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The ability of antilymphocytic antibody to suppress a variety
of cell mediated and humoral immune response in experimental animals
is well documented. Immunosuppression, achieved with this material
may have a number of practical and theoretical advantages over that
attained following treatment with conventional immunosuppressive
agents. However, the clinical exploitation of heterologous
antilymphocyte antibody has been hindered by problems largely
associated with the immunogenicity of the 'foreign1 serum protein.

Two possible approaches aimed at reducing or circumventing the
undesirable allergic complications of prolonged equine IgG therapy
have been investigated in the rat model. The immune response

following the administration of normal and antilymphocytic globulin
preparations, was assessed by a variety of serological and cellular
assay procedures. In order to adequately demonstrate the induction

\

of specific immunological negativity a number of techniques designed
to measure the primary interaction of antigen and antibody were

employed in addition to more commonly used secondary and tertiary
analyses.

Attempts were first made to induce immunological unresponsiveness
to normal equine IgG in adult and neonatd. rats. The data indicate
that the abolition of immunity to equine IgG in adult rats was not
attained using a variety of procedures basically similar to those
successfully employed in a number of species with other heterologous
IgG preparations. Neither high doses of aggregate-free material
in normal adults nor the intravenous injection of ultracentrifuged
antigen in x-irradiated individuals abolished antibody synthesis.
Furthermore, a comparative study of antibody production following
pretreatrnent with de-aggregated bovine or equine IgG indicated
antigenic and tolerogenic differences between the two preparations.
However, no more than partial tolerance was achieved with bovine
gamma gldoulin. Likewise, the in vivo and in vitro confrontation
of lymphoid cells with normal and aggregate-free equine IgG failed
to result in more than a modest diminution in detectable antibody
production. Owing to a marked degree of non-specific immuno¬
suppression and toxicity the results of studies involving cyclo-

Use other side if necessary.



phosphamide induced tolerance were equivocal.
Despite the failure to abrogate immune reactivity in adults,

tolerance to aggregate-free or normal equine IgG preparation was

readily attained in neonatal rats.

Attempts were made in a second series of investigations to
resolve the immunosuppressive and antigenic components of equine
anti-rat lymphocyte globulin by subtractionation. By this means

it was hoped to increase the efficacy of prolonged ALG therapy
by limiting the immunogenic stimulus of "inactive" IgG subtractions.

Chromatographic separation of equine IgG components yielded
i I

an electrophoretically slow gamma 2 fraction consisting of
and ^9^2b a rrt°re heterogeneous fast gamma 1 subtraction.
Immunosuppression resulting from the administration of isolated
subtractions was measured by the response to alum - BSA and skin
allograft survival. Antigenicity was determined by a variety
of immunological procedures. The immunosuppressive character
of the ALG was confined to the gamma 2 fraction, however this
fraction also proved antigenic.

Further studies involving the administration of isolated
subtractions in combination with Freund's complete adjuvant
indicated antigenic differences between IgG conponents.

Although the presentation of adjuvant-associated equine IgG
and its isolated subfractions failed to elicit agglutinating
antibodies directed against gamma 2 antigens the immunogenicity
of the IgG2 3erum component was established by primary antibody
assay procedures.
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SUMMARY

The ability of sntilymphocytic antibody to suppress

a variety of cell mediated and humoral immune response in

experimental animals is well documented. Immunosuppression,

achieved with this material may have a number of practical

and theoretical advantages over that attained following

treatment with conventional immunosuppressive agents.

However, the clinical exploitation of heterologous anti-

lymphocyte antibody has been hindered by problems largely

associated with the immunogenicity of the 'foreign' serum

protein.

Two possible approaches aimed at reducing or circum¬

venting the undesirable allergic complications of prolonged

equine IgG therapy have been investigated in the rat model.

The immune response following the administration of normal

and antilymphocytic globulin preparations, was assessed by

a variety of serological and cellular assay procedures.

In order to adequately demonstrate the induction of

specific immunological negativity a number of techniques

designed to measure the primary interaction of antigen

and antibody were employed in addition to more commonly

used secondary and tertiary analyses.

Attempts were first made to induce immunological

unresponsiveness to normal equine IgG in adult and neonatal

rats. The data indicate that the abolition of immunity to

equine IgG in adult rats was not attained using a variety

of procedures basically similar to those successfully

employed in a number of species with other heterologous



IgG preparations. Neither high doses of aggregate-free

material in normal adults nor the intravenous injection of

ultracentrifuged antigen in x-irradiated individuals

abolished antibody synthesis. Furthermore, a comparative

study of antibody production following pretreatment with

de-aggregated bovine or equine IgG indicated antigenic and

tolerogenic differences between the two preparations.

However, no more than partial tolerance was achieved with

bovine gamma globulin. Likewise, the in vivo and in vitro

confrontation of lymphoid cells with normal and aggregate-

free equine IgG failed to result in more than a modest

diminution in detectable antibody production. Owing to

a marked degree of non-specific immunosuppression and

toxicity the results of studies involving cyclophosphamide

induced tolerance were equivocal.

Despite the failure to abrogate immune reactivity in

adults, tolerance to aggregate-free or normal equine IgG

preparation was readily attained in neonatal rats.

Attempts were made in a second series of investigations
to resolve the immunosuppressive and antigenic components

of equine anti-rat lymphocyte globulin by subfractionation.

By this means it was hoped to increase the efficacy of

prolonged ALG therapy by limiting the immunogenic stimulus

of "inactive" IgG subfractions.

Chromatographic separation of equine IgG components

yielded an electrophoretically slow gamma 2 fraction

consisting of IgG2a I<3G2b an<3 a more heterogeneous
fast gamma 1 subtraction. Immunosuppression resulting

from the administration of isolated subtractions was measured



by the response to alum - BSA and skin allograft survival.

Antigenicity was determined by a variety of immunological

procedures. The immunosuppressive character of the ALG

was confined to the gamma 2 fraction, however this fraction

also proved antigenic.

Further studies involving the administration of

isolated subtractions in combination with Freund's complete

adjuvant indicated antigenic differences between IgG

components. Although the presentation of adjuvant-

associated equine IgG and its isolated subfractions failed

to elicit agglutinating antibodies directed against gamma 2

antigens the immunogenicity of the IgG 2 serum component

was established by primary antibody assay procedures.
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GENERAL INTRODUCTION

I. The immunological basis of allograft rejection

Of the numerous factors now known to determine the

fate of transplanted living tissue the most significant

feature, in the context of human organ transplantation,

is the genetic relationship and the consequent antigenic

similarities and disparities between the donor and

recipient. The immunological basis of the rejection

phenomenon had been debated for many years, however, the

impressive clinical study of second set skin graft rejection

in man by Gibson and Medawar (1943) and the associated

investigations in the rabbit by Medawar (1944, 1945)

demonstrated beyond reasonable doubt that destruction of

allografts is an immune phenomenon provoked by antigenic

components in the grafted foreign tissue. Various

discoveries, including the adoptive transfer of trans¬

plantation immunity (Mitchison, 1953, 1954; Billingham,

Brent and Medawar, 1953, 1954) soon provided overwhelming

experimental support for this concept and strengthened

earlier suggestions (see for example, Loeb, 1930, 1937)

that the mechanism behind graft rejection had a generally

cellular rather than humoral basis.

Much experimental work on tissue transplantation has

bean directed towards an understanding of the mechanism of

allograft rejection. Although many uncertainties persist

there is general agreement that destruction of allografted

tissues is a specific immune phenomenon which has been

viewed as a three stage process (see for example, Elves, 1971?

Davies, Leuchars and Rees, 1971? Brunner and Cerottini, 1971).
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In the first instance, potentially reactive lymphoid cells

are sensitised by foreign donor antigens. During this

afferent phase, histocompatibility antigens or information

about them pass via the lymphatic vessels to the regional

lymph nodes. On the one hand, such antigens may be

carried as molecules or as membrane fragments of foreign

cells. Alternatively, circulating host lymphocytes may

be stimulated at the graft site and thereby induced to

•home' to the regional lymph nodes (see Medawar, 1948?

Scothorn and McGregor, 1955? Dillingham and Silvers, 1964?

May, May and Kajarian, 1965? Strober and Gowans, 1965?

Barker and Billingham, 1967).

Activity during the second phase of responsiveness

centres upon the production of large numbers of pyronino-

phylic lymphoid cells within the thymus-dependent, para-

cortical areas of the regional lymph nodes (see Oort and

Turk, 1965? Parrott, de Sousa and East, 1966? Turk, 1969).

Further evidence suggests that these cells have an important

and immunologically specific role in graft rejection (see

Evans and Sells,1971).

Controversy over the nature of the effectors of graft

destruction during the efferent phase has focused upon the

respective roles of the immune lymphoid cells and of humoral

immunoglobulins. Many features suggest that the process

of first-set allograft destruction is predominantly cell-

mediated and is essentially similar to delayed hyper¬

sensitivity reactions like the tuberculh response

(Brent and Medawar, 1967? Turk, 1969? Herbertson, 1971).

In general, it is thought by most that activated or immune
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lymphoid cells are released from lymphatic tissue, migrate

into the graft and destroy the antigenically recognisable

foreign cells (Gowans and McGregor, 1965? Woodruff, 1968;

Roitt, 1971). However, it seems likely that under certain

circumstances humoral antibodies and cellular mediators

(both small lymphocytes and macrophages) may act

synergistically in the rejection of allografts (Granger

and Weiser, 1964, 1966? Weiser et al., 1965; Woodruff,

1968; Batchelor, 1969; Herbertson, 1971).

From a brief review of the biological nature of the

immune mechanisms in relation to allograft rejection it

would seem that interference with and disruption of the

immunological reflex are at one or more stages might

modify the sequence of events and allow the allograft

to survive. Towards this end the antigen or allograft,

the afferent arc, lynphatic tissues and the efferent arc

have all been the targets of biological, physical and

chemical assaults.

II. Suppression of immune responsiveness.

The ways in which experimental workers and clinicians

have approached the suppression of the allograft reaction

at its different stages may be briefly outlined as follows:

(Calne, 1967).

A. Diminishing the antigenicity of the graft.

B. Prevention of antigenic material reaching the

lymphoid system.

C. Prevention of recognition of the antigenic material

by the lymphoid system.

D. Prevention of the central mechanism reacting
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against the antigenic material.

E. Prevention of lymphoid cells reaching the graft.

With the possible exception of antilymphocytic

antibody the successful methods of immuno-suppression

employed in clinical transplantation programmes are

limited to interfering with the central proliferative and

recruitment phase of the allograft reaction. Other

possibilities such as the grafting of tissue to privileged

sites# the induction of immunological enhancement or

tolerance to tissue associated antigens# or the destruction

of sensitised lymphocytes at the graft site by ionizing

radiation all have greater or lesser chances of success

in the "future" treatment of the allograft recipient.

However, further discussion of these approaches fall

outside the proposed intention of this study which was to

briefly point out the potential advantages of a particular

immunosuppressive agent# antilymphocyte antibody# over

other clinically applicable means and to deal at some length

with two proposed methods of circumventing some of the

problems associated with its administration.

A great deal of literature, examining the effects and

mechanisms of various immunosuppressive agents has been

amassed by both experimentalists and clinicians (see for

example, Dietrich# 1966; Berenbaum# 1967 a# b and c;

Santos# 1957; Dukor and Dietrich# 1968; Woodruff# 1969;

Mannick# 1970; Evans and Sells# 1971).

During the past twenty years interest has focused upon

a limited spectrum of immunosuppressive measures including

whole body and local x-irradiation# lymphocyte depletion and
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the administration of purine analogues, corticosteroids,

alkylating agents, antibiotics, folic acid antagonists

and antilymphocytic antibody.

Despite the limitations imposed by an incomplete

understanding of the events taking place during the

response to antigen and the susceptibility of various

cell types to drug toxicity, Berenbaum (1967, a, b and c)

characterised the biochemical and cytological consequences

of the more commonly used immunosuppressive drugs.

Biochemically, these agents achieve their effects by

inhibiting enzyme activity and impairing the function of

the cells' nucleic acid template. Cytologically, they

lead to the structural disorganisation of the cell,

inhibit mitosis and cause cell death. In general,

immunosuppression in this context may be viewed as causing

the sterilisation of proliferating cell populations or as

Berenbaum (1967c) described it "reproductive death".
It has been known since the beginning of the century

that antibody production was suppressed in animals exposed

to ionizing irradiation and additional evidence suggested

that this effect also extended to the prolongation of

skin allograft survival (Dempster, Lennox and Boag, 1950).

X-irradiation is particularly lethal to the lymphocyte

family and since these cells were known to play an active

role in allograft rejection the early clinical adoption of

this agent as an immunosuppressant was not surprising.

Unfortunately the destructive effects of X-irradiation are

independent of the mitotic or metabolic state of the lymphoid

cell (Glinos and North, 1963; Schabel et al., 1965). Thus

the sensitised lvmDhocvte caoable of mountina an attack on
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allografted tissue is no more stisceptible to cytolytic

destruction than is, for example, the memory cell, stem

cell or antibody producing cell which may, at the time of

treatment or shortly thereafter, be called upon to react

against an invading organism.

The depletion of lymphoid tissue or cells by

thymectomy or thoracic duct drainage is of questionable

value. Thymectomy in newborn mammals had been shown by

Miller and Good and their colleagues (see Miller, 1965)

to result in marked impairment of the capacity to reject

allografts. No such effect was observed in thymectomised

but otherwise intact adults although the immunosuppressive

activity of X-irradiation was increased in these animals.

Chronic thoracic duct drainage and the resulting

depletion of circulating small long lived lymphocytes has

been demonstrated to impair immunological responsiveness

including allograft rejection in the rat (McGregor and

Gowans, 1964? Woodruff and Anderson, 1963, 1964) and

humans (Tilney, Atkinson and Murray, 1970). Although

this form of therapy may have limited applications it has

been shown in another context that profound immunosuppression

obtained by treatment with other agents is not dependent

upon marked or sustained lymphopenia (Levey and Medawar,1966

a and b? Woodruff, 1967; Iwasaki, et al., 1967? James

and Anderson, 1967).

Clearly, an idealised immunosuppressive agent should

be specific in its inactivation of a limited antigen

sensitive cell subpopulation at dosages that do not induce

general toxicity or result in undesirable side effects.
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Also, once established the immunological deficit should

exceed administration of the drug and be relatively long

lasting. In short, the exemplary agent would facilitate

the induction of specific immunological tolerance to

antigenic determinants expressed on the grafted cells

without compromising the well-being of the patient.

Unfortunately, conventional immunosuppressive treatment

does not fulfil these criteria. Failure to do so is

generally attributable to complications arising out of

a lack of cytotoxic specificity.

III. Complications of conventional immunosuppressive therapy

The capacity of an animal to react to a variety of

antigenic stimuli, including that provided by an allograft,

is dependent upon the proliferation of a limited number of

antigen sensitive lymphoid cells to give a population of

appropriately stimulated cells of sufficient number and

activity to be effective. The selective proliferation

and increased metabolic activities characteristic of the

cellular subpopulation engaged in the immune response to

antigen are in many ways common to the growth of embryonic

and neoplastic tissues. It is not surprising, therefore,

that the majority of agaits or manipulations known to

interfere \tfith the induction or expression of immunity

were originally developed in the treatment of malignant

disease. As such, their biochemical and cytological

activities are not limited to the specific inhibition of

immune responsiveness. The consequences of the diverse

actions of conventional immunosuppressants is indicated

by analysis of the data presented in the reports of the
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Kidney Transplant Registry (see also Berenbaum, 1967;

Evans, 1971).

yrom the evidence provided in these reports it is

apparent that the main causes of renal graft failure in

patients is attributable to drug induced toxicity and

infection (Berenbaum, 1967 , 1972). Underlining what

is essentially the cause of the problem, Makinodan and

his colleagues (1965) were generally correct in their

conclusion:

"....aside from the specific products

which they produce, there is nothing

unique about antibody-forming cells,

their progenitors, or the manner in

which they are generated. Those

chemical and physical agents which

have been found to depress and

restrict immune response act in a

generalised way, i.e. to inhibit

cell proliferation or to interfere

with protein and/or nucleic acid

synthesis. Further, in the doses

in which they are often administered

these agents have additional unknown

toxic effects".

Therefore, in the strictest sense agents such as

antimetabolites, alkalating agents, corticosteroids,

folic acid antagonists or x-irradiation are no more

specifically immunosuppressive in relation to potentially

antigen reactive lymphoid cells than for other actively
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proliferating or synthetic cell populations. This lack

of selectivity has led to a number of complications.

The first of these is, of course, the increased

susceptibility of the patient to infection by environmental

pathogens due to leukopenia, depressed humoral immunity

(to bacteria, protozoans, fungi and viruses*, intestinal

epithelial damage, impairment of wound healing, reduction

of inflammation and decreased phagocytosis (Starzl et al.,

1964? Kannick and Craighead, 1966; Hume, 1968?

Woodruff, 1969? Evans, 1971). Secondly, the patient

undergoing rejection with poor renal function appears to

be particularly prone to drug toxicity (Berenbaum,1967c).
Thus, Starzl (1964) described the characteristic sequence

of events .in which impending rejection leads to more

intensive immunosuppressive therapy which, in turn, leads

to irreversible bone marrow failure, infection and death.

Moreover, gross muscular wasting occasionally develops

in patients treated with azathioprine. It is not clear

whether this is attributable to general interference with

protein synthesis or is in some way related to the wasting

that follows experimental lymphoid depletion (Denman and

Frenkel, 1967? Woodruff, 1969). Further complications

attending prolonged conventional immunosuppressive therapy

are indicated by the thrombocytopenia resulting from marrow

depression and myelotoxicity which generally responds well

to withdrawal of the agent.

In addition to generalised depression of the defensive

inflammatory response the long term administration of

corticosteroids is occasioned by further undesirable side
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effects which include the development of Gushing*s syndrome,

hypertension, osteoporosis, cataracts, diabetes mellitus,

pancreatitis and ulceration of the stomach and duodenum

(Woodruff, 196S; Evans, 1971; Fortner et al., 1971).

A disturbing feature has recently been described in

patients undergoing prolonged immunosuppression for renal

transplants. A small but statistically significant

number of these patients have developed malignancies

(Penn et al., 1969; McKhann, 1969; Woodruff, 1969;

Deodhar et al., 1968). All of these reported cases

had received azathioprine and prednisone, a proportion

received additional antilymphocytic antibody immuno¬

suppressive therapy. It is not surprising that agents

exerting a disruption and disorganising influence upon

cellular genetic material should, in the long run, prove

mutagenic or even carcinogenic. Further discussion of

this complication will be undertaken in relation to

immunosuppression achieved by the administration of

antilymphocyte antibody.

In spite of the many complications associated with

conventional immunosuppression the combination of purine

antagonist-corticosteroid treatment (Calne, 1960;

Zufcoski, Lee and Hume,1961; Murray et al., 1962;

Hamburger et al., 1962; Woodruff, 1969; Mannick, 1970)

has afforded an acceptable 'minimal chance of success* in

clinical transplantation which has resulted in an overall

stimulation of experimentation in the field of immuno¬

suppression. Of practical significance is the finding

that the timing of antigen challenge may profoundly affect
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the toxicity arid therapeutic effectiveness of a particular

agent (Makinodan et al.# 1965; Dietrich# 1966;

Berenbaura# 1967 ^ , and? Dukor and Dietrich# 1968).3^ ID O

Moreover# further understanding of such factors as the

permeability of cell populations to both toxic and

protective agents# the metabolic requirements and synthetic

repertoire of immunologically competent cells#as well as

the mechanisms that possibly govern the 'traffic* of

lymphocytes (Cohen and Claman# 1971) may lead to

appreciable advances in therapy. These factors, currently

being investigated in a number of laboratories#may prove

to be critical if a practical approach to the induction of

tolerance to transplantation antigens is undertaken.

However, promising though the future of conventional

immunosuppressants may appear# the incidence of severe or

lethal drug toxicity due to the indiscriminate biochemical

and cytological consequences of prolonged therapy remains

a substantial obstacle in the path of outright clinical

success.

IV. The advent of antilymphocyte antibody

Interest in the possible immunosuppressive properties

of heterologous antilymphocyte serum was stimulated by the

growing awareness of the role of the lymphocyte in allograft

rejection. Investigations undertaken by Humphrey (1956)

and Inderbitzen (1956) and later confirmed and extended

by Wilhelm, Fisher and Cooke (1958), and Waksman, Arbuoys

and Arnason (1961) indicated that antilymphocyte serum

could suppress the cell mediated tuberculin reaction.

Although earlier attempts proved unsuccessful (Woodruff, 1960),



12

the convincing demonstration by Woodruff and Anderson

(1963) that antilymphocytic antibody could also delay

the rejection of first set allografts in rats across

a marked histocompatibility barrier was met with

enthusiasm.

Historically, the clinical applicability of organ

transplantation was expanding and the need to circumvent

the problems associated with the prolonged therapeutic

administration of purine antagonists and corticosteroids

had been widely appreciated. By using antilymphocyte

antibody as an adjuvant to azathioprine and prednisone

therapy in the prevention of human renal allograft

rejection (Monaco et al., ^967a Starzl et al.,
1967^ k c, 1968; Carraz et al., 1967; and others)
several important points became apparent. It was found

that by employing antilymphocyte antibody during the

early critical phase of transplantation the total dose

of azathioprine could be somewhat reduced. Similarly,

the dose of prednisone could be reduced by as much as half.

In addition, there appeared to he a marked reduction in the

incidence of acute rejection episodes during the first

three months after transplantation and it was suggested

that antilymphocyte antibody might reverse threatened

rejection. There also appeared to be a drop in patient

mortality, possibly attributable to the reduction in the

amounts of conventional immunosuppressants used and thus

a marked reduction in the susceptibility of thepatient to

infection. As a consequence of the early experimental

and clinical success using antilymphocyte antibody further
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investigations into its preparation, properties and

potential progressed rapidly (see reviews by James, 1967,

1969, 1971, 1972; Gray et al., 1966; Russell and Monaco,

1967; Lance, 1970; Medawar, 1969 and others).

The novelty of this interest and the obvious

application to therapeutic organ transplantation led to

the impression that antilymphocytic antibody was a modern

development. This was not at all the case, for an anti-

lymphocyte serum was raised by Elie Metchnikoff in 1899

and the properties of similar preparations were studied

and described during the ensueing years by a number of

investigators including Flaxner, Papperheimer and others

(see Gray et al., 1966; Russell and Monaco, 1967).

More recent observations have indicated that anti-

lymphocyte antibody possesses in vitro and in vivo

properties that not only place it in a unique therapeutic

position, but also render it an especially useful tool in

basic immunologic research (Medawar, 1969; James, 1969

and 1972).

V. Preparation of antilymphocyte antibody

Antilymphocyte antibody is, as its name implies, an

antiserum (usually heterologous) raised in one animal

against the lymphoid cells of another. It must be

appreciated that antiserum raised by the injection of

whole lymphoid organ suspensions or even contaminated

lymphoid cell populations contains a spectrum of complex

antibodies against a plethora of antigenic determinants.

However, absorption studies have indicated that the immuno

suppressive properties are due in the main to antibodies
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directed against antigens present on lymphocytes.

Consequently, in order to avoid the problems associated

with the administration of potentially cross-reactive

antibodies (e.g. toxicity, thrombocytopenia and nephrotoxic

•linear1 type glomerulonephritis) purer antigenic preparations

including thoracic duct lymphocytes, thymocytes, cultured

lymphoblasts or sub-cellular microsomal fractions have

been employed (James, 1969; Lance, Ford and Ruszkiewicz,

1970; Westberg et al.,1971).

The antibodies present in antilymphocyte serum may

differ with respect to immunoglobulin class. It has

however, been quite firmly established by chromatographic

fractionation that the major part of the in vitro anti-

lymphocytic and in vivo immunosuppressive activities are

associated with the IgG class of antibodies (James and

Medawar, 1967; Iwasaki et al., 1967; Monaco et al., 1967^
Woodruff et al., 1967Q). The crude antiserum may therefore
be fractionated by a number of established methods or a

combination of procedures such as salt precipitation

followed by chromatographic separation in order to

1) limit the amount of non-immunosuppressive protein

administered and 2) reduce the immunogenic stimulus of

the heterologous serum proteins. For further details

of the fractionation procedures employed in obtaining IgG

fractions one would be well directed to Schultze and

Heremans (1966) and James (1969).

VI. Properties of antilymphocyte antibody

Despite differences in the methods of production,

it is generally believed that antilymphocyte antibody acts on the
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small long lived recirculating thymus-dependent lymphocyte

(Woodruff, Anderson and Abaza, 1966y Levey and Medawar,

1966a and b7 James' 1969, 1970a, 1972y Taub, 1970;
Lance, 1970; Taub and Lance, 1968^; Greaves et al., 1969;
Martin, 1969; Medawar, 1969). However, there is evidence

to suggest that it may also affect bone marrow derived,

thymus-independent lymphocytes as well as macrophages

(Ghaffar and James, 1972^7 Barth et al.,1969; Sheagren
et al., 1969; Huber et al., 1969; Caspary et al., 1970;

Grogan, 1969).

The question of what antilymphocyte antibody actually

does to the lymphocyte was for some time controversial.

Rather than go into the observations and conclusions

that generated the controversy (see James, 1971, 1972

for further discussion), one would suggest that in many

cases one's concept of the mode of action of antilymphocytic

antibody was dependent upon the system and effect under

observation. This seems all the more likely when one

considers that the action of a particular antiserum

containing antibodies that reflect a spectrum of affinities

to different determinants and are represented in various

concentrations, is almost certain to differ from experiment

to experiment (see for example, Levey and Medawar, 1966

and b' 1967; Woodruff, 1967; James, 1967, 1969). However,
recent findings have clearly favoured the theory that in vivo

immunosuppression is mediated through the complement system

and reflects both the cytotoxic destruction and opsonisation

of lymphocytes (Reithmuller, 1967; Jooste et al., 1968;

Barth and Carroll. 1970? Weitz^l and Rofcher, 1970;
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Janes, 1970. 1972).
O

With the possible exception of the immunosuppression

achieved by antigens and specific antibodies, antilymphocytic

globulin stands alone as the only truly immunosuppressive

agent. As Medawar (1969) pointed out, antilymphocyte

antibody is an immunosuppressant "by first intention".

As such, its suppressive effect upon recirculating, lymphoid

cells is not the by-product of a more generalised toxicity

or systemic activity. In practice, the situation following

prolonged administration may be somewhat complicated by

the consequences of contaminating cross-reactive antibodies

or the antigenicity of the heterologous protein. However,

these effects must be distinguished as independent of its

immunosuppressive activities.

iE vitro and in vivo properties of antilymphocytic

antibody have been adequately reviewed by James (1967, 1969,

1971 and 1972), Medawar (1969), Denman ( 1969) and Taub

(1970). Its effect seems to be most profound upon the

thymus dependent recirculating lymphoid cell population

and a comparison with conventional immunosuppression agents

in the normal lymphocyte transfer model of Brent and

Medawar (1967) demonstrates its unique ability to abrogate

the immune component of the reaction. Of further potential

importance relating to the use of antilymphocytic antibody

In the treatment of autoimmune diseases and organ

transplantation is the evidence suggesting that in certain

situations high dosages can restore immunological virginity

to the second set allograft recipient (Levey and Medawar,

1966^7 Lance and Medawar, 1969). Thus the apparent ability
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of this material to abolish immonological memory intimates

the possibility of a second property unique among immuno¬

suppressive agents (Medawar, 1969).

Most workers are in agreement as to the effedtiveness

of antilymphocyte antibody in suppressing a wide variety

of cellular immune phenomenae (James, 1969). However, there

is some disagreement concerning its ability to suppress

humoral immunity. The suggestion that this reagent may

act preferentially on cell mediated responses grew out of

the observation that animals sufficiently suppressed to

maintain allografts were not particularly susceptible to

infection (Levey and Medawar, 1967^). Generally, the
effects of antilymphocyte antibody upon humoral immunity

have been less consistent than those related to suppression

of cell mediated responses. Variations may be attributable

in some cases to antigenic differences relating to the timing

of antigen administration (Berenbaum, 1967^; James, 1967;
Moller and Zukowski, 1.968), thymus dependency (Medawar, 1969;

Baker et al., 1970 ? Lance 1970) or the adjuvant used
a

(Allardyce, Hunter and Jaraes, 1970). In addition, the

immunosuppressive efficiency of antilymphocyte antibody is

known to vary with the strain of animal used (James, Pullar

and James, 1969; Ghaffer and James, 1972 ). Finally, possible
a

variations between individual antisera may be reflected by the

scope and degree of humoral suppression (Ghaffer and James,

Personal communication; Janossy and Greaves, 1972).

However, despite these complications a tentative

conclusion may be drawn concerning the activities
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of antilymphocyte antibody relative to humoral immunity.

It is consistent with the data that the reagent suppresses

primary humoral response by the largely peripheral

inactivation of antigen sensitised cells (Levey and

Medawar, 1967 ). It is probably unwise to make an

artificially rigid distinction between antigen sensitive

cells belonging to the thymus dependent or thymus

independent lymphoid subpopulations in relation to the

specificity of heterologous antilymphocyte antibody

depletion. Rather, the discriminating powers of the

immunosuppressive material may be credited to difference

in the accessibility of various cell types (Levey and

Medawar, 1967 ? Levey, 1970; Kalden and James, 1971)3

as well as the need for cellular cooperation and differences

in antigen distribution and handling (for further discussion

see Medawar, 1969? Turk and Willoughby, 1969; Baker et al.,

1970.? James and Milne, 1972? Ghaffar and James, 1972, ?
b D

James, 1972).

The variable effectiveness of antilymphocyte antibody

in achieving suppression of humoral immunity attains major

significance when complications arising from the clinical

exploitation of the material are considered.

VII. Clinical exploitation of antilymphocyte antibody

Observations resulting from investigations of the

in vitro and in vivo properties of antilymphocyte antibody

in experimental animals originally generated interest in

its possible clinical uses. Owing largely to its marked

ability to depress cell mediated immunity in animals

(particularly if administered before or shortly after
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antigen challenge) its applications to clinical organ

transplantation was undertaken. Although it has been

widely used clinically, its precise therapeutic value

is difficult to assess. An accurate clinical appraisal

has been complicated by the use of combined immuno¬

suppressive therapy and advances in other areas of the

transplantation field. Under the prevailing circumstances

it is of no surprise that the impressions and findings of

one group regarding the efficacy of antilymphocyte antibody

treatment should contrast with those of another (see for

example, Deodhar et al, 1571? Cosimi et al., 1970y

Moberg et al., 1970; Butler et al., 1969; Taub et al.,b

1969; Mee and Evans, 1970).

VIII. Complications of antilymphocyte antibody treatment

In spite of the theoretical advantages that should

accrue from the use of antilymphocyte antibody in the

field of organ transplantation, general acceptance of

this material has been impeded by the occurrence of

undesirable side effects largely attributable to

1) the presence of contaminating toxic cross-reactive

antibodies (which can be reduced as described earlier),

2) the non-specific depletion of lymphoid cells and

3) the immunogenicity of the heterologous protein.

A. Infection

Despite earlier hopes that antilymphocyte antibodies

would selectively interrupt the traffic of lymphocytes to

and from allografts leaving other forms of cellular and

humoral immunity intact (Levey and Medawar, 1967^;
Medawar, 1969), it appears that such limitations can rarely
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be achieved. The primary humoral response to viral and

bacterial antigens is significantly suppressed (Hirsch,

1968; Shellham, 1969; Ghaffar and James, 1972^) and
Woodruff and his colleagues (Abaza et al., 1966) found

that even pre-immunisation of dogs did not protect them

from infection while undergoing treatment with anti-

lymphocyte antibody. Furthermore, where relatively

high doses of immunosuppression may be required (as for

example, in the treatment of autoimmune disorders) patients

may be susceptible to infection by "opportunistic" fungi

and microorganisms (see review by Denman, 1969). In

support of this contention Gaugas and Rees, (1968)

demonstrated the vulnerability of mice treated with

antilymphocyte serum to infection with leprosy bacilli.

B. Wasting disease

Little is known about the long term consequences of

reducing the long lived small lymphocyte population in man.

However, since wasting disease has been demonstrated in

antilymphocyte antibody treated mice and guinea pigs

(Gray et al., 1966; Denman and Fronkel, 1967; Koumans,

Billote and Burke, 1971) it is relevant to consider the

possibility of such a complication occurring in man.

C. Bone marrow depression

In addition to the thrombocytopenia and anaemia

resulting from the presence of cross-reactive antibodies

the suggestion of bone marrow depression, using extensively

absorbed (with erythrocytes) antiserum (Taub and Lance, 1968 )
a

is strengthened by the observation that antilymphocyte

serum inactivates the haemopoietic stem cells in bone marrow
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(Field and Gibbs,1968; DeMeester, Anderson and Shaffer,

1968). The most likely explanation of these findings

relates to the existence of antilymphocyte antibodies

directed against common antigenic determinants present

on circulating lymphocytes as well as bone marrow stem

cells.

D. Cross-reactive antibodies

A number of authors have noted that antisera raised

against lymphoid organ cell suspensions or peripheral

blood lymphocytes frequently possess antibodies that

cross-react with glomerular basement membrane, platelets

and red cells (see for example, Najarian et al., 1969?

Thiel et al., 1971; Wilson et al, 1971>. It would

appear that these antibodies are greatly reduced when

more homogeneous antigen preparations are employed

(see reviewty James, 1969; also, Najarian et al., 1969;

Lance, Ford and Ruszkiewicz, 1900; Westberg et al., 1971;

Wilson et al., 1971).

E. Oncogenic effect of antllymphocyte antibody

The risk of neoplastic growths arising out of the

use of immunosuppressive drugs has been widely recognised

(W.H.O. Conference, 1967; Woodruff et al., 1969). It

has been suggested that antilymphocyte antibody may

facilitate the development of cancer by 1) interfering

with the immunological surveillance mechanism (Burnet,

1957, 1959, 1971; Thomas, 1959), 2) potentiating the

growth of existing tumours (Anigstein, Anigstein and

Gennels, 1965; Bremberg, Klein and Stjernsward, 1967;

Kubista, Shorter and Hollenbeck, 1967; Phillips and
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Gazet, 1967, 1968; Deodhar, Crile and Schofield, 1968;

Woodruff and Smith, 1970), 3) potentiating viral

oncogenesis (Allison and Law, 1968; Law,1970) and

4) favouring blast transformation (Edleman and Wheelock,

1968). In addition, Hume (1971) has suggested that

antilymphocyte antibody may indirectly favour lympho-

reticular neoplasia by allowing the chronic antigenic

stimulation of lymphoid cells by a surviving graft.

While considering these points however, it is

interesting to note the lack of evidence supporting the

development of spontaneous tumours in chronically treated

animals (Russe and Crowle, 1965; Denman and Denman, 1968;

Taub and Lance, 1968 ; Woodruff, 1969; Nehlson, 1971)
cl

in relation to the theory of immune surveillance of

malignant ceLIs intimated by Murphy in 1926 and later

formalised by Burnet (1957, 1959 and 1971).

F» Immune reactivity to heterologous antilymphocyte

antibody

The clinical exploitation of heterologous antilymphocyte

antibody has been hindered by limitations imposed by the

immune reactivity of the recipient to the immunosuppressive

agent. Thus, contrary to earlier reports by Levey and

Medawar (1966a ^ Gray et al., (1966) it appeared
that antilymphocyte antibody was unable to ablate the

immune response directed against globulins of the species

in which it was raised (Jasin et al., 1967; Iwasaki et al.,

1967; Clark, James and Woodruff, 1967; Lance and Dresser,

1967). Indeed, it would appear that antilymphocytic

globulin preparations may be more antigenic than their
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non-immune globulin counterparts (Anderson et al., 1967?

Lance and Dresser, 1967? Guttmannet al., 1967? Howard,

Dougherty and Mergenhagen, 1968? Golub and Weigle, 1969?

Howard, Asfis and Woodruff, 1968? Kind and Ako, 1971?

Revillard and Brochier, 1971).

G. Anaphylaxis, serum sickness and renal damage

Immune reactivity to heterologous protein injections

was described by Kojis in 1942 and later by Arbesman (1965)

in relation to the treatment of tetanus, diphtheria, gas

gangrene, pneumococcal pneumonitis and other infections.

There are, as would be anticipated, a number of complications

arising from the administration of heterologous anti-

lymphocyte antibody. Local pain and tenderness with

fever and hypotensive episodes have been frequently

reported after injection of antilymphocyte antibody

(Starzl et al., 1967a>b m<? c; Monaco et al., 1967a an(J fc;

Traeger et al., 1968, 1969). In addition, Kashiwagi

et al., 1968 found that antilymphocyte globulin

(preparation contained 90 per cent equine IgG) produced

a wide variety of side effects indicative of serum sickness

including arthralgia and periorbital oedema. The majority

of their patients exhibiting the above symptoms gave

positive skin reactions and had precipitating antibodies

to horse globulin although they were receiving steroids

and azathioprine concurrently. The local and systemic

manifestations of allergic reactivity following treatment

with antilymphocyte antibody have been discussed and the

relevant literature summarised by James (1969). However,

of particular importance to successful renal transplantation
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is the formation of soluble immune complexes. In this

instance the host response to the injected heterologous

protein presents a potential hazard to the graft by the

deposition of heterologous protein - antibody complexes

on the glomerular basement membrane (Guttmannet al., 1967;

Dixon, 1968). Filtered immune complexes may activate

complement components and attract po1ymorphonuc1ear cells

which contain the proteolytic cathepsins D and 3 as well

as other mediators of inflammation (Cochrane, Unanue and

Dixon, 1965). Immune activation of this nature may lead

to uncontrolled membrane production and the thickened

convoluted glomerular basement membranes associated with

complex (granular) glomerular nephritis (Porter et al.,

1967; Fish et al., 1S67; Rosenau, Lee and Najarian, 1969;

Najarian and Foker, 1969). Further indirect damage to the

glomerular basement membrane may result from an immune

insult to the adjacent epithelial cell, while the formation

of glomerular tufts (Porter et al., 1967; Rosenau, Lee

and Najarian, 1969) may reflect immunologically mediated

injury to the endothelial cells of the glomerulus.

Busch and his colleagues (1971) have reported a

remarkable absence of immune complex serum sickness following

antilymphocytic globulin administration to patients also

receiving azathioprine and steroids. Their survey of

thirty eight biopsied patients revealed a lack of granular

basement membrane deposits. A similar absence of

glomerulopathy was also reported by Thiel et al., (1971)

in patients and Rhesus monkeys treated with azathioprine

and prednisone as well as heterologous antilymphocytic antibody.
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The mechanisms responsible for these findings are

not entirely clear. To a certain extent, reduction of

immune complex formation and deposition in the glomerulus

may reflect the degree of humoral immunosuppression brought

about by treatment with conventional agents such as

azathioprine and prednisone. Furthermore, in addition

to exercising an anti-inflammatory influence, steroids

have been observed to stimulate the mesangial cell?

a special form of the endothelial cell with phagocytic

capabilities and the function of sweeping the glomerular

basement membrane of non-filterable particles (Farquhor

and Palade, 1962? Vilar and Christian, 1967? Germuth

et al., 1968).

Hopeful though these reports may be, the extreme

reactions and prevalence of complex glomerular nephritis

in other patients treated with antilymphocyte antibody

preparations and concurrent immunosuppressants indicates

the potential risks resulting from the formation of host

anti-heterologous protein antibodies (Dixon, 1968?

Kashiwagi et al., 1968? Monaco et al., 1967^? Carpenter
et al., 1971).

H. Reduction of immunosuppressive efficacy

In addition to the anaphylactic reactions, serum

sickness and renal damage that may attend immune reactivity

to antilymphocyte antibody administration, there is the

possibility that its immunosuppressive efficacy would

decline in relation to the magnitude of a resulting humoral

response. It has been suggested by numerous workers,

(e.g., Clark, James and Woodruff, 1967; James and Anderson,
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1968? Ono et al., 1969; Judd et al., 1969; Butler et al.,

1970; Simmons et al., 1970; Hardy, Quint and Monaco, 1970;

Revillsrd and Erochier, 1971) that a significant reduction

in immunosuppression may result from the presence of actively

induced or passively administered anti-antilymphocyte

preparation antibody. Opposing opinions have been

presented by others including Levey and Medawar (1966^),
Howard, Dougherty and Mergenhagen (1968), Raju and Grogan

(1969) and Cerilli, Miller and Hattan (1970). Although

it is difficult to draw a conclusion from these reports due

to the variability of the individual systems employed, a

number of investigations have indicated that while the

induction of humoral immunity to antilymphocyte antibody

need not necessarily prejudice graft survival the induction

of immunologic unresponsiveness to the heterologous protein

enhances the possibility of long term graft retention

(Raju and Grogan, 1969; Wood, 1970; Hardy, Quint and

Monaco, 1970; Stockman and Trentin, 1972; Stockman,

Judd and Trentin, 1972).

In 1967 Clark, James and Woodruff noted that the

administration of equine anti-rat lymphocyte globulin

to rats, while achieving a high degree of .immunosuppression,

did not prevent rapid immune elimination of isotopically

labelled normal equine gamma globulin. They suggested

that greater immunosuppression might be achieved by

limiting the immune clearance of antilymphocyte antibody.

It was proposed that this end might be accomplished by

1) the induction of immunologic unresponsiveness (previously

achieved by Lance and Dresser (1967) using rabbit anti-mouse
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antilymphocyte IgG), 2) the concurrent administration of

conventional immunosuppressive agents or 3) by reducing

the proportion of "non-active" molecules in their

preparation. The investigation of these three

possibilities has occupied a great many experimentalists

and clinicians during recent years and it is toward the

first and last of these that the author has turned his

attentions and energies.

Although the aims of inducing immunologic unresponsiveness

to antilymphocyte antibodies on the one hand, and attempting

to reduce the antigenic stimulus by fractionation of the

agent on the other remain largely the same in the clinical

context, the theoretical considerations and experimental

approaches are in some respects unique. For this reason

and for the sake of clarity it has been decided to deal

with these two areas separately in this thesis.

Therefore Section I will include a description of

those investigations in which the induction of immunological

unresponsiveness to equine gamma globulin has been attempted

while Section II will deal with the immunogenicity and

immunosuppressive properties of normal and antilymphocytic

equine IgG subfractions.



SECTION I

STUDIES ON THE INDUCTION OF IMMUNOLOGICAL

UNRESPONSIVENESS TO NORMAL EQUINE IgG

IN ADULT AND NEONATAL RATS



INTRODUCTION

Contemporary research on immunological tolerance

rests upon the foundations of work by Wells and Osborne

(1511), Glenny and Hopkins (1S24), Perlzweig and Steffen

(1923), Sulzberger (1929) and Felton and Ottinger (1942)

which has been reviewed by Smith (1961). Summarising

earlier immunological observations Burnet and Fenner (1949)

postulated the "self marker" concept of antigen recognition;

they hypothesised that exposure to antigen during embryonic

life would lead to unresponsiveness to the same antigen

in adult life. This reasoning was largely based upon

Owen's earlier demonstration of erythrocyte chimerism in

dizygotic bovine twins (Owen,1945).

The terms "tolerance", "paralysis" and "unresponsiveness"

have been used to describe the state of specific, acquired

immunological negativity to a certain antigen. Tolerance

was originally applied to describe acceptance of tissue

of genetic disparity from the host. Paralysis was used

in the context of reduced or ablated immune responsiveness

to polysaccharide antigens, chemical (hapten) or protein

antigens. Today all three terms are used interchangeably

by many workers who hold that all three mechanisms of

immunological refractiveness are similar if not identical.

However, "paralysis" is vague and may not provide an

accurate operational description of immunological negativity.

On the other hand, while "tolerance" may be said to reflect

the situation in which an allograft is successfully

maintained, it does not distinguish between the absence
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of an immune response and protective enhancement or graft

adaptation. In relation to the events resulting from

the confrontation of the antigen sensitive cell and a

protein, hapten or polysaccharide preparation the

differences are fundamental and reflect unique mechanisms

and circumstances. Therefore, in the present report

tolerance and unresponsiveness will be defined as the

specific, acquired immunological negativity which is

induced by antigen in the neonatal and adult animal.

Moreover, many workers have adopted these terms to describe

a diminished state of immunological reactivity? in the

following studies this state will be referred to as partial

tolerance or unresponsiveness.

I. Immunological unresponsiveness to non-living protein

antigens.

The administration of antigen under certain circumstances,

instead of leading to an immune response, may result in an

antigen-specific defect in responsiveness. The lack of

that particular response is usually assessed following

challenge with the same antigen under conditions which

favour its immunogenicity. The conditions which tend to

facilitate the induction of specific immunological

negativity are, in general, those that predispose against

the development of immunity. For example, tolerance may

be induced by the introduction of antigen early in ontogenic

development. In the adult animal this may be achieved by

injection of non-immunogenic antigen preparations, very

high or very low doses of immunogen, by direct confrontation

of lymphoid calls and antigen or by the associated
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administration of conventional immunosuppressive agents.

In each of these systems the establishment of the non-

reactive state depends upon avoiding the mechanisms and

conditions that favour immunisation. For this reason

it is felt that the degree of concomitant immunity normally

determines whether tolerance will be induced by exposure to

antigen, because immunity can both mask and probably impede

the induction of unresponsiveness (Dresser and Mitchison,

1968).

Early investigations of immunological unresponsiveness

tended to suggest that exposure to antigen at an early

stage in development was required for tolerance induction

(Owen, 1945? Burnet and Fenner, 1949). The first attempts

by Burnet (Burnet et al., 1950) in support of his hypothesis,

involving the inoculation of chick embryos with human red

blood cells, bacteriophage and flu virus were unsuccessful.

Ho differences in haemagglutination or inactivation titres

were observed when treated and control animals were compared

following challenge with the appropriate antigen at 5 to 8

weeks of age.

In an experimental system more closely approximating

that of Owen*s cattle twins Billingham, Brent and Medawar

(1953) demonstrated what they termed "actively acquired

tolerance". This was defined as the inability of an

animal to react immunologically against foreign homologous

tissues if it had been exposed to them during an early

period of neonatal life. They demonstrated the facilitation

of skin graft survival and inhibition of specific antibody

formation in mice and chickens injected in utero or in ovo
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with a variety of foreign tissue cells. Injection of

specifically primed spleen cells led to a loss of the

tolerated grafts. The phenomenon was thus shown to he

independent of antigenic transformation of the graft#

antigen specific and# in addition# the effect was

demonstrated to be non-inheritable.

Hanan and Oyama (1954) obtained results with protein

antigens that were interpreted by the authors as examples

of immune tolerance# thus fulfilling the prediction of

Burnet. They injected 0.1-1.0 mg. doses of alum-

precipitated bovine serum albumin intraperitoneally into

newborn rabbits three times weekly. This schedule was

continued for the first month of the experimental ani«als

lives whereupon the young rabbits were subsequently given

intravenous injections for 114 or 181 days thereafter.

When challenged with immunologic doses of bovine serum

albumin and ovalbumin the animals failed to produce anti-

BSA precipitins and anti-BSA sensitising antibodies for the

passive cutaneous anaphylaxis test or Arthus reaction.

Littermates# that received the challenge injections only#

responded positively.

In the following year confirmation of the tolerogenic

effects of heterologous proteins in the newborn was inherent

in the findings of Dixon and Maurer (1955a and it
has since been adequately established that heterologous

serum proteins can readily induce this form of unresponsive¬

ness (see review by Smith# 1961) .

The parameters involved in tolerance induction have

been extensively reviewed and include the ontogenic age of
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the schedule of antigen administration (Smith, 1961?

Leskowitz, 1967? Dresser and Mitchison, 1968? Weigle,

1971? Weigle, Chiller and Habicht, 1972). The duration

and degree of immunological unresponsiveness has been found

to be directly related to the dosage when a single injection

is employed and the state can be prolonged by further

injections of relatively small amounts. For example,

0.2 mg. per day of bovine serum albumin over the first

five days of a rabbit's life were found sufficient to

establish unresponsiveness (Dubert and Paraf, 1957) whereas

tolerance could be maintained by as little as 10 ug. (Smith

and Bridges, 1958).

Despite the success of experiments directed toward

attaining the state of immunological tolerance in neonatal

animals using either self replicating cellular antigens or

relatively simple heterologous serum proteins, difficulties

have been encountered using antigens of greater complexity.

Thus, experiments designed to demonstrate the lack of

neonatal reactivity to a variety of bacterial antigens

(Buxton, 1954? Kerr and Robertson, 1954? Smith and Bridges,

1958) and other complex and phylogenetically remote antigens

(Bauer et al., 1956? Owen, 1957? Nossal, 1957) have met

with equivocal success.

Following these findings, the assumption by many

workers that a special period of unique susceptibility is

necessary for the establishment of tolerance is understandable.

However the abandonment of such a concept was dictated by

the work of Howard and Michie (1962) who showed that trans¬

plantation immunity could be induced in newborn mice with
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demonstration by Silverstein et al., (1963) of the

responsiveness of seventy days sheep foetuses to

bacteriophage, ferritin and ovalbumin. Furthermore,

evidence that tolerance can be induced in adult animals

to a wide variety of antigens has led to the conclusion

that the mechanisms and conditions necessary for immuno¬

logical negativity are operative and apply equally to

adults and neonates (see review by Dresser and Mitchison,

1968). In other words, provided that antigen can be

administered under non-immunising conditions or in a

non-immunogenic form, tolerogenic events at the cellular

and subcellular level are assumed to be independent of

ontological development.

The original evidence in support of this assertion

is indirect and largely based upon the induction of

tolerance to bovine gamma globulin in adult CBA mice

with small quantities of ultracentrifuged antigen (Dresser,

1962). Dresser found that the amount per body weight of

non-immunogenic bovine gamma globulin necessary to induce

unresponsiveness was the same for adults and neonates.

Thus the differences in tolerance induction between adults

and neonates is thought to reflect the lower capacity of

the newborn to respond to an immunogenic stimulus. The

extent to which this apparent immunological deficit resides

in a particular cell population is open to some speculation.

Macrophages are known to play an active role in the

induction of immunity to some antigens (Mosier, 1967).

Although its part is thought to be non-specific (Kolsch
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and Mitchison, 1968; Hoffman and Dutton, 1971), the work

of Martin (1966), Argyris (1968) and others (Bendinelli,

Sensi and Falcone, 1971} suggests that macrophages are

capable of endowing neonatal rabbits and mice with an

increased capacity to respond to otherwise tolerogenic

schedules of bovine serum albumin and sheep erythrocytes

respectively. It is possible that a deficiency in the

ability of macrophages to react effectively to antigen

is in part responsible for the reduced immune capacity

of the neonate. Some support for this contention is

derived from the finding of Gallily and Feldman (1967)

that macrophages harvested from X-irradiated hosts are

capable of bacterial antigen uptake but fail to process

it into a normally immunogenic form. In this case the

irradiated macrophage dealing with a normal antigen may

be viewed as analagous to the normal macrophage confronted

by pneumococcal polysaccharide or poly-D-amino acids.

However, as Dresser and Mitchison (1968) have pointed out,

the failure of tolerant neonatal rats to demonstrate normal

macrophage phagocytosis of isotopically labelled Salmonella

flagellin (Mitchell and Nossal, 1966) may be an effect

rather than the cause of immunological insufficiency.

II. Induction of Immunological Unresponsiveness in

Adult Animals

A. Suppression of the immune response.

The immunological outcome following the confrontation

of a potentially reactive adult animal with antigen is

dependent upon two conditions. The first of these

concerns the capacity of the individual to mount an
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immune response and the second reflects the immunogenicity

of the antigen. Thus the induction of specific immuno¬

logical tolerance requires that introduction of the

antigen be under conditions that fail to elicit an immune

response. This may be accomplished in either of two ways.

In the first of these, the immune capacity of the animal may

be generally suppressed by the use of immunosuppressive

agents or procedures such as X-irradiation. By this means,

an otherwise immunogenic antigen is, by definition, rendered

non-immunogenic in that host. Procedures resulting in non¬

specific immunosuppression (see reviews by Taliaferro, 1957;

Makinodan et al., 1965; Humphrey, 1965; Schwartz, 1965;

Dietrich, 1966; Berenbaum, 1967^ anca c) maY he expected to
reveal low dose tolerance by reducing the amount of antigen

necessary to induce unresponsiveness. Indeed, the analyses

of Dresser and Mitchison (1968) indicate that in the absence

of the capacity to mount an immune response the threshold

tolerogenic dose required for strongly immunogenic antigens

is quantitatively comparable to that observed in the newborn

and as in normal adults for weak and non-immunogenic antigens.

The 'selective* inactivation of mitotically (and

metabolically) stimulated cells by 6-mercaptopurine and

cyclophosphamide (Schabel et al., 1965) has been exploited

in the induction of unresponsiveness to a variety of

heterologous protein antigens in adult rodents. These

include tolerance to heterologous normal and antilymphocytic

gamma globulin preparations (Russell and Denman, 1969;

Kawaguchi, 1970; Many and Schwartz, 1970). In recent

studies by Stockman and her colleagues (Stockman and Trentin,

1972; Stockman, Judd and Trentin, 1972) adult mice were made
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tolerant to equine IgG and to equine anti-mouse thymocyte

globulin by the injection of deaggregated, heat-aggregated

or adjuvant associated normal equine IgG or anti-thymocyte

globulin (2 mg.) followed by cyclophosphamide (400 mg. per

kg. body weight). These workers found that tolerance

was long lasting and its duration was independent of

further administration of either antigen or agent.

The pre-cyclophosphamide stimulatory dose was found

to be critical. For example, no tolerance was expressed

when 1 mg. of anti-thymocyte globulin was used whereas

2 mg. of the antigen ensured unresponsiveness in all

mice tested. Additional sex and strain variations

were noted in the susceptibility of mice to the toxic

effects of the immunosuppressant.

B. Immunoqenicity of antigens

In addition to direct immunosuppression, the induction

of specific antigen-mediated unresponsiveness may be

achieved by reducing the immunogenic properties of the

potential antigen or selecting the conditions under which

it is administered.

Non-immunogenic antigens

Protein antigens have been found to differ in their

capacity to immunise. Indeed, Dresser (1961) has drawn

attention to the situation in which the IgG component of

a bovine gamma globulin preparation may tolerise but,

unless administered in adjuvant, lacks the ability to

immunise in several mouse strains as well as in guinea

pigs (Streilein and Hildreth, 1965). Evidence of tolerance

indircrtiorr indicates that this orooerty of non-immunogenic!ty
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is shared by at least some gamma globulin components

prepared from hares, rabbits, cattle and humans (Dietrich

and Weigle, 1963, 1964; Dresser and Mitchison, 1968;

Howard, Dougherty, Notkins and Mergenhagen, 1969; Hardy,

Quint and Monaco, 1970).

It has become well established through the work of

Dixon and Maurer (1955), Shaul (1962) and Dresser (1963)
b

that tolerance to one constituent of a heterogeneous mixture

of proteins may be accompanied by immune responsiveness to

others. The immunogenic fraction need not be unrelated to

the non-immunogenic antigen for denatured or aggregated forms

of otherwise tolerance inducing preparations are known

to be immunologically stimulating. Procedures designed

to minimise the antigenicity of denatured or aggregated

"contaminants" or accompanying immunogenic moieties have

been employed to reveal the tolerogenic character of non-

immunogenic antigens. Thus deaggregation of heterologous

gamma globulin preparations is routinely accomplished by

high speed ultracentrifugation (Dresser, 1962 and others),

while biological filtration or passage (Golub and Weigle,

1969 and others) for between one and two days in an inter¬

mediate host facilitates the induction of tolerance.

Antigens are more tolerogenic when in a soluble rather

than aggregated or particulate form which can readily be

phagocytosed by macrophages. This has led to the suggestion

that molecules are tolerogenic if they react directly with

lymphocytes but antigenic if they are first processed by

macrophages before presentation to the lymphocyte. (Dresser,

1962; Frei, Benacerraf and Thorbecke, 1965; Staples, Gery
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and Waksman, 1966) . It Is interesting to note that-

ultracentrifugation and biological filtration do not

invariably lead to tolerogenic products (see Moberg et al.,

1970^ ^ ^ Balner et al., 1970. Stockman and Trentin,
1972? Dresser and Mitchison, 1968). Certainly in cases

where the antigen is other than a contaminated non-immunogen

it is difficult to envision passage or ultracentrifugation

exerting a profound tolerogenic effect. This theme will

be explored at greater length in relation to discussion of

the antigenicity of equine IgG.

Strong and weakly immunogenic antigens

Antigens have been further classified into weak and

strong immunogens. The distinction is drawn between

antigens on the basis of minimal dose required to stimulate

the immune response. Quantitative studies (see review

by Dresser and Mitchison, 1968) have shown that the

concentrations of various antigens required to induce

unresponsiveness are of the same order of magnitude.

On the other hand, the minimal threshold dose that leads

to immune responsiveness is highly variable from one antigen

to the next. Thus in weak antigens such as bovine serum

albumin in mice, the minimal immunising dose is greater

than the tolerogenic threshold. In contrast, the

unresponsive state may be masked or annulled by immunisation

with strong antigens represented by lysozyme and diphtheria

toxoid in mice (Mitchison, 1964, 1967? for further discussion

see Dresser and Mitchison, 1968).

C. Low zone tolerance in adults

Immunological unresponsiveness to weakly immunogenic
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antigens may be achieved by the administration of doses

which fall below the minimum immunising threshold. This

state of low zone tolerance has been obtained after small

single injections of heterologous gamma globulin

preparations in adult mice (Dresser, 1962; Claman, 1963;

Dietrich and Weigle, 1964), rabbits (Dresser and Gowland,

1964) and guinea pigs (Battisto and Miller, 1962). For

example, Dresser (1962) found that the injection of a dose

between 50 and 200 ug. of ultracentrifuged bovine gamma

globulin required three to four days to induce tolerance

in adult CBA mice when later challenged subcutaneously

with the antigen in combination with complete Freund's

adjuvant. Although tolerance was only partial, treatment

with as little as 2 ug. of the deaggregated heterologous

protein was observed to be effective. Similar low zone

unresponsiveness has been obtained by Mitchison (1964) in

mice employing several small injections of bovine serum

albumin.

D. High zone tolerance in adults

Immunological unresponsiveness induced by excess

antigen was first reported by Glenny and Hopkins (1924).

They observed that the continued injection of equine gamma

globulin (antibody to diphtheria toxoid) in two rabbits

resulted in decreased immune elimination of the antigen

from the circulation. Later investigations initiated by

the work of Dixon and Maurer in 1955^ ^see reviews by
Smith, 1961; Dresser and Mitchison, 1968; Weigle, 1971;

Weigle, Chiller and Habicht, 1972) have shown that adult

animals may be rendered tolerant by high doses of a variety



40

of foreign plasma proteins. Tolerance, induced in this

way by immunogenic antigens, is initially attended by a

period of concomitant immunity which declines in parallel

with the exponential loss of responsiveness (Dresser, 1962;

Mitchison, 1964? Dresser and Mitchison, 1968).

E. Tolerance and cell populations

Largely through the work of Claman, Chaperon and

Triplett (1966a and others (Miller and Mitchell,
1967; Mosier, 1967; Mitchison, 1969; see also Roitt

et al., 1969) collaboration between thymus-dependent and

bone marrow derived, thymus-independent lymphocytes in the

induction of immunity has been recognised. Early work by

Waksman and his colleagues (Isakovic, Smith and Waksman,

1965; Staples, Gery and Waksman, 1966? Scott and Waksman,

1968; Horiuchi and Waksman, 1968^ implicated the role
of the thymus and cell synergism in tolerance. However, it

was through the exceptionally fine studies of Weigle and his

co-workers (Chiller, Habicht and Weigle, 1970; Chiller,

Habicht and Weigle, 1971; Weigle, Chiller and Habicht, 1972)

that the thymus-dependent cell has been pinpointed as the

target for tolerance at low antigen levels while both

thymus-dependent and thymus-independent lymphocytes are

rendered unresponsive to high doses of antigen.

For thymus-dependent antigens (such as human gamma

globulin in A/J mice) at dose levels where the thymus-

dependent cells play a major co-operative role, the degree

of antibody production and the overall immunological

performance of the animal will reflect the degree of

reactivity of the thymus-dependent cell population.

Judging from reconstitution experiments in which both



41

types of lymphocytes in mice were unresponsive to human

gamma globulin, if either the thymus-dependent cells or

bone marrow-dependent cells came from a tolerant host

(treated with deaggregated human gamma globulin) the

recipient failed to respond to later challenge (Chiller,

Habicht and Weigle, 1970), This finding also suggested

the presence of specific receptors on both cell types

and indicated that only one population of lymphocytes

need be unresponsive for the animal to reflect immunological

negativity.

F. Kinetics of the induction of tolerance

Calculation of the percentage of suppression of the

response obtained in recipient mice receiving one cell

type (thymus or bone marrow) from donors injected with

deaggregated human gamma globulin and one cell type from

normal donors, compared with normal cell recipient controls,

indicates that the induction of tolerance is rapid in

thymus-dependent cells (complete by the second day) and

of long duration (> 155 days). On the other hand, in

thymus-independent lymphocytes there is a latent period

of eight days and the re-establishment of full responsiveness

by day 49 (Chiller, Habicht and Weigle, 1971). These

results confirm earlier findings by Golub and Weigle (1967),

Matanghasombut and Seastone (1968) and Mitchison (1968)

regarding the in vivo development of unresponsiveness to

thymus-dependent and thymus-independent antigens in mice.

However, it should be noted that the in vitro induction of

tolerance in spleen cell suspensions to thymus-independent

antigens appears to be somewhat more rapid (Britton, 1969;
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Diener and Armstrong, 1969) than expected. This may be

attributable to differences in thymus-independent cells

residing in the spleen and the bone marrow (Unanue, 1S72;

Weigle, Chiller and Habicht, 1972) or to the activity of

a collaborating cell other than the thymus-dependent

lymphocyte (Weigle, 1971).

The greater difficulty experienced in rendering the

thymus-independent cell population tolerant may be

quantitatively related to the concentration of surface

receptors, but differences in the kinetics of tolerance

induction point to the possibility that the mechanisms of

thymus-dependent and thymus-independent cell unresponsive¬

ness may be different (see Gershon and Kondo, 1970;

Chiller and Weigle, 1971). Furthermore, the inability

of bovine serum albumin, a thymic dependent antigen, to

induce unresponsiveness in vitro (Mitchison, 1S68) suggests

possible differences in thymus-dependent and independent

antigen handling or presentation in B-cell tolerance.

III. The induction of tolerance to equine IqG

It was widely appreciated from the results of previous

studies on the induction of tolerance to serum proteins

(Dresser and Mitchison, 1968; Weigle, 1971) that certain

of the problems associated with the clinical use of

heterologous antilymphocyte globulin could perhaps be

circumvented by the prior induction of tolerance to the

administered globulin. However, before attempting to

induce tolerance to equine IgG in patients it was desirable

to investigate this phenomenon in an animal model. The

reasons for this were two-fold. In the first instance
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there have been very few detailed studies on the induction

of tolerance to equine IgG. Furthermore, in those cases

where tolerance to this antigen has been claimed, the

situation has often been confused by the administration

of conventional immunosuppressants (for example see Butler

and Rossen, 1971; Cosimi et al., 1970; Butler et al.,

1S69; Rajarian et al., 1969) or the immunological

techniques on which the conclusion was based have often

been unconvincing (for example see Land et al., 1969;

Butler et al., 1969; Weksler et al., 1971). Therefore,

it was felt necessary to establish the relative sensitivity

and reliability of a number of primary, secondary and

tertiary immunoassay procedures (Pinckard, 1967).

IV. The detection and characterisation of humoral antibody

production

The interaction of antigen and antibody can be described

as a two stage process. In the first instance the antigen

and antibody molecules combine chemically to form a complex.

The kinetics of this interaction have been appreciated since

the introduction of equilibrium dialysis (Eisen and Karush,

1949) which enabled the determination of the association

constant between a hapten molecule and its specific antibody

molecule. A technique such as equilibrium dialysis which

measures or is solely dependent upon the primary interaction

of antigen and antibody can be said to be a primary measure

of antibody production. The primary interaction between

antigen and antibody can be studied at present by at least

eleven different methods (see Rothberg and Farr, 1967).

Following the primary confrontation of antigen and antibody
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a series of complex reactions can occur which depend upon

features including the type and/or quality of the antibody

present and in many cases the antigen and environmental

factors. The agglutination of particulate or cellular

antigens and precipitation of antigen-antibody complexes

may be considered examples of the secondary measure of

antibody production. Depending upon factors of even

greater complexity and obscurity events such as the lysis

of an erythrocyte, killing of a bacterium, survival of an

animal from infection or the iui vivo elimination of the

antigen-antibody complex may follow the binding of antigen.

These reactions may be classified as tertiary measures of

antibody production. The most important point to be

recognised, especially by the worker intending to document

immunological unresponsiveness, is that although secondary

and tertiary measures of antibody production reflect the

presence of specific antibody, primary interaction of

antigen and antibody does not necessarily result in

secondary or tertiary manifestations. It therefore

becomes apparent that the absence of secondary or tertiary

reactions does not conclusively indicate the absence of

specific antibody, nor can one quantitatively evaluate

antibody production from secondary or tertiary measurements

with reliability.

The heterogeneity of antibody in secondary and tertiary

reactions has been noted by many authors. hotably, Farr (1958)

has drawn attention to the dangers of using tests which

measure secondary interaction by demonstrating antibodies

which differed with respect to precipitability during the
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immune response. Further inconsistencies have been

noted in haemolysin production (Stelos, 1956; Talmage,

Freter and Taliaferro, 1956; Goodman and Masaitis, 1960),

and Fiset (1962) reported the production of non-precipitating

antibodies to ovalbumin and bovine serum albumin which did

not give a positive passive haemagglutination test. In

addition, studies indicating differences in the reactivity

of guinea pig gamma 1 and gamma 2 antibodies (Block,

Kourilsky, Ovary and Benacerraf, 1963) as well as the

apparent superiority of 19S antibody in certain secondary

and tertiary tests (Greenbury, Moore and Nunn, 1963;

Robbins, Kenny and Suter, 1963) serve to further underline

the dangers of too great a reliance upon indirect determin¬

ations of antibody production. Furthermore, the direct

comparison of secondary and tertiary assays with primary

binding in assessing both rabbit (Grey, 1964; Benedict,

1965) and human (Minden, Reid and Farr, 1966) anti-bovine

serum albumin antibodies has indicated wide discrepancies.

Finally, it is necessary to mention studies in which

the production of specific antibody may actually inhibit

the expression of a tertiary phenomenon. In 1966 Day

and Farr reported that rabbits showing non-immune

elimination possessed antibody which may, in fact, have

prolonged retention of the antigen. Likewise, in recent

studies by Alpers, Steward and Soothill (1972) it was

found that the rate of elimination of soluble human serum

albumin injected intravenously markedly varied in different

strains of previously immunised mice. They found that the

difference was apparently related to the affinity of the
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antibody produced. Thus animals producing high affinity

antibody eliminated antigen more effectively than those

producing low affinity antibody. By passively trans¬

ferring antibody of known relative affinity the difference
J

in antigen elimination was sham to be a property of the

antibody, rather than the cellular mechanisms involved.
One is faced, therefore, with the paradoxical situation

in which an antibody mediated phenomenon is effectively

inhibited by antibody.

In view of the number of published reports concerning

the limitation of tests which are dependent upon secondary

and/or tertiary reactions the present studies have relied

heavily upon primary measures including radioimmuno gel

diffusion (James et al., 1971), radioimmuno gel filtration

(Genuth, Frohman and Lebovitz, 1965; Weksler et al.,1970;

James et al., 1971), the anti-globulin technique (Newcomb

and Ishizaka,1967) and the ammonium sulfate test (Farr, 1958).

Supplementary data has been obtained in most instances

from a variety of secondary and tertiary assays as well as

rosette forming cellular assays.

The primary measures, however, should not be considered

absolute. It is only fair to emphasise that each method

has limitations dictated by physical or chemical conditions

employed for the test. For example, the ammonium sulfate

method is limited to the study of antigens soluble in 50%

saturated ammonium sulfate, radioimmuno gel diffusion is

only semi-quantitative and time consuming, radioimmuno gel

filtration is only applicable to one sample at a time, and

the anti-globulin test is difficult to standardise.
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Therefore these tests must be used with understanding

and valid criticism.

Section I of this report summarises the results of

attempts to induce tolerance to normal equine IgG in

adult and neonatal rats using procedures basically

similar to those "successfully" employed in the induction

of unresponsiveness in rodents to other immunoglobulins

including bovine and human IgG. Thus, neonatal rats

were rendered tolerant to ultracentrifuged, passaged

and normal equine IgG by standard methods following the

early work of Dresser (1961) and others (Cinader and

Dubert, 1956; Smith and Bridges, 1958; Terres and

Hughes, 1959). Investigations undertaken in an attempt

to induce immunological unresponsiveness to equine IgG

in adult rats may be summarised as those involving

(1) the administration of the antigen under conditions

of reduced irnmunogenicity (see review by Dresser and

Mitchison, 1968), (2) the direct confrontation of lymphoid

cells in vivo and in vitro with normal and deaggregated

antigen (Scott and tfaksman, 1968; Staples, Gery and

WWtsman, 1966; I-Ioriuchi and Waksman, 1968 - -. ) and
a and b

(3) specific immunosuppression with cyclophosphamide,

following studies in mice by Russell and Denman (1969),

Kawaguchi (1970) and Many and Schwartz (1970).



MATERIALS AND METHODS
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I. THE CARE AND HANDLING OF LABORATORY ANIMALS

Explanatory note

Although the care of laboratory animals may be

considered subordinate in importance to other areas of

experimental design and protocol it is realised that the

conditions under -which they are maintained and handled

is of significance. In any scientific investigation

there must be a degree of control over any variables

that would lead to false conclusions. Towards this end

individual genetic variations may be largely eliminated

by the selective use of inbred strains. However

additional control must be exercised over the conditions

of housing and quality of the diet as well as clinical

and subclinical infections if meaningful results are to

be obtained from animal work. Moreover, although some

manipulations and techniques are by their nature stressful,

it is advisable to minimise physical discomfort and

psychological stress as much as possible since these

conditions may lead to alterations of in vivo events.

A. Animals

Heavy draught-horses of both sexes were used for

the routine production of antisera by immunisation with

rat thoracic duct lymphocytes. The horses were maintained

at the Bush Farm, Midlothian on a standard diet.

New Zealand white rabbits used for the production

of anti-rat IgG antisera were maintained in the Department

of Surgery, Edinburgh under standard conditions including
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solitary confinement in metal cages and a diet of

rabbit pellets regularly supplemented with greens.

Both animals used in this study were adult females

weighing approximately 4.0 kg. at the time of immunisation.

Four strains of rats were used in the course of these

investigations. Adult and neonatal Hooded strain rats

were used routinely. This highly inbred colony has been

maintained by strict brother x sister mating (in excess of

50 generations) in the Department of Surgery, Edinburgh

and its histocompatibility constitution (AgB^) has been
established by Palm (1971). Adult female A2/1 inbred

rats served as skin graft donors. These animals have

been maintained under conditions identical to those

applied to the Hooded strain. A2/1 rats are of histo¬

compatibility type AgB2 (Palm, 1971). In both inbred
strains isogeneic skin grafts are accepted for the life

of the host without sxception. Adult line bred Wistar

and randomly bred Sprague Dawley strain rats of both

sexes were obtained from the Small Animal Breeding

Station, Bush Farm, Midlothian and housed under standard

conditions. All rats were fed on a standard diet and

provided with fresh drinking water daily. Clean (washed)

cages and fresh bedding (sawdust and peat) were provided

weekly and all conditions of maintenance were in accordance

with the recommendations of the U.F.A.W. Handbook.

All rats injected parenterally with radioisotopically

labelled antigen preparations during these investigations

were given iodide drinking water (100 mg. Nal per litre)

for a minimum of five days prior to the administration of
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the antigen to ensure against storage and reutilisation

of radioactive iodine.

Owing to the risk of diminished immunity to infection

rats were isolated from other stock and given terramycin

(40 mg. per litre) in their drinking water for two weeks

prior to treatment with cyclophosphamide.

B. Injecting

1 Rabbit s

Intramuscular injection

Sites on the lateral aspect of the thighs were

selected for the injection of antigenic materials. The

alum precipitated or adjuvant-associated antigen was

introduced in 0.7 ml. aliquots at each site through a

21 gauge needle.

2 Adult Rats

Intraperitoneal injection

Adult rats were held by an assistant and the injectable

material was introduced through a 23 or 21 gauge disposable

needle into the peritoneal cavity. The success of this

procedure was difficult to establish with certainty.

There exists the possibility of misdirecting injectable

materials into the viscera. However, in studies not

presented in this report, involving the intraperitoneal

injection of adjuvant associated proteins, direct observation

indicated that this happened rarely if the needle was

directed superficially and not deep into the abdomen.

Subcutaneous injection

Skin on the flank or overlying the inguinal region was
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soluble or adjuvant-associated material was injected deep

to the superficial fascia with a 23 or 21 gauge needle/

care being taken not to enter the underlying muscle layers.

Success of this procedure was assessed by the formation of

a readily palpable deposit or bleb.

Intradermal injection

Hair was removed from the back of anaesthetised rats

by shaving. A small area of dorsal skin was pinched

firmly between the thumb and forefinger of the left hand.

A volume of soluble protein or physiological saline not

exceeding 0.05 ml. was injected into the dermis using a

26 gauge needle. A raised blister, signifying successful

injection, was immediately apparent. Multiple injection

sites were utilised on each test animal and these were

distinguished by their relationship to anatomical landmarks.

Intracardial injection

Owing to the difficulties involved in establishing a

reproducible intravenous injection method in the rat, the

intracardial administration of soluble material was chosen

as a relatively efficient alternative. Rats were

anaesthetised with ether and placed on their back. A

23 gauge needle attached to a 2.5 ml. syringe containing

the soluble material was directed in an antero-dorsal

direction at an angle of approximately 10 to 15 degrees

from a site on the costal margin just lateral to the xiphoid

process. The needle was advanced until the heart could be

felt beating against the needle. With a quick thrust the

needle was inserted into the heart. Withdrawal of a small
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amount of blood confirmed proper placement whereupon the

contents of the syringe was steadily expelled into the

heart. The time for this procedure was approximately

10 seconds and no ill effects were noted upon recovery

of the animals from the anaesthetic.

Intrathymic injection

The thymus was exposed by making an initial midline

incision superficial to the anterior 1/3 of the sternum

and incising the sternum at the sternal angle. Upon

retraction at the level of the 2nd intercostal space

each lobe of the exposed thymus was injected with 0.1 ml.

of soluble material using a 30 gauge needle. The efficacy

of this procedure was investigated by the injection of a

1 per cent solution of Evan's blue dye as illustrated in

Figures 1 and 2. The wound was closed using 4/0 silk

sutures.

Intrasplenic injection

The spleen was exposed by a subcostal incision.

A 30 gauge needle was inserted along the longitudinal

axis of the organ and gradually withdrawn as 0.2 ml. of

soluble material was injected. The efficacy of this

procedure was examined by the injection of a 1 per cent

solution of Evan's blue dye as illustrated in Figure 3.

The wound was repaired with 4/0 silk sutures.

Intra-cervical lymph node injection

The cervical lymph nodes were esqxjsed by a midline

incision and retraction of the strap muscles of the neck.

The largest cervical node on each side was injected with

0.1 ml. of soluble material# occasional leakage being
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INTRATHYMIC INJECTION

Figure 1: Exposure and injection of the left lobe of
the thymus is illustrated above. The
thymic tissue was distinguishable from
other structures by its light colour. A
somewhat extensive wound was made in this
case to allow adequate illustration.
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INTRATHYMIC INJECTION

Figure 2 : Reflexion of tlie sternum illustrates the
localization of Evan's blue dye previously
injected into the left thymic lobe. Note
the pale, readily distinguishable, appearance
of the visible tip of the right lobe.
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INTRASPLENIC INJECTION

Figure 3 » The spleen and body of the stomach, illustrated
above, were exteriorised through a subcostal
incision. A 26 gauge needle was introduced
along the longitudinal axis of the organ and
gradually withdrawn while injecting.
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observed after withdrawal of the 30 gauge needle. The

wound was repaired by suturing with 4/0 silk.

Footpad injection

Rats were held by an assistant or anaesthetised

prior to the injection of material through a 23 or 25 gauge

needle deep to the aponeurosis of the hind feet. This

procedure resulted in the immediate swelling of the injected

foot and appeared to be accompanied by some discomfort to

the rat.

3 Neonatal Rats

Rats less than 24 hours old were injected with a

volume of soluble material not exceeding 0.2 ml. A

26 gauge needle was inserted anterior to the costal margin,

through the diaphragm and into the peritoneal cavity.

Care was taken not to puncture the viscera; this was

assured since the needle could be readily seen through

the skin of the animal. This method of injecting through

the diaphragm was found to eliminate leakage of the soluble

preparations.

C. Bleeding

1 Rabbits

Two methods of bleeding were employed. When only

minute quantities of blood were required the marginal ear

vein was washed with 70 per cent etljyl alcohol and a

longitudinal cut was made with a scalpel. After the

desired quantity of blood was obtained the vein was

occluded by finger pressure and no further bleeding

occurred. The other method of bleeding was by cardiac
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puncture. Although this method could be easily

performed by one person, two people were generally

employed as this greatly expedited the procedure.

The rabbit was restrained by placing it on its bach

on a rabbit board. The thoracic area was thoroughly

washed with 0.1 per cent cetavlon in 70 per cent alcohol.

A IS gauge needle was used to withdraw blood from the

heart. The needle was inserted between the third and

fourth rib until the heart could be felt beating against

its tip. With a quick thrust the needle was inserted

into the heart. After the requiredvolume of blood had

been drawn the needle was quickly withdrawn from the chest.

This method of cardiac puncture was found to be a highly

efficient method for collecting blood and appeared to

cause the rabbit minimal psychological trauma.

2 Rats

Cardiac puncture was found to be an efficient means

of obtaining blood. The method employed was identical

to that already described for intracardial injection.

It should be added that serial bleeds from adult rats

were taken at weekly intervals without noticeable ill

effects.

Collection of sera

Freshly obtained blood samples were allowed to clot

for 30 minutes at room temperature, rimmed and incubftted

for an additional 15 to 20 minutes. Following overnight

refrigeration (4°C) and removal of the clot the serum was

centrifuged at 500 R.C.F. for 15 minutes. The serum was

decanted and frozen at -20°C in capped tubes until needed.
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B. Anaesthesia

Ether anaesthesia was employed in all cases prior

to exposure and injection of lymphoid organs, skin

grafting, intracardial injections and bleedings of rats.

This was initially accomplished by placing the animal in

an ether jar, anaesthesia being maintained by use of an

ether nose cone.

E. Skin Grafting in Rats

Explanatory note

The rat is an excellent animal for skin grafting

experiments because of its size and hardiness and the

availability of inbred strains. However, as there is

no natural cleavage plane between the dermis and the

underlying panniculus carnosus muscle a certain degree

of expertise and experience is required to obtain

reproducible results free from technical error. The

success of the presently reported investigations involving

the grafting of split skin from A2/1 strain donors to

Hooded strain recipients was largely attributable to

the efforts of Dr. N.F. 7-jiderson of the Department of

Surgery, Edinburgh. His method being essentially that

of Woodruff and Simpson (1955).

Preparation of the graft bed

The recipient was anaesthetised with ether and the

hair was closely clipped at the selected site (on the side

of the thorax). The skin was washed with soap and water,

and painted with 0.1 per cent cetavlon in 70 per cent

alcohol. It was then placed under tension and the area
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corner of the skin was elevated with a sharp hook and

the dissection was begun with small# curved# blunt-

ended scissors. This procedure was completed by

pushing the panniculus away from the elevated skin with

a pledget of cotton wool held in a haemostat. The vessels

which run on the surface of the panniculus muscle are

easily seen and preserved.

Split skin grafts

In these studies with split skin# fitted grafts

(i.e. the graft is cut so that it fits accurately into

the defect) were routinely used and sutured in place

with interrupted silk stitches.

Split skin grafts are readily cut to the desired

dimensions with a small Padget-type (Mclndoe pattern)

dermatome. The donor skin was clipped and shaved?

it was then washed and painted with cetavion in alcohol,

dried and painted with dermatome adhesive and, when no

longer tacky# it was firmly applied to the prepared area.

The drum was rolled away from the blade and a cut was

initiated at the leading edge of adherent skin. The

splitting was continued with even strokes of the blade

across the surface of the drum while more skin was freed

from the underlying tissues. Upon completing the cutting

operation the split skin was separated from the drum with

forceps and dusted with amino acid antibiotic powder.

The split skin was routinely trimmed to fit a prepared

graft bed approximately 2x2 cm. in area and the dermatome

was set so that the clearance between the blade and the
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drum was 0.008 inch.

Dressings

The grafted area was dusted lightly with the amino

acid antibiotic powder (containing neomycin sulphate and

zinc bacitracin) and covered with a square of sterile

vaseline cellophane followed by a larger square of tulle

gras impregnated with 1 per cent framycetin sulphate.

These dressings were held in place by one turn of lJg inch

stericrepe surmounted by two turns of plaster of Paris

bandage.

Dressings were removed for observation of the

allografts on day 7 after grafting.

Macroscopic examination of allografted split skin

Daily macroscopic examination of the grafts was begun

at the time of removal of the dressings and continued until

rejection was complete. Disregarding the occasional

technical failure (not included in experimental data)

rejection was considered to bee complete when the grafts

felt rigid and were pale .in appearance.

F. Quantitative and Differential White blood cell Counts

Explanatory note

The quantitative and differential white blood cell

counting procedures were used simultaneously in order to

obtain a comprehensive picture of the levels of blood

leukocytes. The quantitative count indicated the number

of white blood cells per cubic millimetre while the

differential count gave the relative concentration of

each type of white cell present in the blood. It was

possible, therefore, to calculate the actual number of
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cells of a particular type present in a known volume of

blood. Irtproved Neubauer counting chambers were employed

in the quantitative determinations while blood smears

were stained with Leishraan's stain for the differential

white cell counts.

Materials

1) Leishman's stains

150 mg. Leishman stain - fine powder

100 ml. methyl alcohol

The Leishman stain was mixed with the methyl
alcohol and allowed to incubate at 37°C i&vernight
in a sealed container. The solution was filtered
and stored at room temperature.

2) Distilled water

3) Acetic acid, 2 per cent

4) White blood cell dilution pipettes

5) Improved Neubauer counting chambers

Procedure

1. Quantitative white cell counts: 0.05 ml. of

blood was obtained by snipping the tip of the animals'

tails and immediately diluted 1/20 with 2 per cent acetic

acid in a white cell pipette. The pipette was gently

inverted several times to ensure thorough mixing. A

clean cover slip was placed on the cleaned (with distilled

water) and dried counting chamber and seated until Newton's

rings formed. The lysed blood was allowed to flow into

the counting chamber from the pipette (the first five drops

were discarded). The number of white cells in each of the

four 1.0 num. squares was counted under low power with the

aid of a hand counter.



62

2. Calculation of the number of white cells per

cubic mm: the depth of the Neubauer counting chamber

is 0.1 mm. and therefore a total volume of 0.4 cubic mm.

was counted? the initial dilution of blood was 1/20

thus the number of white blood cells per cubic mm. of

blood is equal to the number of cells counted times 50.

3. Differential white cell counts: a drop of fresh

blood was placed on a clean glass slide and a smear was

made. When the blood film had air dried Leishman's

stain was applied to the slide such that it was covered

but did not overflow. Two minutes later an equal amount

of distilled water was added to the slide and mixed by

gentle rocking. After twelve minutes the slide was

washed in distilled water for one minute and air dried.

The stained slides were microscopically examined at

1,000X using the oil-immersion objective. The numbers

of large and small lymphocytes# monocytes and polymorpho¬

nuclear leukocytes were counted? the total number of cells

counted always exceeded 200# whereupon the percentage of

each cell type was calculated.
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II. THIS PREPARATION AND CHARACTERISATION OF ANTIGENS

AMD IMMUHQSUPPRESSIVE AGENTS

A. Bovine Serum Albumin (BSA)

Explanatory note

Bovine serum albumin was selected as a control antigen

in these studies because of the existence of a primary

antibody assay technique (i.e., the ammonium sulphate

precipitation method). It is widely accepted that

different physical forms of a purified antigen preparation

may vary in their immunogenic potential and in their

capacity to act as test antigens for the in vitro detection

of antibody. It is therefore necessary to define the

two forms of BSA used to stimulate and assess antibody

production.

1 Alum-precipitated BSA

Alum-precipitated BSA was prepared with 'Alhydrogel•

(Seravac Labs., Maidenhead), a pyrogen free, viscous,

homogeneous gel containing 2 per cent Al(OH)^ with a
high absorption capacity for proteins.

10 ml. of 'Alhydrogel' was added to 1.6 ml. of

soluble BSA (63 mg/ml) (Armour Pharmaceuticals). The

mixture was incubated at 37°C for 30 minutes with

occasional stirring. After spinning for 20 minutes

at 6,000 R.C.F. at room temperature the supernatant was

discarded and the precipitate was resuspended in sterile

saline so that the final volume equalled 20 ml. Large

aggregates were dispersed by repeated passage through a

19 gauge and then a 23 gauge needle.
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This procedure results in the formation of a very

stable complex in -which 95 - 100 per cent of the BSA

is bound (Pinckard, 1967).

2 Radioactive lodination of BSA

125
I was used in the preparation of isotopically

labelled BSA for use in the Farr technique because of its

greater half life and the reduced risks of personal

irradiation. In all instances iodination of BSA was

performed according to the method of Hunter and Greenwood

(1962) and Hunter (1967). This procedure results in a

125
calculated substitution of one atom of I per 15 - 50

molecules of BSA (McBride, 1972).

Materials

1) Borate buffer (pH 8.3 - 8.5),

6.184 g. boric acid

S.536 g. borax (sodium tetraborate)

4.384 g. NaCl

Made up to 1 litre with distilled water.

2) 2-4 mCi IMS/3 "I in iodide form (98 per

cent iodide): carrier free in dilute NaOH solution,

pH 7 - 9; free from reducing agent? 80 - 120 mCi/ml?

specific activity of 4 - 12 Ci/mg. iodine? isotopic

abundance of about 25 per cent. (Data and material

provided by The Radiochemical Centre, Amersham,

Buckinghamshire).

3) Chloramine T, CH3.C6H4.S02.N (Na)Cl. 3H20, (BDH) ?
0.5 mg/ml. aliquots in distilled water, stored at

-20°C no longer than 1 month before use.

4) BSA (Cohn fraction V? x 3 crystallised?
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Armour Pharmaceutical) made up to 10 mg/ral.

with sterile saline and stored at -20°C in

0.5 ml. aliquots prior to use.

Procedure

Normal safety precautions were exercised during the

handling of all high activity samples. 0.5 ml. of borate

buffer was added to the solution containing the radioisotope.

To this was added 5 mg. of BSA in 0.5 ml. with continuous

simultaneous stirring. This was followed by the immediate

addition of 0.25 ml. of the chloramine T solution. After

5 minutes the reaction mixture and washings were transferred

to an 8/32" Visking cellulose dialysis sack. The final

volume of approximately 4 ml. was dialysed for 3 days

against 5-6 changes of borate buffer at 4°C. The

initial dialysate solution contained 0.1 per cent KI,

Chloramine T and unreacted iodine were to a large

extent removed by dialysis. Thus greater than 97 per

cent of the activity was precipitable by 10 per cent

Trichloroacetic acid.

3 Protein Nitrogen Analysis by the Hicro-K1eldahl

Method

Introductory note

The micro-Kjeldahl Nitrogen analysis procedure is

widely accepted because of its accuracy and economic

demands upon the protein test sample. The procedure

is divided into three stages: the oxidation of protein,

the distillation of ammonia and the acid titration.

The protein is oxidised by boiling in concentrated
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sulphuric acid and (which raises the boiling point)

with the addition of a catalyst such as Hg, Se or Cu.

Protein Nitrogen is transformed into ammonia, which in

the presence of H2SC>4 becomes (NH4)2S04. It is important
that during oxidation the temperature be high enough to

ensure total decomposition but not so high as to result

in the loss of ammonia. A temperature in the range

350 - 400°C is recommended (Kabat and Mayer, 1961)•

Distillation is carried out in a Markham Still.

The addition of concentrated NaOH liberates ammonia

which is in turn driven by steam distillation into a

collection vessel containing boric acid. The ammonia

and boric acid combine to form ammonium borate.

The number of moles of protein may be easily

determined by titration of the solution with standard

HC1 or H2S04. The presence of excess acid following
displacement of the weaker boric acid (which itself is

so weak that it hardly affects the indicator) elicits

a colour change in the indicator. Using a small

Markham Still and the following method it is possible

to detect approximately 5 - 300 ug. of protein Nitrogen

(i.e., 0.03 - 1.8 mg. protein). Estimation of the dry

weight of protein is achieved by multiplying the weight

of Nitrogen by 6.25? this gives only an acceptable

approximation because of variations in total Nitrogen

content between proteisa.

Materials

1) Concentrated sulphuric acid

2) Boric acid, 2 per cent
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3) Sodium hydroxide# 40 per cent

4) Sulphuric or hydrochloric acid, 0.01N

5) Catalyst mixtures

80 g. K2S04
20 g. CuSO^

100 mg. Selenium

The mixture was ground to a fine powder in a

mortar and pestle.

6) Titration indicator

Procedure

Six round-hottorn Kjeldahl digestion flasks were used

in every Nitrogen determination. Amounts of the unknown

were volumetrically pipetted into four digestion flasks

and the volume was made up to 0.5 ml. with distilled

water. The fifth digestion flask contained 0.5 ml.

of a standard protein solution and the last digestion

flask served as a control# containing 0.5 ml. of

distilled water. Approximately 50 mg. of catalyst

mixture and three anti-bumping granules were placed

into all the digestion flasks. This was followed by

the addition of 0.8 ml. of concentrated sulphuric acid.

The samples were heated over glowing electric coils

(fitted with a fume extractor) in excess of 3 hours.

After cooling to room temperature# the contents of

each flask were quantitatively transferred to the

Markham Still and 5.0 ml. of 40 per cent NaOH were

added. The distillate was collected in Universal

bottles containing 4.0 ml. of 2 per cent boric acid

until 15 ml. had distilled over. Three drops of the
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titration indicator were added to each Universal and

titration was carried out with 0.01 N until the

indicator turned from blue-green to a definite blue

colour. The distilled water control titration volume

was subtracted from the average of the experimental

titrations. The calculation of ug N/1.00 ml. protein

solution was performed as follows:

(ml.H^SO^Exp. - ml. H^SO^Cont.) x 140 x 2 = ug N/ml.

B. Raising Antilymphocyte Scrum

The antiserum was produced in a horse by immunisation

with thoracic duct lymphocytes obtained by cannulation of

line bred Wistar strain rats. Details of the immunisation

schedule adopted are recorded in Table 1.

TABLE 1

DETAILS OF IMMUNISATION PROCEDURE

Day Number of rat
lymphocytes

thoracic duct

injected
Route of

injection

0 3.2 X ioy s.c.

28 2.6 X
9

10 i.v.

56 4.2 X
o

10 i.v.

77 2.3 X
o

10" i.v.

106 4.2 X
c

10" i.v.

132 2.5 X
g

io- i.v.

162 3.3 X
o

10" i.v.

Subfractlons and immunosuppressive studies were
performed with pooled sera obtained on days 117,
144 and 180.
Note that adjuvants were not used in the course
of immunisation.
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C. Preparation of Normal and imtilymphocytic Equine IqG

Antilymphocyte globulin was prepared from antisera

obtained on days 117, 144 and 180 of the immunisation

schedule. Both normal and antilymphocyte IgG were

prepared by two stage salt precipitation and chromato¬

graphic procedures described by James et al., (IS69).

Materials

1) Sodium hydroxide, 0.1 N aqueous solution

2) Sodium sulphate, 28 per cent (w/v) aqueous

solution

3) Phosphate buffer, pH 6.5, 0.02 M

4) Phosphate buffered saline, pH 7.2, 0.06 M,

containing 0.15 M saline chloride

5) Dialysis tubing (Visking) 1" diameter

6) batman DE 11 Diethylaminoethyl cellulose,

equilibrated to pH 6.5 before use.

Procedure

Serum was first inactivated by heating in a water

bath at 56°C for 30 minutes and precipitated fibrin was

removed by centrifugation at 5,500 R.C.P. for 30 minutes.

The pH of the serum was then adjusted to 8.0 by the

addition of 0.1 N sodium hydroxide. Using a dropping

funnel, and with continuous mixing, a crude globulin

fraction was precipitated by the slow addition of 28 per

cent (w/v) sodium sulphate, the final concentration being

16 per cent (w/v). Following centrifugation at 5,500

R.C.F. for 30 minutes the precipitate wa6 dissolved in,

and. dialysed against 0.02 M phosphate buffer, pH 6.5,

overnight at 4°C. The crude gamma globulin preparation
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was then batched with diethylaminoethyl cellulose

equilibrated to the same pH and ionic strength.

Approximately 120 g. dry weight of Vfhatman DE 11

exchanger with an ion exchange capacity of 1.0 raEq/g.

was used for each litre of inactivated plasma. The

final product was concentrated by freeze drying and

reconstituted in phosphate buffered saline. Because

contamination with anti-tissue antibodies was minimal the

antilymphocyte globulin was not absorbed on erythrocytes

or red cell stroma prior to use. The IgG preparations

were sterilised by filtration through a 0.2 u Millipore

filter before being dispensed into 2 and 10 ml. aliquots

under aseptic conditions and stored at -20°C at a protein

concentration of 2 g. per cent.

D. Preparation of Normal Bovine IqG

The procedure adopted for the preparation of normal

bovine IgG was identical to that employed in the

preparation of normal equine IgG outlined above.

E. Preparation of Normal Rat IqG

100 ml. of normal rat serum was obtained by the

exsanguination of 22 adult male inbred Hooded strah rats.

Rat IgG was prepared by the two stage salt precipitation -

batch chromatography procedure previously described.

Minor modifications were undertaken with regard to the

quantity of material. Following batching the product

was concentrated by ultrafiltration using 8/32" Visking

dialysis tubing. The final product was dispensed into
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2 and 10 ml. aliquots and stored at-20°C at a protein

concentration of 1.4 g. per cent.

F. Preparation of Aqpreqate-free Normal Equine IqG

1 Ultracentrifuqed Normal Equine IqG (uCF-NEqlqG)

Five millilitre aliquots of normal equine IgG (protein

concentration 2 g. per cent) were centrifuged at 30,000

R.P.M. (100,000 R.C.F.) for 60 minutes in an MSE Superspeed

50, using a 3 x 5 ml. swing-out rotor (SW 2418). At the

end of the cantrifugation period the rotor was allowed to

decelerate without applying the brake. The upper half

(2.5 ml) of the tube contents wee carefully drawn off

using a 2.5 ml. plastic disposable syringe and a 21 gauge

disposable needle. On three occasions the protein con¬

centration of the upper and lower halves of previously

centrifuged 5 ml. aliquots was found by spectrophotometric

(Unicam SP 500) analysis to be 15 and 25 mg. per ml.

respectively. This standardisation of protein distribution

allowed the immediate use of exact amounts of uCF-NEqlgG,

thus minimising any protein denaturation that might have

occurred with time.

2 Biological Filtration 'Passage' of Normal Equine IqG

Biologically filtered normal equine IgG was obtained by

exsanguinating and collecting the serum from rats 24 hours

after the intraperitoneal administration of 60 mg. of a

131
1/20 mixture of I-labelled and normal (unlabelled)

equine IgG. The concentration of the heterologous serum

protein was directly ascertained by scintiHometrie analysis

(Nuclear Enterprises Mk II, Gamma Matic, scintillometer).
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G. Gel Filtration (Exclusion) Chromatographic Analysis

of Normal and Aggregate-free Equine IqG Preparations

The aggregate-free character of the ultracentrifuged

and biologically filtered equine IgG products was determined

by G-200 Sephadex Gel filtration in the following manner.

Explanatory note

Proteins may be separated according to their molecular

dimensions by chromatography on a column packed with beads

of a cross linked dextran commercially available as

Sephadex (Pharmacia Fine Chemicals). Serum proteins

may be fractionated on a column composed of Sephadex G-200

gel which has an exclusion limit of molecular weight

greater than 200,000. The pore size of the beads is

such that proteins of molecular weight in excess of

200,000 (e.g. IgM) pass unhindered through the column

to be eluted with the break through volume. On the

other hand, the progress through the column of proteins

of molecular weight smaller than 200,000 is retarded by

entry into the beads. The passage of a molecular

population of a given weight is dependent upon the

number of molecules which enter the beads. Thus the

smaller the molecule the more often it may be expected

to have its transit interrupted. As a consequence,

proteins of intermediate size such as IgG (mw./vl56,000)

are eluted from the column prior to albumin (1^.^69,000)

or other low molecular weight proteins.
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Materials

1) Sephadex G-200

2) Phosphate buffered saline (pH 7.2, 0.06 M)

containing 0.15 M sodium chloride

3) Filtration column, 30 x 2.5 cm.

4) Test serum, 0.5 - 1.0 ml.

5) L.K.B. peristaltic pump

6) L.K.B. Uvicord automatic spectrometer

7) L.K.B. radirac fraction collector

8) L.K.B. chart recorder

9) Nuclear Enterprises Mk XI Gamma Matic

scintillometer

Procedure

The amount of dry weight G-200 Sephadex required to

pack the column was calculated from the volume of the column

and the water gaining capacity of the dry preparation.

The Sephadex was initially prepared by mixing with

distilled water and allowing the mixture to stand in a

bcdLing water bath for 5 hours. The slurry was removed

from the bath and left at room temperature for 1 hour.

After deaanting the supernatant and fine particles the

swollen Sephadex was mixed with 4-5 times its own volume

of buffered saline, allowed to stand and decanted once more.

Following equilibration with buffered saline (overnight at

4°C) the column was prepared and packed with the gel

warmed to 37°C. Buffer was pumped upwards through the

vertically arranged column for a minimum of 12 hours prior

to use. Having adjusted the flow rate to approximately 3 ml.

per 10 minutes and zeroed the spectrophotometer, 0.5 - 1.0 ml.
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of the sample was applied to the column by way of the

buffer inlet tube. Extreme care was taken at all stages

to ensure against the introduction of air bubbles into

the column.

The eluate was passed through the L.K.B. Uvicord

automatic scanning device, which measured the percentage

of ultraviolet transmission at 280 mu, and a tracing of

the protein distribution was obtained. Elution fractions

of 3 ml. were collected on an L.K.B. radirac fraction

collector.

The molecular distribution of ultracentrifuged and

biologically filtered normal equine IgG (to which a small

amount of radioisotopically labelled equine IgG had been

initially added) was assessed by counting the radioactivity

in a 1.0 ml. aliquot from each elution fraction on the

Gamma Matic. The aggregate-free nature of the ultra-

centrifuged and passaged IgG products may be compared

with the broader molecular distribution of normal equine

IgG (see Figures 4 and 5).

H. Preparation of Equine IgG Subfractions

Explanatory note

Normal and antilymphocytic equine IgG prepared by

the two stage salt precipitation and batch chromatography

fractionation procedure have been shown to consist of a

heterogeneous mixture of IgG subclasses as well as IgA

and IgG(T) (Allardyce et al., 1972). Differences in

the net electrical charge of the IgG components, as

indicated by their characteristic electrophoretic
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G200 SEPHADEX ANALYSIS OF LABELLED
EQUINE IgG PREPARATIONS

19 S 7S U- 5S

1 11

NORMAL

KEY:
PROTEIN--
ISOTOPE-

Figure k: The aggregate-Free character oF ultracentriFuged
and biologically Filtered, "passaged" equine IgG
is indicated by elution oF the isotopically
labelled products in the region corresponding
to the 7S components oF normal rat serum

(broken line).
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BIOLOGICAL FILTRATION OF 125l-EQUINE IqG

_ . . ....... 19S 7S 4-5S
Protein distribution

KEY —~~ .

Isotope distribution

NORMAL RAT SERUM

PLUS 125r-EQUINE IgG

125I-EQUINE IgG

PASSAGED

125I- EQUINE IgG

30 40 50 60 70 80
EFFLUENT VOLUME - ml •

Figure 5• The elimination of aggregated material 24 hours
after the administration of 20 mg. of radio-
isotopically labelled normal equine XgG to
adult rats is indicated by the 7S serum
distribution of the passaged product.
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mobilities, render these products susceptible to further

molecular subfractionation by ion exchange chromatography

Ion exchange chromatography

An ion exchanger is an insoluble material containing

chemically bound charged groups and mobile counter ions.

The counter ions may be reversibly exchanged with other

ions of the same charge without any changes in the

insoluble matrix. The mechanism by which separation

is obtained on an ion exchanger is one of reversible

absorption. This generally involves, first, the

addition and binding of substances to the ion exchanger

and secondly, the selective removal and separation of

these substances.

The separation of proteins is possible because they

are amphoteric and their net charge is thus dependent on

At low pH the net charge is positive, at high pH it is

negative. At the isoelectric point the protein is not

bound to the ion exchanger. Release from the oppositely

charged matrix may also be effected by changes in the

salt concentration of the medium. Thus, within the pH

range at which the protein does not undergo denaturation,

the selective removal of a particular subpopulation of

protein molecules may be achieved by adjustment of the

pH and/or salt concentration using a sequence of buffer

eluants.

Materials

1) Normal or antilymphocyte equine IgG

2) itfhatman De 52 anion exchange cellulose,

functional group, C2H^N+(C2H5) £1; counter ion
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3) Phosphate buffer, pH 7.6, 0.01 M

4) Phosphate buffer, pH 6.3, 0.02 M

5) Phosphate buffer, pH 4.5, 0.2 M

6) Pye Unicam SP 500 spectrophotometer

7) L.K.8. fractionation equipment

8) Filtration column, 60 x 4 cm.

Procedure

The gamma 1 and gamma 2 rich subfractions of anti-

lyrnphocytic and normal equine globulin were obtained by

column chromatography of the whole IgG on Whatman DE 52

ion exchange cellulose at room temperature. The IgG

preparation and DEAE cellulose were both equilibrated

with 0.01 M phosphate buffer, pH 7.6 prior to chromato¬

graphy. The equilibrated protein (2.6 - 3.0 g.) was

then applied to the DE 52 cellulose column (containing

400 g. wet weight of pre-swollen exchanger). A stepwise

elution technique was used the equilibrating buffer

being followed by 0.02 M, pH 6.3 and 0.2 M, pH 4.5

phosphate buffers respectively.

The effluent was monitored in a Unicam SP 500

spectrophotometer and the fractions corresponding to

the elution peaks were pooled and concentrated by freeze

drying. These were subsequently dialysed against phosphate

buffered saline (pH 7.2, 0.06 M containing 0.15 M NaCl).

The concentrated IgG subfractions (2 g. per cent protein

concentration) were sterilised by filtration through an

0.2 u Millipore filter and dispensed under aseptic

conditions into 2 and 10 ml. glass vials. The product

subsequently referred to as the gamma 2 subfraction was
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eluted in the break-through volume with the initial

buffer while the gamma 1 fraction consisted of the

major protein peak eluted with the final buffer.

Between them these fractions comprised over 90 per

cent of the protein recovered.

I. Characterisation of Equine IqG subfractions

Concentrated fractions of normal and antilymphocytic

equine globulin were examined by a variety of physioo-

chemical procedures.

1 Cellulose Acetate Electrophoresis

Proteins may be separated and identified by their

characteristic tendency to migrate when placed in an

electric field. The direction and rate of migration

is governed by the net charge of the protein molecule,

the strength of the electric field, the pH of the medium

and the resistance of the substrate material. Thus, a

negatively charged protein (i.e., at a pH above its

isoelectric point) will migrate towards the anode. The

converse holds for proteins bearing an overall net positive

charge, while proteins at their isoelectric point tend to

remain stationary. Under standardised conditions a protein

may be identified by its electrophoretic mobility.

In practice, a mixture of proteins may be separated

by application to an inert substrate (e.g., starch block,

agar gel or cellulose acetate strip) through which a

controlled electric current is passed via a buffered

solution. The electrophoretic mobility of IgG subfractions

from one of the normal preparations investigated was
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determined by separation on cellulose acetate (Gelman

Sepraphore III) for one hour at 250 volts per cm. using

0.05 M veronal buffer, pH 8.6 (Figure 16). This analytic

procedure was kindly undertaken by Dr. A.W. Phillips of

the Wellcome Research Laboratories.

2 Analytical Ultracentrifuqation

The separation and identification of proteins, based

upon differences in molecular sedimentation characteristics

and molecular weight, may be achieved by the application of

a gravitational force through an appropriate solvent medium.

Thus, when proteins are centrifuged with sufficient force

the molecules begin to move toward the bottom of the

centrifugation cell at rates reflecting their size and

weight. This movement produces changes in the refractive

index at the solvent - protein boundary which can be

visualised by a Schlieren optical system. The pattern

obtained indicates the purity of the protein while

sequential measurements of the gravitating boundary

enables the investigator to calculate both the sedimentation

constant and the molecular weight of the protein.

Analytical ultracentrifugation of equine was very kindly

performed at the Wellcome Research Laboratories by

Dr. A.W. Phillips.

3 Immunoelectrophoresis

The technique of immunoelectrophoresis, described by

Grabar and Williams in 1953, represents a combination of

physicochemical and immunochemical techniques. The

material to be examined (e.g., serum, exudates, tissue

extracts) is separated electrophoretically on agar gel
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and subsequently, subjected to the effects of a precipitating

antiserum. Between the extremes of antigen or antibody

excess the cross-linking of antigen and antibody generally

gives rise to three dimensional lattice structures which

coalesce to form large precipitating aggregates recognisable

as a precipitin line. Polyvalent or specific antisera may

be employed to identify particular components in the original

material. This was accomplished by placing the antiserum

in a trough in the agar parallel to the electrophoretically

separated proteins. The separated proteins and antisera

diffuse towards one another, forming, upon confluence,

well defined precipitin lines.

Materials

1) Barbitone buffer, pH 8.2, ionic strength 0.05

15.85 g. sodium barbiturate

23 ml. HC1, 0.1 N

1.0 g. sodium azide

Made up to 1 litre with distilled water

2) Barbitone agar, pH 8.2, ionic strength 0.05

200 ml. barbitone buffer

200 ml. distilled water

4.0 g. "Oxoid" agar No. 3

The solid agar was stored in 14 ml. aliquots

at 4°C prior to use.

3) Electrophoresis tank buffer (0.3 M boric acid,

0.06 N NaOH, pH 8.2)

92.75 g. Boric acid

10 g. Sodium hydroxide

The buffer was made up to 1 litre with distilled
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water and further diluted x5 with distilled

water prior to use.

4) Antigen preparation (2 g. per cent protein

concent rat ion)

5) Antisera

Rabbit anti-equine serum antiserum

Rabbit anti-equine IgG antiserum

6) Glass plates, 3^" x 3V

Procedure

A discontinuous buffer system was used in these

analyses. Oxoid agar No. 3 (1 pec cent w/v) was dissolved

in barbitone buffer while a borate buffer was used in the

electrode vessels. 14 ml. of melted barbitone agar was

pipetted onto each plate and the appropriate wells and

troughs were cut after the agar had solidified. The

agar was removed from the antigen wells and the protein

samples were applied at a 2 g. per cent concentration and

electrophoresed for 3% hours at 6-8 volts per cm. Agar

was then removed from the troughs and 0.2 ml. of rabbit

antiserum was applied using tuberculin syringes and

disposable 21 gauge needles. Approximately 24 hours

incubation in a moist chamber were allowed for the

development of irnmunoprecipitation lines. The plates

were fixed for 48 hours in 0.15 M NaCl, washed with

several changes of distilled water for 48 hours at 4°C
and dried in a 37°C incubator prior to staining.

Staining of Immunoelectrophoresis plates

Material s

1) 0.5 per cent Naphthalene black in methanol -
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glacial acetic acid stain

0.5 g. Naphthalene black powdered stain

90 ml. methanol

10 ml. glacial acetic acid

2) Acetic acid, 2 per cent

3) Methanol - glacial acetic acid (9:1) solution

Procedure

After washing the dried irnmunoelectrophoresis plate

in 2 per cent acetic acid for five minutes it was trans¬

ferred to a tray containing the naphthalene black stain

solution. Five to ten minutes later the plate was

removed from the stain and washed several times with the

methanol - glacial acetic acid solution. The stained

plate was then allowed to dry at room temperature or in

a 37°C incubator prior to observation and photography

(see Figures 17 and 18).

Additional note

A more detailed qualitative imrnunoelectrophoretic

investigation of IgG subfractions, employing subclass

specific antisera, was undertaken by Dr. J.P. Vaerman

(for details of method see Vaerman, Querinjean and

Haremans, 1971). The results of these investigations

are germane to the adequate characterisation of the

products employed in these studies and are therefore

recorded in Table 17.

4 Mancini (Quantitative) Gel Diffusion

When antigen diffuses from a well into agar containing

suitably diluted antiserum it is initially present in a

relatively high concentration and forms soluble complexes.
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As the antigen diffuses further the concentration gradually

falls until the point is reached at which the reactants

are nearer optimal proportions whereupon a ring of

precipitate is formed. The higher the concentration

of antigen# the greater the diameter of this ring. By

incorporating several known concentrations of a standard

antigen in an agar plate, a calibration curve may be

obtained and used to determine the amount of antigen

in the unknown samples tested.

The normal and antilymphocytic equine IgG subfractions

employed in these studies were quantitatively compared

with horse serum standards using specific anti-immunoglobulin

subclass antisera by Dr. J.P. Vaerman. Results of these

investigations# performed under conditions described

elsewhere (Mancini# Vaerman# Carbonara and Heremans# 1964)

are recorded in Table 18.

J. IoG in Freund's Complete Adjuvant

Rat# bovine or equine IgG preparations were mixed

thoroughly with equal volumes of 'Difco' Freund's complete

adjuvant containing 0.05 mg. Mycobacterium per ml. This

was accomplished using either two syringes connected by

a needle with a Luer attachment at each end or by an

electrically operated dental drill fitted with the inverted

plunger from a 2.5 ml. B-D plastic disposable syringe.

The stability of the emulsion was tested by placing a

drop on the surface of water (Herbert, 1967).
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K. Lymphoaqqlutlnation Test

Antisera raised against homologous or heterologous

lymphoid cells possess a proportion of antibodies capable

of agglutinating cells bearing recognisable surface

antigens. The binding of one cell to another by an

antibody linkage is dependent upon several features

including the flexibility of the antibody molecule, the

affinity of the antigen binding site, the relative

proportions of agglutinating and non-agglutinating

antibodies present and the density of antigenic

determinants present on the target cell. Though

subject to these limitations, lymphoagglutination is

often (in combination with lymphocytotoxicity) regarded

as an indication of the biological activity of antilyrnphocyte

antibody preparations. However, it is appreciated that

the agglutination titre is not a valid indication of

immunosuppression potential.

Materials

1) Peripheral blood lymphocytes in Hank's

solution

2) Phenol red indicator (0.4 per cent solution)

3) Hank's solution

Stock solution A:

80 g. NaCl

4 g. KC1

1 g. MgS04.7H70
1 g. MgCl?.6H 0

(Made up to 400 ml. with distilled water)

1.4 g. CaCl0 (dissolved in 50 ml. of

distilled water)
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A mixture of these two solutions is adjusted
to 500 ml. with distilled water and stored
at 4°C in plastic bottles after the addition
of 1 ml. of chloroform.

Stock Solution B:

1.52 g. Na2HP04.12H20
0.60 g. KH2P04
10 g. Glucose

The mixture was dissolved in 400 ml. of
distilled water. To this solution was added
50 ml. of the phenol red indicator and the
volume adjusted to 500 ml. with distilled water.
1 ml. of chloroform was added prior to storage
at 4°C in a plastic container.

Sodium bicarbonate solution:

1.4 g. of NaHCO, was dissolved in 100 ml.
of distilled water and sterilised by autoclaving
at 115°C for 10 minutes.

To 1 volume of Stock Solution A and 1 volume of

Stock Solution B was added 18 volumes of

distilled water. Immediately before use,

2.5 ml. of sterile sodium bicarbonate solution

was added to each 100 ml. of the freshly mixed

solutions.

4) Test sera

Procedure

">.1 ml. doubling dilutions of the test serum were

g
made in 0.1 ml. volumes of Hank's solution. 5 x 10

lymphocytes (in 0.1 ml. of Hank's solution) were added

to the glass test tubes (75 x 12 mm.) containing the

serum dilutions. Control tubes contained 0.1 ml. of

normal serum or Hank's solution. The antiserum -

lymphocyte mixtures were examined microscopically for

cellular agglutination following incubation overnight
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at room temperature. The recorded lymphoagglutination

titre was the reciprocal of the highest dilution at which

agglutination was observed.

L. Lymphocytotoxic Test

Immune serum or immunoglobulin preparations raised

against homologous or heterologous lymphocytes may contain

antibodies capable of causing the cytotoxic destruction

of lymphoid cells in vitro. This property is related

to the ability of the antibody molecules to fix complement

components, the affinity of the immunoglobulin Unding site,

the ability of the cell to repair damage to its cytoplasmic

membrane and the number and proportion of cytotoxic anti¬

body molecules present in the antiserum. The lympho-

cytotoxic titre of an antilymphocytic antibody preparation

is regarded as a partial indication of its immunosuppressive

potential.

Materials

1) Lymphocytes in Hank1s solution

2) Hank's solution

3) Complement (Guinea pig complement is used for

the assessment of anti-rat lymphocytotoxic

activity)

4) Test serum

5) Trypan blue (1 volume of 1 per cent trypan

blue + 14 volumes of Hank's solution)

Procedure

Doubling dilutions of 0.1 ml. of the test serum were

made in 75 x 12 mm. glass test tubes containing 0.1 ml. of
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freshly prepared Hank's solution. 0.2 ml. containing

5 x 106 lymphocytes were added to each tube and this

was followed by the addition of 0.1 ml. of complement

(with the exception of serum and complement controls).

The tubes were incubated at 37°C for 1% hours whereupon

the dead cells were stained by the addition of 1.6 ml.

of Trypan blue. The cells were fixed after 5-10

minutes by the introduction of 0.15 ml. of 40 per cent

formaldehyde. Cell counts were carried out with the

aid of an Improved Neubauer chamber? a 50 per cent

Trypan blue exclusion end point being adopted as an

indication of the cytotoxic titre of test antisera.
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III. THE ASSESSMENT OF IMMUNE RESPONSIVENESS AMD TOLERANCE

Primary, secondary and tertiary serological and

cellular assays were employed in the present studies to

demonstrate the reactivity of experimental and control

rats to various courses of antigen administration and

potentially tolerogenic protocols; these techniques

and the appropriate references are listed in Table 2.

TABLE 2

Assessment of Antibody Production

Primary Serological Assays

Radioimmune Gel Diffusion (James et al., 1971)
Radioimmune Gel Filtration (Genuth, Frohman and Lebovitz,1965?

Weksler et al.,1970? James et al.,1971)

Antiglobulin Test (Newcomb and Ishizaka, 1967?
Allardyce et al., 1972)

Ammonium Sulphate Test (Farr, 1958? Minden and Farr, 1967)

Secondary Serological Assays

Passive Haemagglutination (Ling, 1961)
Gel Diffusion (Ouchterlony, 1962)
Mancini Gel Diffusion (Mancini et al., 1964)

Tertiary Assays

Immune Elimination (Dresser, 1965)

Delayed Hypersensitivity (Staples, Gery and Waksman, 1966)
Arthus Reactivity (Staples,Gsry and Waksman, 1966)

In Vitro Cellular Assay

Rosette Formation (McConnell et aL, 1969)

A. Primary Serological Assays

1 Radioimmuno Gel Diffusion

In principle this technique is similar to the more

widely used radioimmunoelectrophoretic procedure and
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therefore, directly demonstrates primary antigen - antibody

interaction. It was performed in two stages involving

1) conventional gel diffusion precipitation of test

serum immunoglobulin in barbitone agar with either

rabbit anti-rat serum or rabbit anti-rat IgG antisera
125

and 2) the addition of iodine -labelled equine IgG

antigen.

Materials

1) Glass plates, 3V' x 3V'

2) Barbitone agar in 14 ml. aliquots

3) Test Sera

4) Rabbit anti-rat serum and/or rabbit anti-rat

IgG antisera

5) "*"^I-equine IgG (0.025 ml. contains 30 ug.

protein and 5 uCi of radioactivity per ml.)

6) 0.025 ml. 'Oxford* automatic volumetric pipette

7) X-ray film (Agfa-Gaevert Osray)

8) Phosphate buffered saline (pH 7.2, 0.06 M,

containing 0.15 M NaCl)

Procedure

14 ml. of melted barbitone agar were pipetted onto

the glass plates and allowed to solidify at room temperature.

Wells were made with an agar gel cutter. 0.025 ml. of

experimental serum and 0.025 ml. of rabbit antiserum was

added to the appropriate wells with the volumetric pipette

(the disposable tip was changed with each serum). The

plates we_e placed in a moist chamber for 24 hours at

room temperature by which time the precipitin lines had

fully developed. They were then washed for 48 hours with
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two changes of phosphate buffered saline at 4°C to

remove unprecipitated protein. Excess buffered saline

was removed from the wells with a Pasteur pipette prior
12.5

to the addition of 0.025 ml. of iodine -labelled

antigen to the central wells. Binding of the antigen

by the precipitated rat anti-equine antibody proceeded

for 24 hours at 4°C in a moist chamber. The plates

were subsequently washed for 48 hours with saline

(0.15 M) and for an additional 24 hours with distilled

water in the cold to remove unbound antigen. The dried

plates were covered with x-ray film and left for 24 hours

in the dark. Standard photographic development

procedures, using Ilford ID2 developer, were employed

thus making a semiquantitative appraisal of antigen

binding possible (see Figure 6) .

The preparation of rabbit anti-rat IqG antiserum

Anti-rat antiserum was raised in two New Zealand

white rabbits for use in the radioimmuno gel diffusion

procedure and as anti-globulin reagent. Rat gamma

globulin was prepared by the two stage salt precipitation -

batch chromatographic technique described previously (see

Section II,E). The rabbits were injected intramuscularly

with 10 mg. of antigen emulsified in an equal volume of

Freund's complete adjuvant on days 0, 30 and 75. On

day 100 a sample of serum from each animal was assayed

by Immunoelectrophoresis against normal rat serum and

compared with a standard rabbit anti-rat IgG antiserum.

Strong anti-rat IgG precipitin lines were observed with
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day 7

DAY 14

radxoimmun0 gel diffusion antibody assay

gel diffusion autoradiograph
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Figure 6: The sequential development of rat anti-equine
IgG antibody is indicated by radioimmuno gel
diffusion analysis of serum from four (Nos. 1-4)
Sprague Dawley rats immunised on day O with
adjuvant-associated normal equine IgG. Rat
antibodies were precipitated by rabbit anti-rat
serum (a) or anti-rat IgG (b) antisera prior to
the addition of 125l-NEqIgG to the central
wells. a semiquantitative appraisal of antigen
binding may be undertaken by direct comparison
of immune sera.
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both sera. Both rabbits were boosted intramuscularly

on day 133 with 10 mg. of alum-precipitated normal rat

IgG and exsanguinated one week later. Immunoelectro-

phoretic analyses of the antisera indicated very strong

anti-rat IgG precipitin lines with weak traces of

antibodies directed against ltwo more negatively

charged serum proteins. The rabbit anti-rat IgG

antisera were pooled and dispensed into 2 and 10 ml.

glass vials prior to storage at 20°C.
2 Radioimmuno Gel Filtration

A combination of Sephadex Gel exclusion chromato¬

graphy and radioactive counting provided a means of

directly measuring the iji vivo and in vitro development

and presence of antigen - antibody complexes in the

serum of rats. The procedure adopted was essentially

similar to methods previously employed in the assessment

of antibodies to insulin (Genuth, Prohman and Lebovitz,

1956) and the immune response of patients to equine IgG

(Weksler et al., 1970? James et al., 1971).

Materials

1) Sephadex G-200 packed fractionation column

(30 x 2 cm.)

2) L.K.B. fractionation and recording equipment

3) Nuclear Enterprises Mkll Gamma Matic

scintillometer

125
4) Test serum or test serum - I-uCF-NEqlgG

incubation mixture

125
5) I-uCF-NEqlgG (see Section II,F).
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Procedure

Two means of assessing the development of rat anti-

equine IgG antibodies and immune complexes were adopted.

Serum from experimental rats was either collected at

intervals following the intracardial administration of

isotopically labelled aggregate-free antigen (2-3 mg.)

or 0.5 ml. of serum was incubated in vitro overnight at
"I AC

4 C with 5 ug. of ultracentrifuged I-equine IgG.

Immune complex formation was demonstrated by Sephadex

G-200 gel filtration of 0.5 ml. aliquots of the incubated

mixture or test serum and subsequent scintillometric

analysis of the effluent fractions.

The recovery of labelled antigen in the 7S fraction

of the effluent indicated the absence of circulating

antibodies to the heterologous IgG. In contrast# the

recovery of antigen in the 103 and 19S region indicated

the presence of antibodies which had combined with the

antigen to form soluble complexes (see Figure 7).

3 Antiglobulin Test

An antiglobulin technique based on the procedure

described by Newcorrib and Ishizaka (1967) was developed

to supplement information gained by other primary anti¬

body assay procedures. In principle# complexes of

isotopically labelled equine IgG bound by rat anti-

equine IgG antibody are precipitated by rabbit anti-

rat IgG antiserum. Precipitation of antigen is# in

this case, independent of the secondary immunological

properties of the rat anti-equine IgG antibody molecules.
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Figure 7 • Radioimmuno gel filtration analysis of experimental
sera 48 hours following the administration of
-*-25i-iabelled ultracentrifuged equine IgG indicated
patterns of antigen distribution characteristic
of sensitized and unresponsive (or non-immune)
animals.
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Materials

1) Test serum

125
2) I-equine IgG antigen preparation (200 ug.

per ml. protein concentration)

3) Rabbit anti-rat IgG antiserum

4) Normal equine IgG sensitised sheep erythrocytes

5) Nuclear Enterprises Mk II Gamma Matic

scintillometer

6) Phosphate buffered saline (pH 7.2; 0.06 M,

containing 0.15 M NaCl)

Procedure

0.2 ml. of a 1 to 5 dilution of experimental rat

serum was incubated with 0.2 ml. of a 200 ug. protein
125

per ml. solution of I-labelled equine IgG subfractions

at 4°C for 24 hours. Rabbit anti-rat IgG serum

(previously absorbed X4 with normal equine IgG sensitised

sheep erythrocytes and heat inactivated at 56°C for 30

minutes) was diluted 1 to 5 with phosphate buffered saline

and 0.2 ml. was incubated with the antigen-antibody mixture,

initially at 37°C for 30 minutes and finally at 4°C for

2 days. The mixture was then centrifuged at 4°C for

one hour at 600 R.C.F. and the resulting precipitate

was resuspended and washed twice with 3 ml. of cold

(4°C) 0.15 M saline prior to scintillometric analysis.

The dilutions and concentration of test sera and reagents

were determined by preliminary trial. However, these

studies cannot rule out the possibility that the relative

amounts of reagents and experimental conditions were not

optimal. Standard antiserum and normal rat serum

controls pmnlnvpfl ♦"ViKmirrViru'i*- Tl-i-a
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results represent the per cent antigen bound by test

serum compared with a 1 to 5 dilution of standard

antiserum (arbitrarily considered to be 100 per cent).

4 The Ammonium Sulphate Method for the Detection

of Anti-BSA Antibodies

The technique adopted in these studies was that of

Farr (1958) and Minden and Farr (1967). This primary

antibody assay procedure gives a measure of the capacity

of an antiserum to combine with those macromolecular

antigais that are soluble in 50 per cent saturated

ammonium sulphate. Because the precipitability of

the antigen-antibody complex is dependent upon the

invariable insolubility of gamma globulin the method

is capable of detecting complexes. In principle, any

molecule soluble in 50 per cent saturated ammonium

sulphate will be precipitated when bound to gamma

globulin. Unbound antigen will remain in the super¬

natant. Following precipitation, dissociation of the

antigen-antibody complex is severely restricted as is

the binding of additional antigen. For this reason

the amount of antigen detected in the precipitate is an

accurate approximation of the amount of antigen bound at

equilibrium in solution. Thus, when measured in antigen

excess soluble antigen-antibody complexes are precipitated

by 50 per cent saturated ammonium sulphate and from the

amount of antigen detected in the precipitate the quantity

bound per ml. of serum can be calculated. This is Itnown

as the antigen binding capacity (ABC) of the serum at the

particular antigen concentration used.
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In addition to indicating the extent to which an

antiserum can bind antigen (a quantitative assessment),

determination of the ABC at two different antigen

concentrations reveals the effects of dilution per cent

which is proportional to the relative binding affinity

of the antibody molecules (i.e., a qualitative assessment).

Since, however, in the majority of the present investigations

BSA served as a control antigen it was considered sufficient

evidence of irnmunocompetence to rely on a purely quantitative

criterion and the ABC was not measured at two antigen

strengths. In studying the immunosuppressive potential

of equine anti-rat lymphocyte IgG subtractions depression

of the capacity of rat antisera to bind a standard BSA

solution was again considered a valid parameter.

The procedure for determining the ABC of an antiserum

involved the incubation of duplicate serial dilutions of

the experimental serum and a constant amount of radio-

iodinated BSA overnight at 4°C. Subsequently, an equal

volume of saturated ammonium sulphate was added and the

resulting precipitate was centrifuged and washed with

50 per cent saturated ammonium sulphate. After counting

the activity of the recentrifuged precipitate and

correcting for non-specific counts, the percentage of

BSA bound at each dilution was determined. By plotting

the percentage of BSA bound against the log^Q reciprocal
antibody dilution, the theoretical dilution of antibody

capable of binding 33 per cent of the antigen was

ascertained. The ABC values were then expressed as

the ug. BSA Nitrogen bound per ml. of undiluted antiserum.
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Materials

1) Borate buffer (pH 8.3 - 8.5, 0.1 M)
After the addition of saturated ammonium
sulphate this buffer maintains pH 7.9.

2) Saturated ammonium sulphate (SAS) at 4°C,
sp.gr. = 1.240.

3) 50 per cent saturated ammonium sulphate (SAS/2)
in borate buffer (lsl v/w). Kept at 4°C.

4) Normal rabbit serum (MRS)
(diluted 1/10 in borate buffer for antisera
dilutions) .

(diluted 1/100 in borate buffer for I-BSA
dilution)

5) 125I-BSA _

The concentration of stock I-BSA was determined
by the micro-Kjeldahl method for Nitrogen^
determination. Aliquots were kept at -20 C and
diluted volumetrically with 1/100 NRS in borate
buffer to give a solution of 0.40 ug.
125j_bsa Nitrogen/ml. required for the test.
The normal rabbit serum is necessary to minimise
absorption of the test antigen to the glass and
to prevent protein denaturation due to the
effects of dilution.

6) Trichloroacetic acid (TCA), 20 per cent aqueous
solution.

7) M.S.E. Major refrigerated centrifuge.

8) Nuclear Enterprises Mk II Gamma Matic
scintillometer.

Procedure

All of the dilutions and transfer steps were carried

out using standard volumetric procedures as well as accepted

techniques to eliminate carry over unless otherwise stated.

All antisera were initially diluted 1/10 by adding 0.3 ml.

of antiserum to 2.7 ml. of borate buffer. From this

doubling dilutions were made employing normal rabbit

serum (1/10) as diluent to keep the protein concentration

constant in all tubes. Starting with the highest (most

dilute) antiserum dilution 0.5 ml. aliquots were transferred
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in duplicate to 75 x 12 mm. labelled glass tubes.

Using the same pipette the next highest dilution was

similarly dealt with; and so on, until 0.5 ml. aliquots

of the initial 1/10 dilution had been transferred.

Control tubes included four "control" tubes containing

0.5 ml. of 1/10 KRS instead of the antisera, four "TCA"

control tubes also containing 0.5 ml. of the 1/10 NRS

diluent, and four "Ag add" tubes which received only

0.5 ml. of the 0.40 ug. 125I-BSA N/ml. antigen. All

experimental and control tubes received 0,5 ml. of the
125

I-BSA antigen. After shaking the tubes were incubated

overnight (approximately 13 hours) at 4°C. With all

reagents kept at 4°C and the tubes immersed in an ice

water bath all experimental tubes and the four "control"

tubes received 1.0 ml. of SAS. The addition of SAS was

immediately followed by a thorough mixing of the contents

on a rotating mixer. Control tubes labelled "TCA"

received 1.0 ml. of 20 per cent TCA instead of the SAS

and the contents were immediately mixed. The tubes were

allowed to incubate for 30 minutes at 4°C and then

centrifuged at 3,000 R.P.M. (2,250 R.C.P.) for 30 minutes

in a M.5.E. Major refrigerated centrifuge. The super¬

natant s were discarded and the tubes containing white

precipitates were immersed in the ice water bath. 3 ml.

of SA3/2 were then added to each tube, excluding the "TCA"

control tubes, with the aid of a 5 ml. automatic syringe.

The contents of the tubes were mixed as before and incubated

for 30 minutes at 4°C before recentrifugation at 2,250 R.C.P.

for 30 minutes, decantation of the supernatants and blotting.
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All the tubes were then counted in a Nuclear Enterprises

Mk II Gamma Matic scintillation spectrometer with a

2 inch well-type Na I crystal. The counting period

was adjusted so that the probable counting error of
125

every experimental tube above 20 per cent I-BSA

bound did not exceed 2 per cent.

Calculations

The "Ag add" control tubes represent the amount of

radioactivity added to all tubes. The "TCA" control

tubes quantitatively indicate the amount of radioactivity

that could be bound by antibody and thus precipitated.

Labelled antigen was not used whenever the "TCA" control

was less than 97 per cent of the "Ag add" value. Because

the geometry of the "TCA" tubes most closely approximates

that of the experimental and "control" tubes, and because

they represent an accurate estimate of the amount of

radioactivity bound to the antigen the average of these

tubes was taken to be the amount of radioactivity capable

of being precipitated upon binding to anti-BSA antibody.

In calculating the antigen binding capacity of an

antiserum account must be taken of the small quantity of

non-antibody bound and non-specifically trapped radio¬

activity present in the precipitates. This value is

represented by the radioactivity counted in "control"

tubes. Thus the binding of radioisotopically labelled

BSA antibody in experimental tubes (ejqs) can be calculated

as a percentage of complete antigen binding by the formula:

% antigen bound . e*P - control x 100
TCA - control
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This value was calculated for each pair of experimental
125

tubes. The percentage of I-BSA bound was plotted

against the reciprocal of the antiserum dilution on semi-

logarithmic graph paper with the percentage antigen bound

on the linear axis and the reciprocal antiserum dilution

on the log axis. The 33 per cent end point was calculated

by drawing a straight line through any points where the

percentage binding was less than 90 per cent but greater

than 20 per cent. The theoretical antiserum dilution

which would bind 33 per cent of the antigen added was then

read directly from the plot. The antigen binding capacity

was subsequently calculated as follows:
125

ABC33 = reciprocal end point dilution x ug I-BSA N
added x 0.33 x 2

5 Scintillation counting

Theory

The movement of a charged particle through a solid

or liquid phosphor results in an energy transfer leading

to molecular excitation or ionisation in the phosphor.

A portion of this energy will be re-emitted as small

flashes of light, scintillations, in either the visible

or ultraviolet spectrum. Spectrometry of gamma ray
"j 1 Of

emitters (e.g., I and I) generally involves the

use of a phosphor composed of an alkali metal iodide

activated with a trace of thallium. The scintillations

produced in the phosphor by the passage of charged

particles is measured by the absorption of photons by

the photocathode of a photomultiplier tube that then emits
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electrons which are amplified and emerge as a single

pulse that can be recorded on a scale.

The radiation energy spectra of various radionuclides

differ characteristically. In addition, the pulses may

also range in magnitude. Thus, in order to quantitate

the pulses emanating from photons of a given energy

specific for the radionuclide being used limitations

must be inqposed upon the energy range analysed. The

selection of pulses within a selected "channel" may be

achieved by adjusting the "threshold" and "window voltage"

of the pulse height analyser. By selecting the energy

band in this way it is possible to record the pulses

emanating from photons of a particular energy to the

exclusion of extraneous scintillometric events.

131
The radiation spectrum of Iodine has five quantum

energy levels of gamma and beta radiation. The major

gamma ray emission counted has a quantum energy of 0.364
125

MeV. Iodine is characterised by low energy gamma

emissions of 0.0352 MeV. Thus by calibration of the

pulse height analyser window for each radioisotope

optimal counting conditions were obtained.

Equipment

1) Nuclear Enterprises Mk II Gamma Matic

Scintillatbn Spectrometer equipped with

a 2" Nal, thallium activated counting well.

2) Nuclear Enterprises Scaler 1700 Series 11

connected directly to a ring-type counter

consisting of twelve J26 PB Geiger-Muller

tubes shielded with 1.25 inches of lead shot.
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Procedure

Gamma Matlc Mk II

The geometry of samples was standardised for each

experimental procedure. For example, in the ammonium

sulphate precipitation procedure a precipitate in the

bottom of a 75 x 12 mm glass test tube was assayed,

while 1 ml. effluent aliquots were measured in the

radioimmuno gel filtration analyses. The following

settings were used to set the E.H.T. voltage, amplifiers

and pulse height analyser window in order to stabilise

counting conditions and achieve the most efficient counting

of the main energy peak for each isotope:

Isotope 125_ 131t
Out-put Voltage 1237 volts 1237 volts

Amplifier Gain coarse 250 volts 250 volts

fine 1 volt 1 volt

Analyser E 0.1 volt 2.5 volts

AE 0.9 volt 2.5 volts

Minimal background interference was Jteadily achieved

for each radionuclide and did not exceed 1-3 counts per

second. In addition, all samples were counted over a

period of time sufficient to ensure that the probable

counting error did not exceed 10 per cent and was normally

less than 1 per cent. The probable counting error is

equal to the square root of the total number of counts

divided by the total number of counts times 100. The

maximum counting error is three times the probable counting

error. Thus, the probable counting error for a total of

10,000 counts is 1 per cent whereas the maximum counting
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error is 3 per cent. In no case did the activity of

any sample exceed the resolving limits or 'dead time'
5

of the counter (5x10 cps).

Scaler 1700 Series II and ring-type Geiqer-Muller counter

Whole body counting of rats following the intracardial
131

administration of I-labelled protein was achieved by

lowering the animal onto a platform surrounded by 12

externally shielded Geiger-Muller tubes. The scaler

voltage and amplifiers were set to standard counting

conditions and the pulse height analyser was adjusted
131

so as to include the main I energy peak and minimise

background interference. Upon counting for a sufficiently

long time to reduce the probable counting error below

10 per cent the rat was removed and a background control

reading was made. It was essential to make frequent

background checks when undertaking whole body counting

due to the radioactivity of the animals' excrement which

contaminated the counting chamber.

B. Secondary Serological Assays

1 Passive Haemaqqlutination

Explanatory note

The cross-linking of cells or large particles by

antibodies directed against surface antigens may lead to

agglutination. However, since most cells are electrically

charged, mutual repulsion must be overcome by the establish¬

ment of a reasonable number of links. Thus agglutination

of cells bearing only a limited number of antigenic

determinants may be difficult to achieve. Likewise,
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assuming the cell possesses sufficient antigenic sites

to permit cross-linkage, the avidity and structure of

the antibody being tested may determine the extent of

agglutination. Therefore, the higher avidity of multi¬

valent IgM antibody makes it more effective as an

agglutinating agent than IgG. Similarly, differences

in the structural flexibility of the Fc and Fd regions

of IgG antibody molecules may affect their relative

agglutinating efficiency.

Agglutination reactions have been used to type red

cells and bacteria as well as to identify antibodies

directed against antigens present on leukocytes,

platelets and spermatozoa. Because of the convenience

of the method it has been extended to identify antibodies

directed against soluble antigens which have been

artificially coated onto various types of particles.

Red cells provide an excellent vehicle for protein

antigens after modification of their surface with either

tannic acid or chromic chloride. In the present studies

the detection of rat anti-equine IgG agglutinin production

was carried out using suspensions of either fresh or

pyruvic aldehyde treated (ling, 1961) tanned sheep

erythrocytes sensitised with the appropriate equine IgG

preparation.

Materials

1) Fresh sheep erythrocytes

2) Sodium citrate (3.6 per cent in 0.15 M NaCl)

3) Phosphate buffered saline (pH 7.2, 0.06 M;

containing 0.15 M NaCl and 0.3 per cent sodium

azide)
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4) Pyruvic aldehyde* 25 per cent (pH adjusted

to 7.0 by the addition of 1 per cent HajCO^)
5) Tannic acid (50 mg. per cent in 0.15 M saline)

6) Normal rabbit serum (diluted 1/100 in phosphate

buffered saline)

7) Normal equine IgG preparation (0.25 g. per cent

in phosphate buffered saline)

8) Takatsy Microtitre equipment (Cook Engineering)

9) Plastic disposable 'V* bottomed -well agglutination

plates (Cook Engineering)

Procedure

Fresh sheep red cells were collected into the citrate

solution to avoid coagulation, subsequently washed three

times in phosphate buffered saline and stored as a 10 per

cent suspension. The cells were prepared for long storage

fey pyruvic aldehyde treatment as follows: to one volume

of a 50 per cent erythrocyte suspension were added 0.7

volume of buffered saline and 1.5 volumes of 25 per cent

pyruvic aldehyde solution. The mixture was allowed to

stand at 4°C for 24 hours with occasional stirring. The

cells were washed three times in phosphate saline and

stored as a 10 per cent suspension prior to tanning.

To one volume of a 10 per cent fresh or pyruvic

aldehyde treated erythrocytes suspension was added 0.5

volume of phosphate buffered saline and 0.1 volume of

the tannic acid solution. The mixture was incubated

at 37°C for 30 minutes in a water bath with occasional

stirring prior to washing (X3) and resuspension in

phosphate buffered saline.
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The tanned cells were subsequently sensitised by

incubation of 10 per cent suspension with an equal volume

of 0.25 g. per cent solution of normal equine IgG or its

subtractions for 2 hours in a 37°C water bath. The

sensitised cells were washed X4 in phosphate buffered

saline and stored as a 10 per cent suspension at 4°C.
To ensure adequate sensitisation the coated cells

were tested against standard rat anti-equine IgG and

rabbit anti-equine IgG antisera as well as a normal rat

serum control.

The agglutinating capacity of experimental rat sera

was assessed by incubating 0.025 ml. doubling dilutions

of serum in normal rabbit diluent (to avoid spontaneous

agglutination) with 0.025 ml. of a 2 per cent suspension

of sensitised red cells at room temperature for a minimum

of 2 hours. The tests were carried out using Takatsy

microtitre dropping pipettes# dilution loops and plastic

disposable plates with 'V* shaped cross-section wells.

In a positive reaction, the cells settle evenly over the

bottom of the wells# in negative reactions the cells form

an easily recognisable button at the base of each well.

The reciprocal of the highest serum dilution gi/ing an

unequivocably positive inaction was taken to be the

agglutination titre.

2 Gel Diffusion

In the double diffusion method of Ouchterlony (1962)#

soluble antigen and antibody placed in adjacent wells cut in

agar gel# diffuse towards each other and form an opaque

precipitin line in the region where they meet in optimal



109

proportions. A standard gel diffusion precipitin test

in barbitone agar plates was used to detect precipitating

antibodies to equine IgG and bovine albumin. This was

performed at antigen concentrations of 0.25 and 0.5 g. per

cent.

3 Mancini Gel Diffusion

A Mancini-type single radial immunodiffusion gel

precipitation technique employing 0.01 and 0.1 g. per cent

(w/v) antigens in agar was performed. Precipitating rat

antibodies to normal equine IgG and bovine serum albumin

were assessed by inspection of the plates after 24 and

48 hours incubation at room temperature in a moist

atmosphere. All plates included as a positive control

standard rabbit antisera to both antigens.

C. Tertiary Antibody Assay Procedures

1 Immune Elimination

Normal equine IgG and its subfractions (prepared by

ion exchange chromatography) were iodinated with either

^51 Qr 131J accor^ing tc> the chloramine T method previously

outlined in Section II,A. The fate of radioiodinated

equine IgG in vivo was investigated either by scintillometric

analyses of sequentially obtained serum sanples using a

Nuclear Enterprises Mk II Gamma Matic counter or by whole

body counting in a ring type counter consisting of 12 J26

PB Geiger-Muller tubes.

Labelled antigens were ultracentrifuged at 100,000 R.C.F.

for 1 hour prior to the intracardial administration of 2-3 mg.

of protein per animal. Whole body counting of rats injected
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131
with I-labelle<3 equine IgG was continued at regular

intervals until the level of activity fell below 10 per

cent of the original counts (allowing for decay).

.Animals injected with both ^31l and 12^I-labelled IgG

subfractions were bled at 0.5, 24, 48, 72 and 168 hours

after antigen administration. The serum was separated

from the serial blood samples and a 0.5 ml. aliquot from
-i <f»-i "i nr

each rat was assessed for I and I activity in the

gamma matic counter. An adjustment was made for the
131 125

participation of I counts in the measurement of I-

labelled antigen by including a standard for both isotopes

in all measurements. A minimum of five non-immune control

rats were included in each experiment in which the

measurement of immune elimination was undertaken to allow

for differences in the in vivo half-life of one iodinated

antigen and the next. Results expressed graphically

represent the decline in the percentage of initial counts

with time while the in vivo half-life of the antigen is

presented in tabular form.

2 Skin Reactivity

The development of sfcin reactivity to normal equine

IgG, bovine IgG and bovine serum albumin was assessed in

selected animals by the intradermal injection of 200 ug.

of antigen followed by periodic observations for up to

72 hours.

D. In Vitro Cellular Assay

Rosette Forming Cell Assay

Antibody-forming and antigen-sensitive lymphoid cells
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may be detected by the formation of immune rosettes.

That is to say, -when lymphocytes are incubated in vitro

with a particulate or cellular antigen such as sheep

erythrocytes those with surface receptors for the red

cell surface antigens will bind them to form a rosette.

Antigen-sensitive lymphocytes bearing antigen-specific

surface receptors may be from either the thymus-dependent,

T cell or thymus-independent, B cell, populations.

However, upon prolonged incubation antibody secreting

B cells become surrounded by a more extensive morula of

erythrocytes. This technique, termed immunocytoadherence

by Biozzi, can be modified as an assay for soluble proteins

by coating different antigens onto isologous or heterologous

red cells.

In the present studies, the immunocytoadherence

method was adapted to assess the responses of experimental

and control rats to normal equine IgG bound to the surface

of sheep erythrocytes.

Sensitisation of sheep red cells using chromic chloride

Materials

1) Fresh sheep erythrocytes (SRBC)

2) Equine IgG (2 g. per cent protein concentration)

3) CrCl2.6H20 (1 mg. per ml. prepared in 0.15 M NaCl)
4) NaCl (0.15 M)

Procedure

To 0.5 ml. aliquots of packed fresh SRBC (washed X3

in 0.15 M NaCl) was added 1 ml. of 1 mg. per ml. equine IgG

in 0.15 M NaCl antigen solution. To the antigen and packed

erythrocytes 1 ml. of the chromic chloride solution was
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introduced with adequate but gentle mixing. The mixture

was allowed to stand for 4 to 5 minutes and subsequently

washed X4 with cold saline. The sensitised cells were

stored as a 10 per cent suspension in saline at 4°C prior

to use within 12 hours of treatment. v

Immunocytoadherence test

Rosette forming cell assays of rat spleen cell

suspensions were performed by a modification of the

McConnell method (McConnell et al., 1969).

Materials

6
1) Rat spleen cell suspension (20 x 10 cells

per ml. in XI Eagles tissue culture medium)

2) Equine IgG sensitised sheep erythrocytes

(0.5 per cent cell suspension in 0.15 M NaCl)

3) Improved Neubauer counting chamber

Procedure

Spleen cell suspensions from experimental and control

rats were prepared by teasing the isolated organs in cold

XI Eagles medium solution to which KaHCO^ had been added
(3 ml. NaHCO^ to 100 ml. Eagles medium prepared just
before use). The cell suspension obtained from each

spleen was washed and adjusted to 20 x 10 cells per ml.

with cold buffered tissue culture medium. 0.05 ml. of a

0.5 per cent suspension of antigen sensitised sheep

erythrocytes was added to the cells and the mixture was

incubated overnight at 4°C after centrifugation at 200

R.C.F. for 5 minutes in the cold. The pellet of cells

in each incubation tube was gently resuspended with a

Pasteur pipette immediately prior to counting the rosettes



in a Neubauer haemocytometer. Results were expressed
6

as the number of rosette forming cells (RFC) per 10

spleen cells.



SECTION I

EXPERIMENTAL DETAILS AND RESULTS
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I. THE IMMUNE RESPONSE TO EQUINE IgG

In order to gain some basic information concerning

the responsiveness of the three strains of experimental

rats used in these investigations and the sensitivity

and reliability of various assay procedures, three

preliminary studies were undertaken. These included

an assessment of the immune response of Wistar, Sprague

Dawley and Hooded strain rats to normal equine IgG in

Freund's complete adjuvant, the response of Hooded strain

rats to three courses of IgG injection and the development

of antibodies to and clearance of normal and aggregate-free

antigen in Hooded rats by the application of the radioimmuno

gel filtration procedure.

A. The Immune Response to Normal Equine IqG in Freund's

Complete Adjuvant in Three Strains of Rats

Adult male Hooded, Sprague Dawley and Wistar strain

rats (12 per experiment group) were bled at weekly

intervals following the subcutaneous injection on days

0 and 28 with 5 mg.of normal equine IgG in Freund's

complete adjuvant. On day 35 all animals received an

intraperitoneal injection of 5 mg. of antigen in phosphate

buffered saline. The development of circulating antibodies

in the sera was determined by passive haemagglutination,

immunodiffusion and radioimmuno gel diffusion procedures.

The results outlined in Figure 8 and Table 3 indicate

that although a certain degree of immunological variation

was detected by the antibody assays performed, in geneCal,
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THE IMMUNE RESPONSE TO EQUINE IqG (IN C.FA. IN RATS)

TANNED CELL TEST

10-

Hooded

Sprague Dawley
* Wistar

tu
ce

CM
o
o

RADIO-IMMUNODIFFUSION
KEY— As above

+++ -

++
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Figure 8: The immune response of various strains of rats
to normal equine IgG in Freund1s complete
adjuvant: Note that antibodies to equine IgG
were detected first by the radioimmuno gel
diffusion procedure. + gradings refer to the
average intensity of autoradiographic exposure
in each group. Arrows represent antigenic
challenges.
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TABLE 3

THE RESPONSE OF VARIOUS STRAINS OF RATS TO NORMAL

EQUINE IqG

Strain Nos,
Log2 Tanned Cell Titre
0 14 21 28 52'

Radioimmunodiffusion

0 7 14 21 28 52

Gel
Diff.
Day 5 2

Dawley
Sprague

1
2
3
4
5

6
7
8
9

10
11
12

3

2
3
2

2
3
1

7
5

6
5

9
8
4

4
4
6
3

3
8
5
3
9
8
3

10
10

10

5
5
5
5
3

+

i
+

+

+

++

+

+
+

+

+

+

+

++

+

++

+

++
+

+

+

+

+

++

+

++ +++

++ +++

+++ ++

t +++

++ +++

+++ ++

+ ++

++ ++
+++ ++

++

++ ++

+

+

+

+(+)
+(+)

++

++

++

Wistar

1
2
3
4
5
6
7
8
9
10
11
12

2
2

7
1
6
3

7
5
5

5
3
4
5

1
10

5
10

7
9

4
9

9
9

4

6

+
+

+
+

+

+
+

+

+
+

+

++

+

+

- T +

+
+

+

+

+

+

+

+

+

+

+

+

+

++

++

++

+

++

+

++

+

++

++

+++

++

+++ ++

Hooded

1
2
3
4
5
6
7
8
9

6
2
3

3

1

6

5

4
3

5
4

10

10

6
10

10

- +
- +

+

- - +

+

+

+

+

+

++ +++

+ +++

+
+

++
+++

- +

++ +++

+

+

+

+

+

++

N.B. The above data summarised in Figure 8
indicates the responsiveness of the three
strains tested and the greater sensitivity
of radioimmuno gel diffusion analysis.

* day of serological assay
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£here were no marked differences between the strains.

It is of interest to note that the pattern of antibody

production demonstrated by radioimmuno gel diffusion Is

similar to that illustrated by the tanned cell method

with one major exception. Antibodies directed against

equine IgG were detected by the primary assay at least

one week in advance of the secondary test. Although

the standard gel diffusion technique performed on day

52 indicated certain qualitative differences in immune

responsiveness between the three strains it proved a

relatively insensitive indicator of antibody production.

B. The Response of Hooded Strain Rats to Three Courses

of Normal Equine IgG Administration

The second preliminary study was undertaken in order

to assess the production of antibodies in Hooded rats

injected intraperitoneally with 20 mg. of equine IgG

daily for 3# 10 or 21 days (equivalent to the standard

courses of equine anti-rat lymphocyte IgG therapy used

by various investigators in this department). The

animals (seven adult, males per experimental group)

were bled on days 0, 7, 14, 21, 28 and 42 and an immune

elimination study was commenced on day 25. A group of

five adult male, saline treated (10 day course) controls

was also included.

It will be observed from the results recorded in

Table 4 and Figure 9 that agglutinating antibodies were

not detected in the majority of experimental rats until

day 28 and even then a considerable number of animals in
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TABLE 4

THE RESPONSE OF HOODED STRAIN RATS TO NORMAL EQUINE IgG

Rat
Nos

Log^ Tanned Cell Titre Radioimmuno¬
diffusion

0 7 14 21 28 43 0 7 14 21 28 43

Immune
Elimination

(t^)hrs.

Soluble
Complex;
Day 28

1
2
3
4

5
6
7

- - - 1
1
3

- 2
- 1

- +

++ +

+

+

+

+

+

+

+

+

+

+

47

35

46
48
76

AVG 50 hrs,

++

++

8
9

10
11
12
13
14

_ _ 4
- - 8

1 1
- 5

6
2

9
5

8
6

+

+

+

+

+ +

++ +

- +
- +

+

+

+
+

+

+

+

+

+

+

24.5
18

24.5
24.5
43

AVG 27 hrs.

+

+

+

+

15
16
17
18
19
20
21
22

4 5
- 9

- 3
1 4

- - - - 5

_ + + ++ ++ +
- - - t +
- - t + +
- + ++ ++ ++ +
- - t ++ ++ +

— — — + +
— — + ++ ++ +

17
30

24.5
43
17

17
30

AVG 26 hrs.

+

+

23
24
25
26
27

+ -

+
- +

+

94
104
94
94

AVG 96 hrs.

N.B. Gel diffusion analyses on day 28 sera - All results
negative. Delayed hypersensitivity on day 28 -

All results negative.
See also Figs. 9, 10 and 11
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THE RESPONSE OF HOODED STRAIN RATS TO NORMAL EQUINE IgO

Figure 9• Note that the development of anti-equine XgG
antibodies in rats injected for 3> 10 or
21 days with antigen were first detected by
radioimmuno gel diffusion. + gradings
refer to the average intensity of autoradio¬
graphic exposure in each group. The response
of saline control rats follows the administration
of equine IgG at the commencement of the study
of immune clearance on day 25•



120

IMMUNE ELIMINATION OF 131I-EQUINE IgG IN HOODED RATS
-DOSE DEPENDENCE-

TIME IN HOURS

131
Figure 10: The rates of I-equine IgG immune clearance

in rats injected with antigen for 3> 10 and
21 days suggests that sensitization was

greatest in animals treated over the longer
c our s e s .
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SOLUBLE Aq/Ab COMPLEXES IN RATS INJECTED WITH NORMAL EQUiNE IqG

Figure 11: Radioimmuno gel filtration analysis of labelled
equine IgG in the serum of rats on various
courses of antigen. Following the courses of
IgG indicated, serum samples were collected from
animals (Nos. 1, 12, 19 and 23 from Table 4)
three days following the commencement of immune
elimination studies with ultracentrifuged
-*-31i-labelied equine IgG. Protein distribution
is represented by "©" and isotope distribution
by "o". The G-200 Sephadex fractionations
and isotope countings were performed within
48 hours of each other. The level of
circulating antigen-antibody complexes were

highest in animals receiving short courses
of treatment.
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all groups still gave negative results. At that time

animals treated for 3 days appeared slightly less

responsive than those on other injection schedules.

In contrast, radioimmuno gel diffusion indicated antibody

production in some animals in all three groups of IgG

treated rats as early as the 7th day. Immune elimination

of labelled antigen (see Table 4 and Figure 10) was less

marked in the group receiving the shortest injection course

(t% = 50 hours) while animals treated for 10 or 21 days

demonstrated similar antigen half-life results (t^ = 27

and 26 hours). Sephadex G 200 radioimmuno gel filtration

analysis of day 28 sera (see Table 4 and Figure 11) indicated

the formation of circulating complexes in all animals

receiving equine IgG (with the exception of one low

responder in the 3 day group). As indicated in Figures 10

and 11, the levels of antigen recoverable in the sera of

representative test rats were inversely related to the

immune elimination rate for each group. Both delayed

hypersensitivity and immunodiffusion analyses performed

on day 28 failed to demonstrate immune responsiveness in

any of the 23 animals tested, thus confirming the relative

insensitivity and unreliability of these techniques as

parameters of immune responsiveness.

C. The Distribution of Normal. Ultracentrifiuqed and

125
Passaged I-labelled Equine IqG in the Serum of

Hooded Rats

The distribution of normal, ultracentrifuged and passaged
125

I-labelled equine IgG in the serum of Hooded rats was



123

assessed by Sephadex G-200 radioimmuno gel filtration

following the intracardial administration of the

preparations. Nine adult male Hooded rats were divided

into three groups and injected on day 0 with either 6.0 mg.

of normal, ultracentrifuged or biologically passaged iodine
125

-labelled equine IgG, prepared by the methods already

described (see Materials and Methods, Section II.F).

The animals were bled at 2 hours, 7, 14, 21 and 28 days

following injection. 0.5 ml. aliquots of the sera

collected on these occasions were fractionated and assayed

for the distribution of protein and isotope as previously

outlined (see Materials and Methods, Section III.A.2).

The serum distribution of normal and aggregate-free

equine IgG preparations was investigated for two reasons.

First, owing to the tolerogenic properties of some

aggregate-free serum proteins (see Section I, Introduction)

it was considered desirable to compare the fate of monomeric

and normal equine IgG preparations over a period of time

in the circulation of Hooded strain rats. Secondly, it

was important to test the applicability of the radioimmuno

gel filtration technique in the determination of immune

reactivity and soluble immune complex formation as a

valuable adjunct to other primary serological assay

procedures.

The results of this study are recorded in Table 5

and graphically illustrated in Figure 12. It is of note

that a shift in the distribution of either ultracentrifuged

or passaged material from the 7S to 10S or 1SS effluent

fractions occurred between the first and second weeks.
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TABLE 5

DEVELOPMENT OF ANTIBODIES IN RATS INJECTED V7ITH

NORMAL AND AGGREGATE-FREE EQUINE IcfG

G-200 RADIOIMMUNOASSAY

Treatment
and

Animals

125
Serum distribution of I - IgG

2 hours day 7 day 14 day 21 day 28

Normal I125-IgG
1
2
3

*19S, 7S
19S, 7S
19S, 7S

19S, 10S, IS
19S, 10S, IS
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UCF I -IgG

1
2
3

7S
IS
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19S

19S, 10S -

Passaged I"*"2^-IgG
1
2
3

IS
IS
IS

IS
IS
IS

10S, IS
19S, 10S, 7S
19S, 10S, IS

10S, 7S
19S

-

* The appearance of radioactivity in the 19S fraction at
2 hours is due to the presence of aggregated protein in
this preparation. Examination of the sera at 24 hours
indicates that these pre-existing complexes are rapidly
removed. See also Figures 5 and 12.
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DEVELOPMENT OF ANTIBODIES IN RATS TO
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Figure 12: Radioimmuno gel filtration analysis of the
sequential distribution of 6.0 mg. of
aggregate-free and normal equine TgG in
the serum of representative rats suggested
that immune complexes were formed much
earlier in the serum of normal IgG recipients
and that antigen persisted longer in the
circulation of aggregate-free IgG treated
animals.
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In contrast, the normal equine serum globulin component

elicited a detectable shift in serum distribution by

the 7th day.

Following the initial 24 hour clearance of 19S and

10S equine 1'gG conjugates (formed during the process of

fractionation from normal horse serum and the ;isotope

labelling procedure) the subsequent appearance of

labelled protein in the 19S and 10S fractions of rat

serum was indicative of soluble antigen - antibody

complex formation. Presumably the relative immuno-

genicity of the antigenic form is reflected by the rate

of appearance of circulating complexes and eventual

elimination of the labelled protein.

II. ATTEMPTS TO INDUCE TOLERANCE TO EQUINE IgG

IN ADULT RATS

The following investigations aimed at inducing

specific immunological unresponsiveness in adult rats

may be summarised at those involving,

1) the administration of aggregate-free IgG

preparations,

2) the direct confrontation of lymphoid cells with

antigen, and

3) specific immunosuppression with cyclophosphamide.

A. High Dose of Ultracentrifuqed Normal Equine IgG

Three groups of ten admit male Hooded strain rats

received a ten day course of intraperitoneal injections



TABLE6 HIGHDOSESOFULTRACENTRIFUGED(AGGREGATE-FREE)EQUINEIgG ANTIBODYASSAY
TANNEDCELL*

I.E.tJfhr.

SOL.COMPLEX

DAYOFASSAY

24

25

28

SALINECONTROL

0

(0)

+40
(-10.8)

NONE

NORMALIgG

2.8

(±0.6)

17

(13.6)

COMPLETE ELIMINATION

UCF'DIgG

3.2

(±0.7)

19

(±4.6)

COMPLETE ELIMINATION

*LOG2AGGLUTINATIONTITRE (t)STANDARDDEVIATION NOTETHATALTHOUGHAGGLUTININPRODUCTIONWASLOWINALL ANIMALSIMMUNEELIMINATIONWASOBSERVEDBYWHOLEBODY COUNTINGANDSOLUBLEAG:AbCOMPLEXFORMATIONANALYSIS
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of 20 mg. per day normal or ultracentrifuged IgG or 1 ml.

of sterile physiological saline. The results recorded

in Table 6 suggest that the intraperitoneal administration

of large doses of aggregate-free equine IgG does not induce

tolerance in Hooded strain rats. Comparable levels of

agglutinating antibody production were demonstrated in all

IgG injected animals 14 days following treatment.

Similarly, immune elimination was observed in both

experimental groups on day 25 while radioiramuno gel

filtration confirmed the complete elimination of isotopically

labelled, aggregate-free IgG on day 28.

B. Intravenous Injection of Ultracentrifuqed Equine IqG

into X-irradiated Adult Rats

Based upon the assertion that presentation of a

soluble antigen during a period of impaired immuno-

conqpetence might lead to a reduced response to later

antigenic challenge, adult male Hooded rats were injected

intracardially with ultracentrifuged equine IgG (20 mg. per

rat) three days after sublethal (500 rads) whole body

x-irradiation and challenged 28 days later with 10 mg.

of normal equine IgG and 10 mg. of bovine serum albumin

combined with Freund's complete adjuvant. Two weeks

after challenge test animals and x-irradiated phosphate

buffered saline controls were bled immediately prior to

a study of immune elimination and again one week later.

The sera were assayed for antibodies to bovine serum

albumin and normal IgG by the Farr technique and passive

haemagglutination method respectively.



TABLE7 ULTRACENTRIFUGEDEQUINEIqGINX-IRRADIATEDADULTHOODEDRATS ANTIBODYASSAY
TANNEDCELL*

I.E.t^hr.

BSA**

DAYOFASSAY

4652

46

4652

UCF'DIgG

13.6
(0)(±1.9)

50

(±25)

8.622
(±6.3)(±16.6)

PBSCONTROL

01
(0)(±1)

40

(±18.3)

13.929
(±6.8)(±19.2)

*LOG2AGGLUTINATIONTITRE **%ANTIGENBOUNDAT1:10SERUMDILUTIONWAS RECORDEDDUETOTHEDEPRESSEDRESPONSIVENESS
OFX-IRRADIATEDANIMALS.

(±)STANDARDDEVIATION REDUCEDIMMUNERESPONSIVENESSAPPEARSA GENERALRESULTOFSUB-LETHALX-IRRADIATION
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A summary of the results (Table 7) suggests that
131

although the average half-life of I-labelled antigen

appeared slightly longer in ultracentrifuged IgG

recipients, the production of agglutinating antibodies

was nevertheless detected 24 days after challenge.

The response to a second antigen, bovine serum albumin,

was somewhat lower in x-irradiated rats than ordinarily

observed in normal untreated animals. This finding, in

addition to the extremely weak response of saline

controls to antigen challenge on day 23 indicated a

generalised diminution of immune responsiveness as

opposed to the induction of specific tolerance.

C. Intravenous Injection of Ultracentrifuqed Bovine

and Equine IqG In Adult Rats

Waksman and his colleagues (Scott and Waksman, 1968?

Horiuchi and Waksman, 1968 ) observed that the intravenous
a

injection of 20 mg. of bovine gamma globulin into intact

and thymectomised nonirradiated Lewis rats induced

tolerance to subsequent antigen challenge. Their

conclusion was based upon data derived from passive

haemagglutination, gel diffusion and skin reactivity

studies. Employing a similar protocol, an attempt was

made to induce tolerance to both bovine gamma globulin

and equine IgG in intact Hooded strain rats.

Adult female animals were injected intracardially

with 20 mg. of ultracentrifuged bovine or equine IgG

and challenged five days later with 100 ug. of the

appropriate antigen combined with Freund's complete
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adjuvant injected into the footpad. Control rats were

initially injected with sterile physiological saline.

Sequential bleeds were made on days 15, 25 and 37.

Skin reactivity to 20 ug. of intradermally injected

antigen was assessed on days 15 and 25 and a study of

immune elimination was commenced on day 37. The

measurement of immune responsiveness to the antigens

administered as outlined above are presented in Table 8.

The results indicate that the intravenous injection

of aggregate-free bovine gamma globulin depresses the

initial agglutinin response and somewhat retards the rate

of immune elimination at day 37. On the other hand the

response of rats pretreated in a similar manner with

equine IgG is relatively unaffected. In all cases it

was noted that the rate of immune elimination of both

antigens exhibited by test rats considerably exceeded

that of non-immune controls. The apparent divergence

in the day 37 agglutinin response of pretreated animals

compared with their immunised counterparts suggested

waning concomitant immunisation. However, the sub¬

sequent measurement of antigen-sensitive, rosette

forming cells in the spleens of representative animals

from each group did not substantiate this possibility.

It was also noted, as previously indicated, that the

measurement of skin reactivity was not a reliable method

of assessing immune responsiveness in Hooded rats.



TABLE8

i

INTRAVENOUSINJECTIONOFAGGREGATE-FREEBOVINEANDEQUINEIgG
ANTIBODYASSAY

TANNEDCELL*

I.E.t^hr.
SKINREACTIVITY

RFC/106

DAYOFASSAY

15

25

37

37

15

25

45

TREATMENT 20mg.i.v.BGG+BGG-FCA
2.8 (±1.4)

6.7 (±2.0)

9.0 (±1.8)

17.6(±6.1)
-

-

2607(4/10)

BGG-FCA

8.9 (±1.8)

6.0 (±2.4)

12

9.3(±2.9)

-

-

2741(4/10)

20mg.i.v.HGG+HGG-FCA
3.6 (±1.6)

8.5 (±1.8)

7.8 (±2.4)

15.9(±4.1)
-

-

2530(4/10)

HGG-FCA

3.2 (±1.3)

9

12

14.9(±4.7)
-

-

2411(3/10)

Non-Imm.BGGCont.

-

-

-

41(±6.6)

-

-

0

Non-Imm.HGGCont.

-

-

-

37(±10.5)

-

-

0

*LOG2AGGLUTINATIONTITRE
()NOS.ANIMALSTESTEDFORRFC (±)STANDARDDEVIATION

f—1
u>

to
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D. The Direct Confrontation of Lymphoid Tissue with

Soluble Antigen In Vitro and In Vivo

Encouraged by the findings of Waksman and his co¬

workers (Scott and Waksman, 1968,* Horiuchi and Waksman,

1968q concerning the induction of specific
immunological tolerance in rats resulting from the

in vitro and in vivo confrontation of intact lymphoid

tissues with soluble bovine gamma globulin, an attempt

was made to repeat these studies using normal and

aggregate-free preparations of equine IgG in non-

thymectomised adult Wistar rats. In addition to the

assay procedures employed by the previous workers (gel

diffusion, passive haemagglutination and skin reactivity),

the presently reported investigations included the radio-

iramuno gel diffusion procedure, immune elimination of
131

I-lahelled antigen and rosette forming cell assays

where it was felt further confirmation of results was

required.

1 Repopulation of X-irradiated Recipient Rats With

Spleen Cells Treated With Equine IqG In Vitro

Intact rat spleens were injected with 5 mg. (0.25 ml.)

of ultracentrifuged equine IgG and incubated in vitro for

30 minutes at room temperature. The spleens were then

teased apart, the cells were washed (X3) in sterile
g

phosphate buffered saline and 100 X 10 viable cells

were injected intravenously into sublethally X-irradiated

recipients (500 rads of whole body irradiation). Control

recipients were repopulated with spleen cell suspensions

from either intact spleens injected and incubated with



TABLE9 REPOPULATIONOFX-IRRADIATEDRECIPIENTSWITHSPLEENCELLSTREATED WITHEQUINEIqGINVITRO
ANTIBODYASSAY
TANNEDCELL*

I.E.t%hr.

B.S.A.**

DAYOFASSAY

28

42

28

28

42

INTACTSPLEEN PLUSIgG

5.0 (±1.1)

00

—

•
"st1

o
• !

i—i i—i

-M

21 (±11)

6.3 (±2.4)

10 (±4.1)

SPLEENCELLS PLUSIgG

2.0 (±2.0)

6.5 (±0.5)

27 (±3)

3.3 (±2.2)

5.7 (±2.8)

INTACTSPLEEN PLUSSALINE

2.4 (±2.0)

6.5 (±3.1)

31 (±13)

5.0 (±1.6)

8.3 (±3.3)

*LOG2AGGLUTINATIONTITRE **ANTIGENBINDINGCAPACITYOFSERA (+)STANDARDDEVIATION NOTETHATINVITROPRE-INCUBATIONOFINTACT SPLEENANDNORMALEQUINEIgGLEADSTO SENSITISATIONOFX-IRRADIATEDRECIPIENTS
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phosphate buffered saline or to which 0.1 mg. of ultra-

centrifuged IgG was added immediately before repopulation

(i.e., equivalent to the amount of antigen adherent to

the spleen cell suspension following incubation and

washing). Two days following cell transfer all animals

(12 rats per group) were challenged with 10 mg. of equine

IgG in Freund's complete adjuvant and 10 mg. of bovine

serum albumin similarly administered.

Assessment of the immune responses to the two antigens

in repopulated recipients, outlined in Table 9, indicates

that the transfer of spleen cells treated in vitro as

intact sple»n with ultracentrifuged equine IgG primes

the host for anti-IgG antibody production and does not

induce tolerance.

It should be noted that the meagre response of

recipient rats receiving the spleen cell suspension to

which ultracentrifuged IgG was added immediately prior to

repopulation might be attributed to the weak antigenicity

of the IgG in the ultracentrifuged form and the relatively

small amount (0.1 mg.) of material injected into each

animal.

2 The In Vivo Intralymphoid Injection of Normal

and Aggregate-free Equine IqG Preparations and

Tolerance

Observations by Staples, Gery and Waksmnn (1966) and

Horiuchi and waksman (1968a upon the tolerogenic
effects of bovine gamma globulin injected directly into

the lymphoid organs of rats stimulated further investigations

into the possibilities of inducing tolerance to equine IgG
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by the same procedure.

The spleen, thymus and cervical lymph nodes of adult

line bred Wilstar strain female rats (10 animals per group)

were injected in situ with 0.2 ml. containing 0.2 mg. of

normal or aggregate-free, ultracentrifuged or passaged,

equine IgG preparations or normal rat serum. One week

later the animals were challenged subcutaneously with
1<^ mg. of normal equine IgG and 10 mg. of bovine serum

albumin both incorporated in Freund's complete adjuvant.

Non-operated, non-immune control rats (5 animals) were

included in each investigation. On days 21 and 38

all experimental and control rats were bled by cardiac

puncture and the sera subjected to the various assay

procedures recorded in Tables 10, 11 and 12.

In addition to serological assays, immune elimination,

skin reactivity and rosette forming cell assays were

undertaken at the times indicated in the appropriate

tables.

Intrasplenic injection of equine IqG in adult Wistar rats

The results of injecting ultracentrifuged or normal

equine IgG directly into the spleen (see Table 10) suggest

that there is no significant difference between

experimental and control animals following challenge.

Thus it must be concluded that the overall effect is not

the induction of specific immunological unresponsiveness.

Intrathymic injection of equine IgG in adult Wistar rats

The intrathymic administration of aggregate-free

(passaged and ultracentrifuged) antigen appeared to result
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in a slightly reduced responsiveness when compared with

the passive haemagglutination titre of animals injected

with normal equine IgG on day 21 and the number of

rosette forming cells per 106 spleen cells assayed on

day 56 (see Table 11). The rate of immune elimination

was also reduced in these animals but was nevertheless

greater than either normal rat serum recipients or non¬

immune controls. In general the injection of the less

antigenic passaged and ultracentrifuged material into the

thymus may be viewed as priming the recipient to a lesser

degree than normal equine IgG but does not induce specific

unresponsiveness.

Intra-lymph node inlection of equine IgG in adult Wistar rats

The injection of 0.1 rng. of aggregate-free and normal

equine IgG into each of 2 cervical lymph nodes in Wistar

rats appears to diminish only slightly the immune

reactivity of recipients when compared with immune and

non-immune controls (see Table 12). Test animals

exhibiting the weakest response throughout this investigation

(ultracentrifuged IgG recipients) also gave the lowest

anti-bovine serum albumin titres. The mean ABC of this

group exceeded, however, that of animals initially injected

with normal rat serurn (note similar findings in Table 11)

and a firm conclusion on this point is difficult to draw.

Attention should be focused upon the insensitivity

of the standard gel diffusion technique and the skin

reactivity procedures used in these investigations.

Although antibodies to both equine IgG and bovine serurn

albumin were clearly demonstrated by other procedures these

assays rarely gave positive results.



TABLE10
INTRASPLENICINJECTIONOFEQUINEIgGINADULTWISTARRATS

ANTIBODYASSAY
TANNED
CELL*

RID**

GEL

DIFF.

IoE.tighr.

RFC/106

BSA***

IgG

BSA

DAYOFASSAY

21

38

38

38

38

38

74

38

UCF'DIgG

4

(±3.3)

9 (±0.6)

+

-

-

54 (±12.2)

10400(2/10)
4.1 (±3.0.)

NORMALIgG

1

(0)

9 (±1.9)

+

-

-

48 (±15.9)

8,800(2/8)

5.4 (±4.2)

N.RATSERUM

2.2 (±1.7)

9 (±2.2)

+

-

-

49 (±8.6)

5,600(2/7)

4.4
(±3.2)

NON-IMM.CONT.
0

(0)

0

(0)

-

-

-

89 (±13.2)

450(2/5)

0

LOG2AGGLUTINATIONTITRE RAD10IMMUNODIFFUSION ANTIGENBINDINGCAPACITY NOSANIMALSTESTEDFORRFC STANDARDDEVIATION NOTETHATTHEINTRASPLENICINJECTIONOFAGGREGATE-FREEOR NORMALEQUINEIgGDOESNOTDIMINISHTHECAPACITYOFTHE RECIPIENTTORESPONDTOLATERCHALLENGE.
*

**

*** () (1)



TABLE11

INTRATHYMICINJECTIONOFEQUINEIqGINADULTWISTARRATS
ANTIBODYASSAY
TANNED
CELL*

GEL

DIFF.

RFC/106

BSA-ABC**

IgG

BSA

I.E.t^hr.

DAYOFASSAY

21

38

38

38

38

56

38

PASSAGEDIgG

3.8 (±1.5)

8.6 (±2.8)

-

-

40 (±20)

4,600(6/10)

4.12 (±3.5)

UCF'DIgG

2.5 (±2.9)

9 (±1.5)

-

-

41 (±18.3)

1,051(4/5)

5.07 (±5.1)

NHIgG

8 (±2.8)

9

(0)

-

-

34 (±18.9)

12,161(6/8)

7.19 (±5.1)

N.RATSERUM

3.5 (±1.3)

8.1 (±1.6)

-

-

45 (±13.3)

5,940(5/8)

3.30 (±4.2)

NON-IMM.CONT.
0

0

-

-

62 (0)

650(3/3)

0

*LOG2AGGLUTINATIONTITRE
**ANTIGENBINDINGCAPACITY

()NOSANIMALSTESTEDFORRFC (1)STANDARDDEVIATION NOTETHATTHEINTRATHYMICADMINISTRATIONOFEQUINEIgG PREPARATIONSDOESNOTINDUCE'TOLERANCE.



TABLE12

INTRA-LYMPHNODEINJECTIONOFEQUINEIqGINADULTWISTARRATS
ANTIBODYASSAY
TANNED

GELDIFF.
I.E.t^hr.

RFC/105

HTC/SPLEEN
D.H.**

BSA-ABC***

Ux±Liij

IgG

BSA

DAYOFASSAY

21

38

38

38

38

65

65

41

38

PASSAGEDIgG

1.5 (±1.2)

4.4 (±1.85)
-

-

35 (±12.8)

3,133(5/9)
0.86x106

-

13.1
(±4.6)

UCF'DIgG

1.8 (±1.5)

2.7 (±1.37)
-

-

42 (±23.6)

1,603(3/6)
0.41x106

-

6.7

(±3.7)

NHIgG

2.0 (±1.3)

4.4 (±2.1)
±2/10

±2AO

30 (±23.6)

3,925(6/9)
1.10x106

-

12.5
(±7.1)

N.RATSERUM

2.2 (±0.9)

4.8 (±2.0)
+4/9

+1/9

20 (±6.6)

4,912(3/10)
1.27x106

-

5.4

(±6.4)

NON-IMM.CONT.
0

0

-

-

66

(±5)

432(4/4)
0.06x106

-

0

*LOG2AGGLUTINATIONTITRE
**DELAYEDHYPERSENSITIVITY-SKINREACTIVITY

***ANTIGENBINDINGCAPACITY ()NOSANIMALSTESTEDFORRFC (i)STANDARDDEVIATION
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E. Specific Immunosuppression Using Cyclophosphamide

Evidence presented by Russell and Denman (1969),

Kawaguchi (1970), Many and Schwartz (1970) and Stockman

and Trentin (1972) has suggested that the antimitotic

activity of cyclophosphamide on cells stimulated by

rabbit anti-mouse lymphocyte globulin, bovine gamma

globulin and normal equine gamma globulin is capable

of producing a state of specific unresponsiveness to

subsequent challenge with the corresponding antigen

in adult mice. An attempt to achieve similar drug

induced specific tolerance to normal equine XgG in

Hooded rats was therefore undertaken using a slight

modification of previously successful protocols.

Following isolation from other stock and the

administration of terramycin in their drinking water

to reduce intercurrent infection, adult female Hooded

rats were weighed (the underweight animals being

discarded) prior to antigen stimulation with 20 mg.

of normal equine IgG or 1 ml. of sterile saline injected

intraperitoneally on day -7. On day -5 one group of

12 antigen stimulated rats and one group of 12 non-

stimulated saline recipients were injected subcutaneously

with 100 mg. per kilogram body weight cyclophosphamide

(Endoxana, Ward, Blenkinsop & Co., Ltd., Fulton House,

Empire Way, Wembley, Middlesex). A third and fourth

stimulated and unstimulated control group (10 rats per

group) received no cyclophosphamide. All animals were

challenged with 20 mg. of soluble equine IgG and 10 mg.

of bovine serum albumin combined with Freund's complete
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TABLE 13

THE ATTEMPTED INDUCTION OF ANTIGEN SPECIFIC IMMUNO=

SUPPRESSION WITH 100 mq.Aq. CYCLOPHOSPHAMIDE

ANTIBODY ASSAY TANNED CELL* I.E.t^hr. BSA-ABC

DAY OF ASSAY 25 25 48

TREATMENT

IgG-CY-IgG 1.2 (+1.2) 25 53.8 (±9.2)

Saline-CY-IgG 0.5 (±0.9) 24 45.9 (±16.8)

IgG IgG 2.5 (+1.2) 20 84.9 (±33.5)

Saline-IgG 1.6 (+1.2) 21 80.5 (±37.0)

Non-iram.Cont. 0 37

*

log2 agglutination titre
(1) standard deviation
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TABLE 14

THE ATTEMPTED INDUCTION OF ANTIGEN SPECIFIC IMMUNO¬

SUPPRESSION WITH 200 mq.Aq. CYCLOPHOSPHAMIDE**

ANTIBODY ASSAY TANNED CELL* R. I. D. I.E.t^hr.

DAY OF ASSAY 25 32 25 32 25

TREATMENT

IgG-CY-IgG 0.2 0.3 -

+
52

Saline-CY-IgG 1.0 1.7
+ + 54

IgG IgG 1.0 4.3 + ++ 55

Saline-IgG 2.0 2.6 + ++ 49

*

LOG2 AGGLUTINATION TITRE
(1) STANDARD DEVIATION

** 200 mg.Ag. CYCLOPHOSPHAMIDE PROVED
LETHAL AND THE RESULTS PRESENTED ABOVE
REPRESENT THE RESPONSES OF ONLY A
MINORITY OF SURVIVORS
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adjuvant on day 0. Serum was obtained prior to an

immune elimination study of 5 mg. of ultracentrifuged
131

I-labelled equine IgG begun on day 25 following challenge.

The results of this study, recorded in Table 13,

indicate little specific immunosuppression on day 25

resulting from the experimental protocol at a cyclo¬

phosphamide dosage of 100 mg. per kg. The non- specific

suppression suggested by the slightly reduced agglutinin

titres and minimally extended half life values for drug

treated animals is further substantiated by the depressed

bovine serum albumin binding capacities observed in these

rats.

In ancitipation that a higher dosage of cyclophosphamide

would have a more pronounced tolerogenic effect the

experiment was repeated. The only modification of the

experimental schedule outlined above was the administration

of 200 mg. per kilogram body weight cyclophosphamide.

Although, as illustrated in Table 14, the higher dose

of alkylating agent appeared to depress the agglutinin

response to equine IgG, the results of the immune

elimination study indicate little difference between

groups. Unfortunately, the higher dose of cyclophosphamide

proved exceptionally toxic and too few treated animals

remained after the fourth experimental week to warrant

the assessment of bovine serum albumin binding capacity

or further investigations of anti-equine IgG antibody

production.
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III. THE INDUCTION OF TOLERANCE TO EQUINE IgG

IN NEONATAL HOODED RATS

Having achieved little success in the induction of

tolerance to normal or aggregate-free equine IgG in

intact or immuno-depressed adult Hooded and itfistar strain

rats the following investigations were undertaken in an

attempt to demonstrate neonatal unresponsiveness to normal,

ultracentrifuged and passaged forms of the antigen.

A. NeonatsL Administration of Ultracentrifuqed Equine IqG

Hooded rats of both sexes (24 test and 19 control

animals) were injected intraperitoneally with 1.0 mg. of

ultracentrifiuged IgG within 24 hours of birth. Thereafter

two maintenance injections of 1 mg. and 4 mg. of ultra¬

centrifuged antigen were given at one and two months.

At three months all rats, including saline control

littermates, were challenged with 10 mg. of bovine

serum albumin in Freund's complete adjuvant and 10 mg.

of soluble normal equine IgG injected subcutaneously.

Ten days follov>?ing the primary challenge, an immune
131

elimination study of 5 mg. I-labelled ultracentrifuged

equine IgG was begun. Two weeks thereafter the rate

received a second challenge with 10 mg. of IgG in

adjuvant and ten days later a second immune elimination

study was carried out. All animals were bled prior to

each challenge and immune elimination analysis.

It will be observed from Table 15 and Figures 13

14 that neonatal ultracentrifuged IgG recipients were
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NEONATALINJECTIONOFULTRACENTRIFUGEDEQUINEIqG; ANTIBODYASSAYSUMMARY
ANTIBODYASSAY

TANNEDCELL*
R.I.D.

I.E.hr.
SOLUBLECOMPLEXES

BSA-ABC

DAYOFASSAY

90124

124

100124

124

114

uCF-NEqlgG
NEONATAL TREATMENT

Control

15 {±2.2)(±2.9)
-

6162 (±14.2)(±17.2)
-

7.5 (±5.2)

08
(±2.1)

++

6017 (±16.6)(±13.6)
Complete Elimination

5.6 (±2.9)

*LOG2AGGLUTINATIONTITRE (1)STANDARDDEVIATION VALUESINCLUDEONEHIGHRESPONDEROUTOFTWENTYFOUR TESTANIMALSANDONELOWRESPONDERINTHECONTROL GROUPOFNINETEENRATS
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IMMUNE ELIMINATION OF ,31I-EQUIIME IgG.
NEONAIAL INJECTION OF ULTRACENTRIFUGED EQUINE IgG
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T
go eo 100

time IN HOURS

key:
ucf'd IgG NEONATES

CONTROL NEONATES ^ +"

131
Figure 3-3 ' Whole body immune elimination of I-equine

IgG following neonatal injection of ultra-
centrifuged antigen: Non-immune elimination
of antigen is indicated after primary and
secondary challenges in animals injected
within 2k hours of birth with 1 mg. ultra-
centrifuged IgG.
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SERUM DISTRIBUTION OF EQUINE IgG IN
NEONATALLY INDUCED TOLERANT

HOODED RATS

KEY:

RELATIVE DISTRIBUTION

PROTEIN
ISOTOPE

7S A5S

TOLERANT

CONTROL

EFFLUENT VOLUME-ml

Figure 14: Radioimmuno gel filtration analysis of labelled
equine IgG in the serum of neonatally induced
tolerant and control rats: Isotopically
labelled antigen is eliminated from the serum
of immune controls while no complexes are noted
in the serum from tolerant rats within 24 hours
of injection with ultracentrifuged -^Ij-equine
IgG on day 124.
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markedly less responsive to the test antigen than saline

controls. With the exception of an inexplicably high

passive haemagglutination titre of day 124, the animals

displayed a complete tolerance to the soluble and adjuvant-

associated antigen throughout the duration of the experiment.

The ability of the test rats to produce antibody to a

second antigen was not diminished by neonatal exposure

to equine IgG.

B. Neonatal Administration of Biologically Filtered

Equine IqG

0.2 ml. of rat serum containing 0.2 mg. of passaged

normal equine IgG was injected intraperitoneally into 6

Hooded rats within 24 hours of birth. Control litter-

mate groups (containing 6 rats per group) received

comparable amounts of NEqlgG in either normal rat serum

or sterile saline administered by the same route of

injection. Three monthly injections of 2 mg. normal

equine IgG were given via the lateral tail vein to all

animals as maintenance doses. At 111 days all rats

were bled by cardiac puncture prior to primary challenge

with 10 mg. NEqlgG in saline and 10 mg. of bovine serum

albumin in Freund's complete adjuvant. The schedule of

challenges and immune elimination studies in this

experiment were the same as those described in the

previous experiment with the exception of the age of the

rats at the first challenge.

The results of this investigation, summarised in

Table 16 and Figure 15, indicated a generally depressed
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responsiveness to the neonatally administered antigen

with little observable difference between groups.

Evidence of some anti-equine IgG antibody production

in all three groups of neonatal recipients prior to the

first challenge injection is indicated by the results of

radioimmuno gel diffusion and passive haemagglutination

analyses on day 111. Although soluble complexes were

not detected by radioimmuno gel filtration following the

in vitro incubation of labelled antigen and day 111 rat

sera this may reflect the existence of low levels of

antibody and the limitations of assessing semiquantitative

data under such conditions. At a later stage (day 155)

antibodies to equine IgG were detected by primary,

secondary and tertiary assay procedures. Responsiveness

to a second antigen, bovine serum albumin administered

in Freund's complete adj\ivant, appeared unaffected by

neonatal exposure to equine IgG.
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NEONATALINJECTIONOFPASSAGEDEQUINEIqG: ANTIBODYASSAYSUMMARY
ANTIBODYASSAY

TANNED
CELL*

R.I

•D.

I.E.

thhr.

SOLUBLE
COMPLEXES
BSA-ABC

DAYOFASSAY

111

155

111

155

121

155

111

175

155

NeonatalTreatment NEqlgG-Saline

2.3 (±2.6)

12 (±1.4)

+

++

71 (±2.5)

42 (±10.6)

-

+

5.7 (±2.9)

NEqlgG-NRS

2 (±1.5)

12

+

+

76 (±9.1)

47 (±12.8)

-

+

5.2 (±2.5)

PassagedIgG

2.5 (±2.3)

10 (±5.0)

+

++

77 (±6.5)

46 (±5.6)

+

6.0 (±3.1)

*LOG2AGGLUTINATIONTITRE (±)STANDARDDEVIATION
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IMMUNE ELIMINATION OF 131I-EQU!NE IgG.
NEONATAL INJECTION OF PASSAGED EQUINE IgG

FOLLOWING PRIMARY IgG CHALLENGE

1 1 1 1 1 ^
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Figure 15: Non-immune elimination of I-equine IgG

following primary and secondary challenges
of neonatal rats treated with normal and

passaged antigen: The neonatal administration
of normal equine IgG with saline or normal rat
serum or of passaged antigen results in the
non-immune elimination of antigen.
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DISCUSSION

The theoretical advantages of inducing tolerance to

antilymphocytic antibody of heterologous origin are those

that are most likely to accompany the long-term administration

of the product. In relation to the prolongation of

allograft survival these may be viewed as 1) prolonged

immunosuppression, 2) the possible establishment of

allograft tolerance or enhancement and 3) the possible

antigenic adaptation of the grafted tissue. Further

practical advantages to be gaineld by the abolition of

antibody production directed against the heterologous

protein are those associated with the circumvention

of allergic complications that may attend its administration.

These include a reduced incidence of anaphylactic reactions

and the development of immune complex disease which may,

in some cases, prejudice the structural and functional

integrity of the allograft.

Although the induction of tolerance to equine anti-

rat lymphocyte globulin may present problems quite distinct

from those encountered in a study of unresponsiveness to

the normal heterologous protein, the latter course was

chosen as a point of embarkation for these investigations.

This approach was adopted as the result of previously

published reports indiaating the successful induction of

tolerance to antilymphocyte antibody preparations of various

origins by prior abrogation of responsiveness to normal

globulin (Raju and Grogan,1969; Hardy, Quint and Monaco,

1970; Wood, 1970? Simmons et al„, 1970; Butler and
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Rossen, 1971; Stockman, Judd and Trentin, 1972).

The data presented in this thesis indicates that

the specific abolition of immune responsiveness has

remained an elusive target using normal equine IgG

in the adult rat.

It was established in the first experiment that

the animals used in the following experiments were capable

of responding to the heterologous protein combined with

Freund's complete adjuvant by the production of

agglutinating and (with the exception of tfistar strain

rats) precipitating antibodies. In addition, the radio-

immuno gel diffusion technique was shown to be a more

sensitive and reliable indicator of antibody production

than either the passive haemagglutination or gel diffusion

tests.

Satisfied that the inbred Hooded strain rats were

not immunological "cripples", a subsequent experiment was

undertaken to elucidate the responsiveness of those animals

to three courses of soluble normal equine IgG. Aside

from confirming and extending earlier findings pertaining

to the relative sensitivity of the antiloody assays employed,

this study indicated that the experimental animals were

capable of responding to the antigen administered v/ithout

adjuvant and that responsiveness was in general related

to the dose given.

The third preliminary study indicated the suitability
m

of the radioimmuno gel filtration procedure in assessing

the aggregate-free character of ultracentrifuged and

passaged equine IgG preparations and illustrating the
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formation of immune complexes in the serum of experimental

animals.

Having established adequate means for assessing the

induction of tolerance to whole normal equine IgG in the

rat model a series of experiments were undertaken in

which methods successfully employed in the establishment

of immunological unresponsiveness to a number of hetero¬

logous proteins were used.

High doses of normal equine IgG were found by prelim¬

inary observation to be immunogenic. Earlier studies by

Dresser (1961) had indicated that the presence of antigenic

components in a heterologous protein preparation may mask

tolerance. Furthermore/ aggregates resulting from the

denaturation of protein upon fractionation or storage are

known to be antigenic and it has been held by many that

the administration of aggregate-free heterologous gamma

globulin induces specific tolerance upon subsequent

antigenic challenge (Dresser and Gowland, 1564; Howard

et al., 1969; Golub and Weigle, 1969; Fujiwara, 1970,

1971). The data presented in Table 6 indicates that a

total of 100 mg. of ultracentrifuged equine IgG did not

result in immunological unresponsiveness. This finding

suggests that the antigenicity of the normal equine IgG

preparation employed was not dependent upon the presence

of an aggregated form of the protein molecules. These

results stand in apparent contrast to a number of other

studies in which immunological unresponsiveness has been

claimed to result from the administration of aggregate-free

normal equine IgG (see for example, Land et al., 1969, 1970;
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Butler et al., 1960).

Seeking to reduce immunological competence prior to

the injection of aggregate-free equine IgG experimental

rats were given 50C rads of whole body X-irradiation.

Previous work by Schwartz and Damashek (1963) and others

using a variety of immunosuppressive agents had indicated

that diminished immunological responsiveness was conducive

to the induction of tolerance to protein antigens. The

results of administering a sublethal dose of ionising

irradiation to rats prior to aggregate-free equine IgG

are somewhat equivocal (see Table 7). On the one hand,

the rate of immune elimination of antigen on day 46

appeared to be lower in test animals yet antibodies

were indicated on day 52 by passive haemagglutination.

The large standard deviation within the two groups assessed

for clearance of the antigen do not make the situation any

more lucid. However, it might be argued that either

partial tolerance was established or that the antibody

produced by test animals acted as an impediment to immune

clearance rather than enhancing it (see Alpers, Steward

and Soothill, 1972). In any case this experiment could

have been improved by including additional serological

and cellular assays in order to gain a more comprehensive

picture of antibody production and the antigen reactivity

of T and B cells.

Having failed to induce immunological tolerance to

equine IgG by the injection c£ aggregate-free antigen into

intact or X-irradiated recipient rats a comparison of the

relative tolerogenicity of normal equine and bovine IgG
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preparations was undertaken. Numerous studies have

demonstrated unresponsiveness in mice (Dresser, 1962,

1963, 1965? Claman, 1963? Claman and Bronsky, 1966),

rats (Staples, Gery and Waksman, 1966? Scott and

Waksman, 1968) and guinea pigs (Streilein and Hildreth,

1965) to hovine gamma globulin administered under various

experimental conditions. Moreover a growing number of

clinicians have attempted to induce tolerance to equine

anti-human lymphocyte globulin preparations by pre-

treatment with normal aggregate-free (ultracentrifuged)

IgG (see for example, Butler et al., 1969? Butler and

Rossen, 1971? Weksler et al., 1970, 1971? Taub et al.,

1969? Moberg et al., 1970 ? Gewurz et al., 1971)?
O

thereby adapting to man a model which had been used

in animals to prevent (or reduce) sensitisation to

antilymphocyte globulin (Lance and Dresser, 1967?

Denman and Frenkel, 1967? Howard, Dougherty and

Mergenhagen, 1968? Golub and Weigle, 1969? Land et al.,

1969).

The results of this investigation suggested that

the production of agglutinins directed against bovine

gamma globulin was retarded by pretreatment with aggregate-

free antigen. Similarly, the rate of immune clearance of

this antigen was somewhat slower than that of immunised

controls. On the other hand, agglutinin production in

animals pretreated with normal equine IgG was not notably

diminished during the first four weeks following immunisation.

Thus, certain antigenic differences between the two serum

protein preparations were apparent. Hcrwever, in agranment
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with the findings of Najarian and his colleagues (1970,

1971), pretreatrnent with intravenously administered

aggregate-free equine IgG did not induce unresponsiveness

to later challenge. The apparent clinical success of

aggregate-free normal equine IgG induced tolerance to

subsequently administered antilymphocytic globulin

reported by others (Butler e± al., 1969; Butler and

Rossen, 1971; Weksler et al., 1970, 1971; Taub et al.,

1969) may reflect drug-mediated hyporesponsiveness or the

suppression of antibodies capable of producing secondary

and tertiary immunological phenomenae. In addition, it

is important not to overlook antigenic differences between

one serum protein preparation and another that may be

attributed to variations in preparative techniques or

storage conditions which may be associated with anti-

genically diverse products or protein denaturation.

Studies of immune responses in vitro suggest that

close contact between phagocytic or antigen presenting

cells and immunologically competent lymphocytes may be

required in the initiation of the immunological response

to certain antigens (Fishman, 1959; Ford, Gowans and

McCullagh, 1966; Gallily and Feldman, 1967). It has

been suggested that by circumventing the phagocytic step

and presenting soluble antigen directly to antigen-reactive

cells immunisation might be avoided and tolerance produced

instead (Dresser, 1962; Frei, Benacerraf and Thorbecke,

1965). In this connection, Scott and Waksman (1968) have

shown that unresponsiveness to bovine IgG could be achieved
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In vitro provided that the structural integrity of the

lymphoid organ injected with soluble protein antigen was

maintained. However, in the presently reported studies

it was found that X-irradiated recipients repopulated

with lymphoid cells from intact spleens incubated in vitro

with ultracentrifuged equine IgG appeared to be sensitised

to the test antigen. Apart from the probable basic

differences in antigenicity between equine and bovine IgG

the apparent discrepancies may be attributed to differences

in experimental protocol. For example, the divergent

results might possibly be due to the use of thymectomised,

X-irradiated recipients in the earlier study. However,

according to results presented by Scott and Waksman (1968)

thymectomy made little if any difference to their findings.

It should also be noted that in the presently reported study

injected spleens were incubated in vitro for 30 minutes as

opposed to 2 hours. The extent to which this variable

would account for the observed differences is arguable.

Cell transfer experiments by Mitchison (1967) indicated

that between 10 minutes and 2 hours were required for the

in vivo induction of tolerance to bovine and human serum

albumin in mice. Similar studies involving the transfer

of murine lymphoid cells following the injection of

tolerogenic human gamma globulin have indicated the

relatively rapid induction of tolerance in the thymus-

dependent cell population (Chiller and Weigle, 1971;

Weigle, Chiller and Habicht, 1972). However, it is

possible that the shorter period of incubation adopted

in this investigation was insufficient to achieve a
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degree of tolerance comparable to that reported by

Waksman and his colleague. On the other hand, the rate

of in vivo tolerance induction in Mitchison's model was

found to be directly related to the dose of tolerogen.

Therefore, the larger dose (100 mg. BGG per spleen) of

antigen employed in the earlier experiment (Scott and

Waksman, 1968) could also be held responsible for the

observed differences in the results.

It is perhaps worth noting that ultracentrifugation

of the normal equine IgG preparation did not avoid antigen

sensitisation of the incubated spleen cells. This finding

confirms earlier evidence suggesting that the immunogenic

component of the IgG product could not be eliminated by

deaggregation. However, it is realised that a certain

amount of denaturstion and aggregation could have occurred

upon 30 minutes incubation at room temperature.

Due largely to the work of Waksman and his colleagues

(Isakovic, Smith and Waksman, 1965; Smith, Isakovic and

Waksman, 1966; Staples, Gery and Waksman, 1966; Scott

and Waksman, 1968; Horiuchi and Waksman, 1968a an(q ^
attention has been focused upon the role of the thymus

in the induction of tolerance in the newborn and X-

irradiated adult animal and the possible inactivation

of immature lymphoid cells in central lymphatic organs.

It was found, for example,that bovine gamma globulin

introduced directly into the shielded thymus of rats

deprived of a competent peripheral lymphoid pool by

X-irradiation induced partial tolerance at 20 and 32 days

following challenge with the antigen in combination with
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adjuvant (Staples, Gery and Waksman, 1966). In a sub¬

sequent experiment Horiuchi and Waksman (1968^) injected
bovine IgG directly into the thymus, spleen or cervical

lymph nodes of intact adult rats. Employing secondary

and tertiary antibody assays in addition to measuring

delayed hypersensitivity these authors concluded that

the non-physiologic confrontation of lymphoid cells and

antigen tended to induce specific tolerance. Since

the degree of tolerance observed was directly related to

the dose of bovine IgG administered it was further

suggested that the extent of unresponsiveness was

dependent upon the nlimber of lymphoid cells contacted.

In the present experiments the intra-lymphoid organ

injection of soluble and aggregate-free preparations of

normal equine IgG into adult rats did not induce a degree

of tolerance comparable with that reported by Waksman's

group. Although marginal unresponsiveness after intra-

lymph node pretreatment was noted, in general, very little

separated the responses of test recipients from those of

immunised control rats. It might be said that the vivo

injection of soluble antigen into specific lymphoid organs

only exposes a small population of potentially reactive

cells to the tolerogenic effects of such a confrontation

and that any resulting systemic tolerance would present a

powerful argument in favour of a specific inhibitory

function of tolerant cells upon other potentially reactive

cells.

A practical point to be considered when assessing

data relating to the intralymphoid injection of antigen
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is that the possible leakage of antigen from an organ,

particularly in the case of a lymph node, may influence

any potentially tolerogenic effects of the procedure and

result in considerable experimental variation.

Furthermore, in considering the divergent results

of studies performed by Waksman and his colleagues and

the present investigations it is clear that bovine and

equine gamma globulin preparations may present a plethora

of distinct antigenic and tolerogenic components.

Several workers have indicated that an apparently non-

immunogenic fraction of bovine IgG exists and that the

bulk of antibodies produced in experimental animals are

directed against antigenic constituents of the heterologous

gamma globulin preparations (Dresser, 1961, 1963? Staples,

Gery and Waksman, 1966? Scott and Waksman,1968? Kong

and Wiger, 1972). Similar observations have been made

concerning the antigenicity of equine IgG preparations

(Cerilli, Miller and Hattan, 1970? Wolf et al., 1972).

However, the application of primary antibody assays has

failed to confirm the existence of a non-immunogenic equine

IgG component in the rat model (Allardyce et al., 1972?

see also Section II) while the apparent inability of

passaged material to induce tolerance also tends to argue

against e. physiologically separable tolerogenic component.

Thus, differences in the relative amounts and distribution

of antigenic molecules may be offered as a possible

explanation of variations in the tolerogenicity and

immunogenicity of bovine and equine gamma globulins.

Strain differences, too, may influence the tolerogenicity
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of a particular procedure or schedule (Smith, 1961?

Golub and Weigle, 1969) and the use of Lewis rats on

the one hand and Hooded and Wistar strains on the other

may contribute to the inconsistencies evident in a

comparison of the present results and those of Waksman's

group.

The establishment of non-immunising conditions in

adult animals usually entails the use of irradiation or

immunosuppressive drugs. These measures may result in

an alteration in cell number, activity or type in the

lymphoid tissues that in some ways resembles the newborn

situation (see Dresser and Mitchison, 1968). Preliminary

observations using 100 mg. per kg. of cyclophosphamide as

a possible means of inducing specific tolerance to equine

IgG were ambiguous. It was felt that by increasing the

dose to 200 mg. per kg. better definition of unresponsive¬

ness could be obtained. Although the increased dose

proved lethal, resulting in the abandonment of this

particular experimental approach, the recent results

of Stockman and her colleagues (Stockman and Trentin, 1972?

Stocliraan, Judd and Trentin, 197 2) clearly indicate the

value of cyclophosphamide induced tolerance to anti-

lyrnphocytic globulin of equine origin in prolonging cardiac

allograft survival in nice.

It has been well established that tolerance in the

newborn can be induced more easily than in adults (for

reviev? see Smith, 1961) . The presently reported

investigations also suggest that immunological unresponsive¬

ness to equine IgG is more conveniently achieved in neonatal
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rats than in adults. It appeared to make little difference

whether the antigen was administered after ultracentrifugation,

biological filtration or in its normal reconstituted form.

Since the immunogenicity of the antigen did not markedly

influence the establishment of maintenance of unresponsive¬

ness, it is likely that the diminished capacity of the

neonate to respond may facilitate the induction of

tolerance to this antigen (see also Eitzman and Smith, 1959).

The eventual breakdown of tolerance in neonatally

treated rats is not fully understood. However, contributing

factors may include the maturation of immunocompetent cells,

the emergence of a formerly weak response or the exposure

of new antigenic determinants in combination with adjuvant.

In conclusion it must be emphasised that extreme

difficulty was encountered in establishing immunological

unresponsiveness to normal or aggregate-free equine IgG

preparations in adult rats. It now appears quite clear,

however, that other workers have experienced similar

problems with this antigen in a variety of species and

under diverse experimental and clinical conditions.

A summary of the systems in which the application of

"classical" tolerogenic procedures have failed to result

in marked unresponsiveness to equine IgG is presented

in Table 22.
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TABLE 22

FAILURE TO INDUCE TOLERANCE TO EQUINE IgG

Species Form of Antigen Administration Reference

Human uCF-EqlgG

uCF-EqlgG

uCF-EqlgG

4-20 mg/kg, i.v.

100-120 mg, i.v.

50-100 ug/kg,i.v.

Moberg et al., 1970

Wolf et al., 1972

Butler & Rossen,1971

Monkey uCF-EqlgG 8-300 mg., i.v. Balner et al., 1970

Dog uCF-EqlgG 8 mg/kg., i.v.
(weakly X6)

Land et al., 1969**

Mouse uCF-EqlgG 1-2 mg., i.p. Stockman & Trentin,
1972

Rabbit uCF-EqlgG 50 mg., i.v. Dresser & Gowland,
1964

Rat uCF-EqlgG
Passaged-

EqlgG
Normal-

EqlgG

Ag + X-ray;
Ag + Cy*
Direct call
contact,
in vivo,
in vitro

Allardyce et al.,
1971

Cyclophosphamide

**Although anti-equine IgG antibodies were demonstrated
by secondary and tertiary assays in approximately 50
per cent of the animals tested. Land and his colleagues
concluded that tolerance had been induced by treatment
with deaggregated antigen.
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The apparent inability of workers to achieve little

more than a token diminution of immune responsiveness to

equine IgG must be taken as indication of the "adjuvanticity"

of the heterologous gamma globulin originally recognised by

Dresser and Gowland in 1964. Evidence derived from

investigations performed in various species strongly implies

that unlike gamma globulin preparations of human, bovine,

goat, leporine or rabbit origin, equine IgG does not possess

a major non-antigen component. The opposing studies

claiming the successful induction of immunological

tolerance to equine IgG following the administration of

variable amounts of de-aggregated material are subject to

several limitations. For example, most of the early

clinical studies did not contain data on a sufficient

number of patients to ensure statistical significance

(see Moberg et al., 1970). In addition the majority
D

of transplant patients were concurrently treated with

immunosuppressive drugs in order to increase the chances

of graft survival thereby making an estimation of immune

responsiveness to equine IgG a difficult and often

misleading occupation (see for example, Butler and Rossen,

1969; Weksler et al., 1970, 1971; Land et al., 1970).

Reliance upon secondary and tertiary antibody assays has

also led to a rather widespread willingness to consider

a decreased level of agglutinating or precipitating

antibodies equivalent to decreased responsiveness.

Although immune deviation of this nature may be considered

a ramification of tolerance induction (for further discussion

see Dresser and Mitchison, 1968) it is illogical to assume,
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without adequate analysis, that a depression in total

antibody synthesis is reflected by reduced levels of a

particular population of antibody molecules. For this

reason and because of the potential risk of immune

complex disease in renal transplant patients, it is

considered desirable to employ a variety of antibody

assays, some of which should measure the primary

interaction of antibody and antigen.



SECTION II

STUDIES ON THE ANTIGENIC AND IMMUNOSUPPRESSIVE

PROPERTIES OF NORMAL AND ANALYMPHOCYTIC

EQUINE IgG SUBFRACTIONS IN ADULT RATS
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INTRODUCTION

The problems associated with the administration of

heterologous antilymphocytic globulin have already been

emphasised. From the outset it was apparent to many

that the allergic complications might be circumvented

and therapeutic efficiency improved by the induction of

immunologic unresponsiveness to the heterologous protein.

However, early in the author's studies it was appreciated

that achieving a state of non-reactivity to normal equine

IgG and especially equine anti-rat lymphocyte globulin

might prove difficult in spite of the. confident claims

of others (Land et al., 1969; Brendel et al., 196S;

Taub et al., 1969; Butler et al., 1969; Najarian et al.,

1969; Weksler et al., 1971). Many of these observations

were complicated by the concurrent administration of

conventional immunosuppressive agents such as azathioprine

and corticosteroids (Butler et al., 1969; Najarian et al.,

1969; Weksler et al., 1970; Cosimi et al., 1970) while

the procedures used to assess tolerance were not always

reliable guides to the absence of immune responsiveness

(Weksler et al., 1971; Butler and Rossen, 1971; Land

et al., 1969). Reservations concerning the tolerogenicity

of equine gamma globulin were confirmed by a growing body

of evidence derived from investigations undertaken in mice

(Stockman and Trentin, 1972), rats (Allardyce, McLean and

James, 1971), rabbits (Dresser and Gowland, 1964) monkeys

(Balner et al., 1970) and humans (Moberg et al., 1970)b
which indicated that the induction of tolerance to equine

IgG by "classical" means was very difficult indeed. It
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became evident therefore, that an alternative approach

was called for.

I. The heterogeneity of equine antibodies

It has been well established since the original work

of James and Medawar (1967) that the immunosuppressive

properties of antilymphocytic sera are associated with

the IgG fraction (see review by James, 1969). However,
131

absorption studies using I-labelled IgG prepared from

hyperimmune equine antisera to human spleen cells have

indicated that only a relatively small proportion of

molecules in these preparations specifically bind to

lymphocytes, thereby leading to the suggestion that an

even smaller percentage may actually be immunosuppressive

(Woodruff, Reid and James, 1967? Woodruff, 1968).

Moreover, the heterogeneity of equine IgG antibodies

directed against a variety of simple and complex antigens

has been demonstrated. For example, studies by Rockey

and his co-workers (Rockey, Klinman and Karush, 1964?

Klinman, Rockey, Frauenberger and Karush, 1966) on

equine anti-hapten antibodies have shown that there are

at least four IgG components (IgG2a, I9G2b' I^G2c a
10S IgG globulin) in addition to IgG(T) and IgM immuno¬

globulins. Although all of these antibodies were

characterised by their affinity for the antigen (p-azophenyl

^ lactoside) differences in their abilities to precipitate
the protein bound antigen and fix complement were demonstrated.

Furthermore, sequential studies of antibody development

demonstrated that the concentration and activities of the
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antibody subclasses varied considerably during the

immune response (Klinman, Rockey, Frauenberger and

Karush, 1966).

II. The diversity of eguine antilymphocyte antibodies

On the basis of the discovery of the diversity of

antibodies directed against relatively simple antigenic

determinants several groups have investigated in vitro

and in vivo properties of equine antilymphocytic anti¬

bodies raised against canine (Starzl et si.,1970},

monkey (Betel et al.,1970), rat (James, Pullar and

Brydon, 1971; Perper, Monovlch and VanGorcer, 1971;

Allardyce et al., 1972), iaouse (Logan, Kupferman and

Wilson, 1972) and human (James et al., 1969; Wolf et al.,

1971, 1972) lymphoid tissues and cells. The chromato¬

graphic subfractionat.ion of antilymphocyte antibodies of

equine origin have indicated, in the majority of cases,

that those immunoglobulin molecules of slow mobility

(i.e. lgG2a and IgG2k) are capable of complement fixation
and immunosuppression while the fast IgG subfraction

(composed predominantly of IgG2c» IgA and IgG(T)) is
deficient in these respects. It must be noted, however,

that sharply contrasting results obtained by Starzl and

his group (1970) working with equine antisera to dog

lymphoid tissue (raised without adjuvant) have implicated

the electrophoretically fast IgG(T) as the active immuno¬

suppressive component.

III. The antigenicity of equine antilymphocyte antibodies

Aside from the heterogeneous distribution of distinctive
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in vitro and in vivo biological properties in equine

antilymphocyte globulin preparations Wolf et al., (1972)

have recently demonstrated possible antigenic differences

between chromatographically separable IgG subfractions.

Using secondary serological techniques these workers

detected no precipitating antibodies against cathodic

antilymphocyte globulin subfractions althoiigh all renal

transplant patients studied developed precipitating

antibodies to the anodic IgG components. On this

evidence, antigenicity was suggested to be the property

of the non-immunosuppressive, gamma 1, antilynphocyte

globulin subtraction. These findings confirmed

earlier unpublished observations by the author that

antibody from rats immunised against normal equine

globulin agglutinated equine gamma 1 sensitised sheep

red cells but did not affect those carrying gamma 2

molecules.

It was appreciated that the chromatographic separation

and isolation of antilymphocytic globulin subfractions

might possibly allow the elimination of superfluous or

"inactive" and presumably antigenic gamma 1 subfractions.

Thus administration of the immunosuppressively "active"

gamma 2 subtraction of equine antilymphocyte globulin

appeared a possible alternative to potentially unsuccessful

tolerance induction. The aims of the presently reported

investigations were therefore directed towards 1) the

isolation and physicochemical characterisation cf IgG

subfractions derived from a single batch of equine anti-rat

lymphocyte globulin and two preparations of normal equine IgG,
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2) assessing the humoral and cellular immunosuppressive

properties of the antilymphocyte antibody subfractions

in rats, and 3) studying the immunogenicity of normal

and antilymphocyte globulin subfractions.



SECTION II

EXPERIMENTAL DETAILS AND RESULTS
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I. THE PHYSICO-CHEMICAL AND OTHER IN VITRO PROPERTIES

OF ALG AND NORMAL IgG SUBTRACTIONS

The results of electrophoretic, immunoelectrophoretic

and. Mancini quantitative gel diffusion analyses recorded

in Figures 16, 17 and 18 and Tables 17 and 18, indicate

that the gamma 2 subfractions of normal and antilyraphocyte

globulin preparations consist almost exclusively of the

electrophoretically slow IgG^* and IgG^* subclasses.
In contrast, the gamma 1 products are more heterogeneous,

containing small amounts of the Ig^a and IgG^ subclasses
in addition to those of faster electrophoretic mobility

including IgG^^*, IgA and IgT.
Analytical ultracentrifugation of the ALG sub-

fractions gave va^ues 6«72 and 6.76 for the slow

gamma 2 and fast gamma 1 subfractions respectively as

compared with 6.5S for the whole ALG preparation. Trace

amounts of aggregated material (S^Ow va^ue 9 ^d 10)
amounting to approximately 1 per cent of the total protein

were observed in the two subfractions.

The lymphocyte agglutination titre-"*" was 128 for

the whole ALG preparation as well as both the gamma 1

and gamma 2 subfractions. The reciprocal lymphocyto-

toxicity titres of whole ALG and the gamma 2 component

were 256 while a titre of 64 was recorded for ALG gamma 1.

* The nomenclature used in these studies is that adopted

by Vaerman, et al., 1971. The IgG2a, -^S^b ^d lgG2C are
equivalent to the IgG , IgG, and IgG described by othersB D C

(Rockey, Kilnman and Karush, 1964; Klinman, Rockey,
Frauenberg and Karush, 1966).



TABLE 17

IMMUNOELECTROPHORETIC ANALYSIS OF NORMAL IqG AND

ALG SUBFRACTIONS

Sample

Specific Antisera

IgG 2ab IgG 2c IgA IgM IgT

Normal IgG + +
+

-
. +

Normal IgG 2 + - - - -

Normal IgG 1 + + + - +

ALG + +
+

- +

ALG 2 + - - - -

ALG 1 + + + — ■ +

Note the homogeneous IgG 2ab composition of
gamma 2 subfractions and the heterogeneous
nature of the gamma 1 preparations.

Subfractions from a second normal equine IgG
preparation were analysed by Immunoelectro¬
phoresis and found to contain the same
components indicated above.
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TABLE 18

MANCINI QUANTITATIVE GEL DIFFUSION ANALYSIS OF NORMAL

IqG and ALG SUBFRACTIONS

Sample IgG2ab IgG2c IgA IgT

Normal IgG 117%* 30.4 18 20.5

Normal IgG 2 93 1.7 1 0.7

Normal IgG 1 42.4 45.7 2.7 53.6

ALG 87 33.7 8.2 7

ALG 2 121.5 2 1 0.7

ALG 1 33.4 58.5 19.1 34.1

* Values expressed as a percentage of a
normal horse serum standard.

Note that only trace amounts of IgG2C,
IgA and IgT are indicated in gamma
2 preparations.

Subfractions from a second normal equine
IgG preparation were compared with another
normal horse serum standard and the results
obtained were consistent with the above data.
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CELLULOSE ACETATE ELECTROPHORESIS ANALYSTS OF EQUINE

ALG SUBFRACTIONS

+

HORSE 'WHOLE GAMMA 2 GAMMA1
SERUM ALG ALG ALG

Figure 16: Cellulose acetate strip electrophoresis of
equine anti-rat ALG subfractions: The homo-
gene ous character of the electrophoretically
"slow" gamma 2 and heterogeneous "fast" gamma 1
ALG subfractions are illustrated above .
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IMMUNOELEGTR 0PHORETIC ANALYSIS OF EQUINE ALG SUBFRACTIONS

+

ANTI -S
SERUM

ANTI - S

WHOLE ALG

GAMMA 2 ALG

ANTI - S .

GAMMA 1 ALG

ANTI -S = ANTI EQUiNE SERUM

Figure 17: The immunoelectrophoretic analysis of subfractions
of equine anti-rat lymphocyte IgG: Note the
difference in the mobility and composition of the
two subfractions. Broken lines indicate the

presence of "trace" proteins for the sake of
clearer illustration.
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IMMUNOELECTROPHORETIC ANALYSIS OF EQUINE ALG SUBFRACTIONS

+

ANTI -G

ANTI-G

ANTI- G

SERUM

WHOLE ALG

GAMMA 2 ALG

GAMMA 1 ALG

ANTI-G = ANTI EQUINE IMMUNOGLOBULIN

Figure 18: The immunoelectrophoretic analysis of subfractions
of equine anti-rat lymphoc}rte IgG: Note the
difference in the mobility and composition of
the two subfractions. Broken lines indicate
the presence of "trace" components. It should
be noted that the presence of precipitin lines
in the gamma 1 ALG subfraction apparently absent
from serum or "whole" ALG is a reflection of the

relatively higher concentration of constituents
in the isolated subfraction.
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II. THE EFFECT OF ANTILYMPHOCYTIC GLOBULIN SUBFRACTIONS

ON HUMORAL ANTIBODY FORMATION

Adult female Hooded strain rats (10 - 12 rats per

group) were injected intraperitoneally for ten successive

days (days -2 to +7) with either 10 or 20 mg. per day of

equine anti-rat lymphocyte IgG or its gamma 1 and gamma 2

derivatives. In order to correspond to previous humoral

immunosuppressive studies (not reported in this thesis)

the animals were challenged by the subcutaneous injection

of 5 mg. of alum precipitated bovine serum albumin

following the administration of 60 mg. of the ALG

preparations. All animals were bled by cardiac puncture

on days 14# 28# 35 and 42 and the serum obtained was

subjected to serological analysis. The bovine serum

albumin binding capacity of serum collected on day 28#

measured by the Farr technique# is illustrated in

Figure 19. It will be observed that the immunosuppressive

activity of whole antilymphocytic IgG is exclusively

associated with the gamma 2 subfraction (P 0.001).

III. THE EFFECT OF ANTILYMPHOCYTIC GLOBULIN SUB-

FRACTIONS ON SKIN ALLOGRAFT SURVIVAL

On day 0 of the experimental schedule described above

split shin from inbred A2/1 albino strain rats (histo¬

compatibility type AgB7) was grafted to the back of inbred
Hooded strain rats (histocompatibility type AgB^).
Dressings were removed on day 7 and the grafts were
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THE EFFECT OFALG SUBFRACTIONS ON THE PRIMARY RESPONSE TO
BSA IN RATS

i n m m s: nr

Figure 19 '• The anti-BSA titres are expressed as geometric
mean value _+ the standard error. Note that
the immunosuppressive activity of ALG is
confined to the gamma 2 subtraction.
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THE EFFECT OF ALG SUBFRACTIONS ON SKIN ALLOGRAFT SURVIVAL IN RATS

E^rO—A

Group Treatmerit MST

1 Whole ALG 20mg xlO 51

rr-£>- Whole ALG lOmgxlO U

III— Gamma 2 ALG 20mg x 10 50
JY-A- Gamma 2 ALG lOmgxlO U
Y -o— Gamma 1 ALG lOmg x 10 9
YE-<>- Norma! IgG lOmg x 10 8

TIME - DAYS

Figure 20: The graph indicates the survival of A2/1 allografts
(AgB2) on Hooded recipients (AgB5). The values
in the table are median survival times (days).
The animals are those whose antibody responses
to alum precipitated BSA are illustrated in
Figure 19. Note that gamma 2 ALG prolongs
graft survival while the gamma 1 component is
without effect.
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observed twice daily until rejected. It should be noted

that owing to the scarcity of the gamma 1 ALG subfraction

only 10 mg. doses were injected according to the standard

schedule of therapy. The allograft survival data is

graphically illustrated in Figure 20. Once again it

will be observed that the immunosuppressive activity of

the ALG preparation was associated with the gamma 2

subfraction. It is noteworthy that the median graft

survival time (MST) for groups of rats receiving similar

doses of both the whole ALG and gamma 2 ALG preparations

are approximately equal. However# at the dose tested

(10 mg. per day), the gamma 1 component exhibited no

immunosuppressive activity with a median survival time

of nine days as compared with that of eight days for

the normal IgG control group.

IV. THE ANTIGENIC PROPERTIES OF NORMAL AND

ANALYMPHOCYTIC GLOBULIN SUBFRACTIONS

Studies demonstrating the immunogenicity of normal

IgG# ALG and ALG gamma 1 and gamma 2 subfractions were

undertaken in an attempt to ascertain whether the major

part of the immunosuppressive activity of the ALG

preparations could be resolved from the major antigenic

components. The results obtained by application of

various primary# secondary and tertiary serological assay

procedures (see Tables 19 and 20) indicate that this is

not possible, for the immunosuppressive gamma 2 fraction

elicits the formation of antibody against itself.
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Owing to the greater purity of the gamma 2 ALG sub-

fraction the antibodies produced in response to its

administration generally expressed greater specificity

than did those elicited in response to the more hetero¬

geneous gamma 1 ALG preparation.

A. Radioimmunoassay Data

Gel Diffusion, Anti-Globulin and Gel Filtration Assays:

The results of radioimmuno gel diffusion analysis

of day 28 and day 40 serum samples from rats treated with

ALG subfractions recorded in Table 19 indicate that by

day 40 production of antibodies reacting against both

the slow and fast IgG components had occurred in all

groups tested. However# the initial responses of rats

receiving whole ALG# whole IgG or the gamma % ALG sub-

fraction were mainly directed against the fast gamma IgG

component while animals treated with gamma 2 ALG initially

responded to the slow component. A certain degree of

inconsistency apparent in the results recorded at day 28

may reflect the difficulty of semiquantitatively assessing

the autoradiographic evidence at low levels of antibody

production.

The anti-globulinttests carried out on pools of

test sera (4 animals per pool) indicate that antibodies

were produced in response to each experimental schedule

that were capable of binding the three isotopically

labelled IgG preparations (see Table 19). Treatment

with antilymphocytic antibody proved more antigenic than

the administration of normal equine IgG at the 10 mg. dose



TABLE19
ANTIGENICPROPERTIESOFEQUINEANTILYMPHOCYTICGLOBULINSUBFRACTIONS

ALGSubfractions
mg/Day

Radioimmuno-
-GelDiffusion

Anti-Globulin
Analysis*3

Day28

Day40

Day40

IgG

IgG2

igG1

IgG

IgG2

igG]_

IgG

IgG2

IgG1

WholeALG

20

0.4

1.0

1.1

2.9

3.0

2.2

9.9

12.3

16.5

WholeALG

10

0.2

0.2

1.7

2.4

2.0

2.7

23.0

24.0

26.8

SlowALG2

20

1.7

1.9

0

3.0

3.2

2.3

7.8

15.1

11.3

SlowALG2

10

1.0

0.3

0

2.7

2.8

2.6

50.5

66.0

32.0

FastALG1

10

0.3

0.1

1.1

2.7

2.5

2.9

14.1

17.2

31.2

NormalIgG

10

0.2

0.2

0.8

3.0

2.2

2.7

0.6

5.0

9.7

aResultsareexpressedasthearithmeticmeancalculatedaccordingto thefollowingscale:++=4;+=3;-=2;trace=1;1=0 (Standardantiserum=++=4.0).
bResultsareexpressedasthearithmeticmeanderivedbycalculating theantigenboundbypooledtestseraasapercentageofantigen bindingbystandardantiserum(100%).



1S5

while the response to the whole and gamma 2 ALG

preparations appeared to be inversely related to the

dose injected. The binding of isotopically labelled

gamma 1 by the sera of animals treated with the gamma 2

ALG subfraction observed in this assay appears to be

contradictory to day 28 radioimmuno gel diffusion

findings but confirms results obtained on day 40.

Although there is some lack of agreement between the

magnitude of responsiveness indicated by these two

primary antibody assay techniques there is valid indication

that sensitisation with gamma 2 does occur and that

antibodies are formed which react with whole IgG as

well as its isolated subfractions.

G-200 Sephadex analysis of serum samples obtained

from rats injected intracardially with ultracentrifuged

radioiodinated gamma 2 suggests that the levels of

circulating complexes were not high in test animals.

The presence of 10S complexes and the general lack of

19S complexes indicates low levels of circulating

antibodies at the time of testing, which correspond

to the slow rate of antigen clearance recorded for

these animals (see Table 20).

B. Passive Haemagglutination Analysis

Following treatment with whole ALG or normal equine

I^G agglutinating antibodies are produced which react

with tanned sheep erythrocytes sensitised with either

whole IgG or gamma 1 and gamma 2 subfractions (Table 20).

Corresponding doses of the antilymphocyte and normal IgG
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preparations appear to elicit immune responses of roughly

the same magnitude when measured by this assay procedure.

However, increasing the ALG immunosuppressive treatment

from 10 to 20 mg. per day resulted in an increased

production of agglutinating antibodies on days 28 and

4^. Haemagglutinating antibodies formed in response

to the injection of 10 mg. of gamma 1 ALG over the ten

day treatment schedule were directed against the three

products tested. However, treatment with either 10 or

20 mg. of the gamma 2 ALG component resulted in the

production of agglutinating antibodies that reacted

exclusively with gamma 2 sensitised sheep erythrocytes.

These findings are not surprising as the fast gamma 1

fraction is known to contain and I9^2b contaminants*
However, the extent of this contamination did not cause

cells sensitised with the gamma 1 IgG to be agglutinated

by serum from animals challenged with gamma 2 ALG.

The failure of serum from these animals to agglutinate

whole IgG sensitised cells should also be noted.

C. Immune Elimination of Isotopically Labelled Antigen

The results of this tertiary assay summarised in

Table 20 are expressed as the half-life of injected antigen

in test animals as a percentage of the average value

obtained from six non-immune control rats. The data

was recorded in this way in an attenpt to minimise the

effects of any variations in the products prepared at

different times and assessment by the two procedures

employed.
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Animals treated with the immunosuppressive whole

ALG or gamma 2 ALG component at 10 mg. per day levels

eliminated the gamma 2 antigen more rapidly than gamma 1.

Following treatment with normal IgG or gamma 1 ALG both

gamma 1 and gamma 2 IgG components were eliminated at

approximately equal rates. Elimination of the labelled

gamma 2 preparation was most marked in the response of

immunosuppressed rats treated with 10 mg. doses of

whole ALG or gamma 2 ALG. This finding appears to be

in agreement with the results of the passive haemagglutination

assay and may reflect the increased "adjuvanticity" and

biological activity of lymphocyte-associated gamma 2 ALG

molecules as distinct from that of lymphocyte-associated

gamma 1 ALG molecules. One must also, however note the

lack of agreement on this point implicit in the results

of the primary assays employed (Table 19).

Rats treated with 20 mg. per day doses of whole ALG

and gamma 2 ALG demonstrated similar degrees of gamma 2

and gamma 1 subfraction elimination when tested on days

55 and 74 respectively. Although these findings contrast

somewhat with previously described results the differences

may possibly be attributed to the timing of the investigat¬

ions or to the formation of antibodies against common

antigenic determinants shared by the two subtractions.



TABLE20
ANTIGENICPROPERTIESOFEQUINEANTILYMPHOCYTICGLOBULINSUBFRACTION

ALG Subfractions
mg/Day

PassiveHaemagglutination3
ImmuneElim.*3
ImmuneComplex Formatione

Day28

Day40

Day57

IgGIgG2IgG1
IgGIgG2IgG1
IgG2IgG1
19S10SIS

WholeALG

20

6.15.34.1
11.012.26.6
55c47d

-++

WholeALG

10

3.83.81.7
5.34.53.6
53100

ND

ALG-2

20

08.10

013.80

52C48d

-1+

ALG-2.

10

0.35.80

010.20

3865

ND

ALG-1

10

•

i—1

(N

•

CO

O

•

CM

CD

t

CO

LO

00

CO

•

6068

ND

NHIgG

10

3.46.02.6
6.93.54.5
6166

ND

aMeanlog^1 agglutinationtitre. bResultsareexpressedasthemeant^foreachgroupasapercentageof non-immunecontrolratstestedwiththeappropriatepreparation:unless otherwisestatedresultswereobtainedbytheserialsampletechnique beginningonday34aftergrafting.
cResultsobtainedbywholebodycountingday55. dResultsobtainedbywholebodycountingday74.

eActivitywaslimitedtothe7SG200Sephadexfractioninnon-immunecontrol ratsinjectedwithultracentrifuged125j_igG^onday55.
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V. THE ANTIGENIC PROPERTIES OP NORMAL EQUINE IgG

AND SUBTRACTIONS ADMINISTERED IN ADJUVANT

Preliminary unpublished studies undertaken with the

intention of assessing the scope of immune responsiveness

demonstrated by adult rats challenged with normal equine

IgG administered with adjuvant indicated that agglutinating

antibodies were produced which reacted exclusively with

the electrophoretically fast gamma 1 IgG fraction. In

an attempt to clarify and extend this observation groups

of 10 or 12 adult female Hooded strain rats were

challenged with 5 mg. of normal equine IgG, gamma 1 or

gamma 2 preparations administered in combination with

Freund's complete adjuvant. 0.5 ml. of the antigen-

adjuvant emulsion was injected subcutaneously on day 0

and again on day 28. Control animals were injected in

a similar manner with 0.5 ml. of a sterile physiological

saline - Freund's complete adjuvant emulsion. All rats

were bled by cardiac puncture prior to both the primary

and secondary challenge injections and again on day 35,

one week after the final challenge.

A. Radioimmunoassay Data

Gel Diffusion and Anti-Globulin Assays:

The results of radioimmuno gel diffusion analysis of

day 28 serum samples recorded in Table 21 indicate a high

degree of reactivity against all three IgG preparations

in the sera of rats challenged with whole IgG and gamma 1

IgG subfraction combined with adjuvant. On the other
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hand# rats challenged with the gamma 2 IgG component

produced antibodies that demonstrated greater specificity

by their reduced capacity to bind the isolated gamma 1

subfraction when compared with responsiveness to whole

and gamma 2 IgG antigens. Minimal non-specific binding

of the labelled IgG preparations by control sera was

observed.

Comparison of the results of the two primary antibody

assays employed in this study emphasises the variation

encountered. Findings derived by anti-globulin analysis

of pooled day 28 sera (4 rats per pool) suggest that

antibodies capable of binding gamma 1 IgG were produced

by all experimental groups including those animals

challenged with the slow gamma 2 IgG component. Further¬

more, the binding of the gamma 1 subtraction exceeded the

response against either whole or gamma 2 IgG preparations

in all cases tested. In addition, it should be noted

that the particularly meagre binding of whole IgG by sera

from rats challenged with that antigen, indicated by the

anti-globulin test, conflicts markedly with results

obtained by the other assays undertaken in this study.

B. Passive Haemaqqlutination Analysis:

Agglutinating antibodies were assayed by the Takatsy

Microtitre procedure. The results of day 23 and day 35

sarum analyses presented in Table 21 indicate that in

animals challenged with whole IgG or the gamma 1 sub-

fraction in adjuvant the bulk of the agglutinating anti¬

bodies were directed against the two challenge antigens.



TABLE21
ANTIGENICPROPERTIESOFNORMALEQUINEIqQSUBFRACTIONSADMINISTERED INADJUVANT

IgGSUBFRACTIONS+ FREUND1SCOMPLETE ADJUVANT

RADIOIMMUNOGEL
DIFFUSION9
ANTI-

■GLOBULIN
ANALYSIS13
PASSIVEHAEMAGGLUTINATIONC

Day28

Day28

IgG

IgG2

IgG1

IgG

IgG2

igc-L

IgG
2835

IgG2
2835

IgG!
28

35

WholeIgG

3.3

2.9

2.8

2.8

2.6

14.6

5.811.7
1.0

3.2

7.3

10.6

SlowIgG2

3.4

3.5

1.1

6.4

14.9

16.1

0.42.3
0

0

0.5

1.5

FastIgG^

3.8

3.4

3.8

17.6

16.5

23.3

5.512.3
1.6

2.9

7.8

16.7

SterileSaline
0.7

0.7

0.8

0.2

0.6

1.8

0.51.3
0.4

1.1

0.7

1.6

aResultsareexpressedasthearithmeticmeanofeachgroupcalculated accordingtothefollowingscale:++=4;+=3;1=2;tract=1;
-=0(standardantiserum=++)

bResultsareexpressedasthearithmeticmeanderivedbycalculatingthe antigenboundbypooledtestseraasapercentageofantigenbindingby standardantiserum(100%).
cMeanLog""*" agglutinationtitreondays28and35.
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On the other hand, antibodies that agglutinated sheep

erythrocytes sensitised with the gamma 2 IgG component

were scarcely above control levels even at day 35.

Exceptionally low levels of agglutinating antibodies

were observed in rats challenged with adjuvant-associated

gamma 2 IgG, thus confirming the original observations and

extending them to demonstrate the lack of agglutinating

antibody production in animals challenged with the

isolated gamma 2 component in Freund's complete adjuvant.



SECTION II

DISCUSSION
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DISCUSSION

As previously indicated the inability to induce

a marked degree of immunological unresponsiveness to

equine IgG in the absence of additional immunosuppression

in adult rats led to the investigation of alternative means

of reducing the antigenicity of antilymphocyte globulin and

perhaps increasing the efficacy of its prolonged clinical

adminis tration.

Recognising the heterogeneity of antibody production

in response to antigenic stimulation, Woodruff, Reid and

James (1967) suggested that only a relatively small

percentage of molecules in antilymphocyte globulin

preparations are actually immunosuppressive. Other

molecules in the preparation may bind to lymphocytes

but exert no immunosuppressive pressure while a much

larger proportion (^98 per cent) of "normal" molecules,

comprise the bulk of the material (see also Spreafico,

1970). Furthermore, certain antilymphocytic activities

may be associated with specific immunoglobulin classes

or subclasses (Betel, Appleman and Balner, 1970; Starzl

et al., 1970; James et al., 1971; Perper et al., 1971;

Sanders, 1972). Therefore, the suggestion by Wolf and

his co-workers (1972) that further fractionation and

purification of antilymphocyte globulin could be employed

to isolate what appeared to be the "active" non-immunogenic

components seemed a promising alternative to the induction

of partial tolerance. Assuming the successful isolation

of an immunosuppressive, non-immunogenic molecular sub-

fraction of antilymphocytic antibodies a number of
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advantages arising from their therapeutic use might be

expected. By reducing the "inactive" constituents of

the globulin preparation it would be possible to diminish

the antigenic stimulus and consequently limit the

inactivation of potentially immunosuppressive molecules

by circulating host anti-equine IgG antibody. A

secondary consequence of this approach would be to reduce

the adverse systemic effects and glomerular damage

resulting from immune complex formation.

In preliminary passive haemagglutination studies

it was observed that the administration of normal equine

IgG in Freund's complete adjuvant to rats resulted in

very little production of agglutinating antibody, directed

against the electrophoretically slow gamma 2 IgG component.

This finding suggested that subfractions of equine IgG

could be distinguished by their relative antigenicity

and that the gamma 2 moiety of normal IgG appeared to

be less antigenic than fast gamma 1. Similar demonstrations

of antigenic disparity between molecular subclasses of

heterologous gamma globulin preparations (Dresser, 1961;

Staples, Gery and Naksman, 1966; Kashiwagl et al., 196B;

Traeger et al., 1969; Cerilli, Miller and Hattan, 1970;

Kong and Wiger, 1970) and the confirmatory observations

of Wolf and his colleagues (1972) using equine anti-human

lymphocyte globulin in renal transplant recipients suggested

that an investigation of the immunosuppressive and immuno¬

genic characteristics of isolated equine antilymphocyte

globulin subfractions might prove useful.

mho r-harartprisation of subfractions obtained by
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DE 52 ion exchange chromatography from both normal and

anti-rat lymphocyte equine gamma globulin by a variety

of chromatographic and immunological procedures has

indicated the consistently homogeneous IgGand I9G2b
composition of three cathodic gamma 2 preparations.

On the other hand, the anodic or "fast" gamma 1 sub-

fractions from the same normal IgG and ALG batches

were of a more heterogeneous nature including I9G2cv
IgA and IgG(T) molecules in addition to lgG2a
IgG2b» However, as would be expected, the sedimentation
coefficient for each IgG subfraction did not differ

significantly from that of the predominantly 7S whole

ALG and the relatively low degree of aggregation

('v> 1 per cent) indicated by analytical ultracentrifugation

suggested the presence of a little denatured material.

The results obtained from studies measuring the

production of anti-bovine serum albumin antibody and

shin graft survival in rats treated with the various

antilymphocyte globulin preparations clearly demonstrate

that, in this particular experimental model, all of the

immunosuppressive activity of the antiserum was associated

with the gamma 2 component. This finding confirms and

extends the observations of James et al (1971) who

convincingly demonstrated the immunosuppressive effect

of a similar equine anti-rat lymphocyte gamma 2 globulin

preparation upon the humoral immune responses of rats to

both bovine serum albumin and sheep erythrocytes. These

findings are also in accord with those obtained by Perper et

al (1S71) using equine anti-rat lymphocytic globulin DEAE
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Sephadex subfractions# Logan# Kupferman and Wilson

(1972) employing equine anti-mouse lymphocyte globulin

subfractions and Betel et al (1970) with fractions of

equine antisera to monkey lymphoid tissue. Several

possible explanations may be advanced to account for

the apparently contradictory findings of Starzl and

his colleagues (1970) indicating that a high degree

of immunosuppressive activity was found to be associated

with the IgA and IgG(T) fraction of equine anti-dog spleen

cell antiserum. First it is possible that the omission

of adjuvant during immunisation may have effected the

distribution of immunosuppressive antibodies. However#

this effect was not noted in the presently reported

study which also employed an adjuvant-free immunisation

schedule. On the other hand# the specificity and

in vitro biological activity of antilymphocyte antibodies

are known to vary with time and the methods of preparation

and fractionation employed (for further discussion see

James et al.# 1969). In addition Starzl's immuno¬

suppressive "fast" IgG(T)-IgA fractions were shown by

Immunoelectrophoresis to be of a heterogeneous nature#

containing IgG and alpha2-macroglobulin in addition to
other serum proteins. Any of these factors or a com¬

bination of factors could have resulted in differences

in the in vivo activity of the antilymphocyte antibody

subfractions observed by various workers.

The fundamental differences in molecular activities

of the ALG subfractions cannot be explained simply on the
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basis of their antigen binding since the lymphoagglutination

titres of both subfractions were the same. One possible

explanation for the differences in immunosuppressive

activity may be attributed to the greater ability of

the gamma 2 component to fix certain complement components

(Greaves et al.,1969; Martin, 1969). However, the

relatively poor correlation between the cytotoxic

titres and immunosuppressive activity of antilymphocyte

globulin fractions suggest that complement dependent

cell lysis cannot be considered the governing mechanism

(James et al., 1971). Additional studies demonstrating

the immunosuppressive effect of antilymphocyte antibody

in mice deficient in the 5th component of complement

(Barth and Carroll, 1970; Weitzel and Rother, 1970)

have indicated that intact antibody coated lymphocytes

may be eliminated by phagocytosis. Opsonization

of lymphoid cells, requiring fixation of CI, C4,

C2 and C3 has been implicated as a possibly important

phenomenon leading to immunosuppression in antilymphocyte

antibody treated animals. It may be, as is the case

in the human system described by Muller-Eberhard

(1968), that subclasses of equine IgG vary in their

ability to fix complement. Recent studies described

by Sanders (1972) suggest that our equine anti-rat

lymphocyte gamma 2 antibody effectively promotes immune

adherence of target lymphocytes to macrophage monolayers

whereas gamma 1 antibodies are relatively less efficient.

Therefore, differences in the relative abilities of anti-
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lymphocyte globulin subfTactions to fix certain complement

components and hence to facilitate the phagocytosis of

target lymphocytes in vivo may, in part, account for the

immunosuppressive properties of the gamma 2 ALG component.

The degree of humoral and cellular immunosuppression

achieved by the administration of ALG and its gamma 2

subtraction appeared to be related to the dose given.

Although abrogation of immune responsiveness to alum

precipitated bovine serum albumin was marked in rats

treated with 10 mg. doses of both "active" preparations,

antibody production in animals receiving 20 mg. daily

was further reduced or eliminated. A similar dose

response phenomenon was observed for skin allograft

survival. It is interesting to note that the patterns

of graft rejection in rats treated with either whole ALG

or its gamma 2 subfraction are quite different at the

two dose schedules investigated. A more or less

gradual decline in the number of surviving grafts was

observed with the lower dose while groups I and III in

Figure 20, treated with 20 mg. per day of the same

preparations, had 100 per cent graft survival until

day 42. These observations would suggest the existence

of a minimal immunosuppressive threshold dose for the

particular ALG products tested. The same argument

might likewise apply to the gamma 1 preparation at much

higher doses due to the known contamination with

and IgG^ molecules. Although this study would have
benefitted from the administration of the gamma 1 sub-
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fraction in higher doses the material was not available

in sufficient quantity.

Unfortunately the administration of isolated anti-

lymphocytic globulin subfractions did not eliminate immune

responsiveness to the heterologous protein. Following

treatment for ten days antibody was detected by a variety

of assay procedures in each of the test and normal equine

IgG control groups. Although there was some variation

in the results of one serological investigation and the

next the antigenicity of both the isolated gamma 1 and

gamma 2 subfractions was beyond doubt. Thus it must be

emphasised that one has been unable to resolve the immuno¬

suppressive and antigenic activities of equine anti-rat

lymphocyte globulin by the administration of subfractionated

preparations.

Apparent differences in the quality of the antibodies

formed after treatment with the various subfractions were

distinguished by the passive haemagglutination procedure.

For example, in rats receiving normal IgG, whole and

gamma 1 ALG preparations agglutinating antibodies were

directed against whole IgG, IgGl and IgG2 while the

response of animals treated with slow gamma 2 ALG was

confined to the agglutination of cells sensitised with

IgG2. Other assay procedures detected the presence of

antibodies in the sera of all rats tested that reacted

with all three IgG preparations. This finding may reflect

differences in the relative activities of antibody produced

following immunisation with the three preparations.
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On the other hand, the relative purity of the immuno¬

suppressive subtraction may partially account for the

specificity of reactivity such that agglutinating anti¬

bodies produced in gamma 2 ALG treated rats were directed

against portions of the and/or IgG--^ molecules
that are not common to the bulk of the fast gamma 1

subtraction. It is additionally possible that the

distribution of gamma 2 IgG molecules on tanned sheep

erythrocytes sensitised with whole IgG may not have been

suitable to reflect the specific agglutinating properties

of the antibodies present in the test serum of gamma 2

ALG treated rats.

The incapability to demonstrate a non-immunogenic

subfraction of equine anti-rat lymphocyte globulin

strengthens earlier findings in which the inability to

induce tolerance to ultracentrifuged and passaged normal

IgG was attributed to the immunogenic!ty or "adjuvanticity"

of its major molecular components. These studies also

support Wolf's finding (Wolf et al., 1972) that the

gamma 2 subfraction of equine anti-human IgG failed to

elicit agglutinating antibody production. However, the

demonstration of anti-gamma 2 antibodies in the serum of

rats injected with the isolated slow subfraction provides

evidence to refute the suggestion that the immuno-

suppressively "active" preparation is non-immunogenic.

Although administration of the immunosuppressive

fraction of antilymphocyte globulin appears to result in

the production of antibodies directed against the hetero-
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logous protein the considerable degree of purification

achieved by ion exchange chromatography may not be

entirely without benefit. The resolution of "active"

and "inactive" molecules would enable the administration

of smaller amounts of foreign protein in establishing

the same degree of immunosuppression currently obtained

with more heterogeneous preparations. Analysis of

immune complex formation in maximally immunosuppressed

rats indicated the presence of low levels of circulating

complexes. No attempt has been made in this study to

assess the glomerular damage resulting from the deposition

of equine ALG subfraction - rat anti-equine IgG antibody

complexes. However, the administration of purer

immunosuppressively "active" gamma 2 ALG may have an

appreciable effect on complex deposition by reducing

the amount of circulating heterologous protein normally

associated with ALG treatment and lower the risk of

glomerular damage to renal allografts. In addition,

the production of host antibodies directed against

isolated heterologous gamma 2 molecules may not be

accompanied by the spectrum of undesirable side effects

presently encountered following conventional ALG therapy.

Furthermore, in theory at least, if only "active" molecules

were administered tolerance to the foreign serum protein

subfraction would be the most likely outcome of prolonged

therapy. This development is unlikely at present, however,

due to the absence of a suitable method of isolating only

those antilymphocyte antibody molecules capable of immuno-

suooression.
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The antigenic properties of normal equine IgG

subfractions administered in adjuvant were studied in

an attempt to characterise the effects of increased

adjuvanticity on the quality and quantities of antibodies

produced. Although antibodies directed against all three

IgG preparations were observed by radioimmuno gel diffusion

and anti-globulin analyses the production of agglutinating

antibodies in response to the gamma 2 subtraction were

either extremely low or absent immediately prior to and

seven days following secondary challenge. This finding

was remarkably consistent in each group of rats tested

and confirmed the results of preliminary studies.

These results contrast sharply with the evidence derived

from serological examination of rats treated with soluble

ALG subfractions described earlier. However, adjuvants

are known to selectively promote the production of certain

immunoglobulin subclasses during the course of an immune

response (for example see Dresser, Vfortis and Anderson,

1970? Torrigiani, 1972a and the apparent differences
in the presence of agglutinating antibodies in test sera

from the two experiments may reflect the influence of

Freund's complete adjuvant.

It may be stated in conclusion that the immunosuppressive

activity of the equine anti-rat lymphocyte globulin

preparation employed in this study was associated with

the and IgG2^ subclasses. It has also been
demonstrated that the immunosuppressive activity of ALG

cannot be resolved from the antigenic components by sub-
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fractionation although antigenic differences were observed

between normal equine IgG subfractions following their

administration in Freund's complete adjuvant. Finally,

the results of these investigations emphasise the need

to employ a variety of preferably primary antibody assay

procedures in characterising the immune response to

soluble proteins.
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GENERAL DISCUSSION

In concluding the present studies several points may

be raised in connection with the current and future

therapeutic status of antilymphocyte antibody of equine

origin. Although it is difficult to extrapolate

experimental findings from one species to another or even

from one ALG preparation to another (see for example,

James et al., 1970? Janossy and Greaves, 1972), it may

be generally agreed that the immunogenic nature of equine

IgG sets it apart from similar preparations derived from

the serum of other species. Thus, without the administra¬

tion of conventional immunosuppressants, tolerance to equine

IgG is difficult to achieve. In addition, these

investigations indicate that subfractionation of equine IgG

on the basis of overall molecular charge does not resolve

the antigenic and immunosuppressive properties of the

heterogeneous antilymphocyte antibodies. However, there

is evidence to suggest that the production of anti-equine

IgG antibody may be to some degree determined by prior

immunisation (see Section II) or even in some cases by

desensitisation (Cerilli, Miller and Hattan, 1970)1

Presently available evidence does not allow adequate

evaluation of the jln vivo biological activities of different

populations of anti-equine £LG antibodies. However, based

upon clinical evidence suggesting that glomerular damage

and anaphylaxis may be circumvented by pretreatment or

desensitisation with deaggregated or normal equine IgG

(Butler et al., 1969? Brendel et al., 1969? Weksler et al..
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1970 and others), it may be anticipated that the stimulation

or suppression of antibody molecules of a particular sub¬

class or avidity may affect the physiological outcome of

ALG therapy. Thus it is possible that the proper com¬

bination of pretreatment and therapeutic schedules could

result in decreased anaphylaxis and immune complex

(complement dependent) glomerular damage while increasing

opsonisation of ALG coated lymphocytes. In this instance

it is important to draw a practical distinction between a

clinically acceptable end and theoretically obtainable

immunological negativity.

Among the problems concerned with the induction of

tolerance to antilymphocyte antibody is the possibility

that unresponsiveness to normal heterologous IgG does not

guarantee an equivalent tolerance to lymphocyte-associated

ALG molecules. New antigenic determinants may be exposed

by the combination of the ALG molecule and the lymphocyte

membrane. Because these determinants may not be expressed

on the normal soluble IgG molecule or even on IgG sensitised

erythrocytes or latex particles the results of serological

assays designed to demonstrate the presence of anti-IgG

antibodies in ALG treated subjects could falsely indicate

the absence of humoral responsiveness.

Owing to the high percentage of contaminating "inactive"

molecules in ALG prepared by conventional procedures there

is adequate reason to encourage further purification.

However, the ultimate aim of successfully isolating purely

"active" immunosuppressive ALG components on the basis of

molecular charge is unlikely to be achieved. Rather, the
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separation of molecules on the basis of biological activity

is viewed as a more likely proposition. However# the

wholesale elution of ALG molecules from a lymphocyte

membrane immunoabsorbant is unlikely to adequately separate

molecules on the basis of immunosuppressive potential for

the same reasons that antilymphocyte antibody agglutination

and transformation titres fail to accurately predict in vivo

immunosuppression.

A major drawback accompanying the use of conventional

immunosuppressive agents has been the non-specific reduction

of the protective immune mechanisms. Adequate assessment

of ALG in this regard has been complicated by the concurrent

use of other drugs in transplant patients. In a sense ALG

has been shown to be non-specific# however# its ability

to affect primarily T cells and its more variable action

upon humoral immunity hold open what may eventually become

its most promising application in the transplantation field.

With the eventual isolation of soluble histocompatibility

antigens it may be possible to stimulate specific antibody

production prior to grafting and delay the cellular response

sufficiently with ALG to achieve a state of enhanced graft

survival. Whether or not ALG of equine origin is the most

suitable agent in this connection remains open to speculation.
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