreting at least some gastric acid is
shown in fig. 3. In the majority of cases the stimulus was
given intramuscularly. A correlation was observed be¬
tween intrinsic-factor and acid secretion. The subject with
the lowest intrinsic-factor secretion in this group (100 ng.
units) had marked hypochlorhydria (0-2 meq. hydro¬
chloric acid in the 1st post-histamine hour). All other
subjects in this group had intrinsic-factor secretions well
above 100 ng. units, reaching as high as 36,000 ng. units.
None of the subjects had intrinsic-factor antibody I in
the serum.

9 patients included in fig. 3 had a megaloblastic marrow
as a result of folate deficiency with or without vitamin-B12
deficiency. 6 of these patients had malabsorptive disease,
2 had dietary deficiency, and in 1 primidone was respon-
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Fig. 4—intrinsic-factor secretion in post-stimulation hour in 137
achlorhydric patients, 81 of whom had pernicious anaemia.
0= serum positive for intrinsic-factor antibody I.
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sible. The intrinsic-factor secretion during the post-
histamine hour in all 9 subjects ranged from 1300 to 5400
ng. units.
The intrinsic-factor secretion following histamine or

pentagastrin in the 81 patients with addisonian p.A. ranged
from 0 to 110 ng. units (fig. 4). The stimulus was given
intramuscularly in the majority of cases and intravenously
in the remainder. The route of administration had no

apparent effect on the results obtained. In 40 of these
patients no intrinsic-factor secretion could be measured,
but in 1 there was insufficient gastric juice for the assay.
In the 6 patients with latent p.a. the intrinsic-factor secre¬
tion was: 0, 0, 25, 58, 100, and 100 ng. units.
Of the 56 non-p.a. achlorhydric subjects the intrinsic-

factor secretion ranged from 0 to 5100 ng. units in the
post-stimulation hour, and was greater than 110 ng. units
in 47 of these patients. In 5 patients the intrinsic-factor
secretion was 80-110 ng. units. In 1 of the 4 subjects in
whom an intrinsic factor secretion of <80 ng. units was

recorded, insufficient gastric juice was available for assay.
The incidence of intrinsic-factor antibody i in the

serum of patients with p.a. was 50% (fig- 4). The incidence
of intrinsic-factor antibody i in the non-p.a. achlorhydric
patients was 3 out of 56; 1 of these subjects could not be
clearly classified as the Schilling test gave an equivocal
result (8-2%) that was corrected by oral intrinsic factor
(18-7%), but the serum-vitamin-B12 before the Schilling
test was normal at 321 pg. per ml. and the marrow was
normoblastic.

4 of the achlorhydric subjects, in whom p.a. had been
excluded, had folate deficiency with or without vitamin¬
s' deficiency. 2 of these patients had malabsorptive
disease and 2 had dietary deficiency. Although 2 of the
patients had a megaloblastic marrow, the intrinsic-factor
secretion in the post-histamine hour in all 4 subjects was
well above the p.a. range at 490-1600 ng. units.
Total-body Counting
The proportion of an oral dose of 58Co-vitamin-B12

retained in the body at the end of 1 week was 1-23% in
12 patients with p.a. and 33-74% in 12 achlorhydric sub¬
jects who had normal serum-vitamin-B12 levels and normal
Schilling tests (fig. 5). One patient with achlorhydria, who
had an equivocal serum-vitamin-B12 level (116 pg. per
ml.) and an equivocal Schilling test (9-7%), retained 22%.
In 10 subjects capable of secreting gastric acid but who
had normal serum-vitamin-B12 levels and normal Schilling



100 -

o ta 1 1
P.A. Achlorhydria Acid

sccretors

Fig. 5—Percentage retention at 7 days of an oral dose of 0 5 pig (lpiC) of
68Co-vitamin-B21 as measured by total-body counting in patients
with P.A., achlorhydria without P.A., and in 10 acid secretors.

tests, the retained proportion of 58Co-vitamin-B12 ranged
from 37 to 98%. Within the group of 22 subjects without
p.A. there was no correlation between the percentage
retention of 58Co-vitamin-B12 and the secretion of either
gastric acid or intrinsic factor. Patients with vitamin-B12
deficiency caused otherwise than by p.a. were not included
in this part of the study.

Discussion

While it is known that in p.a. intrinsic-factor secretion
is reduced by a factor of 100 to 1000 compared to that in
subjects with normal acid secretion (Rodbro et al. 1965,
Ardeman and Chanarin 1966, Irvine 1966), the distinction
between intrinsic-factor secretion in non-p.a. achlorhydric
patients and those with p.a. has been less thoroughly
studied.
The intrinsic-factor secretion in the 81 p.a. patients in

the hour after administration of histamine or pentagastrin
did not exceed 110 ng. units and was less than 80 ng. units
in 92% of these patients. In contrast, only 8% of the 56
non-p.a. achlorhydric subjects had an intrinsic-factor
secretion of less than 80 ng. units. These figures include
the one subject in each group in whom insufficient gastric
juice was obtained for immunoassay. If an intrinsic-
factor secretion in the post-stimulation hour of less than
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80 ng. units is accepted as indicative of p.a., and a secretion
of greater than 80 ng. units as evidence of adequate
intrinsic-factor secretion, a correct correlation was obtained
in 94% of the 137 achlorhydric subjects studied. Many
of the non-p.a. achlorhydric subjects were shown to have
a reserve of intrinsic-factor secretion of up to 50-60 times
the minimum level required to maintain adequate vitamin¬
s' absorption.
The direct assay of intrinsic-factor secretion did not

distinguish between latent and frank pernicious anaemia.
This distinction probably depends on the depletion of
body stores of vitamin B12 rather than on the degree of
impairment of vitamin-B12 absorption at any given
time.
The incidence of 50% of intrinsic-factor antibody I in

the sera of patients with p.a. in the present study is com¬

parable to the incidence in patients with p.a. in general
(Ardeman and Chanarin 1963, Irvine 1965), indicating
that our selection of subjects was not biased in this respect.
The incidence of this antibody in the sera of non-p.a.
achlorhydric patients is higher than has been reported
(Irvine 1966, Fisher et al. 1967), on account of the
selection of antibody-positive patients in the present study.
It has been shown previously with respect to acid secre¬

tion that pentagastrin in a dose of 6 (J-g- per kg. body-
weight is comparable to histamine in a dose of 0-04 mg.

per kg. body-weight when given subcutaneously, intra¬
muscularly, or by intravenous infusion (Multicentre Pilot
Study 1967, Johnston and Jepson 1967). Our observation
that these gastric stimuli also have a comparable effect on
intrinsic-factor secretion confirms the preliminary results
of Shearman et al. (1967). Because of its relative freedom
from side effects pentagastrin by the intramuscular route
was considered to be the most suitable form of stimulus.

Although the secretion of intrinsic factor in the basal
hour was comparable to that in the post-stimulation hour
in the patients with p.a., in some achlorhydric subjects
without p.a. a definite increment in the secretion of
intrinsic factor followed stimulation. This facilitated the
distinction between the p.a. and non-p.a. achlorhydric
patients. A further advantage of using gastric juice
obtained during the 2nd hour of aspiration is that the
fasting juice may be incompletely removed and some of
this may be aspirated during the basal hour, giving falsely
high figures for intrinsic factor during this period. The
concentration of intrinsic factor in aliquot samples of
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gastric juice were of little value in distinguishing achlorhy-
dric patients with or without p.a.
Although the gastric juice in achlorhydric subjects is

commonly scanty and tenacious, in only 2 subjects was
there insufficient juice for immunoassay. Incomplete
aspiration of gastric juice is the most likely explanation
for the low levels of intrinsic factor which we obtained in

8% of the non-p.a. achlorhydric subjects. The use of
gastric washing may overcome this limitation, but would
dilute any intrinsic factor present. It is also possible that
the presence of intrinsic-factor antibody i in gastric juice
may affect the assay but may not influence the biological
function of intrinsic factor.
The immunoassay of intrinsic factor is suitable for

routine clinical purposes in that gastric analysis is already
a standard procedure and the technique of immunoassay
is suitable for any hospital laboratory which is fitted with
standard isotope equipment. In achlorhydric subjects a
secretion of intrinsic factor significantly greater than
110 ng. units would exclude p.a. When gastric acid is
present, the demonstration of adequate amounts of intrin¬
sic factor would exclude the possibility of the congenital
type of p.a. (Lambert et al. 1961).
Our results for the percentage retention of an oral dose

of 58Co-vitamin-B12 as obtained by total-body counting in
patients with p.a. is in general agreement with the results
ofTappin et al. (1966) and Heyssel (1966). These workers,
however, made no comparisons with achlorhydric patients
without p.a., and the former group obtained an anoma¬
lously high figure of 34-8% retention in a p.a. patient.
Falsely high results with the total-body counting tech¬

nique of vitamin-B12 absorption may be avoided by the
use of aperients, and there is no biological reason for
falsely low results provided parenteral vitamin B12 has not
been given during the previous 48 hours. Compared to
the Schilling test, the total-body counting technique has
the advantages that it does not depend on the collection
of excreta and it does not influence the serum-vitamin-B12
level. The total-body counting technique, however, does
not provide any indication of the reserve of gastric function
with regard to intrinsic-factor secretion. It is therefore
important to use the direct radioimmunoassay of intrinsic
factor and the measurement of vitamin-B12 absorption by
total-body counting as complementary investigations in
the study of patients with suspected vitamin-B12 deficiency.
While both techniques have clear application to routine
hospital practice, they should prove to be particularly
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valuable in prospective studies on the natural history of
atrophic gastritis.
We are grateful to the many physicians who allowed us to study

their patients; to Sister W. B. Frudd and Sister W. McPherson for
their help with the gastric analyses; and to Dr. Howard Davies, of the
hasmatology laboratory, Royal Infirmary, Edinburgh, for the deter¬
mination of serum-vitamin-B12 levels and the Schilling tests.

Requests for reprints should be addressed to W. J. I., M.R.C.
Clinical Endocrinology Research Unit, 2 Forest Road, Edinburgh 1.
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SUMMARY

Only three Chinese subjects with Addisonian pernicious anaemia have been
diagnosed in a busy haematological clinic in Hong Kong during the past 15 years.
The three patients are documented.
The incidence of parietal cell and intrinsic factor antibody 1 in the sera of 102

Chinese thyrotoxic patients was found to be comparable to that previously
reported in British thyrotoxic subjects. As in the British, a correlation was ob¬
served in the Chinese thyrotoxics between the presence of gastric antibodies in
the serum and atrophic gastritis. The severity of atrophic gastritis as determined
by acid secretion and biopsy was comparable to that seen in British thyrotoxic
subjects, but the Schilling tests in the Chinese revealed less severe degrees of mal¬
absorption of vitamin B,2.
When pernicious anaemia occurred in the Chinese, it appeared to be identical

to that occurring in Western populations. Its rarity among the Chinese may be
partly due to a genetic factor which may prevent the terminal stages of auto¬
immune atrophic gastritis from culminating in pernicious anaemia and to an
environmental factor such as a high dietary intake of vitamin B12 by the Chinese.

INTRODUCTION

Addisonian pernicious anaemia has been rarely reported in Chinese. Between 1949 and
1965, in a busy haematological clinic in Hong Kong, only three Chinese have satisfied the
diagnostic criteria for and showed the typical serological reactions of Addisonian pernicious
anaemia. These patients are documented in the present paper. By contrast, thyrotoxicosis
in Hong Kong Chinese is relatively common. In view of the clinical and immunological
association that is known to exist between Addisonian pernicious anaemia and thyro¬
toxicosis in Western populations (Doniach & Roitt, 1964; Irvine, 1965; Schiller et cd.,
1968), a study was undertaken to determine the incidence of gastric autoimmunity and of
gastric atrophy in 102 Chinese patients with thyrotoxicosis. It was considered that if the
Correspondence: Dr W. J. Irvine, Department of Endocrinology, Royal Infirmary, Edinburgh 3, Scotland.
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incidence of autoimmune atrophic gastritis is significantly different in the Chinese compared
to that in the British the difference should be detectable in middle-aged female thyrotoxic
patients of the respective nationalities attending the Queen Mary Hospital, Hong Kong,
compared to those attending the Royal Infirmary, Edinburgh.

SUBJECTS STUDIED

Three Chinese patients with Addisonian pernicious anaemia attending at the Haematology
Clinic, Hong Kong, between 1949 and 1965 were studied.
One hundred and two Chinese patients were also studied who were suffering from

thyrotoxicosis comprising eighty-five females and seventeen males. Ninety (88%) were over
the age of 40 years. Tn each instance, the clinical diagnosis of thyrotoxicosis was confirmed
by a basal metabolic rate determination, standard radioactive iodine tracer tests, the resin
uptake of ['3^triiodothyronine (Abbott Laboratories, Chicago) and by the response to
treatment. All had been treated with one or more doses of radioactive iodine but were
otherwise unselected. At the time of the study, two patients were hypothyroid, seventeen
were mildly thyrotoxic and the remaining eighty-three were euthyroid.
Twelve Chinese subjects (four with psychoneurosis, one with Meniere's syndrome, one

with chronic sinusitis and six healthy individuals) co-operated as controls for Schilling
tests. Four of these subjects also co-operated as controls for augmented histamine tests and
gastric biopsy.

METHODS

Sera for the detection of gastric antibodies and for the assay of vitamin B12 and specimens
of gastric juice for the assay of intrinsic factor were kept at — 20QC until dispatched by air
from Hong Kong to Edinburgh. They were packed in dry ice and refrigerated during
transit. Samples of gastric juice containing acid were neutralised to pH greater than or

equal to 8-0-9-0 shortly after aspiration.
The sera were tested for the presence of parietal cell microsomal antibody by both the

indirect fluorescent antibody technique using unfixed cryostat sections from the body of
human stomach (Irvine, 1963) and the automated complement fixation technique (Irvine
& Marwick, 1968). Rat kidney sections and rat liver extract, respectively, were used as
controls for tissue specificity. The method of radioimmunoassay using albumin-coated
charcoal was employed to detect and titrate intrinsic factor antibody I in the serum (Irvine,
1966) and to measure the amount of intrinsic factor in the gastric juice aspirated during the
post-histamine hour (Irvine et al., 1968). The test for intrinsic factor antibody in the serum
was repeated after adsorption of the serum with charcoal before a positive result was
accepted. This was done to exclude the possibility of false positive results due to high serum
vitamin B,2 levels.
The patients' haematological state was investigated by conventional methods. Marrow

biopsy was done in all patients with haemoglobin concentrations below 12 g/100 ml.
Gastric acid secretion was determined by the augmented histamine test (Kay, 1953), the
timing of the samples and the techniques of aspirating the gastric juice being those described
by Makhlouf, McManus & Card (1964). The dose of histamine acid phosphate was 0-04
mg/kg body weight and was given subcutaneously 15 min after 50 mg mepyramine maleate,
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intramuscularly. The samples of gastric juice during the basal hour and during the post-
histamine hour were titrated separately for acid content against n/10 NaOH using phenol-
phthalein as indicator. When the samples were inadequate for titration, the pH was deter¬
mined. Achlorhydria is defined for the purposes of this paper as an acid secretion below
OT mEq or a pH above 6. Vitamin BI2 absorption was assessed by the Schilling test
(Schilling, 1953) employing 1 pg [58Co]cyanocoba!amin (1 //Ci//<g Amersham, England).
When this was abnormal, the Schilling test was repeated in some of the patients with
100 mg National Formulary intrinsic factor (Lederle) containing 20 ng units intrinsic
factor activity per milligramme (Irvine, 1966). The level of vitamin B12 in the serum was
estimated by the microbiological method described by Girdwood (1960). Gastric biopsy was
done using a Crosby capsule (Crosby & Kugler, 1957) and the histology scored for parietal
cell content (normal = P+ + + ; no parietal cells = P—) and for lymphocytic infiltration
(normal = L+; severe = L+ + +) as previously described (Irvine et at., 1965a).

Table 1. Summary of results on three Chinese patients with Addisonian pernicious anaemia

Case I Case 2 Case 3
Test (male aged 64) (male aged 28) (female aged 42)

Serum B12 (pg/ml) Not done 25 18

Marrow Megaloblastic Megaloblastic Normoblastic
1 week after
liver hydroly-
sate i.m.

Gastric acid secretion, post- 0 05 mEq 0-1 mEq pH 8-6
histamine hour

Intrinsic factor secretion (ng 29 Nil Not done

units/ml), post-histamine hour
Blood urea (mg/100 ml) 28 32 22

Schilling test
B12 alone (%) 1-0 2-4 0-7

With intrinsic factor (%) 11-2 16-4 6-0

Gastric histology Severe Severe Severe

atrophic atrophic atrophic
gastritis gastritis gastritis
(P-; L+) (P+; L++) (P+; L+ +

Gastric antibodies
Parietal cell + + + + + +
Intrinsic factor (ng units/ml) > 1020 92 214

RESULTS

Three Chinese subjects with Addisonian pernicious anaemia independent of the thyrotoxicosis
survey
The following three patients presented at the Haematology Clinic, Queen Mary Hospital,

Hong Kong, between the years 1949 and 1965 and are the only patients so diagnosed at this
busy clinic during this period. The data are summarized in Table 1.
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The gastric biopsy in all three cases showed few or no parietal cells, an increased degree
of lymphocytic infiltration and reduction in the thickness of the mucosa. In Cases 1 and 2,
fat balance studies showed a faecal excretion of less than 7 g fat/day averaged over 3 days
when the patients had a dietary intake of at least 50 g fat/day. Barium meal and follow
through examinations were also done in all three cases and showed no radiological abnor¬
mality. Further details of the three cases are as follows:

Case 1

A farmer from Mainland China, aged 64, complained of symptoms of anaemia for 4 years.
Until his arrival in Hong Kong, I year before being seen, his diet had consisted mainly of rice
and vegetables but in the year in Hong Kong it was adequate. He had glossitis and retinal
haemorrhages. Haemoglobin was 2-2 g/100 ml; reticulocyte count 0-4%; leucocyte count
2900/mm3 with normal differential, and the platelet count was 125,000/mm3. The blood film
was macrocytic. The marrow was frankly megaloblastic and contained giant metamyelocytes
and abundant free iron. After a packed cell transfusion, he was given cyanocobalamin intra¬
muscularly. A peak reticulocytosis of 14% occurred on the 6th day and the marrow aspirate
showed normoblastic erythropoiesis. The white cell and platelet counts became normal within
2 weeks. The haemoglobin rose to 10 g/100 ml in 3 weeks but only reached normal values
after 5 months. The administration of folic acid in the intervening period neither gave rise to
a secondary reticulocytosis nor had any effect on the rate of haemoglobin increase.

Case 2

A carpenter from Mainland China, aged 28, who had been in Hong Kong for 10 months,
complained of symptoms of anaemia for some 3 months which were associated with bruising
on slight trauma and bleeding from the gums. His diet was adequate. He gave a history of
thyrotoxicosis which responded to treatment 7 years previously. One of his sisters died from
thyrotoxic heart disease. The clinical findings were those of anaemia, glossitis, retinal haemor¬
rhages, a palpable spleen tip and a minor degree of thyroid enlargement. Haemoglobin was
5-5 g/100 ml; reticulocyte count 01%; leucocyte count 1950/mm3 with normal differential
and the platelet count was 28,000/mm3. Macrocytes and an occasional megaloblast were seen
in the peripheral blood. The marrow showed frank megaloblastic erythropoiesis, the presence
of giant metamyelocytes and abundant free iron. The megakaryocytes were normal in number.
An investigation of thyroid function yielded normal values. Following the intramuscular
injection of cyanocobalamin there was a reticulocytosis which reached a maximum of 23%
on the 7th day when the marrow aspirate showed normoblastic erythropoiesis. The white cell
and platelet counts reached normal values within a fortnight and the haemoglobin was
normal in 4 weeks.

Case 3
A Chinese housewife, aged 42, who had lived in Hong Kong for 20 years and had a 2 years

history of symptoms of anaemia associated with progressive weakness and paraesthesiae of
both lower limbs. Shortly after the onset of symptoms, she became bedridden and lost
sphincter control. Her diet was adequate. One week before her admission to hospital, she
developed a fever and was given an antibiotic and an intramuscular injection of liver hydro-
Iysate (2 ml of solcohepsyl Solco Ltd, Basle). The clinical findings were those of anaemia,
glossitis, cheilosis and spastic paraplegia with loss of proprioceptive sensation but with
retention of touch and pain. Haemoglobin was 4-5 g/100 ml; reticulocyte count 7%; leucocyte
count 1950/mm3 with normal differential and the platelet count was 132,000/mm3. The
marrow aspirate on admission showed normoblastic erythropoiesis, giant metamylocytes were

present and there was abundant free iron. The serum vitamin B12 level 1 month after the
injection of liver hydrolysate and antibiotic was 18 pg/ml. The haemoglobin rose to 6-0 g/
100 ml in the week following admission and then remained at that level. The reticulocytes fell
in the 1st week to less than 1%. Six days after the intramuscular injection of cyanocobalamin,
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the reticulocyte count rose to 4% and the haemoglobin progressively climbed reaching the
normal range at the end of 4 weeks. Apart from some improvement in sphincter control, the
neurological findings were unchanged.

Gastric autoimmunity and function in Chinese subjects with thyrotoxicosis
Sera from eighteen of the 102 thyrotoxic subjects (18%) were positive for parietal cell

antibody by the indirect fluorescent technique and, of the eighteen, fifteen were females
and three were males, an incidence in each sex of 18%. Of these eighteen patients, thirteen
had a complement fixation titre for parietal cell antibody of more than 1:4 and none had
a significant complement fixation titre alone. Fig. I shows the age distribution of the
thyrotoxic patients and those that were positive for parietal cell antibody.

60

40

20

20% 17% 17%

20 + 30 + 40+

Age by decades

50+
1" ■ '///A

60 +

29%

Fig. 1. Incidence of parietal cell antibody in the serum of 102 Chinese thyrotoxic patients
according to age. Hatched columns, Parietal cell antibody present in serum; open columns,
absent in serum.

The sera from five of the 102 patients (5%) showed a significant titre of intrinsic factor
antibody I ranging from 7 to 120 ng units/ml. Four of these patients were females (aged 38,
42, 46 and 53 years, respectively) and one was a male aged 42 years. The four females, but
not the male, also had parietal cell antibody in their sera by both the indirect immuno-
fluorescent and the complement fixation tests.
In the eighteen patients with parietal cell antibody and in the one male with intrinsic

factor antibody only, the haemoglobin ranged from 11-9 to 16-2 (mean = 14-2 + 0-3) g/ml.
The nineteen patients without parietal cell antibody had haemoglobins ranging from 11-4
to 15-1 (mean = 14-0 + 0-3) g/100 ml. The peripheral blood films of three patients, one
with and two without parietal cell antibodies, who had haemoglobin concentrations below
12-0 g/100 ml, showed mild hypochromia. In each of the three, the platelet count, white
cell count and white cell morphology were normal and the marrow showed normoblastic
erythropoiesis.

Fig. 2 shows the gastric acid secretion in the post-histamine hour in thirty-four Chinese
thyrotoxic patients correlated with the presence of gastric antibodies in the serum. The five
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thyrotoxic patients with intrinsic factor antibody I in the serum are indicated. In the patients
whose serum was negative for parietal cell or intrinsic factor antibody, none were achlor-
hydric but four had an acid secretion of less than 5 mEq. In those with parietal cell antibody,
four were achlorhydric and nine had an acid secretion of less than 5 mEq. Four of the five
with intrinsic factor antibody I had histamine fast achlorhydria. One of those with achlor-
hydria who had both intrinsic factor and parietal cell antibodies in the serum had been
investigated a year before when the acid secretion was 1-2 mEq in the post-histamine hour.
The fifth subject with intrinsic factor antibody I in the serum had an acid secretion of
1-5 mEq.
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Fig. 2. The titre of parietal cell antibody in the serum correlated with the gastric acid secretion
in the post-histamine hour in thirty-four Chinese thyrotoxic patients, x , Serum positive for
intrinsic factor antibody I; •, serum positive for parietal cell antibody; O, serum negative for
either antibody. FL, Serum positive by indirect immunofluorescent method only.

The results of the Schilling tests in the twelve Chinese control subjects and in twenty-four
•of the Chinese thyrotoxic patients are shown in Fig. 3. This study included four of the five
patients with intrinsic factor antibody I in the serum. The twelve control subjects all had
a urinary excretion of 11-8% or more of the oral dose of [58Co]cyanocobalamin in 24 hr.
In only one of the thirteen thyrotoxic patients studied whose serum was negative for parietal
cell and intrinsic factor antibodies was the Schilling test at the lower limit of normal
(11*5%). Of the ten thyrotoxic patients studied who had parietal cell antibody in the serum,
six had Schilling tests at the lower limit of normal or less and these included three subjects
who also had intrinsic factor antibody I in the serum. The patient with intrinsic factor
antibody but no parietal cell antibody in the serum had a Schilling test in the pernicious
anaemia range. The results of the Schilling tests in the four patients with intrinsic factor
antibody were 1-3, 7-6, 10 and 11 %, respectively. In two patients with intrinsic factor and
parietal cell antibodies in the serum, in two with parietal cell antibody only and in one
with neither antibody but in whom the Schilling test was at the lower limit of normal, the
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Schilling test was repeated with the addition of intrinsic factor. In three there was a sub¬
stantial increase in the percentage of the dose excreted (Fig. 3). The patient referred to
above who had both parietal cell and intrinsic factor antibodies and who was investigated
1 year before showed a fall in the Schilling test result from 9-4 to 7-6% during this period.
The secretion of intrinsic factor in the post-histamine hour in four of the Chinese thyro¬

toxic patients who had abnormal Schilling tests is shown in Table 2 along with the gastric
histology, serology and haematological findings.
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Fig. 3. Schilling tests in twelve Chinese control subjects and in twenty-four Chinese thyrotoxic
patients correlated with their gastric serology, x, Serum positive for intrinsic antibody 1;
• . serum positive for parietal cell antibody; O, serum negative for either antibody; □, serum
not tested for gastric antibodies; A, Schilling test repeated with oral intrinsic factor.

A gastric biopsy was done on fifteen of the Chinese thyrotoxic patients and on four of
the Chinese controls. The gastric histology is correlated with the gastric acid secretion
during the post-histamine hour and the gastric serology in Fig. 4. The parietal and chief
cell content of the gastric biopsy was markedly reduced in all four patients whose sera was

positive for intrinsic factor antibody I. In patients with achlorhydria or marked hypo-
chlorhydria, lymphocytic infiltration in the biopsy was common. An example is illustrated
in Fig. 5.

DISCUSSION

Morris (1929) claimed that he was able to find records of only six Chinese patients with
pernicious anaemia and Struthers (1929) claimed that he saw but one in 8 years. No details
of the seven patients were recorded. The first acceptable account of what was probably
pernicious anaemia in a Chinese is that of Yang & Keefer (1931) who reported a female
aged 59 years with a macrocytic anaemia which responded to liver extract, with histamine
fast achlorhydria and with subacute combined degeneration of the cord. Earlier (Fu &
Sturton, 1926) and later (Williams, 1932) single case reports are inadmissible. A search of
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Table2.Thesecretionofintrinsicfactorinthepost-histaminehourinfouroftheChinesethyrotoxicpatientswithabnormalSchillingtestscorrelated withgastricbiopsy,serologyandhaematologyfindings
SexAge

Schillingtest
(%urinaryexcretion in24hr)

Gastricsecretionin post-histaminehour

Haematology

Gastricantibodies inserum

IF

Acid

GastricbiopsySerum
vitaminB12

Marrow

Hb

IF

PC

WithoutIF

WithIF

(ngunits)

(mEq)

(/rg/ml)

(ngunits)

Fl

CF

M

42

1-5

—

14

Nil

(pH=80)

—

261

Normo¬ blastic

15-6

75

Neg

Neg

F

42

7-6

—

76

Nil

Severeatrophic gastritis
(P±;L++)

>1000

Normo¬ blastic

11-9 Hypo¬ chromic

58

++

64

F

46

101

11-4

189

Nil

Severeatrophic gastritis
(P±;L++)

>1000

Normo¬ blastic

14-1

120

++

16

M

60

6-9

10-5

78Totalacid=0-4 (pH=5-5)
Severeatrophic gastritis

(P+;L++)

—

Normo¬ blastic

15-2

Neg

++

4

s

IF,intrinsicfactor;PC,parietalcell;Fl,indirectimmunofluorescentmethod;CF,complementfixationmethod.
W
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the literature to the present date from Mainland China has yielded only two additional
single case reports (Yang & Chang, 1938; Chang et at., 1957). Reports of pernicious
anaemia among overseas Chinese are more frequent. Minot (according to Yang & Keefer,
1931) encountered it in two and Schwartz & Rappolt (1945) in three Chinese. All five had
been born in China but had lived in the United States for many years. Hartwell (1946)
reported its occurrence in the Chinese who had lived for 25 years in Hawaii. Liu et al.
(1961) reported eleven Chinese patients with megaloblastic anaemia seen over a period of
11 years in Formosa, but five of these patients are inadmissible as Addisonian pernicious
anaemia. In Singapore, Jayaratnam et al. (1967) over a period of 3j years encountered four
Chinese patients with pernicious anaemia and the diagnosis was confirmed in each case
by the demonstration of a malabsorption of vitamin B12 correctable by the administration
of intrinsic factor. All had histamine fast achlorhydria, atrophic gastritis and normal small
intestinal function.

Abundant

a; Reduced

Very few

absent

XXX x • •

Achlorhydria >0 £2 >2 £5

mEq acid in post-histamine hour

>5

Fig. 4. Gastric biopsy histology correlated with gastric acid secretion in the post-histamine
hour and with gastric antibodies in the sera of fifteen Chinese thyrotoxics and four Chinese
controls. Symbols as Fig. 2.

Of the three Chinese patients with pernicious anaemia described in the present report,
the first two completely satisfy the diagnostic criteria for this condition. The personal and
family history of goitre in Case 2 is relevant in view of the clinical and immunological
association between pernicious anaemia and thyroid disease in Western populations
already referred to. The probability that the third patient also had frank pernicious anaemia
is very strong although her Schilling test did not reveal normal levels when repeated with
oral intrinsic factor. Incomplete urinary collections cannot be excluded as sphincter control
had not been entirely regained at the time of the test. Even if this were not the case, the
results of the test do not preclude the diagnosis for Schilling; Clatanoff & Korst (1955)
observed incomplete correction of the test by intrinsic factor in a proportion of patients
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with pernicious anaemia. The finding that all three patients had antibodies to parietal cells
and to intrinsic factor is consistent with the condition being indistinguishable from that
encountered in the West.

Irvine el al. (1962) first established that there was an immunological relationship between
pernicious anaemia and diseases of the thyroid. In Edinburgh, 73% of patients with
Addisonian pernicious anaemia were found to have gastric parietal cell antibody and 55%
to have intrinsic factor antibody I detectable in the serum. In thyrotoxicosis the percentage
positivity for parietal cell antibody was 24% and for intrinsic factor antibody I was 3%,
these figures being obtained in the same laboratory as in the present study (Irvine. 1965).

Fig. 5. Histology of gastric biopsy of a Chinese thyrotoxic patient showing atrophic gastritis.
There is marked reduction in the number of parietal and chief cells, lymphocytic infiltration
and thinning of the mucosa. The patient's serum contained parietal cell antibody but not
intrinsic factor antibody I. The acid secretion in the post-histamine hour was 0-38 mEq with
a pH of 5-5 (patient 4 of Table 2). H & E, x 140.

The results of 18% positive for parietal cell antibody and 5% positive for intrinsic factor
antibody I in the sera of Chinese thyrotoxic subjects are of the same order as the figures
obtained on Edinburgh patients.
When gastric analyses and gastric biopsies were done in the Chinese thyrotoxic subjects

with and without gastric parietal cell antibody in the serum, the same relationship between
gastric antibody and gastritis was evident in the Chinese as in the Western thyrotoxic
patients. Patients with gastric parietal cell antibody in the serum tended to have a lower
acid secretion in response to histamine and a higher incidence of atrophic gastritis on
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biopsy (Irvine et a!., 1965b). Also in keeping with the experience in Western thyrotoxic
subjects, all five of the Chinese thyrotoxics with intrinsic factor antibody 1 in the serum
had histamine fast achlorhydria except one who had hypochlorhydria. The difference
between the Chinese and Western thyrotoxic patients with intrinsic factor antibody in the
serum is that none of the Chinese had frank pernicious anaemia, while one would have
expected several such cases in their Western equivalents (Irvine et at., 1965c, 1968). In only
one of the intrinsic factor positive Chinese thyrotoxics was the Schilling test within the
range commonly encountered in pernicious anaemia (less than 2%), while in the other four
the Schilling test, although improved by oral intrinsic factor, was within the equivocal
range (5-0-11-5%). The data on the Chinese thyrotoxic patients taken in conjunction with
the rarity of Addisonian pernicious anaemia in Chinese would indicate that the condition
of atrophic gastritis associated with gastric autoimmunity is probably equally common in
the Hong Kong Chinese as in the British but that there is some factor or factors which
tend to prevent the ultimate stages of atrophic gastritis from culminating in Addisonian
pernicious anaemia in the Chinese.
While a genetic factor may operate in preventing the final stages of loss of intrinsic factor

secretion in the Chinese who have gastric autoantibodies, other factors may also be opera¬
tive. In particular, the Southern Chinese consume considerable quantities of fish sauce and
of whole, dried, small fish which are very cheap. Fermented fish sauce is reputed to have a
high vitamin Bl2 content (Jansen & Aussen, 1955). During the process of drying of fish,
considerable fermentation occurs. The high vitamin B12 dietary intake may allow adequate
serum levels of the vitamin to be maintained in spite of marginal secretion of intrinsic
factor.
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Introduction

In view of the frequency of mental deterioration in old people it is
important to discover any treatable cause. Mental deterioration
associated with vitamin B12 deficiency is well documented, and has
been reviewed [Lancet, 1965]. There is good evidence of a pro¬
gressive fall in serum B12 levels with age [Dawson and Donald,
1966; Cape and Shinton, 1961; Mollin and Ross, 1952; Chow
et al., 1956; Gaffney etal., 1957] but this was not found by Droller
and Dossett [1959]. In their study, however, there was a correla¬
tion between mental failure and a low serum vitamin B13 level.

Impaired absorption of vitamin BJ2 eventually leads to megalo¬
blastic anaemia but lack ofB12 may produce mental and neurologi¬
cal disturbances without actual anaemia, as described by Langdon
[1905], Holmes [1956] and Smith [I960]. The importance of con¬
sidering the pre-anaemic stage of pernicious anaemia i.e. prc-

pernicious anaemia [Callendar and Denborough, 1957; Mollin,
1959; Cox, 1959] in mentally disturbed patients has been emphasis¬
ed by Straciian and Henderson [1965].

The object of the present study was to assess the incidence of
vitamin B12 deficiency in mentally disturbed elderly patients.

Methods

80 patients from the admission wards of Chesterton Hospital,
Cambridge, were studied. 40 of these showed persistent mental con-
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fusion or dementia, without an obvious organic cause. The remain¬
ing 40 were mentally normal, forming a control group. The groups
were matched for age and sex, except for 1 man aged 50 and a
woman of 101. Patients who were known to be malnourished or

who had a history of recent gastro-intestinal disease were not
included, except in 2 cases - 1 who had a partial gastrectomy 14
years ago for duodenal ulcer, but who was asymptomatic at the
time of the study, and a second, in whom no abnormality of the
gastro-intestinal tract was found.

The following investigations were carried out in each group:
Blood urea, Haemoglobin, ESR, liaematocrit and blood film. These

are routine investigations for all patients admitted to the hospital.
Serum vitamin Z?12. This was assayed by the Lactobacillus lcish-

manii method [Skeggs, 1950], without the addition of cyanide.
(Normal values in our laboratory, 200-800 //^g/ml.)

Serum folate. This was assayed by the Lactobacillus casei method
[Waters and Mollin, 1961]. (Normal values in our laboratory,
3-12 m/zg/ml.)

Vitamin B12 absorption. A Schilling test, [Schilling, 1953], was
was carried out using 1.1 jug Co58 - labelled vitamin B12, with a

specific activity of 1 /ic//ig. 1 ug was given orally in 10 nil distilled
water. An hour later the patient received 1,000/ighydroxycobalamin
by intramuscular injection after the bladder had been emptied, and
a 24 h collection of urine commenced. Patients were not included
in the series unless a complete 24 h collection of urine was obtained.
The radio-activity of each 24 h collection of urine was assessed in a

ring counter and compared with that of the remaining 0.1 /ig Cor,H-
labclled vitamin B12, which served as a standard. The results were

expressed as a percentage excretion of the oral dose.
In patients with a low excretion, the test was repeated with

75 mg standardized intrinsic factor after an interval of at least 4
weeks. Scrum was first obtained for estimation of antibodies to

intrinsic factor and parietal cells. The creatinine clearance was
estimated concurrently with the repeat test, since renal impairment
sufficient to give a low Schilling test result can occur in the absence
of a raised blood urea [Pv.oth, McCurdy and Duffy, 1957]. An
augmented histamine test of gastric acidity [Kay, 1953] was also
carried out, except where the poor general condition or restlessness
of the patient prevented it. In these cases the Diagnex blue test was
used [Segal, I960].
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These further tests were carried out in 7 of the mentally disturbed
and 8 of the control patients.

Parietal cell and intrinsic factor antibodies. The immuno-fluorescent
antibody test for parietal cell antibodies and the radio-immune
charcoal assay for intrinsic factor antibodies were performed as

previously described [Irvine, 1963 and 1966].

Results

1. Clinical findings. All the patients studied had apparently been
receiving an adequate diet. It is notoriously difficult to assess the
intake of specific nutrients accurately, and it could not always be
assumed that meals provided by relatives or the W.R.V.S. were in
fact eaten.

The main types of illness in the mentally disturbed patients arc
shown in table I:

Table I

Typo of illness No. of patients Other features

Gonfusional state 4

Dementia One with paranoid
(both arteriosclerotic and 'senile') 31 and 1 with obsessional features
Affective disorder 5

Many patients could have been placed in more than one category
and were classified according to the predominant clinical picture.

These patients suffered from the common organic diseases found
in the elderly - none ofwhich was associated with the onset of their
mental symptoms. As mentioned above, there were 2 patients with
dyspepsia. One had a normal barium meal with normal vitamin B12
absorption and serum B13 level. The second was found to have had
a partial gastrectomy, which had been carried out 14 years earlier.
The vitamin B12 absorption and serum B12 level were again normal.

2. Initial schilling test. With the equipment used between 7 and
22% of the administered dose of Co68 B12 is recovered from the
urine of normal subjects and less than 2% in untreated pernicious
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Schilling test
8s % uptake

Km. 1

Serum bj2 Level
(ppg/ml)

Fig. 2

Fig. 1. Results of Schilling test. In mentally abnormal e3 and control o patients.

Fig. 2. Serum vitamin B12 levels. In mentally abnormal □ and control o patients.

anaemia [Mollin, 1959]. As shown in fig. 1, of the 40 mentally
abnormal patients, 21 excreted less than 7% of the administered
dose, with 3 excreting less than 2%. Of the 40 control patients, 16
excreted less than 7% and 2 less than 2%. The results were widely
distributed in both gorups.

3. Schilling tests repeated with intrinsic factor. It was possible to
repeat this test on only 15 of the patients who had a low Schilling
test result initially.

The results obtained have been divided into 2 groups: -
Group A: 6 patients in whom the Schilling test rose to a normal

value (table A). Only 1 patient (F.G.) showed definite evidence of
pernicious anaemia. The scrum vitamin B12 was only 37 ///<g/ml
and no free acid was found in the gastric juice (pH 7) after the
augmented histamine test. The haemoglobin was 7.9 g % with a



TableA.SchillingtestnormalwhenrepeatedwithI.F.
Patient

Age

Schillingtest:
I.F.

SerumB12
Hb.g%

Bloodfilm

Augmented

Diagnex

Blood

Creatinine
Serum

mentally

%excretion

antibodies
MMlml

histamine

bluetest
urea

clearance
folate

abnormal

Co58B12 Without I.F.

With I.F.

test

mg%

ml/min

m/ig/ml

F.G.

79

0.1

10.2

+

37

7.9

Macrocytic

Nofreeacid

_

40

20

4.2

S.L.

78

3.8

10.6

0

567

7.2

Macrocytic

Hypochlorhydria
-

'130

80

0.6

H.W.

90

2.7

10.0

0

360

13.6

Normochromic
-

Normal

36

135

0.7

Normalcontrols M.G.

87

3.5

12.2

0

162

13.7

Normal

-

Low

50

50

3.4

G.F.

65

5.7

14.0

0

537

14

Normochromic anisocytosis

—

Normal

52

81

0.8

M.N.

85

4.3

13.8

0

225

13.4

Hypochromic anisocytosis

Normal

45

105

0.8



TableB.SchillingtestlowwhenrepeatedwithI.F.
Patient mentally abnormal
Age

Schillingtest: %excretion Co58BI2

I.F. antibodies
SerumB12 w/mi

Hb.g%

Bloodfilm

Augmented histamine test

Diagnex bluetest
Blood urea nig%

Creatinine clearance ml/min

Serum folate m/rg/ml

S.M.

78

6.2

0

212

13.3

Normal

Normal

_

35

22

2.6

C.B.-R.

78

4.3

0

262

11

Hypochromic

Normal

-

41

18

0.4

C.C.

85

3.0

0

355

12

Normal

-

Low

30

28

4.1

W.R.G.

79

6.4

0

510

13.7

Normal

-

Normal

75

22

0.7

Normalcontrols E.K.

87

2.3

0

500

13.8

Normal

Nofreeacid
-

50

36

0.8

W.G.

86

1.1

0

230

6.3

Hypochromic

Normal

-

162

15

0.8

K.P.

71

2.9

0

380

12.6

Normochromic
Normal

-

42

37

0.5

someanisocytosis

M.F.

81

6.0

0

466

15.5

Normochromic
-

Low

76

6

0.4

anisocytosis

C.W.

74

5.4

0

487

14.5

Normochromic
-

Low

61

44

1.8

anisocytosis
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macrocytic film and a megaloblastic marrow. This was the only
patient in both groups who showed intrinsic factor antibody (titrc
16 fig units/ml) and also parietal cell antibody (complement litre
8). After treatment, the haemoglobin rose to 11.4 g % with a normo¬
chromic film, but there was no improvement in her mental state.
The creatinine clearance was 20 ml/min with a normal blood urea
(40 mg/100 ml).
Another patient (S.L.), who was azotaemic, had a macrocytic

anaemia and a low serum folate (0.6 /ig/ml), but her marrow was
normoblastic and showed evidence of iron deficiency. There was
hypochlorhydria (2.8 mEq Hcl. after histamine; pH 3.4) but a
normal serum vitamin 1J12 level; no gastric antibodies were detected.

The Uiagnex blue test was used in the remaining 4 patients, in
whom it showed free acid to be present.

Group B: 9 patients in whom the Schilling test remained ab¬
normal (table B). In all 9 of these patients, the creatinine clearance
was low. One (E.K.) had a histamine fast achlorhydria but the
blood film was normochromic and no antibodies to intrinsic factor

berum B^2
ppg/ml

■

o

0

o

■ o

■ ■

j o

0 5 10

Fig.3. Schilling test results (% excretion). In 11 patients with low scrum vitamin B12 levels.
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6-

A

2-

Mean

Fig. 4. Scrum folate m/;g/ml. Q mentally abnormal O control.

were found. The bone marrow was normal. The remaining 8
patients had evidence of gastric acid secretion and none had
intrinsic factor antibodies. In 1 of them (C.B.-R.), however, parietal
cell antibody was found (Immunoflourcsence positive C.F.T. 8),
with normal gastric acidity.

4. Serum vitamin Bv, levels. There was a wide range of values - and
11 of these were below 200 /t/tg/ml (The lower limit of normal in
the laboratory performing the tests.) (fig.2). However, 3 of the
mentally abnormal patients' serum B,2 level was less than 100 /t/tg/
ml, while 1 of the patients (W.G.) in the control group had serum B12
of this level. Figure 3 shows the B12 absorption (as measured by the
Schilling test) of the 11 patients with serum BI2 level below 200
/r/tg/ml. One mentally abnormal patient with a low serum B12
(37 ////g/ml) also had a very low Schilling test result (0.1%).

5. Serum folate (fig.4). The results were all surprisingly low - the
validity of which was confirmed by finding normal values (normal
range 3-12 m/<g/ml) in the majority of sera from younger patients
tested at the same time in the same laboratory. Some of the speci-
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mens had been stored at -20° C for several weeks, but they gave
similar levels. A standard control was included in the method.

6. Intrinsic factor and parietal cell antibodies. Group A patient (F.G.)
had I.F. and parietal antibodies. One in Group B (C.B.-R.) had
parietal cell antibodies only. Two others (normal schilling test) had
parietal cell antibodies but none to I.F.

7. Haematological findings. Anaemia, as shown by a haemoglobin
below 12 g %, was present in 18 (45%) of the mentally disturbed,
and 16 (40%) of the control subjects.

8. Serum wasserman reaction. Was negative in all patients.

Discussion

Serum vitamin B12 levels. The scrum vitamin B12 levels showed a
similar scatter in both mentally disturbed and control groups,

suggesting that vitamin B12 deficiency was not a common cause of
mental symptoms in these elderly subjects. However, serum levels
may not reflect the vitamin B12 content of the body and are not an
accurate index of impaired absorption [Strachan and Henderson,
1966]. Apart from the possibility that the patient may have been
given vitamin BI2 empirically, the microbiological assay is liable
to give falsely low results in patients receiving drugs which interfere
with the growth of the organisms used, such as Nitrofurantoin,
antibiotics and antihistamines [Zabalasky et al., 1962; McCalla,
1962]. The serum of patients treated with Chlorpromazinc has been
reported to give false results with E. gracilis assay [Herbert et al.,
1965], but this finding was not confirmed with the species used in
this study, L. leishmanii [Bruce, 1966; Forsiiaw and Harwood,
1966; Henderson et al., 1966]. It may be relevant to the present
study that in folate deficiency an apparent deficiency of vitamin B12
may be found by microbiological assay techniques [Johnson et al.,
1962]. The scrum vitamin B12 level may also be low in iron defi¬
ciency, rising as the serum iron is corrected [Spray, 1962]. Iron
deficiency has been found to be common in elderly patients
[Davison, 1967],

Vitamin ii12 absorption. A surprisingly large number of subjects
showed impaired absorption on initial screening with the Schilling
test (21 of 40 mentally disturbed patients and 16 of 40 normal
controls). The fact that the Schilling test could be repeated in only
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7 of the 20 mentally disturbed patients and 8 of the 13 control
patients with a low initial Schilling test emphasises the difficulty
of carrying out a series of tests in these ill elderly patients. In a
number of cases the interval between the tests was several months.
It is well known that mentally confused elderly patients have a poor
prognosis and a number of those included in this study became too
ill for the test to be repeated.

For the remaining 5 patients in Group A the blood urea was
normal with one exception (S.L.). A creatinine clearance above
75 ml/min is probably 'normal' for this age group [Davies and
Shock, 1950] and only 1 patient had a clearance below this
(M.G.) with blood urea of 50 mg %. As great care was taken
to ensure that only complete 24 h collections were used, it is un¬
likely that deficient collection was responsible. The reason for the
low Schilling test results is therefore uncertain - with the exception
of F.G. who had a low serum B12 level (162 ////g/ml) with other
evidence of pernicious anaemia.

The patients in whom the Schilling test remained low with
intrinsic factor (Group B) all had a low creatinine clearance.
Impaired renal function could, therefore, account for the low
excretion of Co68 Bia. On the other hand all these patients may have
had impaired absorption of B12 - intrinsic factor complex, and there
is some evidence that this may occur in elderly subjects [Ciiow,
1954; Lau et al., 1955]. Other workers have found no evidence of
impairment of B12 absorption with age, as judged by the Schilling
test [Swendsied et al., 1954; Ciiow et al., 1956 and Tauber, 1957J.

Hyams [1964] found no evidence of impaired vitamin B12
absorption in elderly men, compared with younger control subjects,
using the faecal excretion method [Heinle et al., 1952].

The patient (E.K.) with histamine fast achlorhydria but a
normal scrum B12 and bone marrow picture may have had pre-
pernicious anaemia, though parietal cell and intrinsic factor anti¬
bodies were not found.

The present investigation emphasises some of the difficulties
involved in assessing impaired vitamin B12 absorption in the elderly,
since the Schilling test may be invalidated by impaired renal
function, and there is always the difficulty of collecting a complete
24 h collection of urine, especially in mentally confused subject.

Other techniques for studying B12 absorption, apart from the
Schilling test are:
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1. Faccal excretion method [Heinle eta!., 1952].
2. Blood radio-activity after an oral dose of radio-active vitamin

B,o [Dosciieriiomen and Hagen, 1957; McCurdy, 1965],
3. Hepatic uptake method [Glass et al., 1954],
4. Whole body counter [Reizenstein et al., 1961],
5. Direct assay of intrinsic factor in gastric juice [Ardeman and

Ciianarin, 1963; Irvine, 1966]..
The faccal excretion method is tedious and liable to errors of

collection, while blood radioactivity is inaccurate for small differ¬
ences. The accuracy of hepatic uptake measurements depends on
clearance of unabsorbed labelled vitamin B12 by normal bowel
action, and is therefore affected by constipation - a common
condition in the elderly.

The whole body counter is convenient to use, provided the
patient can accept being enclosed in a confined space during the
test. Direct assay of intrinsic factor in gastric juice may well provide
the best method for future studies.

The Schilling test was used in the present study in the hope that
it would provide a convenient screening procedure. However, the
results show a wide range of values, with no great difference between
the groups. Impaired renal function would appear to account for
many of the low values in both groups.

Intrinsic factor and gastric antibodies. The incidence of intrinsic
factor antibodies was lower than expected - particularly in the 14
patients over 70 years ofage. Though there may be a rising incidence
of gastric antibodies in control subjects with age, their presence is a
useful pointer to subclinical disease. Intrinsic factor antibodies arc
more specific diagnostically, but are only positive in just over half
the patients with pernicious anaemia.

Parietal cell antibodies may be associated with achlorhydria,
but the 1 patient in whom they were found had normal gastric acid
secretion. There were 2 other patients in whom parietal cell anti¬
bodies were found - but with a normal Schilling test initially, and
they were not, therefore, investigated further.

Serum folate. There is evidence that the elderly are often deficient
in folate [Read et al., 1965] and this was confirmed by the low
values obtained for both groups but without causing megaloblastic
anaemia. In a recent study of serum folate levels of subjects over 65,
those in hospital showed a lower level than younger controls,
whereas those living at home did not [Girdwood et al., 1967],
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Conclusion

33

From the present study it seems unlikely that unsuspected perni¬
cious anaemia or pre-pcrnicious anaemia is a sufficiently common
cause ofmental disturbance in the patients admitted to this depart¬
ment to justify routine screening as advocated by Henderson et al.
[1966], Their screening of a large number of psychiatric patients
produced an incidence of pernicious anaemia similar to that found
in the general population.
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Summary

The difficulties in evaluating vitamin Bla status in the elderly are discussed. Parietal
cell antibodies occurred in the 1 patient with pernicious anaemia but also in other
patients, while the only patient with intrinsic factor antibody was the patient with
pernicious anaemia. Gastric antibodies may be of value in selecting elderly patients for
more detailed investigations regarding pernicious anaemia or latent pernicious anaemia.
The mental symptoms of the 1 patient who was found to have frank pernicious anaemia
did not improve with vitamin Bla therapy. It is suggested that vitamin Bla deficiency is
unlikely to be a common cause of mental disturbance in the elderly.
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