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PREFACE

In 1956, three groups independently reported evidence that some thyroid disease
appearing spontaneously in humans or experimentally induced in animals are related to
autoimmune processes. The interval between these landmark discoveries and the present has
witnessed a remarkable and continuing growth of both knowledge and concepts concerning the
mechanisms of immune regulation, the pathogenesis of autoimmune thyroid diseases, and
their clinical and laboratory manifestations. More importantly knowledge of thyroid
autoimmunity has, in many respects, comprised the vanguard of an ever increasing
appreciation and understanding of autoimmune diseases in general. ‘

On November 24-26 1986, an International Symposium on Thyroid
Autoimmunity was held in Pisa. Its purpose was to commemorate the birth of thyroid
autoimmunity as a scientific discipline, to summarize current knowledge and concepts in
this area, and where possible, to anticipate areas of opportunity for the future — hence the
theme of the Symposium, Memories and Perspectives. To open the meeting, the Magnifico
Rettore (Chancellor) of the University of Pisa granted special Awards to Dr. Deborah
Doniach, Dr. lvan Roitt, and Dr. Noel R. Rose, who published the first fundamental studies in
the field of thyroid autoimmunity, and to Dr. Duncan G. Adams, whose discovery of the
long-acting thyroid stimulator (LATS) opened the door to our current understanding of the
pathogenesis of Graves' disease. During the meeting thirty plenary lectures were presented.
These covered the nature of thyroid autoantigens, TSH receptor antibodies, the cellular
mechanisms of thyroid autoimmunity, the genetic control and animal models of autoimmune
thyroid diseases, and finally the clinical aspects of these disorders. In addition, 112 free
communications on related topics were accepted for presentation by poster. Some of these
were aggregated into specific workshops to permit their discussion by experts in that
particular subfield.

The meeting was attended by approximately 350 participants from throughout
the world, most all of whom participated in what proved to be lively discussions of both the
oral presentations and the posters. This volume is a collection of papers presented during
the Symposium, and its intent is to provide, as promptly as possible, a comprehensive
survey of current research progress, as well as a comprehensive source of references, in
the field. We very much hope that it will fulfill those - purpose, and in so doing, will
stimulate further discussions and advances in our knowledge of thyroid autoimmunity.

The Editors are thankful to the speakers and attendees, all of whom contributed in
diverse ways to the evident success of the Symposium. This productive meeting and the
publication of this volume would not have been possible without the generous financial
assistance of Becton Dickinson Laboratory Systems S.p.A. or without the invaluable
collaboration of Dr. Stefano Mariotti, the secretarial assistance of IN.C.OR. organization, and
the editorial help of Plenum Press.

We are deeply grateful to the University of Pisa for its sponsorship and to the
City and Health Authorities of Pisa, who welcomed the participarits in the gracious manner
for which the city is famous. 1t seems appropriate, we hope, that this Symposium was held
in the city of Galileo Galilei, which gave birth to critical advances in science that have
benefitted mankind immeasurably.

A. Pinchera J.M. McKenzie
S.H. Ingbar G.F. Fenzi
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GRAVES' DISEASE
A PARADIGM FOR AUTOIMMUNITY

D.D. Adams, A. Knight, J.G. Knight, and P. Laing

Autoimmunity Research- Unit

Medical Research Council of New Zealand
Otago University Medical School
Dunedin, New Zealand

INTRODUCTION

The presence of iodine atoms in thyroid hormone has proved to be
fortunate for man in enabling him to understand great principles of the
diseases which plague him. Dietary deficiency of iodine, leading to
spectacular goitres, drew attention to the thyroid and the success of
surgeons in extirpating goitres founded the study of endocrinology by
showing that the thyroid secretes a product which is necessary for health
and readily available from simple preparations of animal tissuel.

Paul Ehrlich? discovered that our immunity system normally shuns
reaction with our own antigens. He called this "horror autotoxicus". We
now call it "immune tolerance". However, Ehrlich's awareness that failure
of immune tolerance was a likely cause of disease? was lost sight of for
over 50 years, until thyroidologists, personified by Deborah Doniach,
Ivan Roitt, Ernest Witebsky and Noel Rose, brought autoimmunity into the
medical armamentarium®®*. This ranks with Louis Pasteur's germ theory of
disease in its importance for the advance of medicine.

Again because thyroid hormone contains iodine, it proved possible to
devise technology with radioactive iodine which demonstrated that a long-
acting thyroid stimulator (LATS), distinct form the pituitary gland's
thyrotrophic hormone, exists in the blood of some patients with Graves'
disease® 7. Soon LATS was shown to be an autoantibody by studies which
included its being splitting into its constituent polypeptide chains, with
loss of activity and recombination of the chains with recovery of activity®’°.
No autoantibody has had its immunoglobulin nature more rigorously established.
Developing radioreceptor assay technolagy, Manley and his colleagues®®
succeeded in demonstrating the mechanism of the thyroid-stimulating activity
by showing, in vitro, that LATS competes with thyrotrophin for reaction with
the hormon€s receptor on the thyroid cell.

PATHOGENIC AUTOIMMUNITY

Many autoantibodies appear to be non-pathogenic. They include the
widely prevalent autoantibodies against intra-cellular, microsomal antigens
in thyroid, adrenal, gastric parietal and pancreatic islet cells. Noticing
the unconvincing relationship of these autoantibodies to disease, many



physicians formed the opinion that autoimmunity was merely a passive
consequence of tissue damage and never actually caused disease. The first
clear demonstration that an autoantibody can have a causative relationship
to a disease came from the discovery of LATS protector (LATSP). While the
stimulating action of LATS on guinea pig and mouse thyroids made it a very
strong candidate for the causative role in the thyrotoxicosis of Graves'
disease, the absence of LATS from more than half the patients, including
many of the most severely affected ones was a puzzle. One of us (DDA)
mistakenly ascribed the inconsistency to insufficient sensitivity of the
LATS bioassay, together with variable degrees of impairment of thyroid
efficiency in the patients, due to associated autoimmune thyroiditis®®.
The reality was revealed in a model interplay of ideas across the world.

LATS Protector

Trying to distinguish weak LATS responses from non-specific effects,
T.H. Kennedy and one of us (DDA) applied Kriss's discovery® that the
autoantibody can be neutralized by incubation with thyroid tissue
preparations; a specific response would be one which was neutralizable in
this fashion. However, LATS from different patients varied widely in its
susceptibility to neutralization by thyroid tissue'?. This was found to be
due to the presence of variable amounts of a new thyroid autoantibody, which
was inactive in the mouse bioassay, but protected LATS from neutralization
by thyroid tissue extracts, in vitro. We named the new autoantibody LATS
protector (LATSP) and were surprised to find it more prevalent in Graves'
disease than LATS itself. Ivan Roitt saw why. He told Deborah Doniach,
who wrote to us,

"London, May 5th., 1967.... I wonder why you assume the new LATS
blocking antibody is not active in vivo? It could be more species specific
and therefore, not show up in the mouse test, yet still have stimulating
properties on the human thyroid".
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Fig. 1. Demonstration of the stimulating action of LATS protector on the
human thyroid by infusion of a potent plasma into a volunteer.
Reproduced with permission from the Journal of Clinical Endocrinology
and Metabolism 1974; 39: §26.



The obvious test of this suggestion, that LATS protector is a human
thyroid-stimulating autoantibody which does not cross-react with the mouse,
was to see if the phenomenon still occurred when mouse thyroid tissue
extracts were used instead of human ones. It did not'3. Furthermore,
bleeding patients 150m1. to obtain 40ml. of serum for ten-fold immunoglobulin
concentration, Kennedy and I found significant LATS protector in all of the
first twenty, clinically unequivocal patients we tested. Fig. 1 shows a
direct demonstration of the thyroid-stimulating activity of LATS protector
on the human thyroid, by infusion of 280ml1. of our most potent LATS
protector plasma (LATS negative) into one of ourselves!*. Working with
R.D.H. Stewart, we found 45 of 50 consecutive cases of Graves' disease,
including all the severe and moderately - severe ones, to show LATS
protector, whereas LATS was present in only 15!%, Furthermore, the patients
thyroid activities, as measured by !3!I uptake, showed a highly significant
correlation with their LATS protector levels (P<0.001)!5. The acme of
precision in the measurement of any pathogenic autoantibody has been
achieved by Munro and Dirmikis,!® who established units of LATS protector
and went on to show that maternal levels greater than 20U/ml. invariably
result in neonatal thyrotoxicosis in the baby, that levels between 10 and
20y/m1. sometimes do and that levels below 10U/ml1. do not (Fig. 2).
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Fig. 2. Evidence for the pathogenic action of LATS protector by
demonstration of the consistent relationship between maternal
levels and occurrence of neonatal thyrotoxicosis in babies.
Reproduced with permission from Munro et al., Brit. J. Obst and
Gyn. 1978; 85: 837.

THE FORBIDDEN CLONE THEORY

Why does autoimmunity occur? The answer has its origin in what must
rank as immunology's-greatest conceptual advance — the realization by
Niels Jerne!” that antibodies are not built to fit an antigen (template
theory) but are preformed in myriad diversity, awaiting the advent of an
antigen which fits. Jerne's concept that antibodies are selected rather
than induced has revolutionized understanding of the immunity system.
Macfarlane Burnet!®, familiar with the multiplication and mutation of



populations of bacterial cells, was able to understand the similar behaviour
of populations of Tymphocytes. Burnet defined the immunological clone, a

set of lymphocytes with identical receptors for antigen, as the unit of
immune specificity, hence the clonal selection theory of acquired immunity,
now universally accepted. Burnet went on to postulate that forbidden (self-
antigen's-reactive) clones are eliminated in foetal 1ife, but may arise post-
natally to cause autoimmune disease, through series of sequential somatic
mutations in lymphocytes. This is the forbidden clone theory of autoimmune
disease, at present remarkably overlooked,’® to the detriment of medicine.

Evidence for Involvement of Somatic Mutation

The thyroid-stimulating autoantibodies (TSab) fulfill all the require-
ments of the forbidden clone theory. Their origin by somatic mutation, a
random process, but limited by the specificity of the antigens providing
the mitogenic drive, is shown by

(i) The variable, post-natal age of onset of Graves' disease, explained by -
the variable time taken for the necessarv somatic mutations to occur.

(ii) The fine variation, from patient to patient, in the specificity of
TSab paratopes (receptors for antigen), shown by variable cross-reactivity
with murine, ovine and bovine thyrotrophin receptors2?. This is explained
by the variability of the sequences of point mutations which can produce

a paratope with TSab activity. In contrast, thyrotrophin, coded for by a
static, germline gene, tends to be the same in us all

(iii) The presence of only one type of immunoglobulin 1ight chain in
thyroid-stimulating autoantibodies from individual patients. This was

first noted by Zakarija and McKenzie?!’22, being confirmed by Knight et al?23
for both LATS and LATSP, using affinity chromatography with monoclonal anti-
k and anti-)\ antibodies. As each B lymphocyte is permanently committed to
making antibodies containing only « or A light chains, this finding
indicates that TSab clones arise from mutations occurring in a single cell,
similarly to cancer.

Table 1. Light Chain Composition of Thyroid Autoantibodies from
Individual Patients )

Number of Patients
Autoantibodies Assay Method konly Xonly « &X Total

a. Pathogenic:

TSab cAMP in vitro??2 1 7 0 8
LATS bioassay?® 1 8 0 9

LATSP bioassay?? 0 2 0 2

2* 17* 0 19

*v2 =10.3, P<0.005
b. Non-pathogenic:

TMab ELISA2" 0 0 10 10
TGab ELISA2" 0 0 10 10



Table 1 shows the combined data from a total of 19 thyrotoxic

patients. In 17 of these the 1light chain type was A, in 2 k, a

significant imbalance (P<0.005). In contrast, Table 1 also shows Laing's?"
data for thyroid microsomal (TMab) and thyroglobulin (TGab) autoantibodies,
which contained both types of Tight chain in all patients tested. We think
this reflects the non-pathogenic nature of TMab and TGab and the consequent
lack of evolutionary pressure against their occurrence, on contrast to the
TSab, whose presence, until recent years, was often fatal.

Invariance of the Autoantigen for TSab

Burnet's forbidden clone theory postulates reaction of mutant
lymphocyte clones against unaltered host antigens. Again, the precise
technology available to thyroidologists has enabled this to be tested?®.

In extensive tests of thyroid autoantigen preparations from 9 patients
against LATS sera from 7 patients, there was no significant variation in
the affinity of any individual thyroid preparation for any individual LATS
serum. Similarly, tests with LATS protector sera from 55 patients showed
an absence of allogeneic variation in thyroid preparations from 4 patients.
Autologous reactions between thyroid preparations and LATS or LATSP showed
no greater or lesser affinity than homologous ones.

These findings support Burnet's theory and, further, indicate that
host histocompatibility antigens are not involved in the autoantigen for
TSab.

Unlikely Concepts of Autoimmunity

A popular notion has been that autoimmunity occurs because of a loss of
suppgssggr T cells, but purported evidence for this has not been confirm-
able®®2%7,

Similarly, purported evidence that B cell clones for thyroglobulin
autoantibodies (TGab) are universal, but held in check by lack of helper
T cells, appears to have been a misinterpretation?¢°28, Stimulating
peripheral blood lymphocytes with mitogens, Beall and Kruger?®, were able
to demonstrate TGab - secreting B cells in people showing these auto-
antibodies, but not in other people. Further, these investigators found
that T helper and T suppressor effects occurred with T cells from people
with and without TGab. Beall and Kruger conclude that the abnormality
responsible for autoantibody production does not 1ie in T cells?®.

AUTOIMMUNE COMPLICATIONS

With remarkable ingenuity, Frank Rundle and Eric Pochin demonstrated
a precise correlation between Hertel exophthalmometer measurements of
exophthalmos and degree of orbital filling in milligrams of orbital contents
per millilitre of orbital volume®®. Extracting fat with either, they
showed that this component is increased in the extraocular muscles and
orbital connective tissue of all thyrotoxic patients, accounting for the
condition. Later Rundle was able to make post-mortem study of a patient
with malignant exophthalmos, finding that in this condition the
exophthalmos is entirely due to a gross increase in size of the extraocular
muscles3®as can be seen today by CAT scanning.

There is a highly significant re]ationshi? between the specificity of
TSab and the occurrence of both exophthalmos®®!32°%! and pre-tibial
myxoedema,3!*32 both conditions being associated with the more cross-
reactive, LATS, variants (Table 2). As LATS 1is reactive with receptors
on guinea pig adipocytes,® it seems probable that some variants of TSab



Table 2. Association of TSab Specificity (LATS,
Mouse Cross-Reactivity) with the
Thyrotoxicosis Complications,
Exophthalmos and Pretibial myxoedema

Number of Patients

LATS
+ve -ve Total
Thyrotoxicosis only?3? 3 26 29
Exophthalmos3? 7 2 9
x2=12.8, P<0.001
Thyrotoxicosis only?!® 15 35 50
Pretibial myxoedema3!’>32 20 1 21

x2=22.6, P<0.001

cause the usual form of exophthalmos by reacting with orbital adipocytes
to cause mitosis or increased fat storage2?®.

The example of Graves' disease (Fig. 3) suggests that similar cross-
tissue reactivity could be the cause of complications of other autoimmune
diseases, including the retinopathy and nephropathy of insulin-dependent
diabetes mellitus, which may be due to independent autoimmune reactivities
rather than be metabolic consequences of insulin deficiency.

THE GENETICS OF AUTOIMMUNITY

It follows from the forbidden clone theory that autoimmunity has a
somatic genetic component, the mutation of lymphocyte V (variable region
of the receptor for antigen) genes, under mitogenic drive from environmental
antigens. The randomness of somatic mutation accounts for the incomplete
concordance of monozygous twins for Graves' and other autoimmune diseases®".
Additionally, familial aggregation and the variation in risk imposed by sex
and histocompatibility antigens indicate an influence of germline genes.
What do these code for and how do they exert their influence?

The pioneering studies of Bartels®® on inheritance of Graves' disease
suggested recessive mode of inheritance, with incomplete penetrance, more
incomplete in males than in females. However, frequent involvement of
three successive generations suggested dominance. Uncertain mode of
inheritance has been a characteristic feature of autoimmune diseases in
general®®., The explanation seems to be that the genes involved are multiple
and co-dominant, with products (V genes and H genes) which have inconsistent
influence on disease occurrence because of the somatic mutation involved3*.

V Gene Effect

When V genes coding for immune specificity were discovered they were
at once attractive candidates for germline influence on autoimmunity, as
they could account for the observed disease-specificity of the inheritance,
e.g. Graves' disease runs in some families, insulin-dependent diabetes
mellitus in others®*. The preponderance of A Tight chain type over k in
TSab (Table 1) suggests that immunoglobulin 1ight chain V genes are genetic
determinants for Graves' disease. In accord with this, using the k chain
allotypic marker Km(1) in unfinished family studies, we have found

6



significantly (P<0.025) associated inheritance of « chain V genes and
Graves' disease.

Histocompatibility Antigen Effect

Following the discovery that histocompatibility antigen status
influences immune response capacity for exotic antigens®?, Vladutiu and
Rose®® found that it also influences susceptibility of inbred mouse strains
to induction of autoimmunity to thyroid antigens. In Graves' disease, the
major histocompatibility complex (MHC) antigen, B8, was found to occur with
increased frequency®®, carrying a relative risk of 3.26. Later it was
found that the MHC D locus antigen, DR3, carries a relative risk of 3.77 *°
for Graves' disease. Various other suspected or established autoimmune
diseases are associated with increased or decreased frequency of certain
MHC alleles*’. Why is this?

The H Gene Theory

As histocompatibility antigens appear never to be targets for
autoimmune attack, 'they seem to be able to impose, unbreakable, 1ife-long
tolerance. Burnet postulated that tolerance induction was confined to
foetal life, but Nossal and Pike*! have shown that nascent lymphocytes from
adult animals are tolerized by contact with antigen. This explains the
absence of autoimmunity to H antigens, which, being on lymphocytes are
always present during lymphocyte ontogeny.

The H gene theory“? postulates that the association of H (histocomp-
atibility) antigen status, including sex, with altered risk of autoimmune
disease is due to the tolerance inductions of the H antigens. These alter
the repertoire of immunological clones, which in turn alters the risk of
development of forbidden clones by sequences of somatic mutations in
Tymphocyte V genes, as envisaged by Burnet. Tolerance inductions subtract
from the immune repertoire, which readily accounts for protective H antigen
effects, such as by DR2 for insulin-dependent diabetes mellitus and by male
sex for Graves' disease, on the assumption that precursors of potential
forbidden clones are deleted. However, increased risks, as by B27 and H-Y
antigens for anky]osing spondylitis, require further explanation. The
original H-gene theory®? invoked Jernes' concept“® that one clone frequently
destroys another by paratope-idiotope reaction, so that an H antigen
tolerance induction which removes an anti-idiotope clone would add a
specificity to the repertoire. We now think that interclonal deletions may
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Fig. 3. The pathogenesis of the thyrotoxicosis and exophthalmos of Graves'
disease. MTSis mouse thyroid-stimulator, another name for LATS.
?ﬁproduced with permission from Patient Management 1978;7: no.11:



be rare.  If so, the usual mechanism by which an H antigen tolerance
induction predisposes to an autoimmune disease may be through alternative
clonal development“", based on competition between clones for antigenic
contact, clones with lower affinities being shut out by ones with higher
affinities. H antigen deletion of a high affinity clone for a microbial
antigen may permit development and somatic diversification of a lower
affinity clone for a related microbial antigen, and so provide different
specificities, with increased risk of a particular autoimmunity"“".

It had been thought that H antigen influence on immune reactivity was
mediated at the antigen presentation stage but there is now clear evidence
that such effects can be based on tolerance induction“®. The H antigen
theory provides a much more comprehensive explanation of the genetic predis-
position to autoimmune disease than does the previous concept, that MHC
antigens are in Tinkage disequilibrium with undiscovered, disease-causing
genes with unknown gene products and unknown mode of action“®.

FUTURE THERAPY AND PROPHYLAXIS

Burnet's forbidden clone theory focuses attention on the need to
devise technology for the selective destruction of forbidden clones as the
ideal therapy for autoimmune disease. Forbidden clones bear two potential
targets, their paratopes and their idiotopes, both possibly utilizable for
their destruction. Furthermore, Burnet's theory defines the objective for
establishing the pathogenesis of suspected autoimmune diseases, namely to
find the forbidden clone of T cells or B cells and its precise autoantigen.

Prophylaxis of autoimmune disease may ?rove easier to achieve than
therapy. The decrease of in rheumatic fever!® with decrease in epidemics
of untreated streptococcal pharyngitis illustrates how autoimmune disease
can be prevented by removal of a microbial antigenic trigger. Weiss, Ingbar
et al*” have shown that the gut bacterium, Yersinia enterocolitica has a
saturable binding site for thyrotrophin. This suggests that B cell react-
ivity against this organism may be an essential step in the development of
Graves' disease. Similar microbial antigenic triggering is likely to be the
rule for autoimmune diseases. Multiple sclerosis is more common in people
in cool climates than in genetically-similar people in warm climates,!?®
again suggesting involvement of a microbial antigenic trigger, either
predisposing in the cold climate or protective in the warm climate. Search
for such antigenic triggers warrants intense effort, as their removal, by
judicous vaccination or by other means, could provide very effective
prophylaxis. Another approach is indicated by Naji et al's*® finding that
tolerance induction to foreign histocompatibility antigens (done in
preparation for pancreatic islet allografting) inhibits development of
autoimmune diabetes in the BB strain of rats. This finding confirms the H
gene theory and opens new vistas for prophylaxis of autoimmune disease.

SUMMARY

A number of circumstances, including the presence of iodine in thyroid
hormone ,have enabled thyroidologists to obtain an understanding of the
pathogenesis and genetics of Graves' disease which provides a model for
autoimmune disease in general. The forbidden clone theory and the H gene
theory provide badly-needed principles for direction of research towards
therapeutic and prophylactic conquest of these distressing diseases. With
our increasing technical competence more effectively applied through
application of these two simple theories, we appear to be on the eve of a
advance in medicine comparable to that which followed application of
Pasteur's germ theory of disease.
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INTRODUCTION

Graves' disease is an autoimmune disorder of the thyroid (Adams,
1981) characterized by a goiter and hyperthyroidism. The concept that
the signs and symptoms of Graves' disease reflected the action of
circulating antibodies to the TSH receptor evolved because thyroid
stimulating antibodies (TSAbs) increased adenylate cyclase activity as
did TSH (McKenzie and Zakarija, 1977; Zakarija and McKenzie, 1980; Adams,
1981; Kasagi, et al., 1982) and because IgG preparations from Graves'
patients could inhibit TSH binding to thyroid membrane preparations
(TBIAb activity) (Smith and Hall, 1974; Manley et al. 1974; Mehdi and
Nussey, 1975). It was argued the two activities were exhibited by the
same antibody. Unfortunately the concept ran into several problems.
Thus, in most studies, assays measuring thyroid stimulating antibodies
(TSAbs) and thyrotropin binding inhibiting antibodies (TBIAbs) did not
correlate in a significant number of patients. (Ozawa et al, 1979;
Sugenoya et al, 1979; Pinchera et al, 1980; Zakarija and McKenzie, 1980;
Macchia et al, 1981). Further several studies indicated that the growth
stimulating activity of Graves' IgG preparations did not correlate with
the thyroid stimulating activity in all cases (Doniach et al, 1980;
Drexhage et al, 1980, 1981; Valente et al, 1983).

MONOCLONAL ANTIBODY STUDIES RESOLVE QUESTIONS

Studies which isolated and characterized monoclonal antibodies to the
TSH receptor were able to resolve these questions (Yavin et al, 1981;
Valente et al, 1982a,b, 1983; Kohn et al, 1983b, 1984, 1985a,b, 1986a,b;
Ealey et al, 1984, 1985). Thus, these studies identified several types
antibodies to the TSH receptor, each with different activities but all of
which were specific, competitive agonists or antagonists of TSH (Table
1). One group, representative of TBIAbs, inhibited TSH binding and TSH
stimulated adenylate cyclase activity; none of this group exhibited an
ability to increase adenylate cyclase activity but some had growth
action. A second group were TSAbs able to increase adenylate cyclase
activity, iodide uptake, and iodide release from prelabeled glands in
vivo; all were poor inhibitors of TSH binding and all could induce the
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growth of thyroid cells. A third group with both TBIAb and TSADb
properties, therefore termed mixed antibodies, were extremely potent
growth stimulators, better than TSAbs relative to their adenylate cyclase
stimulatory activity.

In sum, there was a multiplicity of antibodies to the TSH receptor,
each with a different spectrum of TSH binding-inhibition activity,
adenylate cyclase stimulatory action, and growth potential (Table 1).
These observations reconciled the clinical discrepancies and established
that all the signs and symptoms of Graves' disease could indeed be
related to antibodies to the TSH receptor.

TSH RECEPTOR STRUCTURE AND SIGNAL TRANSDUCTION

The monoclonal antibodies have now been used to define the TSH
receptor structure and to examine the nature of the signal transduction
systems used by the antibodies to initiate their activities.

Previous studies have defined two membrane components on thyroid
membranes which interact with TSH with some degree of specificity (Kohn,
1978; Kohn and Shifrin, 1982; Kohn et al, 1980, 1982, 1983a, 1984,
1985a,b; Laccetti et al, 1984). The first, a membrane glycoprotein, was
generally agreed to be the component of the TSH receptor that bound TSH
to the cell with high affinity; its loss, for example, when cells were
exposed to trypsin, resulted in a loss in both TSH-binding and
TSH-stimulated functions. The role of the second component, a membrane
ganglioside, was more controversial. The evidence for its physiologic
importance derived mainly from the observations that (i) higher order
gangliosides, with the ability to interact with TSH, were absent in a
thyroid tumor that had lost its functional TSH receptor; (ii) resynthesis
or reconstitution of gangliosides in membranes from this tumor could
cause both a return of the ability of TSH to stimulate adenylate-cyclase
activity; (iii) this reconstitution was effected by a thyroid-specific
ganglioside. The ganglioside was also suggested to modulate the apparent
specificity, affinity, and capacity of the glycoprotein receptor
component and induce a conformational change in the hormone believed to
be necessary for subsequent message transmission. It appeared to couple
the high affinity binding site to the adenylate-cyclase signal system by
acting as an emulsifying agent to allow the hormone and receptor to
interact with other membrane components within the hydrophobic
environment of the lipid bilayer.

Using monoclonal antibodies to the TSH receptor (Yavin et al, 1981;
Valente et al, 1982a,b, 1983; Kohn et al., 1983b, 1984, 1985a,b, 1986a,b)
the relationship of both membrane components to the physiologic TSH
receptor has been confirmed (Fig. 1). Thus, the glycoprotein receptor
component was shown to react with the thyrotropin binding inhibiting
antibodies and be the high affinity TSH binding site. The ganglioside
component was the primary thyroid stimulating antibody (TSAb) binding
site and exhibited low affinity binding to TSH. The TSH binding to the
glycoprotein is relatively salt insensitive (Meldolesi et al, 1977) and
that to the ganglioside is salt sensitive (Aloj et al, 1979). Expression
of the salt sensitive site in cell culture systems used to measure TSH
and TSAb action causes enhanced expression of bioactivity as measured by
increases in cAMP levels and membrane potential (Grollman et al, 1977;
Kasagi et al, 1983; Ambesi-Impiombato, 1986).

Solubilization studies of the glycoprotein component of the TSH
receptor have defined components of approximately 300K (Tate 1975; Kohn
1978; Kohn et al, 1983a, 1985a,b; Czarnocka et al, 1981; Iida =t al,
1983; Drummond et al, 1982; Kress et al, 1986). Our cross-linking
studies have also defined a receptor component which is a 70K structure
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Figure 1. Model of TSH receptor based on binding studies with 1251 7sH
and on studies involving monoclonal antibodies to the TSH receptor. The
evidence indicates that the glycoprotein receptor component is linked to
a Ca+/1P3/arachidonate (PI) signal system, whereas the ganglioside is
linked to cAMP signaling. The PI function identified is iodide tramsport
into the follicular lumen and iodination of thyroglobulin. A cAMP
function is iodide uptake into the cell from the bloodstream. It is
presumed that the beta subunit of TSH has the primary recognition
determinants based on reconstitution experiments; the alpha subunit does,
however, contribute more than a conformational constraint on the beta
subunit. The alpha-subunit portion that intercalates within the bilayer
is presumed to include that region with nonapeptide hormone sequence
analogies.
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composed of ~50K and ~20K pieces (Kohn et al, 1983, 1985a,b). The

same picture has emerged in cross-linking studies by Smith and his
colleagues (Buckland et al, 1985). Radiation inactivation has defined
both a >250K and a ~70K TSH binding component (Nielsen et al, 1984).
There are, however, numerous oher reports of TSH binding membrane
components, i.e., components of ~200K, ~175K, 130K, 90K, 30K, etc.

(Heyma et al, 1984; Islam et al, 1985; Eggo et al, 1985). The reality of
the physiologic TSH receptor has thus been an eni . To try and resolve
this, we used FRTL-5 thyroid cells labeled with [ 5SImethionine and/or
[3H]glucosamine and 1251 surface-labeled bovine thyroid membranes.

We purified the TSH binding components by sequential chromatography of
detergent solubilized membrane preparations on TSH affinity columns
followed by immunopurification using our monoclonal antibodies.

Whether membrane preparations were from cells treated with TSH or
those which had not been exposed to TSH for over 5 days, two peaks of
radiolabeled protein could be eluted from the TSH-affinity column, the
first at high salt and high pH, the second at acid pH values. Both peaks
were further purified by immunoprecipitation with a TBIAb monoclonal,
11E8. In the experiment using membranes from cells exposed to TSH, the
first peak contained a heterogeneous mixture of TSH binding proteins, the
second only two, one of ~300K and one of ~70K. Studies with the
surface-labeled bovine thyroid membranes yielded the same data. The data
were very different if, however, the experiment was performed using
solubilized membranes from FRTL-5 cells maintained without TSH. One then
saw the 70K protein predominating in the first peak and the ~300K TSH
binding protein nearly alone in the second peak (Fig. 2A) of the TSH
affinity columns after immunoprecipitation with the 11E8 antibody. The
~300K protein behaves as a single homogeneous protein when subjected to
gel filtration on guanidine-hydrochloride, has a molecular weight of
~310K on the guanidine column, and does not react with antibodies to
thyroglobulin.

1f, however, one removes protease inhibitors from the buffers, the
~300K protein breaks down to form a ~70K protein which has the same
amino acid composition and tryptic map as the 70K protein isolated in the
first peak (Fig. 2B).

TSH causes the thyroid cell to increase both the synthesis and
degradation of the glycoprotein receptor component (Fig. 3). This
apparently results in further fragmentation of the 70K receptor
derivative to ~50K and ~20K fragments (Fig. 3), which were seen in
the cross-linking studies and in immunoprecipitation studies using
solubilized membranes from thyroid tissues removed from different animal
species (Kohn et al, 1983a, 1985a,b).

Incorporation of [35S)Imethionine into the TSH receptor in FRTL-S
cells as a function of time indicates that there is progressive
incorporation of label into the ~300K protein over 36 hrs but a
turnover of the 70K protein suggesting a 6-12 hr half life. These data
also raise the possibility that there are two ~70K receptor pieces
which are nonidentical.

The ~300K protein reacts with the autoimmune TBIAbs such as 122G3
or 129H8 (Fig. 2C). Surprisingly, it also reacts with the TSAbs whose
predominant in vitro reaction was with the ganglioside (Fig. 3C). This
last observation is explained by the fact that the ganglioside is tightly
bound to the glycoprotein. Thus, when the immunoprecipitates of the
glycoprotein receptor component, obtained with either a TSAb or TBIAb,
are Folch extracted, thin-layer chromatography of the aqueous soluble
lipid extract shows that the glycoprotein contains a specific ganglioside
distinct from the total ganglioside pool (Fig. 4). 1In bovine thyroid
glycoprotein receptor component preparations, this ganglioside is the
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Figure 2. (A) Autoradiograph of analytic slab gels containing a 135s1-
methionine-labeled ~280K TSH receptor from FRTL-5 rat thyroid cells
maintained for 3 days with no TSH. The gels depict results after
sequential purification (12,000-fold) by TSH affinity chromatography and
11E8 monoclonal anti-TSH receptor immunopurification. Gel 1: Purified
receptor eluted from 11E8 antibody bound to Sepharose. Gel 2: Decreased
amount of receptor is bound to 11E8-Sepharose-coupled antibody when it is
coincubated with 1 x 10~10M TSH. Gel 3: No significant 280K receptor

is bound to normal mouse IgG coupled to Sepharose when eluted as per Gel
1. Gels are 5% acrylamide and are run using a sodium dodecyl sulfate -
0.1M mercaptoethanol buffer system. (B) Autoradiography of a
[35s)-methionine-labeled TSH receptor purified from FRTL-5 thyroid

‘cells (as noted in Figure 2A), and then incubated 24 hours in buffers
wherein the aprotinin protease inhibitor used in purification buffers was
removed. Gel 1: Material from Gel 1, Fig. 2A incubated without
aprotinin, then reimmunoprecipitated with 11E8-Sepharose antibody to TSH
receptor. Gel 2: The same material as used in the Gel 1 experiment, but
incubated with 1 x 10-10M TSH during the second immunoprecipitation.
Neither the ~280K receptor glycoprotein nor the 70K fragment now bind

to 11E8. Gel 3 and 4, respectively: No receptor binds or elutes if
11E8-Sepharose is replaced with normal mouse IgG-Sepharose or with
Sepharose coupled to a "normal" mouse monoclonal that binds to thyroid
membranes, but is not directed against the TSH receptor. (C)
Immunoprecipitation of TSH receptor by normal human IgG coupled to
Sepharose (Gel 1) by human IgG monoclonal TBIAb, 129H8 (Gel 2) or 122G3
(Gel 3); or by a human monoclonal TSAb, 307H6 (Gel 4).
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Figure 3. TSH regulation of the synthesis (A) and degradation (B) of the
TSH receptor glycoprotein in FRTL-5 cells as measured by
l3581-methionine incorporation into 11E8 monoclonal (TBIAb)
immunoprecipitable receptor material after pulsing cells with
{35s]-methionine (A) or after an equilibrium labeling period followed
by a "chase" with medium without radiolabeled methionine (B). 1In A,
FRTL-5 cells were grown in the presence of TSH to near confluency. At
zero time, [3581—methionine was added and the cells maintained in the
presence or absence of TSH. At the times noted, cells were washed,
solubilized with a triton/deoxycholate/ sodium-dodecyl-sulfate mixture,
and immunoprecipitated with 11E8 coupled to Sepharose or normal IgG
coupled to Sepharose. The 11E8-specific, immunoprecipitable radiolabel
was plotted as a function of time. 1In (B), the cells were equilibrium
labeled by incubating them in the absence of TSH and in
{35s]-methionine for four days, at which time fresh media with
unlabeled methionine and with TSH (+) or without TSH (NO) was added. The
cells were solubilized at the times noted and the 11E8-bound radiolabel
was measured. In (C), the autoradiography of 11E8 immunoprecipitable
material from a [33S]-methionine equilibrium labeled FRTL-5 cell not
exposed to TSH for five days is compared with that from a comparably
labeled FRTL-5 cell exposed to TSH for one day. The TSH causes a
dramatic decrease in the ~70K 11E8 binding component and an increase in
the components having molecular weights of approximately SOK and 20K.
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Figure 4. (A) Thin layer chromatogram of gangliosides extracted from
FRTL-5 cell membranes before (FRTL-5) and after (FRTL-5 + N)
neuraminidase treatment. A mixed brain ganglioside mixtue (MBG) is
presented as a control. Detection is by resorcinol staining. (B)
Thin-layer chromatography of the gangliosides extracted from the
12,000-fold purified ~280K TSH receptor glycoprotein from FRTL-5 cells
after it was immunopurified by 11E8 (lanes 1, 2 and 5) or after it was
immunopurified by 307H6 (Gels 3 and 4). The ~280K protein was from
FRTL-5 cells labeled with [3H]—N~acetyl glucosamine. The thin-layer
plates were cut in strips and they either were resorcinol stained (lanes
2 and 4) or subjected to autoradiography (lanes 3 and 5). Gangliosides
were extracted and purified after the ~280K receptor glycoprotein
preparation was sonicated (Ultrasonics, Inc., Model W185 D cell
disrupter; 3 min; output 3) under a stream of nitrogen. The final
fraction was obtained using a sep pakM cartridge. The purified
fractions, dried under a stream of nitrogen and dissolved in methanol,
were chromatographed on silica gel 60 HP-TLC plates (E. Merck, Darmstadt,
Germany). The running buffer was chloroform: methanol:KCl 2.5 mg/ml
(120:70:16 by vol). Neuraminidase treatment (+N) of a ganglioside
preparation was for 24 hours with a cholera vibrio enzyme; reactions were
terminated by 10-fold dilution with methanol; the gangliosides were
reconstituted in buffer after drying with a stream of nitrogen.
Gangliosides were chromatographed with authentic standards, each of whose
migration is noted.

17
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Figure 5. Tentative model of TSH receptor structure. The possibility of
non TSH binding subunits analogous to the insulin or IGF-I receptor
structure cannot be excluded.
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Table 1. Representative Monoclonal Antibodies to the TSH Receptor?

TSH Growth
Receptor Primary Activity Exophthalmogenic
Clone No. Source Classificationd (degree)® Activity
13D11 bovine TBIAD no yes
11E8 bovine TBIADb no yes
59C9 human TBIAb no no
60F5 human TBIAb yes(++) no
129usP human TBIAb yes(+) weak
12263P human TBIAb no weak
22A6 bovine TSAb yes(+) no
206H3P human TSAD yes(++) no
307H6Ps ¢ human TSAb yes(++) yes
304D3Prc human TSAb yes(+) no
308L2P*¢  human TSAb yes(+) no
410F9P human TSAD yes(+) no
52A8 human mixed yes(++++) no

208F7P human mixed yes (+++) no

8Each monoclonal had the ability to be competitively and specifically
inhibited from binding to thyroid membranes, i.e., it was inhibited by
TSH but not by luteinizing hormone, human chorionic gonadotropin,
insulin, glucagon, or albumin. Each was a competitive antagonist or
competitive agonist of TSH in assays measuring adenylate cyclase activity.
b Heterohybridomas derived from lymphocytes of Graves' patients

¢ From the same patient.

d A TBIAD is an antibody which competitively inhibits TSH binding and
TSH activity in assays of adenylate cyclase action, iodide uptake, or
thyroid hormone release in vivo. None has significant stimulatory
activity in these assays. A TSAb is a stimulator of activity in assays
of adenylate cyclase action, iodide uptake, and thyroid hormone release
in vivo; although they are inhibited from binding to thyroid membranes by
TSH, they are weak inhibitors of TSH binding. Mixed antibodies have
properties of a TSAb and TBIAb but can be distinguished in mixing
experiments and in asays of growth activity in FRTL-5 thyroid cells,
i.e., per unit of adenylate cyclase stimulatory action they are
significantly more potent in stimulating growth than TSAbs, whether
measuring cell number or thymidine uptake activity.

€Measured as increases in cell number or thymidine uptake in FRTL-5
cells.

fAbility to act like IgG preparations from exophthalmos patients in
increasing collagen synthesis but not cAMP levels or growth in
fibroblasts (Rotella et al 1986).
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Table 2. Effect of Monoclonal Antibodies to the TSH Receptor
on the Growth of FRTL-5 Thyroid Cells as Measured by Radiolabeled
Thymidine Uptake into DNA

[3H]-Thymidine Uptake® (cpm/ug DNA)
Monoclonal Antibody Alone +Indomethacin
None 1600 1400
N1 IgG 1450 1510
TSH 1 x 10~10y 6800 3500
1x10°9 M 31,000 14,000
"Stimulating" TSAbsP
22A6 6800 6900
307H6 8700 9200
“Mixed" AntibodiesP
52A8 28,600 7400
208F7 24,700 6500
“Inhibiting" TBIAbs
122G3 9350 1460
129H8 5600 1480

8seventy-two-hour thymidine uptake (Valente et al, 1983).
brested at concentrations of IgG that increased cAMP levels in FRTL-5
thyroid cells to exactly the same extent.



same as a thyroid-specific ganglioside (Mullin et al, 1978) identified in
earlier experiments to have the highest ability to inhibit TSH binding to
thyroid membranes. Little is known about the ganglioside. It
fractionates on DEAE as a disialoglycolipid; it probably has a Gprp
rather than a Gpy, configuration; it is sensitive to neuraminidase
treatment, which destroys its reactivity with the TSAbs; and it appears
to contain a fucose residue.

The sum of these data supports a TSH receptor structure as depicted
in Fig. 5. The ~300K glycoprotein is a primary synthetic structure; at
least two ~70K units are derived from the ~300K structure by protease
action. The ~50K and ~20K units are formed from the ~70K unit by
protease action; the ~50K unit has bound ganglioside. Whereas the
~300K and ~70K pieces predominate under conditions where TSH
increases cAMP levels; the ~50K fragment is linked to a growth action
of TSH separate from cAMP.

Monoclonal antibodies studies support the idea that both the growth
and function of the FRTL-5 thyroid cell appears to involve both a cAMP
signal and a signal involving phosphoinositides/IP3/Ca++/
phospholipase A2/ and arachidonate (Fig. 1) (Kohn et al, 1986c, Philp and
Grollman, 1986; Bone et al, 1986; Corda and Kohn, 1985; Corda et al,
1985; Burch et al, 1986; Santisteban et al 1987; Marcocci et al, 1987).
Studies with monoclonal antibodies indicate that the ganglioside is the
receptor component coupled to the adenylate cyclase complex whereas the
glycoprotein receptor component is more linked to the IP3/Ca++/
arachidonate signal system (Fig. 1). The difference in a growth as
opposed to a functional response, when either TSH or a monoclonal
antibody interact with the glycoprotein component of the TSH receptor and
initiate the Catt/arachidonate transduction signal, seems to be whether
an indomethacin sensitive, cycloxygenase derivative of arachidonic acid
is involved as an intermediate (growth) or a ETYA sensitive lipoxygenase
derivative of arachidonate is the intermediate (function) (Kohn et al,
1986c; Marcocci et al, 1987; Burch et al 1986; Santisteban et al,

1987).

Thus TSAbs stimulate growth via an indomethacin insensitive cAMP
signal; some TBIAbs stimulate growth via an indomethacin-sensitive
IP3/Ca++/arachidonate signal; the mixed antibodies or TSH invoke both
(Table 2). Thyroid hormone formation is a complex process involving
iodide uptake, iodide efflux into the follicular lumen, thyroglobulin
synthesis, vectorial transport of thyroglobulin to the follicular lumen,
and iodination of thyroglobulin. TSAbs stimulate iodide uptake via the
cAMP signal (Fig. 6) (Weiss et al 1984a; Marcocci et al 1985). TSAbs do
not stimulate iodide efflux or iodination of thyroglobulin whereas some
TBIAbs and mixed monoclonal antibodies do (Fig. 6) (Weiss et al 1985b,
Santisteban, 1987a). TSAbs and cAMP can increase thyroglobulin synthesis
but full expression requires insulin and/or IGF-I (Santisteban 1986,
1987b) (Fig. 6).

SUMMARY

Studies of monoclonal antibodies to the TSH receptor show that
different autoantibodies to the TSH receptor can exist in the same
patient and can cause different effects on growth and thyroid hormone
formation. These different efects appear to be caused by interactions
with different determinants of the TSH receptor which, in turn, can be
coupled to different transduction signals. It thus is not surprising
that the spectrum of TSH receptor autoantibodies in Graves' causes a
varied phenotypic expression rather than a uniform well defined clinical
syndrome.
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PROGRESS IN UNDERSTANDING THE THYROID MICROSOMAL ANTIGEN

Leslie J. Degroot, Luc Portmann, and Noboru Hamada

Thyroid Study Unit, Department of Medicine,
University of Chicago, IL 60637

Microsomal antigen has been recognized for nearly three decades as a
component of the thyroid cell apical membrane and intracellular membranes
reactive with sera from most patients with Hashimoto's thyroiditis and
Graves' disease. Although antibodies to thyroglobulin have been much more
thoroughly investigated because of the readily available thyroglobulin
antigen, there is considerable doubt that this antibody plays a pathogenic
role in autoimmune disease. In contrast, antibody dependent cytotoxic
reactions have been described using antibodies to the microsomal antigen,
suggesting that this antibody-antigen system may be important in destruc-
tion of thyroid cells.! several attempts have been made to solubilize and
analyze the antigen in the past, usually using detergents, sonication,
proteolysis, or high concentrations of salt. It was suggested that the
antigen might be a lipoprotein.?

Identification of Microsomal Antigen by Western Blot

Three years ago Hamada et al3s4 applied to this problem newer tech-
niques for analysis of antigens. Human thyroid tissue was homogenized,
the "microsomal fraction" recovered by differential centrifugation, and
solubilized partially by sonication. This material was subjected to
polyacrylamide gel electrophoresis without denaturation, in the "native"
antigen condition, in denaturing conditions using urea and SDS, and in
denaturing plus reducing conditions, with the addition of mercaptoethanol.
The proteins were electrophoretically transferred to nitrocellulose paper,
incubated with human polyclonal antisera positive in the microsomal antigen
tanned red cell agglutination test, and lacking thyroglobulin or thyroid
stimulating antibodies, and the bound immunoglobulin was detected using
protein A or peroxidase coupled second antibody. The results were dramatic
(Fig. 1). In the native condition, antibodies bound to a smear of heavy
weight proteins ranging in size from over 300,000 kD down to approximately
100,000 kD. Denatured proteins also presented a smear, although with
several more discrete large molecular weight bands of approximately 200 -
100 kD. The results in reducing-denatured conditions were most interesting
in that some antisera‘did not recognize any antigen, whereas 20% of antisera
bound strongly to proteins at 101 and 107 kD. This antigen was found to
exist only in the thyroid. Polyvalent human antisera were found to
precipitate the antigen from solubilized microsomal tissue, and were found
to bind it when the antibodies were coupled to Sepharose 4B. When high
molecular weight proteins observed in non-denaturing conditions were
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Fig. 1. SDS-PAGE and Western blot using thyroid microsomes. Each lane
contained 40 pg microsomal proteins heated for 15 min at 65 C in 0.009 M
Tris-HCl1 buffer, pH 8.0, containing 2.5% SDS and 2.25 M urea with (1) or
without (2) 5% 2-mercaptoethanol. Bands were resolved in a 3.3 - 20%

linear gradient gel. A, SDS-PAGE stained with Coomassie blue; B, Western
blot against various sera [a and b, control; c-j, patient sera (c, 1; 4, 2;
e, 3; £, 4; g, 5 h, 6; i, 7; j, 8); k, mouse Tg antibody; 1, no serum].

Sera were diluted 1:400. *, Mol wt (MW) markers. These do not run correctly
under nonreducing conditions. 1) Myosin (mol wt, 200,000); 2) B-galactosidase
(mol wt 92,500); 4) BSA (mol wt, 66,200); 5) ovalbumin (mol wt, 45,000).

electroeluted from gels, and then rerun in denaturing-reducing conditions,
they could be identified only as 101 and 107 kD peptides (Fig. 2). Further,
when 101 and 107 kD peptides were electroeluted, dialyzed extensively, and
run in denaturing but non-reducing conditions, large molecular weight
complexes were identified by antisera. On two dimensional polyacrylamide
gel-isoelectric focusing studies, one protein with a kD of approximately
107 and a pI of 7 was identified.

Relationship to Peroxidase

At the same time the above studies were ongoing, Portmann et ald
studied the relationship of the antigen to thyroid peroxidase. Human
thyroid peroxidase was prepared from Graves' disease tissue using
established techniques, and the solubilized protein was incubated with
sera having potent antimicrosomal antibody titers. On secondary incubation
with protein A, some of the sera precipitated the thyroid peroxidase. The
precipitating activity paralleled microsomal antibody titer, although
there was not a perfect relationship (Figures 3, 4). Some sera were
highly potent in precipitating peroxidase.
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Fig. 2. Poorly defined large molecular weight proteins visualized in
Western blot run under non-reducing conditions contain 107 kD protein.

(1) Fifty micrograms of microsomal proteins were electrophoresed in SDS-
PAGE (3.3 - 20%, linear gradient gel) in non-reducing condition, and
transferred onto NC sheets, incubated with control and patient LH sera.
Bound antibody was visualized with 125I-protein A followed by auto-
radiography. (2) Proteins correspond to a, b, ¢, and 4 in 1) were
electroeluted from 3.0 mg of microsomal proteins run on 6% preparatory
SDS-PAGE. Each fraction was analyzed in SDS-PAGE (3.3 - 20%) under
reducing or non-reducing conditions. Gel was stained with silver staining.
(3) Proteins electrophoresed in reduced condition were analyzed by Western
blot against control or patient LH sera. One-tenth and one-fourth of each
protein fraction were used for silver staining and Western blot,
respectively. * = Mol wt (MW) markers. ** = Radioactive Mol wt (MW) markers.

006

PEROXIDASE ACTIVITY - AA470/min
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Fig. 3. Effect of graded amount of serum on peroxidase. 190 pug TPO was
added to various amounts of serum (O - 5CJ ul). Peroxidase activity was
assayed in the supernatant after incubation of TPO with serum and Protein
A Sepharose CL-4B. A control serum (A——4) and serum (@——-—- ®) from one
of the four patients' sera causing complete precipitation of peroxidase
were used. Each point is the mean of duplicate assays.
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Fig. 4. Correlation between peroxidase activity (remaining after incubation
of TPO with controls or patients' sera + Protein A-Sepharose CL-4B) and
microsomal antibodies measured by ELISA. The rectangle includes the mean

+ 2 SD of results using control sera in both assays.

These studies led our group to the conclusion that the microsomal
antigen existed as a duplex of 101 and 107 k peptides which had similar
antigenicity, although obviously different molecular structure. These
peptides apparently could exist in larger forms, either as multimers or
in association with other peptides, probably through formation of disulfide
bonds. Further, the microsomal antigen was specific to thyroid, and was
possibly identical with thyroid peroxidase.

Coincident with this work, Philippe Carayon and collaborators were
proceeding along similar lines. This group purified human thyroid
peroxidase (TPO) by a novel chromatographic method and made monoclonal
antibodies to it. These were used for further purification of TPO, which
was found to consist of two peptides of approximately 98 and 105 kD. These
peptides were reactive with sera that contained microsomal antibodies in
Western blots. This group also reached the conclusion that the microsomal
antigen and peroxidase were probably identical.’ Kotani et al have also
identified antibodies reacting with TPO in patients with ATTD.®

Monoclonal Antibodies to the Microsomal Antigen

More recently, Portmann et al? have electroeluted protein from the
107 kD band in preparative polyacrylamide gels, and developed monoclonal
antibodies using conventional fusion techniques with SP2/0 myeloma cells.
Six monoclonal antibodies were recovered which reacted specifically with
the 101 and 107 kD bands present in PAGE gels of microsomal antigen done
in denatured-reducing conditions (Fig. 5). The antibodies reacted weakly
with large molecular weight proteins in the native state. These
observations confirmed even more specifically that the 101 and 107 kD
proteins were immunologically very similar. Further, the monoclonal anti-
microsomal antibodies reacted with 101 and 107 kD proteins immuno-
precipitated by polyvalent human antisera, and vice versa. Most interesting
were reactions of the monoclonal antibodies with purified TPO. Alvin
Taurog kindly provided a sample of purified pig thyroid peroxidase, and
five of the six monoclonal antibodies reacted vigorously with a v 54 kD
broad band of protein. Carayon kindly provided a sample of purified human
thyroid peroxidase, and in confirmation of the identity of the two proteins,
the monoclonal antibodies identified approximately 94 and 105 kD duplex
bands in this preparation. In collaboration with Carayon, we have shown
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Fig. 5. 107 kD microsomal antigen was eluted from SDS-PAGE and used to
immunize mice. Spleen cells were fused to SP2-O myeloma cells. Several
monoclonal antibodies were recovered. All reacted only with the 107 kD
and 101 kD forms of the antigen on Western blot of microsomes - as shown
above. There was no cross-reactivity with other tissues. The monoclonals
also reacted with purified human and porcine TPO.

that our monoclonal antibodies react extensively and completely with his
purified peroxidase, and that 1 of 16 monoclonal antibodies that he
developed against TPO reacts in Western blot to the same protein bands

as do our monoclonal antibodies. Thus it seems impossible that there can
be anything less than identity between "microsomal antigen" and "thyroid
peroxidase".

Structure of the Microsomal Antigen as Determined By A Proteolytic Digestion

Digestion of the microsomal antigen with trypsin leads to development
of two smaller 84 and 88 kD bands which react with all of the monoclonal
antibodies. 1Interestingly, these bands represent the commonly reported
sizes of human and animal thyroid peroxidase, prepared using trypsin.1
Thus trypsin must cut off a portion of the microsomal antigen making the
protein more soluble, and leaving the catalytic function intact. Most
polyvalent human antisera do not react with this smaller antigen, although
some do react vigorously. Thus the monoclonal antibodies recognize
different epitopes present in the denatured condition of the antigen and
largely distinct from those recognized by most polyvalent human antisera.

Incubation with V8 protease destroys the 107 kD band, but not the 101
kD peptide. Thus the 101 kD peptide must lack a peptide domain present in
the 107 kD form. An explanation for this could be that two forms of
protein are determined from the same gene, possibly from differential
splicing of the hnRNA, leaving out one or more exon.
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A Model of the Microsomal Antigen

Putting the data above together, we can suggest a model for the function
of the microsomal antigen, which would include domains having epitopes
recognized only in the denatured condition, domains having epitopes
recognized in the native antigen, and specific trypsin and V8 protease
sensitive sites (Fig. 6).

Clinical Studies on Antisera Detecting Different Forms of ‘the Antigen

We have studied 197 sera from patients with autoimmune thyroid disease
and determined their reactivity to the native antigen in the tanned red
cell agglutination, native antigen ELISA, or native antigen Western blot
techniques.11 Reactivity to the denatured antigen was determined using an
ELISA based on a denatured antigen, or by Western blot, and antibodies
reacting with the reduced and denatured antigen were determined by semi-
guantitative Westerr blotting. In general, reactivity in all these
systems ran in parallel in the sense that higher titer reactivity to the
native antigen was commonly associated with reactivity in the denatured
or the denatured plus reduced antigen. However, this was not always the
case; some sera reacted with the denatured and reduced antigen and much
less to other forms. Eleven - 30% of patients with Hashimoto's thyroiditis
and Graves' disease reacted with the denatured and reduced antigen. There
was a correlation in patients with Graves' disease between reactivity to
the denatured and reduced antigen and the period of illness, and also with
the onset of hypothyroidism after RAI treatment (Fig. 7).

Pepsin site

Trypsin site

107 KD form Domain Domain Domain Domain

A B C D

101 kD form Domain  Domain Domain

A B D

Hypothetical model of mirosomal antigen-TPO

Fig. 6. The 107 kD and 101 kD forms of the antigen must be closely
related since both forms react with polyvalent antisera and monoclonal
antibodies, thus having in common domains labeled A and B. The 107 kD
form lacks a Pepsin sensitive domain present in the 101 kD form. Both
are split by trypsin (domain D) producing two smaller peptides.
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The Future

We are just beginning to understand the microsomal antigen. It is
most fascinating that it is related to thyroid peroxidase. Possibly
thyroid antibodies can inhibit peroxidase function in vivo, although this
has yet to be proved. Cloning of the microsomal antigen is probably just
around the corner and will lead to interesting studies on the expression
of the gene and its structure. Definition of the epitopes of the antigen,
and correlations of reactivity of antisera from patients with different
epitopes and the clinical features of their disease may prove most
interesting. One fascinating idea is that antibody reactivity to the
denatured form of the antigen could be related to cross reactivity in
other tissues, such as in the eye or elsewhere, and produce some of the
clinically important aspects of Graves' disease.
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This discussion concerns the possible relationship between bacterial
antigens and the pathogenesis of autoimmune thyroid disease (AITD), with
emphasis on the human pathogen Yersinia enterocolitica (Y.e.) and on
Graves' disease. It is divided into three parts: a description of the
fascinating background information that prompted us to investigate this
topic; a brief description of our findings to date; and a consideration
of their possible significance with respect to the pathogenesis of AITD.

BACKGROUND

Y.e. is a gram—negative coccobacillus of the family Enterobacteri-
aceae. The species is not homogeneous, comprising a group of organisms
that are separable on the basis of 33 0- and 19 H-antigens, 5 biotypes,
and 5 phage types. Three O-antigen types, 0:3, 0:8, and 0:9, account for
the majority of infections with Y.e. A puzzling feature is the wide
variation in the frequency with which yersinial infection is encountered
in differing parts of the world, as well as the predominance of differing
serotypes in different areas, some close by to one another (see review,
Ref. 1). In Scandinavia, for example, Y.e. is a common cause of enteric
infection, and agglutinating Y.e. antibodies occur in approximately 17%
of normal healthy subjects (2). In the U.S., in contrast, clinical in-
fection with Y.e. is uncommon, Y.e. antibodies being found in <87 of a
normal population in New York City (3,4). In Denmark, serotype 0:3 is
the most common cause of yersinial infection, whereas both 0:3 and 0:8
are evidently important in the U.S. (1,3).

Diarrhea is the cardinal feature of infection with Y.e., but of par-
ticular interest and possible relevance to the present discussion are
the occurrence, during the acute disease or subsequently, of various ab-
normalities that suggest autoimmune disease, as described by Gripenberg
et al. (5). Among them are erythema nodosum, carditis, glomerulonephri-
tis and iritis. Arthalgias, arthritis, and Reiter's syndrome are also
seen, and are strongly associated with haplotype HLA-B27. Further, stud-
ies of sera obtained within three months after the onset of symptoms, all
with a diagnostic titer of Yersinia agglutinins, provided evidence of a
diffuse stimulation of humoral immunity, including an increase in isohem—
agglutinin titers, a high frequency of antinuclear and smooth muscle
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antibodies (SMA), and a high frequency by indirect immunofluorescence
assay (IFL), of antibodies against gastric parietal cells, renal tubular
epithelium, and human thyroid epithelium (5).

In the mid-1970s and over the next several years there developed two
separate, but converging, lines of evidence linking Y.e. to thyroid dis-
ease. One line of evidence, already cited, was the appearance of anti-
bodies that bind to human thyroid epithilium in sera of patients recover-
ing from infection with Y.e. (5). Earlier, Lidman and co-workers had re-
ported that among 100 sera that contained agglutinins against Y.e. sero-
type 0:3., 74% were positive by IFL for antibodies binding to the mem-
branes of thyroid glands removed from patients with hyperthyroidism (6).
In a later study, the same group found that 26/96 of sera showing mar-
ginal staining of the membrane region of thyroid cells were from patients
acutely infected with Y.e. serotype 0:3. In addition, approximately 80%
of 63 sera with agglutinins against serotype 0:9 reacted with thyroid
epithelium by IFL (7). In contrast to the IFL-reacting antibodies found
by Gripenberg et al, these could not be absorbed by treating sera with a
source of SMA. Of particular interest was the dependence of the IFL re-
action on the nature and mode of preparation of the thyroid tissue. Neg-
ligible reactions were seen with live human thyroid cells, indicating
that the antigen was cytoplasmic. Similarly, clear-cut IFL reactions
were not seen in "atoxic” human thyroid tissue or in thyroids from the
monkey or the rat. Absorption of sera with heat-killed Y.e. removed ag-
glutinins, but not IFL reactions, indicating that the IFL-reactive anti-
body was not directed toward the O antigen. Further, IFL-reactivity was
partly or completely abolished, respectively, by absorption of sera with
formalinized or sonicated bacteria, indicating that the reactive anti-
gens are only poorly represented on the bacterial surface. These find-
ings are mainly consonant with our own (v.i.). Also relevant is the
finding, that by conventional techniques, positive tests for antimicro-
somal antibodies, in titers as high as 1/103, were present in the sera
of 18% of patients convalescing from Y.e. infections, whereas tests were
positive in only 6.5% of normal blood donors (5). In patients followed
serially, positive tests for antibodies proved to be transitory.

A second line of evidence, developing concurrently, comprised data
that revealed an inordinately high frequency of agglutinating antibodies
against Y.e. among patients with various thyroid diseases who were not
known to have suffered infection with this organism. A remarkably close
concordance of the data was seen in studies conducted in the laborabora-
tories of Beck (8,9), Weiss (10) and Shenkman (3,4) and their colleagues
in Denmark, Israel, and the United States, respectively. Among patients
with various thyroid disorders, variously comprising in the several stud-
ies Graves' disease, Hashimoto's disease, diffuse and nodular nontoxic
goiter, toxic adenoma, idiopathic myxedema, and a few cases of subacute
thyroiditis and of thyroid carcinoma, significant agglutinin titers were
found in approximately 50-90%. What makes the data all the more remark-
able is that this concordance was seen in the face of wide variations in
the frequency of Y.e. agglutinins in the control population (17% in Den-
mark; 0/77 in Israel; and <8% in the U.S.). In the studies of Shenkman
and co-workers (3,4), Y.e. agglutinins were demonstrated with the fol-
lowing frequencies: Graves' disease, 24/36; autonomous adenoma, 5/6;
Hashimoto's thyroiditis, 7/7; primary myxedema, 3/5; nontoxic nodular
goiter, 4/11; thyroid carcinoma 1/2. Antibodies against serotype 0:3
were the most prevalent, particularly in sera from patients with Grave's
disease, in whom titers tended to be the highest. No correlation was
evident between the state of thyroid function or titers of antithyroid
antibodies and those against Y.e.

Even more important to this line of evidence are the data of Beck
and colleagues, who employed the migration-inhibition assay to study the
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frequency and characteristics of cell-mediated immune responses to Y.e.
and human thyroid extracts in patients with various thyroid disease (11).
Lymphocytes from 64 patients with nodular or diffuse nontoxic goiter,
toxic adenoma, or Graves' disease were compared with those from 25 normal
controls. For the entire group of patients, and for those with Graves'
disease or diffuse nontoxic goiter, significantly positive tests in re-
sponse to Y.e. antigen were observed. Further, in controls, the migration
index was unrelated to the presence or absence of Yersinia antibodies,
but in patients, the migration index was lower (i.e., more strongly posi-
tive) in those with Yersinia antibodies than those without. Most inter-
estingly, significant inhibition of leucocyte migration in response to
thyroid antigen was evident only in Graves' disease, and here, unlike in
controls, a significant correlation between the inhibition of migration
produced by thyroid extract and that produced by Y.e. was evident.

Several possible explanations for the foregoing constellation of
findings have been suggested, and certain of these will be discussed be-
low, but the explanation most commonly offered is that Y.e., particular-
larly serotype 0:3, contains one or more antigens that cross-react im-
munologically with antigens in human thyroid tissue. We were greatly
intrigued by this possibility and its potential ramifications, and sever-
al years ago set out to study the problem in a somewhat different manner.

EXPERIMENTAL FINDINGS

Our initial efforts were directed to detecting functional, and by
inference stuctural, homology between components in the thyroid membrane
and in Y.e. Initial studies were therefore directed to a search for a
a saturable binding site for TSH in Y.e. Studies were conducted with Y.e.
serotype 0:3 (12). Organisms stored in the frozen state were thawed,
cultured in blood agar, and then subcultured overnight in brain-heart in-
fusion broth at room temperature, rather than 37 C. Binding of tracer
concentrations (approx. 10711M) of 1251-1abeled bovine TSH (bTSH) was
studied by conventional techniques (12), and various methods of treating
the bacteria in order to maximize binding were tested. Specific binding
of tracer concentrations of 1251-bTSH was evident in all, but was great-—
est in a particulate prepared by treating the whole organism with EDTA
and lysozyme (Fig. 1). Hence, the latter method of extracting the organ-
ism was used in all subsequent binding experiments.
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Fig. 1. Binding of 1251-bTSH to Yersinia entero-
colitica treated by various methods.
Reprinted, with permission, from Ref. 12.

37



Binding of 1251-bTSH was time- and temperature-dependent. Binding
was most rapid at 37 C, peaking in 30 min, but declining thereafter.
Steady-state binding was greatest at 4 C, but was achieved too slowly for
practical use, whereas binding at 22 C was nearly as high, and steady-
state was maintained between 1-6 hr. This temperature was therefore
selected for further studies.

Binding of bTSH to the EDTA-lysozyme extract of Y.e. was saturable,
saturation being achieved at a bTSH concentration of about 0.5U/ml (12).
Scatchard analysis of these data revealed the presence of a single ap-
parent binding site with a binding maximum (B .) of 2.9 x 1078 mole/mg
bacterial protein and dissoclation constant (Kd§ of 4.2 x 103 (Fig. 2).
Hence, the affinity of the TSH binding site in Y.e. is less than that of
of the high affinity site in human thyroid membranes, but greater than
that of the low affinity site (13).

Additional studies revealed a concordance of the major properties
of the TSH-binding site in Y.e. with those of the TSH receptor in human
and bovine thyroid membranes. As in thyroid membranes (14), a dose de-
pendent inhibition of 1251-bTSH binding was produced by the other glyco-
peptide hormones, in order of decreasing potency: bLH, hCG, and bFSH.
All were far less potent than bTSH itself, and porcine insulin and glu-
cagon, as well as ACTH (1-24) and bovine serum albumin, were inactive
at high concentrations (12).

Further, as in mammalian thyroid membranes (13,14), enrichment of
the medium with the monovalent cations Na' and Kt produced a dose-de-
pendent inhibition of binding (half-maximum at approximately 12mM), and a
much more potent inhibition, half maximum at approximately lmM, was
produced by the divalent cations Ca2* and Mg2t (15).
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Fig. 2. Saturable binding of bovine TSH to an EDTA-lysozyme
extract of Yersinia enterocolitica. Reprinted, with
permission, from Reference 12.
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The localization of the TSH binding site within the cell wall of Y.e.
was then determined. Spheroplasts were subjected to osmotic lysis and
were then sedimented through a sucrose density gradient. Three major
protein peaks were obtained, and these were analyzed for 1257-bTSH bind-
ing and lactic dehydrogenase (LDH) activity. As seen in Table 1, both
activities were least in the densest fraction, Fraction I, and greatest
in the least dense fraction, Fraction III (15). Since LDH is principally
localized in the inner bacterial membrane, this seems to be the locale of
the TSH-binding site, as well. This would appear to explain the lesser
binding of bTSH in heat- or formalin-treated organisms than in the EDTA-
lysozyme extract and could explain the only partial removal of IFL-reac-—
tive antibodies by heat-killed or formalinized Y.e., as seen in the stu-
dies ¢f Lidman and co-workers (7).

A limited survey of organisms other than Y.e. for the presence of
TSH-binding sites revealed high levels of binding (approximately 10-12%)
in EDTA-lysozyme extracts of clinical isolates of Escherichia coli (E.c.)
pseudomonas aeruginosa, and Neisseria meningitides, though binding was
less than that in extracts of Y.e. (approximately 24%). Little, if any,
binding (<37%) was observed in extracts of Group A or Group B Strepto-—
coccus (15).

In view of the demonstration of a saturable binding site for TSH in
the inner bacterial membranes of Y.e. serotype 0:3, akin in many of its
properties to the TSH receptor in human and other mammalian TSH receptors,
and in other gram-negative bacteria as well, it seemed imperative to ob-
tain evidence as to whether these TSH binding sites would also react with
the TSH receptor antibodies of Graves' disease. To examine this ques-
tion, we exploited the receptor-purification technique developed in our
laboratory that employs the guinea pig fat cell membrane to provide, from
crude IgG, preparations very highly enriched in TSH receptor antibodies,
but apparently devoid of antibodies against other thyroid antigens (16).
Preparations of normal and Graves'-IgG were subjected to the receptor-
purification technique, and both the original IgG and receptor-purified
products were tested in a TSH-binding inhibition (TBI) assay. EDTA-lyso-
zyme extracts of Y.e., rather than thyroid membranes, were employed as a
source of TSH-binding sites. At the very low concentrations purposely
employed (up to 100 ug/tube), neither the crude normal or Graves'-IgG
produced significant inhibition of TSH binding, and this was also true
of the “"receptor-purified"” preparation of normal IgG. Receptor-purified
Graves-1gG, in contrast, produced a potent dose-related inhibition of TSH
binding (approximately 80% inhibition at 20 ug/tube) (15).

The foregoing studies suggested that antibodies in Graves'-IgG bind
to Y.e., that in so doing they interfere with binding of TSH to its bind-
ing site, and that their potency in this respect is greatly increased
when they are enriched in TSH receptor antibodies. These antibodies
must, therefore, recognize the bacterial TSH binding site. More direct
evidence of this association was provided by experiments in which the

Table 1. Localization of the bTSH binding site in EDTA lysozyme extracts
of Yersinia enterocolitica.

Fraction LDH Activity 1251-bTSH binding
(umol/min/mg protein) (%/100 ug protein)
I 2 10
11 20 12
111 80 48
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binding of crude and receptor-purified normal and Graves'-IgG to Y.e.,
E.c., and Group G Streptococcus coated on microtiter plates was measured
by ELISA. Antibodies that bound to all three organisms were detected in
crude IgG preparations from both normal controls and patients with
Graves' disease. In the case of normal IgG, titers were completely un-
affected by "receptor-purification.” In contrast, receptor-purified
Graves '-I1gG displayed greatly increased binding to Y.e. and E.c., organ-
isms that contain TSH binding sites in significant number, but not to
Group B Streptococcus, in which binding of bTSH was negligible. Further,
in studies with E.c., binding of both crude and "receptor-purified” nor-
mal IgG, as well as crude Graves'-IgG, was negligibly affected by the
addition of bTSH, whereas binding of receptor-purified Graves'-IgG was
markedly inhibited (15). These findings provide powerful evidence, we
believe, that the TSH receptor antibodies in the serum of patients with
Graves '-disease bind to antigens in Y.e. and E.c., and that the epitopes
in the bacteria to which they bind are their TSH binding sites.

In view of the foregoing evidence of functional and immunological
cross-reactivity between the TSH receptors of the human thyroid membrane
and the TSH binding site of the bacterial membrane, we have initiated
attempts to induce the formation of TSH receptor antibodies, i.e., to
develop an animal model of Graves' disease by immunizing rabbits with
extracts of Y.e. Among 5 rabbits, one displayed, in a serum obtained in
an early bleeding, IgG that had consistent and pronounced TBI activity in
guinea pig fat cell membranes, but strangely, not in human or rabbit thy-
roid membranes; this activity was gone from sera obtained in subsequent
bleedings. Compared with pre-immunization specimens, IgG also displayed
increased binding to human thyroid membranes in ELISA (17). These re-
sults, though quite preliminary, suggest that it is possible to raise TSH
receptor antibodies by immunizing animals with Y.e., and further studies
to this point are proceeding.

DISCUSSION

The findings described, we believe, leave no room for doubt that
Y.e. serotype 0:3 contains a saturable, hormone-specific binding site
for mammalian TSH that resembles in many of its properties the receptor
for TSH in the human thyroid gland. Further, we have identified similar,
though less well-characterized, binding sites in several other gram-
negative bacteria, including at least some strains of the ubiquitous E.c.
It appears, moreover, that such TSH binding sites are more widely dis-
tributed in lower life forms than even our data would indicate, since
Sack and co-workers have recently reported the presence of saturable,
specific binding sites for TSH in membranes of Leishmania and Mycoplasma
(18,19). To date, it is unclear whether there exists within these or-
ganisms a corresponding ligand. A TSH-like factor has been isolated from
the culture medium of Clostridium refringens (20), but a complementary
binding site evidently has not been sought for in this organism. Neither
is there information as to what function any interaction between TSH
binding sites and their putative ligands in these organisms may subserve,
but the broad biologic distribution and apparent evolutionary conserva-
tion of TSH binding sites suggest that an interaction with a ligand of
either endogenous origin, or perhaps native to their host, may be impor-
tant to their survival or infectivity. There is now overwhelming evi-
dence for the presence of a variety of peptide hormone$ and/or their re-
ceptors in unicellular eukaryotes and prokaryotes (21,22). Though their
function therein is still uncertain, cytosolic receptors for estrogenic
steroids have been detected in Saccharomyces cerevisiae and Paracocci-
dioides brasiliensis, and a biologic response to estradiol has been ob-
served in the latter (23,24). These findings are outside of the realm
of conventional endocrinology, but answers to the questions they raise
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are deserving of vigorous pursuit because of their intrinsic interest and
almost certain biological significance.

To return to Y.e. and E.c., the organisms in which we have been
particularly interested, our data seem clearly to confirm the widely-
postulated cross-reactivity between antigens in the human thyroid and
antigens in Y.e., and they clearly identify one of the cross-reacting
antigens as the thyroid's TSH receptor. The functional similarity of
the bacterial binding site to that in the thyroid, the ability of the
IgG from the serum of patients with Graves' disease to bind to Y.e.
and E.c., the enhanced binding of Graves'-IgG, but not normal IgG, af-
ter purification by the TSH receptor in guinea pig fat, as well as the
ability of TSH to inhibit such binding, all indicate that this is the
case. Nonetheless, it appears that there are other antigens in human
thyroid that cross-react with antigens in Y.e. Thus, antibodies against
thyroid microsomes, as measured by conventional techniques, appear tran-—
siently in an inordinately high percentage of patients recovering from
yersinial infections (5). In addition, antibodies to Y.e. that interact
with human thyroid, as judged by IFL, do so in cryostat sections, but
not in live cells. This suggests that, unlike the TSH receptor, they
are not localized on the cell membrane, but rather are cytoplasmic (7).
Further, they do not react with rat or monkey thyroid (7). Although
this might imply that there are important structural differences between
the human TSH receptor and that in the rat and monkey, the receptor in
rat thyroid is sufficiently homologous to that in man to make possible
use of rat thyroid in TBI assays of Graves'-IgG. Further, some reports
indicate that an interaction with human thyroid can be detected by IFL
in the case of the SMA that appear in the serum in patients recovering
from infection with Y.e. (25). It seems likely, therefore, that Y.e.
contains multiple antigens that cross-react with those in human thyroid,
and this may have some bearing on the most important and interesting
question of all, whether bacterial antigens could possibly play a role in
the pathogenesis of AITD.

The concept that immunological cross-reactions between heterophilic
antigens in micro-organisms and antigens in the tissues of the host, one
form of "molecular mimicry,"” may lead to autoimmune disease is one that
has received increasing attention, and several mechanisms by which this
may occur have been suggested (26,27). Certainly, many micro-organisms,
including Y.e. (5) and the Mycoplasma mentioned above, are capable of
eliciting antibodies that interact with a variety of tissues, though
these do not necessarily cause disease. More to the point is the accept-
ed role of heterophilic antibodies in explaining the relationship between
beta-hemolytic streptococcus and rheumatic fever (28), as well as that
between infection with Mycoplasma and cold agglutinin-mediated hemolytic
disease (29). More recently, sharing of antigen determinants among
proteins in E.c., Proteus vulgaris, Klebsiella pneumoniae and those in
the nicotinic acetylcholine receptor has been suggested to play a role in
the pathogenesis of myasthenia gravis (30).

Could a similar relationship apply in the case of Y.e. and AITD?
The possibility that it may currently rests on the remarkable frequency
of antibodies to Y.e. in the serum of patients with AITD, and conversely,
the frequency of antibodies that react with various thyroid antigens in
the serum of patients who have been infected with Y.e. Several explana-
tions for these findings have been suggested (4). First, the relation-
ship might be merely coincidental, resting on the chance occurrence of
cross-reacting antigens in human thyroid and Y.e. In support of this
explanation is the fact that evidence of prior infection with Y.e. is
lacking in most or all patients with thyroid disease whose serum contains
antibodies against Y.e. Also in favor of this interpretation is the
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similar frequency of Y.e. antibodies in the sera of patients with AITD
reported from diverse parts of the world, in which the frequency of yer-
sinial disease varies widely (4,8-10). Similarly, it seems most unlikely
that those patients with AITD who live on the eastern seaboard of the
U.S., and whose sera contain antibodies that interact with Leishmania
antigens (18), have actually been exposed to that organism. All these
considerations would support the contention that a coincidental occur-
rence of cross-reacting antigens would account for the presence of anti-
bodies that interact with bacterial and parasitic proteins in patients
with AITD. The strength of this argument is diminished, however, by the
demonstration of TSH binding sites not only in Y.e., but also in other
micro-organisms, and it is possible, if not likely, that these organisms
share other antigens as well. Therefore, a single organism could elicit
antibodies that both would be involved in the pathogenesis of AITD and
would cross-react with antigens in organisms to which the patient had
never been exposed.

Another consideration that militates against the suggestion that the
association of AITD with antibodies against Y.e. is merely coincidental
stems from the fact that, in all studies of the frequency of Y.e. anti-
bodies in patients with thyroid disease cited thus far, the tests em—
ployed have measured antibodies against the O-antigen. Yet, it is clear
from studies of patients recovering from Y.e. infection, that antibodies
against the O-antigen are not those which interact with human thyroid.
This consideration would lend support to the idea that patients with
AITD who possess antibodies against Y.e. have previously been infected
with Y.e. or some other cross-reacting organism. As is demonstrable by
immunoelectrophoresis, patients and animals infected with Y.e. develop
antibodies against both the O-antigen and a bacterial protein(s) (31).
Evidently, the frequency of antibodies of the latter type in patients
with AITD has not been examined, but such studies could prove rewarding,
since the protein is much more likely than the O-antigen to contain
the antigens that cross-react with antigens in the thyroid.

A finding that seems quite inconsistent with the role of bacterial
antigens in the pathogenesis of AITD is the frequency with which Y.e.
agglutinins are found in the sera of patients with thyroid diseases, such
as toxic adenoma and carcinoma, that are not considered to be autoimmune
in nature. It is true that in most studies, antibodies against Y.e. are
found with greatest frequency in patients with AITD in general and
Graves' disease in particular. Nonetheless, if thyroid diseases such as
toxic adenoma and carcinoma do indeed lack an autoimmune basis, then one
would expect patients with these diseases to display antibodies against
Y.e. only in a frequency which matches that of the normal, healthy popu-
lation, and this is clearly not the case.

For the present, the question of whether bacterial antigens contri-
bute to the pathogenesis of AITD, or its perpetuation or exacerbation
once established, remains unanswered. The TSH binding site in Y.e.,
which interacts with Graves'~IgG, exemplifies one type of bacterial anti-
gen that could play a role in the development of AITD, but the diver-
sity of organisms that share this site with the human thyroid complicates
the issue greatly and makes it unlikely that a causative relationship can
be proven by the type of epidemiological data applied to the question thus
far. Development of an animal model of Graves' disease by immunization
with bacterial antigen would fulfill another of Koch's postulates, but
would not in itself be conclusive. Studies of the thyroid bioactivity of
antibodies present in the serum of patients recovering from infection
with Y.e. would likely illuminate their functiomnal significance, if any,
and a careful search for other well-defined thyroid antigens, such as the
microsomal antigen, in Y.e. and other micro-organisms that contain a TSH
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binding site would provide critical information. Further, a study of the
frequency of various histocompatability antigens among those patients
with AITD who display antibodies against Y.e. and those who do not might
reveal important associations, like that of HLA-B27 and Yersinia-related
arthropathies (32). Although studies of this type may not conclusively
prove or disprove a role of bacterial antigens in the pathogenesis of
AITD, they are certain to provide information of interest and importance.
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"ATRA 1": A NEW AUTOANTIGEN IN AUTOIMMUNE THYROID DISEASE
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S. Filetti

Departments of Medicine, Metabolism 111F, V.A. Medical
Center, San Francisco, CA 94121 and the University of
San Francisco, San Francisco, CA 94143

INTRODUCTION

With the exception of thyroglobulin (1), autoantigens in autoimmune
thyroid disease are poorly defined. Molecular cloning of some of these
antigens would contribute greatly toward their characterization. We have
used serum from a patient with Hashimoto's thyroiditis to screen a human
thyroid cDNA library in the expression bacteriophage vector lambda gtll
(2). We report the molecular cloning and partial nucleotide sequence of
part of a gene that does not have significant homology with any human
gene previously described. The thyroid protein expressed by this gene
therefore represents a new autoimmune thyroid disease-related antigen
(ATRA).

METHODS AND MATERIALS

Human thyroid cDNA library

A lambda gtll cDNA library (2) was constructed using mRNA prepared
from Graves' thyroid tissue. The library was screened (3) using serum
from a patieng with Hashimoto's thyroiditis with a microsomal antibody
titer of 1:10° and no detectable anti-thyroglobulin antibody. Positive
plaques selected by the antiserum were cloned to homogeneity.

Western blots

Lysogens of selected lambda gtll clones were made in Y1089 cells
for generation of fusion proteins (3). Aliquots of bacterial lysates
were applied to 7.57 polyacrylamide gels and were transferred onto
nitrocellulose paper, followed by the same protocol used to screen the
library (3).

Northern blots
Human thyroid and human liver poly(A)+ mRNA were electrophoresed
in 1.57 agarose and transferred by electroblotting to Nytran paper

(Schleicher and Schuell, Inc., Keene, NH). The paper was probed with
the nick-translated 0.6 kb Eco Rl1-Eco Rl clone 1 (IL-28) fragment.
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Miscellaneous

Human thyroid microsomes were prepared from Graves' thyroid tissue
by the method of Hamada et al. (4). Nucleotide sequencing was performed
by the dideoxynucleotide method of Sanger (5).

RESULTS
Clone selection

Initial screening of the human thyroid gtll cDNA library yielded 5
plaques that could be cloned to homogeneity. In order to determine the
specificity of these 5 clones as antigens in autoimmune thyroid disease
they were tested against the serum of different patients. None of the
17 normal sera reacted with clones 1 and 2, but 7 of 17 normal samples
and 11 of 24 samples from patients with autoimmune thyroid disease
reacted with clones 3, 4, and 5 (Table I). In contrast to clones 3, 4,
and 5, clones 1 and 2 only reacted with serum from patients with auto-
immune thyroid disease (Table I). In particular, clone 1 reacted with
serum from 4 of 15 (27%) patients with Hashimoto's thyroiditis and 1 of
9 (11%) patients with Graves' disease. Clone 2 only reacted with serum
from 2 patients (sisters) with Hashimoto's thyroiditis. Because it
reacted with more serum samples, we focused on clone 1.

Three known antigens in autoimmune thyroid disease are the micro-
somal antigen, thyroglobulin and the TSH receptor. In order to determine
whether clone 1 represented a fragment of one of these antigens we
attempted to competitively inhibit antibody binding7to the proteins pro-
duced by these clones. Neither 100 mU/ml bTSH, 10 ‘M thyroglobulin nor
Jhuman thyroid microsomes (150 pg protein/ml) inhibited antiserum binding
to clones 1 and 2 (Figure 1). There was no correlation between anti-
microsomal antibody titer and the reactivity of various serum samples
with clones 1 and 2 (data not shown).

Proof of the specificity of the reaction of serum from a Hashimoto's
disease patient with the fusion protein in clone 1 was obtained by Western
blot analysis (Figure 2). This figure also indicates more specifically
that the fusion protein in clone 1 does not contain thyroglobulin or
microsomal antigen, in that these 2 antigens did not inhibit antibody
binding.

Northern blot analysis of mRNA from human thyroid and human liver
tissue was performed using the 0.6 kb Eco Rl - Eco Rl cDNA insert in
clone 1 as a probe. A single band of 3.3 kb was evident in the lane
containing thyroid mRNA (Figure 3). The absence of a corresponding mRNA
species in liver indicates that clone 1 expresses a thyroid specific
protein fragment.

The nucleotide sequence of the clone 1 cDNA insert was determined
in both directions (Figure 4). In the sequence of 572 bp, the longest
open reading frame from the 5'-end was 117 bp (39 amino acids) with an
untranslated 3'-end of greater than 455 bp. The full extent of this
untranslated region could not be estimated because the clone does not
contain the 3'-end of the gene. The orientation of the nucleotide
sequence, as shown in Figure 4, is also uncertain, and was chosen
because the longest open reading frame in the opposite orientation was
for only 20 amino acid residues. No significant homology was found
between this thyroid cDNA fragment and any known sequence in the Gen-Bank
and Dayhoff gene banks.
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Figure 1. Specificity of antigens. TSH, thyroglobulin (Tg) and human
thyroid microsomes did not prevent binding of Hashimoto's antiserum to
the proteins generated by clones 1-5. Each panel represents 1 Petri

dish spotted with approximately 1000 pfu each of clones 1-5. Spots 6

and 7 are two different concentrations of wild type lambda gtll, and 8
represents a non-specific clone. In panels A, C and E the filters were
exposed to antiserum without the added antigen. 1In panels B, D and F the
same adntiserum contained, in addition, 100 mU/ml TSH, 10 ‘M thyroglobulin.
(Tg) and 150 pg protein/ml human thyroid microsomes, respectively.
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Figure 2. Specificity of binding of Hashimoto's antiserum to the fusion
protein. Aliquots (approximately 50 pg protein) of the clone 1 (IL-28)
bacterial lysate were applied to lanes 1, 3, 5, 7, 8 and 11 in a 7.57%
polyacrylamide gel. Lanes 2, 4, 6, 8, 10 and 12 contained BNN97 lysate,

a lysogen containing wild type lambda gtll. The proteins transferred to
nitrocellulose paper were probed using serum from two Hashimoto's patients
(#3 and #2). In control (con) lanes the filter was incubated in antiserum
without any additives. Other strips were exposed to the same antibody
with the addition of 150 pg protein/ml human thyroid microsomes (MSA) or
10 ‘M thyroglobulin (Tg). The fusion protein is indicated by the
B-galactosidase molecular weight marker of 116,000 Daltons.
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Figure 3: Northern blot analysis of thyroid mRNA (T) and human liver
mRNA (L) using the clone 1 (IL-28) cDNA probe. The single band indicated
by the arrow was of approximately 3.3 kb, based on molecular weight
markers of 16S and 23S ribosomal RNA, and tRNA.
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AAGTCCCAGCCTCCCGCTGCCGTCCAGTGTGTGTACTGTACACATCCACACTCACTCTCA

50

CTCAGGGTTCCCGGACCGGCTGTCCTGCCTGCGGAACTGAGGTAAACAAGCTCAGGTACT

100
GACACTAGGAGGGTCTACCTTACATAAGGTACAGGTAGAAGCTTGATTGATTGCTAGGCC
) ; o ) ) .
CAGGCCACCCAGACCCTCCAATCCTAACAGGTATTTAGGCTTGAGGTTCACTCCCTCCTC
) i ) . . )
AGCTGCACACGCAGCCAGGTATAACACTCGCCCTCAGTCACAACGGGGAGGGGGCACCGE
250 ' ' ) ' 300
TTACATCTACATCACATTATTTATAAAATAAGAATTACATTTCATATAACATGGCCAGAA
) ; . . I’ .
GGAGCTCTAGTCCCCCAGGAAAGCTGCCGGGACAGCATTTGAGCCTCTTCTTTGCACAGG
. ) . o . .
CATAACTTAACTATACAGCTAATTGGGGGGGGCCCCCCCTGAAAAATAATCCCCCCAAAT
. ; e } ; .
AAGCAGCATGTCATGTCCTTAGAATATGTTACACTAGAAAGGTAGAAAAATTCAGGCTAA
. o ; ) . .
GGAGGCAATTTAGAGTCAAGTTATCACGAATT

550

Figure 4. Nucleotide sequence of the 0.6 kb clone 1 cDNA insert (IL-28).
The 5' end is depicted on the left, and is so assigned because this

orientation provided the longest open reading frame.

The solid underlines

indicate the initial stop codons in each of the three different reading

frames.
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DISCUSSION

We describe the identification and partial characterization of a new
autoimmune thyroid disease-related antigen (ATRA). This antigen is not
thyroglobulin, the microsomal antigen, or the TSH binding site of the TSH
receptor. The Northern blot of human thyroid and human liver mRNA
indicates that ATRA 1 is thyroid tissue specific. In anticipation that
other such antigens will be described, and until the exact nature of the
present antigen is determined, we suggest the term ATRA 1 to describe
this protein. The functional relevance and pathological significance of
ATRA 1 remains to be determined.

Because the cDNA in clone 1 contains only a part of the structural
gene, it follows that there must be fewer epitopes on the protein
expressed by the fragment than on the entire protein. This, together
with the polyclonicity of the microsomal antibody, as well as the hetero-
geneity of the epitopes of the microsomal antigen, makes it reasonable
that ATRA 1 reacts with only 277 of the Hashimoto's serum samples tested.
Even though this incidence could conceivably be higher if the entire
ATRA 1 molecule were available for testing, the results with the intact
microsomal antigen suggest that this would not be the case (4).

Table I. Reactivity of selected clones with serum from normal subjects
and patients with Hashimoto's disease or Graves' disease.

Clone 1 2 3 4 5

Normal® (n=17) 0 (0%) 0 (0%Z) 7 (4172) 7 (41%) 7 (412)

Hashimoto's diseased 4 (27%) 2 (137) 7 (477) 7 (4772) 7 (47%2)
(n=15)

Graves' disease® (n=9) 1 (11%Z) 0 (0Z) 4 (44%Z) 4 (44%) 4 (44%)

®Antimicrosomal antibody titers < 1:100.

dAntimicrosomal antibody titers 1:6400 - >1:106 (before absorption with
BNN97 lysate)

eAntimicrosomal antibody titers of < 1:100 - 1:6400 (before absorption
with BNN97 lysate)
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INTRODUCTION

Autoimmune disorders of the thyroid gland are associated
with the presence of autoantibodies <(aAb) specific for antigens
localized to the cell cytoplasm, surface membranes and colloid spacé’3
While some thyroid autoantigens such as thyroglobulin (Tg), the
thyroid hormones and, more recently, the thyroid peroxidase (TPD)
have been already identifiedl™> , the nature of other thyroid
autoantigens such as the second colloid antigen, remains unknown 1,2
The main evidence for the involvment of the TSH receptor in
autoimmune thyroid diseases is the ability of autoantibodies to
inhibit the binding of TSH to thyroid membrane preparations 1,2
Still, the -exact role of the TSH receptor in the alterations of
thyroid function observed in patients with autoimmune thyroid
diseases remains a matter of controversyl 2 . Assay of aAb to Tg,
the microsomal antigen and, in a lesser extent, to the TSH receptor
are currently performedl,2 . However, information on the
characteristics of these autoantibodies are rather scarce. The
advent of the hybridoma technology offered a new approach to
decipher the pathophysiological mechanisms of autoimmunity.
Monoclonal antibodies (mAb) are currently in use in numerous
laboratories to study the cellular and molecular aspects of
autoimmune diseases. We will review here several applications of mab
in thyroid autoimmunity currently in progress in our laboratory.

1- ANTIGEN LOCALIZATION

Numerous mAb directed against thyroid membrane antigens were
produced in our laboratory. Nineteen mAb were screened Ffor
crogs-reactivity with anti-microcsomal aAb. One of these mAb appeared
to be directed against the microsomal antigen. Optical microscopic
examination of human thyroid tissue sections revealed that staining
with the mAb was almost identical to that observed with
anti-microsomal aAb4 , Complete extinction of mAb staining was
obtained after preincubating thyroid tissue sections with adb 6 . We

Address Correspondence to Dr Pierre Carayon, U 38 INSERM, Faculté de
Médecine, F-13385 Marseille Cedex 5, France.
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alsoc noted that the localization of the microsomal antigen was
closely related to that of TPO which first suggested that TPO and
the microsomal antigen  were identical. Electron microscopic
examination of thyroid tissue sections further showed that both TPO
and the microsomal antigen were found in the apical microvillar
membranes and alsoc in the endoplasmic reticulum, the perinuclear
cisternae and the exocytic vesicles of the follicular cells/ (Fig.
1, upper part). Preincubation of human thyroid follicles with
anti-TPO mAb and anti-microsomal aAb indicated that both antigens
were equally submitted to a process of endocytosis (Fig. 1, lower
part).

Fig.1. Localization of binding sites for anti-TPO mab (left part)
and anti-microsomal aAb <{right part) on human thyroid tissue
sections {upper part) and sectione of iszolated human thyroid
follicles {(lower part).
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Table Activity of thyroid peroxidase at wvarious stages of
purification

Total Total Specific Purification
Stage of purification protein units activity factor

img) (U/mg) (U/mg)

Microsomes 791 2?15 1.1 1
Solubilizate 383 841 2.2 2
Affinity chromatography 1.6 610 381 331

Fig 2 Polvacrylamide gel electrophoresis of affinity purified TPO in
reducing {(left panel) and non reducing conditions {right panel),
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2 - ANTIGEN PURIFICATION

Polyclonal aAb assisted affinity chromatography has been carried
out in order to purify the microsomal antigen and the TSH receptor.
All the attempts failed to yield pure antigens due to the
polyspecificity of the antibodies present in the aAb preparations.
Using the anti-TPO mAb previously shown to cross-react with
anti-microsomal aAb, we undertook the purification of the microsomal
antigen from surgical specimens of human thyroid glands . The
purification procedure was monitored by measuring TPO activity. In
initial thyroid homogenates and particulate fractions, the TPO
activity was found to wvary widely from batch to batch. This
fluctuation could be accounted for by the origin of the thyroid
specimens which were from patients with various diseases and
interference with the guaiacol assay in crude preparations. On the
basis of previous papers from other groups®'” , a purification of
about 10-fold over the starting material to microsomes might be
assumed. In the microsomal fraction, the specific activity of TPO
ranges from 1.0 to 2.0 U/mg and increased to 300 to 400 U/mg in the
purified material eluted from the mAb affinity column. Therefore, it
was estimated that TPO was purified 3000 to 2500 fold over the
starting thyroid homogenate (Table 1). The physico-chemical
characteristics of the affinity-purified TPO were extensively
studied. Electrophoresis in sodium dodecylsulfate polyacrylamide
slab gels showed two contiguous bands of apparent molecular weight
95 and 105 KDa (Fig.2 left panel) ; in non-reducing conditions, TPO
resolved in one band migrating in the same region (Fig.2, right
panel).

3 - ANTIGEN PRIMARY STRUCTURE

Determination of the amino acid sequence of proteins is an
important step towards the elucidation of their structure and
function. The methodology of molecular biclogr has allowed to
decipher the primary structure of Tg¥1land may also be applied to
the study of the other antigens involved in thyroid autoimmunity.
Several strategies are possible to isolate genes encoding proteins
of interest. Often the experimentally limiting step has been the
lack of a suitable nucleic acid probe with which to screen clones
for those containing the relevant gene. An immunological approach to
screening clones is possible if the gene of interest encodes a
polypeptide for which specific antibodies are availablel2, Genomic
DNA fragments can be inserted in an expression vector, gtll, that
expresses the foreigh insert DNA under the control of prokaryotic
gene signals in Escherichia coli 1334 7o ensure that all of the
coding sequences are expressed requires the construction of a
recombinant DNA 1library whose foreign inserts are precent in all
orientations and translational frames. The next step ic to uce a
specific and efficient immunological screening procedure to detect
translation products. Polyclonal antisera often contain irrelevant
antibodies which could react with unwanted antigens. This is
generally the cace with antisera to thyroid antigens which present
at least anti-Tg antibodies due either to contamination of the
antigens by Tg or to an autocimmune reaction of the recipient. The
use of a mixture of carefully selected mAb ensures a very specific
survey of the antigenc exprecsced by recombinant clones.

This approach has been wundertaken in our and other
laboratories to disclose the structure of thyroid avtoantigens. As a
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Fig.3 Schematic representation of the Tg binding inhibition curves
of the 10 radioiodinated mAb by the 10 unlabelled mAb.Mlindicates a
complete inhihition,indicates a partial inhibition, andOindicates
no inhibition. Reactivity with identical antigenic regions are
suggested by mAb which reciprocally achieved complete inhibition and
accordingly are grouped in cluster (numbered solid line).
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Fig 4. Relationship among the epitopes recognized by 10 anti-TP0O mAb
investigated by cross-inhibition experiment. Each MAb was tested for
its ability in solution (Liquid Phase) to inhibit the binding of
labelled TPO to microtiter plate coated mAb (solid Phase).
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matter of example, informations about the gene of TPO are expected
very soon.

4 - ANTIGEN THREE DIMENSIONAL STRUCTURE

Major advances in the elucidation of the primary structure
of proteins have been made possible by molecular biology technigues.
However, information ,about the higher order structures of these
molecules is not abundant. An approach to examine the three
dimensional structure of proteins is to use antibodies for mapping
their antigenic surface .

Among the numerous anti-Tg mAb produced in our laboratory,
10 were purified and characterized1® . To define the topology of the
antigenic sites recognized by the mAb we established the Tg binding
inhibition curves of each of the 10 radiolabelled mAb by each of the
10 unlabelled mAbl7 . Three patterns of inhibition were distinguished
: complete inhibition observed with 1 to 10 ug/ml unlabelled mAb,
partial inhibition and no inhibition. The results of the
cross-inhibition experiments are summarized Fig.3. Reactivity with
identical antigenic regions was suggested by mAb which reciprocally
achieved complete inhibition and were accordingly grouped in
clusters. Six distinct regions might be delineated. Taking into
account not only complete but also partial inhibitions nine patterns
of cross-inhibition might be observed. Only two mAb (J7C73.7 and
J7B49.15) interacted identically. The enumeration of Tg epitopes was
further studied using more mAb Kindly made available to us by
several research groups. 5é mAb were used, 2% were labelled with
alkaline phosphatase and their binding to Tg was meacsured in the
absence or presence of wvarious concentration of the 5é unlabelled
mAb. We thus obtained more than 1400 dose-response curves. Analysis
of the data indicated that 18 mAb did not cross-react with the 29
labelled mAb. The remaining 38 mAb inhibited the binding to Tg of
one to 13 labelled mAb and delineated 18 patterns of reactivity.
From these data it emerges that Tg presents an extraordinary
antigenic diversity. This suggests that the number of antigenic
determinants presented b{ Tg far exceeds the number of 40 previously
proposed by another group 8

The same approach has been taken for <ctudying the
immunological structure of TP . Ten out of 44 anti-TPO mAb were
selected for their ability after coating to microtiter plates to
efficiently bind radiociodinated TPO. Preincubation of labelled TPO
with mAb in solution resulted in various degree of inhibition of TPO
binding to the coated mAb. Converted into gqualitative terms i.e.
complete, partial or no inhibition, the results were incorporated
into an 10 x 10 matrix. As shown Fig.4, five clusters of reactivity
were distinguished. These preliminary results indicated that human
TPO expressed at 1least five different antigenic domains on its
surface.

5 - AUTOANTIBODY HETEROGEMEITY

It is ogenerally accepted that the repertoire of adb ic
restricted as compared to heterclogous antibodies 18 | It has been
shown that human Tg presented at 1least 40 antigenic sites in
heterologous system but only two or three in homologous system =’

No information were available for anti-microsomal adAb.

Affinity-purified anti-Tg aAb were assayed for their ability
to inhibit the binding to Tg of the 10 radiciodinated mAb previcusly
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used for
presented
exhibited
antigenic
mAb (Fig.3

criss—cross experiments (see Fig 3). Typical results are
in Fig. 3. aAb from patients with Graves‘diseacse generally
strong inhibition of mAb directed against the same
domain and weak but significant inhibition of all other
upper part).
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Fig 5. Inhibition curves of 10 radiociodinated mAb binding to Tg by
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cancer {(lower part).
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Table 2 Inhibition of mAb binding to TPO by pools of 5 sera from
patients with Graves’disase and Hashimoto’s thyroiditis

Pool mAb
dilution I_ 13 47 é 2 40

2
-
1
=

1/3000 72 20 0 10 0

0 S5 O 0 0

Graves’ 1/200 94 48 30 95 100 3 19 11 28 O
disease 1/100 100 83 51 100 100 25 34 15 28 O
1/20 100 100 58 100 100 51 346 S0 S0 146

1/3000 0 ? 0 13 9 o 0 0 20 3

Hashimoto’s 1/200 &4 42 40 89 100 0 2 0 22 0O
thyroiditis 1/100 95 72 50 100100 O 20 0 24 4
1720 93 100 71 100 100 44 28 40 S0 11

a) % inhibition

In Hashimoto’s thyroiditis the pattern of mAb binding inhibition was
more complex. mAb directed against several domains of Tg were often
found inhibited by aAb (Fig.5, middle). By contrast, anti-Tg aRb in
some patients with thyroid carcinoma might inhibit the whole set of
mAb (Fig.5 lower part). Extending the number of antigenic domains
and patients studied we found that aAb reacted strongly with several
reccurent antigenic domains of Tg and weakly with all the remaining
antigenic domains -~
The same pattern of reactivity was found with anti-TPO ahb 20

. At low concentration aAb inhibited significantly the binding of
two paire of mAb (1-15 and &-9) directed against two different
domains of TPO (see Fig. 4). At high concentration the binding sites
for these mAb appeared saturated by aAb which displaved significant
inhibition of the other mAb tested (Table 2).

6 - AUTOANTIBODY IDIOTYPIC ANALYSIS

Five xenogeneic anti-idiotypic anticera fanti-id) were
produced against ‘individual BALB/c-derived mAb which bound to
different peptidic determinants on the human Tg molecule 2LIdiotypic
analysis performed using sensitive radicimmunoassays revealed that :
(1) the anti-id highly precipitated their homologous ligands : (2)
two anti-id displaved minor cross-reactivities with one or two
heterclogous mAb ; (¢3) each unlabelled homolocgous mAb was able to
inhibit the idiotype binding of the corresponding anti-id ; <{4) no
significant inhibition of homologous idiotype binding was observed
with large excess of heterologous mAb ; (5) efficient inhibition of
mAb binding to Tg was observed only when homologous anti-id served
as inhibitor. These data supported the conclusion that xenogeneic
anti-id might detect on their corresponding ligands individual
idiotypic specificities that could be located at the mAb-combining
site. Such reagents may constitute appropriate probes for further
studies on anti-Tg autoimmunity.
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CONCLUSION

the

The monoclonal antibody technology appears instrumental in
elucidation of the mechanisms involved in autoimmune thyroid

diseases. Associated with methods used in biochemistry, cell biology
and molecular biology, monoclonal antibodies may allow a quantum
leap in our understanding of thyroid autcimmunity.

ACKNOWLEDGMENTS

This work was supported in part by grants from the

Association pour 1la Recherche contre le Cancer and the Association
pour la Recherche en Biologie Cellulaire.

REFERENCES

1.

2.

i0.

11.

12,

13.

14,

R. Yolpé, "Auto-Immunity in the endocrine System",
Springer-Verlag, New-York {1981)

A. Pinchera, G.F. Fenzi, P. Vitti, L. Chiovato, L. Bartalena,
E. Macchia, and S. Mariotti, Significance of thyroid auto
antibodies in autoimmune thyroid diceaces, in :
"Autoimmunity and the Thyroid", P.G. Walfish, J.R. Wall and

R. Volpé, eds., Academic Press, Orlando pp 139-152 (1985)

E.L. Khoury, G.F. Bottazzoc and I.M. Roitt, The thyroid
microsomal antibody revisited, J. Exp. Med. 159 : 577 {1984)
B.Czarnocka, J. Ruf, M. Ferrand and P. Carayon, Antigenic
relationship between thyroid peroxidase and the microczomal
antigen involved in auto—immune thyroid diseases, C.R. Acad.
Sci (Paris) 300 : 577 (198%)

B. Czarnocka, J. Ruf,, M. Ferrand, P. Carayon and S. Lissitzky,
Purification of the human thyroid peroxidase and its
identification as the microsomal antigen involved in autoimmune
thyroid diceases, FEBS Lett. 120 : 147 (1985)

J. Ruf, B. Czarnocka, C. De Micco, C. Dutoit, M. Ferrand and
P. Carayon, Thyroid peroxidase is the organ-specific
"microsomal" autoantigen involved in thyroid autocimmunity,
Acta Endocrinol., accepted for publication

C. Alquier, J. Ruf and P. Carayon, Co-localization of thyroid
peroxidase and the binding sites for anti-microsomal and
anti-peroxidase antibodies, Submitted for publication.

T. Hosoya and M. Morrison, The isolation and purification of
thyroid peroxidase, J. Biol. Chem., 242 : 2828 (1947)

N.M. Alexander, Purification of bovine thyroid peroxidace,
Endocrinology 100 : 1410 (1977)

L. Mercken, M.J. Simons, M. Massaer and G. Vassart, Primary
structure of bovine.thyroglobulin deduced form the sequence of
its 8,431-base complementary DNA, Nature, 314 : 447 (1985

Y. Malthiery and 8. LissitzKy, Primary structure of human
thyroglobulin deduced from the sequence of its 8,448 base
complementary DNA, Submitted for publication

H.A. Erlich, S.N. Cohen and H.0 Mc Devitt, Immunological
detection and characterization of products translated from
cloned DNA fragments, Methods in Enzymology, 48 : 443 (1979)
R.A. Young and R.W. Davis, Efficient isolation of genes by using
antibody probes, Proc. Natl. Acad. Sci. USA 80 : 1194 (1983
B. Lapeyre and F. Amalric, A powerful method for the preparation
of c¢cDNA libraries : isolation of cDNA encoding a 100 KDal
nucleolar protein, Gene 37 : 215 (1985)

61



15.

16.

17.

18.

19.

20.

21,

62

W.R. Moyle, P.H. Ehrlich and R.E. Canfield, Use of monoclonal
antibodies to subunits of hCG to examine the orientation in

its complex with receptor, Proc Natl Acad Sci USA, 79 : 2245
(1982)

J. Ruf, P. Carayon, N. Sarles-Philip, F. Kourilsky and

S. LissitzKy, Specificity of monoclonal antibodies against human
thyroglobulin ; comparison with autoimmune antibodies, EMBO J.
2 11821 (1983

J. Ruf, P. Carayon and S. LissitzKy, An approach to human
thyroglobulin structure by immunological methods using
monoclonal antibodies, in : "Thyroglobulin. The Prothyroid
Hormone®", M.C. Eggo and G.N. Burrow eds, Raven Press, New-York,
pp 13-20 (1985

1.M. Roitt, L. De Carvalho, L. Nye and G. Wick, Some general
aspects of organ-specific autoimmunity in "Autoimmune Aspects
of Endocrine Disorders", A. Pinchera, D. Doniach, 6.F. Fenzi
and L. Baschieri eds, Academic Press, London, pp 3-10 (1980)

J. Ruf, M. Henry, C. De Micco and P. Carayon, characterization
of monoclonal and autoimmune antibodies to thyroglobulin ;
applications to clinical investigation, in : "Thyroglobulin
and Thyroglobulin Antibodies", C. Reiners ed, Thieme Verlag-
Stratton, New-York, in press

J. Ruf, B. Czarnocka, M.E. Toubert, M. Ferrand and P. Carayon,
Characterization of monoclonal, polyclonal and autoimmune
antibodies to human thyroid peroxidase, Submitted for
publication.

J. Ruf, P. Carayon and S. LissitzKy, Idiotvpic analysis of

five xenogeneic antisera to anti-human thyroglobulin monoclonal
antibodies, Immunology Lett. 13 : 3% (1984)



LATS/TSAb: THEN AND NOW

J.M. McKenzie

Department of Medicine
University of Miami School of Medicine
Miami, FL

Thirty years ago a description of the clinical syndrome of Graves'
disease was similar to that which would be written today. There has
been some increased understanding of specific situations such as
"euthyroid ophthalmopathy" and the expected consequences of a given
mode of therapy; by and large, however, the clinician today is
different from the 1956 physician primarily in the technology that is
available to facilitate (or obfuscate) patient-management.

On the other hand, when one considers understanding of
pathogenesis, there are major advances in these 3 decades, even
although much remains to be elucidated. Back then, TSH was generally
seen to be the pathogenetic agent, certainly of hyperthyroidism, and
even of ophthalmopathy, although the difficulty of accepting the thesis
was regularly debated. One of the major negative influences on the
acquisition of new knowledge was the available technology for measuring
TSH. There was no radioimmunoasay, no clear knowledge of the chemical
nature of TSH and certainly no understanding of the mode of action of
the hormone. The bases on which one could expect progress in research,
considering theories of the time, were more sensitive assays to
quantitate TSH bioactivity in pituitary, blood and urine, as had been
the approach for the previous 25 years. By 1956, bioassay data had
accumulated, such as in the work of D'Angelo (1), Gilliland and
Strudwick (2) and Querido and his colleages (3), that seemed to give
major support to the importance of TSH in Graves' disease. This was
despite recognition that TSH ought to be suppressed by the excess
thyroid hormone. Arguments to accommodate this difficulty included the
following: TSH secretion by the pituitary was controlled by a "higher
setting of the thyrostat", i.e. suppression occurred only with a supra-
normal concentration of thyroid hormone [as is, indeed, now accepted in
the rare syndrome of pituitary-resistance to the hormone (4)]; the
thyroid gland in Graves' disease was ultra-sensitive, so that sub-
normal concentrations of TSH were stimulatory; TSH was indeed the
thyroid-stimulator but the well-recognized lymphoid tissue hyperplasia
in Graves' disease was responsible for metabolism of the hormone so
that it was not in high concentration in the peripheral blood. With
these and other arguments being raised to reconcile the frequent
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failure to measure TSH in the blood of the Graves' disease patient, the
emphasis of research was to develop more sensitive procedures to prove
the generally accepted tenet that TSH was circulating and causing the
syndrome.

In this environment, Adams and Purves in New Zealand developed a
sensitive procedure for the bioassay of TSH. This entailed the in vivo
labelling of thyroid iodine of a guinea pig with 131I, suppression of
endogenous TSH, and the measurement of thyroid-stimulation by
identifying an increase in blood radioactivity following the injection
of test material., Part of the initial assay design was a "cross-over"
component whereby the same guinea pig was used on the following day to
assess the responsiveness of the animal to standard TSH. With the
injection of serum from a patient with Graves' disease it was noted
that the blood radioactivity on the second morning was unexpectedly
high., Rather than discard the data, and animal, Adams and Purves had
the perspicacity to explore further the cause of this irritating
anomaly, and so came to the recognition of an "abnormal TSH" in Graves'
disease (5). Unfortunately for the sake of confirmation of these
findings, apparently only Adams was adept at bleeding a guinea pig
that "should be quietly dozing at this stage" (6) (Purves, personal
communication) and therefore an alternate animal, the mouse, was tested
(7) and was found to be more generally useful. Thus began the period of
research into what by 1960 (at the 4th International Thyroid Congress)
became known as the long-acting thyroid stimulator (LATS).

By 1964 LATS activity was known to reside in an IgG molecule (8)
and the thought that it might be an antibody began to develop. However
the low frequency of its occurrence in Graves' disease (®20%) led to
the concept of LATS causing hyperthyroidism to fall into disfavor. One
circumstance that persuaded some to retain a central role for LATS was
the finding that neonatal hyperthyroidism was associated with the
transplacental passage of LATS (9,10). Now that it is recognized that
LATS activity represents a cross-reaction in the mouse of the most
potent preparations of TSAb-IgG (11), the low frequency of positive
LATS assay and the association with neonatal Graves' disease become
readily interpretable.

Further advances in our understanding of LATS/TSAb arose from the
realization that a human antibody ought to be- and indeed is - most
effectively identified by a system based upon the use of a human
thyroid preparation. The earliest use of human thyroid was the
development of the LATS-protector assay (12). This, in effect, although
not initially viewed as such, was the first assay in this field
designed on the basis of a competition of ligands for a receptor. That
is, TSAb in a LATS-negative serum prevented the absorption of a
standard LATS by the TSH receptor in human thyroid membranes. The
technique was taken up particularly by Munro and his colleagues who
contributed important observations as a result (reviewed in 13). Some
time later other assays were reported in which colloid droplet
formation in human thyroid slices (l4) or an increase in cAMP
concentration in such tissue (14,15) were the end-points. On a similar
conceptual basis, direct stimulation of adenylate cyclase in human
thyroid membranes was assessed as an index of LATS/TSAb activity
(16,17). From the use of these techniques much relevant data were
accumulated. However, it has been the assay with human thyroid cells in
primary monolayer culture, originally reported by Rapoport and his
colleagues (18), and now available commercially, that has made it
possible for many laboratories to study TSAb, leading to general
acceptance of the concept that it is the cause of hyperthyroidism in
Graves' disease.
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An alternate principle for the assay of TSAb is the inhibition of
the binding of radio-labelled TSH to its receptor. The original
relevant reports were by Manley and colleagues (19) and Mehdi and
Nussey (20), but most of the credit for efficient exploitation of the
system goes to Smith and Hall and their colleagues (21,22,23). This
TSH-binding inhibition (TBI) assay is convenient and is available to
any laboratory that has the interest to set it up and, indeed, is
marketed as a commercial kit. The latter is based upon the TSH receptor
prepared from solubilized porcine thyroid membranes.

Although TSAb may be accepted as inhibiting TSH binding, so too do
other antibodies that are not stimulatory. Furthermore, it is now
recognized (see Zakarija, this symposium) that multiple thyroid
receptor antibodies may be present in patients with autoimmune thyroid
disease, variably influencing thyroid function. Consequently, since
inhibition of TSH-binding is clearly not synonymous with thyroid-
stimulation, care has to be taken in interpreting data obtained with
this type of assay.

Current status of TSAb

To cull the data reported from many laboratories the following is
offered as a summary of the current status of TSAb.

1. It is best measured with human thyroid cells in culture. A more
convenient, but less sensitive, alternative is the continuous culture
line of functioning rat thyroid (FRTL-5) cells (24); unfortunately, as
might be expected, there are instances when this non-human system
apparently fails to respond to the human antibody.

2. It causes hyperthyroidism but is of little special wuse in
patient management, except as a prognosticator of relapse if TSAb
is found to remain in the blood at the end of a course of
antithyroid drugs (25).

3. A specific clinical circumstance where TSAb data are most
useful is in forecasting neonatal Graves' disease. A high level (an
operational definition that, as yet, varies from one laboratory to
another) of TSAb in the pregnant woman in the third trimester
indicates that the child will have hyperthyroidism in the neonatal
period (26). A variant of this syndrome is where multiple antibodies
occur, influencing thyroid function by enhancement or inhibition of
TSAb (27,28).

These statements would, I believe, meet a general consensus but it
is clear that there are areas of disagreement in the field, some of
which will now be reviewed.

The TBI assay, as referred to above certainly has produced "false
negative" results, in that it is not always positive despite the
presence of TSAb; this may be seen as a reflection of less sensitivity.
However, what of the reported high incidence of TBI-positive IgG in
patients who have goiter that would otherwise be considered to be of a
non-immune origin? For instance, Brown et al reported such data with
sera from patients with non-toxic nodular goiter (29). Cytochemical
bioassays have been developed, characterized by extreme sensitivity,
but with undoubted operational problems (30). Proponents of these
procedures have reported that TSAb occurs in the blood in non-toxic
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goiter and toxic adenoma (31,32). Perhaps more disturbing to the view
that TSAb is an antibody specifically related to Graves' disease, is
the use of a technique based upon direct stimulation of thyroid
membrane adenylate cyclase, that led to identification of TSAb in other
autoimmune disorders such as rheumatoid arthritis and type I diabetes
mellitus (33,34). These are all reports in which data appear to refute
the specificity of TSAb and that fact has to be acknowledged. While I
do not wish to be seen as an apologist in these matters, the following
points are offered in favor of retaining the view that TSAb is
pathogenetic in only Graves' disease and in seeing its true occurrence
in such as Hashimoto's disease as reflecting overlap of autoimmune
thyroid disorder.

First, there are the simple facts that Graves' disease is an
autoimmune disturbance and TSAb is an autoantibody. Recognition of
stigmata of involvement of the immune system in the syndrome antedates
the LATS/TSAb era and came before even the development of understanding
of the significance of the observations. That is, in 1928, Warthin
referred to the "constitutional entity of exophthalmic goiter" by way
of allusion to thymic and lymphoid hyperplasia (35). Indeed Halsted
was so impressed by the relationship that he advocated, and practised,
thymectomy for Graves' disease (36) (with results that would not
encourage a return to that approach). Currently, lymphoid infiltration
of the thyroid is recognized as such a prominent feature of Graves'
disease that some argue for the thyroid as being the major site of
production of TSAb (37). In other words, although this may be seen as
arguing "ad hoc , propter hoc", the production of an autoantibody, by
our current understanding of immune regulation, should be accompanied
by associated anatomical and histological features - localized or
generalized - of immune reactivity. In Graves' disease this concept is
supported beyond thyroid involvement in that there is well-accepted co-
incidence of other autoimmune disorders in the patient and in family
members. The general lack of such features of autoimmunity in patients
with non-toxic goiter or .toxic adenoma necessitates rigour in accepting
data that would enfold them into a category of autoimmune pathogenesis.

So what of the various reports, referred to above, that would
damage the Graves'- specific status of TSAb? Regarding TBI assays, it
may be relevant to emphasize that not only does normal IgG influence
TSH-binding, but that the fraction characterized by a high pI, as
separated by isoelectric focussing, is especially potent in this regard
(38). This may relate to the low pI of the TSH receptor (39) that
presumably facilitates non-specific binding to a molecule of
complementary charge. There are no data that identify the variability
of the proportion of high pI IgG in serum and, using a pool of normal
serum as a control preparation, would mask this variability.

The sensitivity of cytochemical assays has already been referred
to. This not only necessitates strict criteria for assay design
including double-blind determinations (that is now largely routine),
but leaves open the question of thyroid-stimulators other than TSAb
influencing the preparations. More and more stimulators of many
metabolic pathways - in the thyroid and other organs - are being
identified (40). It may be worthy of emphasis that inhibition of a
given effect by the addition of antibody to IgG does not exclude the
possibility of the co-precipitation of a non-IgG; anti-TSH was shown
some time ago to be a potent thyroid stimulator because of associated
TSH (41).

One approach to determining the relevance of in vitro assay
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data is to make the assumption that a putative activity ought to have
an effect in yvivo, and test accordingly. This has been done, as
reported at this symposium, by Feldt-Rasmussen and colleagues, who
identified stimulation of thyroid membrane adenylate cyclase by IgG
from patients with rheumatoid arthritis or diabetes mellitus. Their
findings indicate that the in vitro assay data did not correlate with
in vivo results that would be expected if TSAb were circulating and
stimulating the patient's thyroid gland.

To summarize this polemic in favor of the Graves'- specificity of
TSAb, there are undoubtedly many reports contrary to that view.
Nonetheless, after consideration of autoimmune disorders in general,
the occurrence of TSAb in what otherwise appears to be non-immune
disease ought to be bolstered with more than in vitro assay data.
Specifically, in conditions such as sporadic goiter and toxic adenoma,
the apparent existence of TSAb as evidenced by assay results, that are
usually marginally positive, should not necessarily be taken as an
indication that the "TSAb" is causing the disease. Longitudinal studies
and in vivo correlations with the in yitro measurements will be
required to establish that TSAb truly occurs in these conditions.

Finally, to end a review of the status of TSAb in Graves' disease,
one should touch on the current exciting developments in related
research and advances in immunology that have caused research in the
field of thyroid autoimmunity to explode (although it may be a problem
that we as thyroidologists often make shaky immunologists - and vice
versal). Presumably, the underlying disorder is of cellular control
mechanisms; but is the primary source of TSAb the thyroid or other
organ such as bone marrow or lymph nodes? With recognition of DR
expression on thyroid epithelial cells (4l), the question of its
relevance to maintenance of TSAb-production arises. And is it possible
a cross-reacting antigen for the TSH receptor, as identified in
Yersinia enterocolitica (43), enters into pathogenesis? Is stress
involved in initiating or maintaining production of TSAb? The magnitude
of the questions, certainly combined, makes it highly likely that there
will be good reason to repeat this symposium in the decades ahead.
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PATHOGENIC ROLES OF TSH-RECEPTOR ANTIBODIES IN GRAVES' DISEASE

Shigenobu Nagataki

The First Department of Internal Medicine
Nagasaki University School of Medicine
Nagasaki 852, Japan

INTRODUCTION

Since the discovery of long acting thyroid stimulator, the
significance of circulating abnormal thyroid stimulators or TSH-receptor
antibodies in untreated patients with Graves' disease has been
investigated extensively by numerous investigators. However, the
pathogenic roles of TSH-receptor antibodies for thyrotoxicosis of
Graves' disease are still not completely elucidated.

In this symposium, I would like to present at first our data on the
stimulation of thyroids by circulating antibodies and on the cellular
interactions within the thyroids in producing antibodies and in
affecting functions of thyrocytes and then on the immunogenetics of
Graves' disease. Finally, considering the presented data, pathogenic
roles of TSH-receptor antibodies in Graves' disease will be discussed.

STIMULATION OF THYROIDS BY CIRCULATING ANTIBODIES

There have been reported many methods to determine TSH-receptor
antibodies in sera of Graves' patients. Table 1 shows the results in
our laboratory on the incidence of TSH-receptor antibodies in untreated
patients with Graves' disease.

Table 1 Incidence of TSH-Receptor Antibodies in
Untreated Patients with Graves' Disease

Tests Incidence
TBIAb
human thyroid membrane 70%
solubilized porcine thyroid membrane 85%
TSAb
human thyroid membrane (HTACS) 60%
human thyroid slice (TSAD) 80%
porcine thyroid membrane (PTACS) 40%
FRTL-5 cell line 85%
porcine thyroid cells 95%
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Although the incidence is very high in many methods, there exists a
dissociation of values among some methods. Fig. 1 depicts the
correlations among TBIAb, TSAb and T, -suppressibility in untreated
patients and in patients during thionamide therapy. Values for TBIAb
and TSAb did not correlate significantly in both untreated aTd treated
patients, and TSAb did not correlate with T -suppressibility . Similar
results were reported from various laboratotries and studies on
monoclonal antibodies developed from lymphocytes of Graves' patients
revealed that in addition to monoclonals with TBIAb and TSAb activities,
some had only TBIAb activity and the others had only TSAb activity.
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Fig. 1 Correlations among TBIAb, TSAb and
T3—suppressibility

In an attempt to clarify the incidence of these various monoclonal
antibodies in sera of untreated patients with Graves' disease,
lymphocytes from 8 untreated patients were transformed by Epstein-Barr
virus and were distributed into many wells. After the first culture for
4 weeks, the cells in each well positive for TBIAb and/or TSAb were
further distributed and cultured for additional 2 weeks. TBIAb and TSAb
activity were then determined in the supernatants of 372 wells of the
2nd culture in 8 patients. As shown in Table 2, 31 wells had only TBIAb
and 41 wells only TSAb, and 4 wells showed both TBIAb and TSAb,
indicating that most of TSH—rgceptor antibodies are being produced from
clones with a single function®. A dissociation among values for
TSH-receptor antibodies determined by different methods is due to

Table 2. TSH-Receptor Antibodies Produced in Supernatants
of Cultured Lymphocytes Obtained from Untreated
Graves' Patients and Transformed by EBV Infection

TBIAb only TSAb only TBIAb & TSAb
Patients
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Total
94.7% 5.37%
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multiple antibodies with a single function. These results raise the
question of which one of these TSH-receptor antibodies is pathogenic for
thyrotoxicosis of Graves' disease and it would be impossible to decide
whether TBIAb or TSAb is the sole pathogenic factor.

In order to determine the stimulatory effects of circulating
antibodies, it seemed to us that the ideal method would be to use human
thyroid tissues, to observe an end-product of stimulation, such as
thyroid hormone release as an index, and to observe chronic stimulatory
effects since thyroids of Graves' patients are being chronically
stimulated. For this purpose, we have developed a technique of organ
culture of human thyroids to measure the se%ease of thyroid hormones
while being stimulated chronically by TSH™’ . With this method, TSH
stimulated the T,-release as well as thyroidal cAMP concentrations in a
dose dependent manner and the sensitivity to TSH was as sensitive as the
McKenzie's mouse bioassay. However, in spite of a significant increase
in thyroidal cAMP concentrations, the release of thyroid hormones from
normal tgyroid tissues was not stimulated by IgG obtained from untreated
patients™. Since the release of thyroid hormones from thyroids of
patients with Graves' disease must be stimulated by their own IgG, we
felt that the stimulatory effects of IgG could be observed if it were
incubated with autologous thyroids in this organ culture system.
Therefore, the release of thyroid hormones from cultured thyroid slices
of untreated Graves' patients in response to their own IgG and to IgG
from other untreated patients was investigated in 11 untreated patients
with Graves' disease.

ratio
9r TSH own 1gG other 1gG

untreated Graves tissues

8 ) O (-)

2 n o
pooled GG (-) (-) (-) (-)
TSH O O O O O O O O O 0O O

2 3 4 56 2 3 4 56 23 45 6
day of culture

o : Increase in T
(-): No increase iA T

3
Fig 2. Ratio of T, ~Concentrations Fig. 3 Specificity of Graves'
in Media w;th or without IgGs for their own
Stimulator Thyroids

As shown in Fig. 2, the release of T, was stimulated by TSH, and
autologous IgG stimulated the release of %3 3 to 10 fold above controls
on the 5th day. However, when slices were incubated with IgG obtained
from other untreated patients, the concentrations of T3 in media did not
differ from that in controls.
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In Fig. 3, thyroid tissues from 11 untreated Graves' patients are
listed along the abscessa, and stimulators (Graves' IgG and TSH) are
listed along the ordinate. When IgG of 11 patients were incubated with
autologous thyroid slices, notable increase in T, in the media were
invariably observed. However, when the same IgG were incubated with
allogeneic slices, no increase in medium T3 was noted, with one
exception.

These results strongly suggest that thyroid hormone releasing
activity of circulaging IgG in Graves' patients is highly specific for
autologous thyroids™. Specific recognition of autologogs thyroid cells
by T cells was also demonstrated by other investigators . Although
results are not shown, the self recognition observed in organ culture
system was not observed in cell culture. Interactions among circulating
IgG, thyrocytes and lymphocytes within thyroid tissues appears to be
very important in the self recognition.

CELLULAR INTERACTIONS WITHIN THYROID GLANDS

Recently Hanafusa et al7 have shown that the HLA-DR antigens are
expressed on the surface of thyroid epitgelial cells (thyrocytes) from
patients with autoimmune thyroid disease . In our previous studies, it
was shown that interferon Y induces HLA-DR antigen expression on
thyrocytes from patients with Graves' disease, and these cells induce
proliferation of autologous T cells, which may, in turn, act on
thyrocytes to perpetuate the immune process within the thyroid glands.

Furthermore, as shown in Fig.
4, interferon Yy was detected in
culture supernatants only when
thyrocytes were incubated with
autologous T cells, indicating that
production of interferon Yy within
the thyroids is really playing a
role in perpetuating the process.

Although the results are not
shown here, the increase of HLA-DR
antigen expression on T cells
within the thyroid glands were
found in bgoth helper/inducer T
cells (CD4 ) and suppressor/
cytotoxic T cells (CD8 ). However,

Fig. 4 Production of Interferon Yy When CD4 cells were further

in Culture Supernatants divided into helper T cells (CD4

2H4 ) and gupprgssor inducer T
cells (CD4 2H4 ) as shown in Fig.

5, percentage of helper T cells increased significantly in thyroid

tissues when compared to values in the corresponding peripheral blood T

cells (left panel). In contrast to helper T cells, percentage of

suppressor inducer T cells decreased remarkabley within the thyroid

glands as shown in the right panel.

In addition to the study on T cell subsets, function of suppressor
T cells within the thyroids was compared to that in peripheral blood.
Lymphocytes obtained from thxroid glands (TG) and from peripheral blood
(PB) were separated into CD4 , CD8 and B cells and IgG production in
the supernatants of coculture of 024 and B cells with PWM for 7 days
was determined with or without CD§ cells. In the left panel of Fig. 6,
IgG production by TG-B and TG-CD4 from 13 patiegts with Graves' disease
are shown in the middle. When autologous PB-CD8 cells were added in
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the coculture of TG-B and TG-CD4+, IgG production was significimtly
inhibited as shown in the left, whereas when autologous TG-CD8 cells
were added, IgG production was not affected as shown in the right.

The right panel of Fig. 6 shows the results with regard to the
production of IgG by PB~B and PB-CD4 cells. Here again, autologous

+2H4~ i *cells +2H4t cells in CD4* cells
Percentage of CD(: "2t|:“ f:ells in CD4 Percentage of ((EB:W Hg cels
" P < 0.001 %
100 NS P <0.001 920 P ¢0.001
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Fig. 5 ©Percentage of Helper T Cells and Suppressor
Inducer T Cells
IgG Production by 1gG Production by
TG-B+TG-CD4” PB-B + PB-CD4*
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Fig. 6 Comparison of Suppressor Function of T Cells in
Thyroids and in Peripheral Blood
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PB-CD8+ cells suppressed IgG production significantly, but TG-CD8+ did
not affect IgG production by PB-B and PB-CD4 cells. These results
clearly indicate that suppressor function of intrathyroidal T cells is
decreased when compared to that in peripheral blood T cells. Although
the results are not shown, ratios of CD4 /CD8 cells were not different
between T cells in thyroids and those in peripheral blood.

From these results on cellular interactions within the thyroids, it
is suggested that the expression of HLA-DR antigen on thyrocytes is very
important to perpetuate the immune process, and cellular interactions
within thyroid glands may play an important role in producing antibodies
and in affecting functions of thyrocytes.

IMMUNOGENETICS OF GRAVES' DISEASE

It has been reported that Graves' disease occurs frequently within
one genealogical family and consanguineous occurrence of Graves' disease
suggests the possibility that hereditary factors are important in its
pathogenesis. Recent many reports have demonstrated that the
susceptibility to autoimmune thyroid disease is real linkage to certain
immunogenetic factors, such as HLA antigens.

In the study on immunogenetics of Graves' disease, haplotypes of
HLA and the immunoglobulin allotype (Gm) were analyzed in 243 members of
37 families in which 2 or more first degree relatives had Graves'
disease. The disease associated haplotypes of HLA and Gm for each
family were identified by determining the haplotypes concordant in 2
members with Graves' disease.

Table 3. Association among Graves' and Hashimoto's Disease;
HLA and Gm Haplotypes in 37 Families (243 Subjects)
in which 2 or More First Degree Relatives were
Affected with Graves' Disease

Concordance of disease-associated haplotypes of

Both HLA HLA Gm Neither Total
and Gm only only HLA nor Gm
Graves' 95 (74+21) 0 1 0 96 (74+22)
disease
Hashimoto's 14 0 0 0 14
disease
Others 37 16. 38 42 133
Total 146 16 39 42 243

As shown in Table 3, among 96 members with Graves' disease in 37
families, 74 were used for the determination of the disease-associated
haplotypes. In the remaining 22 members with Graves' disease, 21 had
both disease-associated haplotypes of HLA and Gm in their families. All
14 patients with Hashimoto's disease had the same disease-associated
haplotypes of both HLA and Gm as had members with Graves' disease in
each family. Among 55 subjects who had haplotypes of only HLA or only
Gm, only one was Graves' disease and none of 42 subjects who had neither
HLA nor Gm had Graves' or Hashimoto's disease. However, among 146
subjects who had disease-associated haplotypes of both HLA and Gm, 37
had no autoimmune thyroid diseases.

The findings in these families suggest that two genes linked to HLA
and Gm, respectively, control the susceptibility of Graves' or
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Hashimoto's diseases and those who do not have immunogenetic factors are
very unlikely to develop Graves' or Hashimoto's disease. However, since
one fourth of subjects who had both disease-associated haplotypes were
not affected by autoimmune thyroid diseases, environmental factors or
unknown immunogenetic factors may be important to develop clinical
Graves' or Hashimoto's disease.

CONCLUSIONS

In Table 4, the results of the present studies are summarized.
Thyroid slices from untreated patients with Graves' disease are
stimulated by their own IgG but not IgG from the other untreated
patients. Circulating antibodies recognize the autologous thyroids. In
studies on cellular interactions, relationship between thyrocytes and
infiltrated mononuclear cells appears to be very important in
perpetuating the process and finally two genes linked to human major
histocompatibility complex and to immunoglobulin allotype control the
susceptibility to Graves' disease.

Table 4 Pathogenesis of Graves' disease
1. Stimulation of thyroids by circulating antibodies:
Thyroid glands are stimulated only by their own IgG
THYROID IgG
2, Cellular interactions within thyroid glands:

Intrathyroidal cellular interactions important
in perpetuating the process

THYROCYTES LYMPHOCYTES
3. Immunogenetics:
Two genes control the susceptibility of Graves' disease
HLA Gm

These results appear to be correlated among each other and may
suggest the direction of the future studies on the pathogenesis of
Graves' disease. TSH-receptor antibodies determined by the present
method may be one of the important pathogenic factors of Graves'
disease, but are not the goal of the study on the pathogenesis of
Graves' disease.
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PHYSIOPATHOLOGICAL RELEVANCE OF THYROID STIMULATING ANTIBODY (TSAb)

MEASUREMENTS IN GRAVES' DISEASE

Jacques Orgiazzi, Anne-Marie Madec and René Mornex

INSERM U.197

Faculté de Médecine Alexis Carrel
69008 Lyon, France

It is paradoxical that TSAb measurement, although this antibody is
responsible for the hyperthyroidism of Graves' disease, appears to have only
an ancillary role in the management of the patients. Using several
approaches we have therefore sought to elucidate whether TSAb levels corre-
lated with the severity of Graves' disease. More than 150 patients have been
studied in various clinical situations. In most cases, severity of the
disease was evaluated in chronological term in prospective studies with
extended follow-up. In addition, we tested the appropriateness of TSAb
determination in ascribing apparently isolated ophthalmopathy to Graves'
disease.

Patients and protocols

Groups of patients with Graves' disease were studied according to
different therapeutic protocols

A/ 26 patients were treated with propranolol only. These had been
selected for mild Graves' disease ; they were given, after informed consent,
160-320 mg propranolol daily. Patients in whom any delay in onset of con-
ventional treatment of hyperthyroidism could have been deleterious were
meticulously excluded from the study as well as those who could not adhere
to a very strict follow-up. The status of the patients was evaluated regu-
larly after the beginning of the treatment both clinically and biologically ~-.

B/ In 27 unselected patients we compared initial and on-carbimazole
treatment values of the early thyroid radioiodine uptake (ERU) and of TSAb.
On the average, 3 determinations were performed in each patient during a
mean 1l month treatment period. Treatment of these patients combined
carbimazole at a constant dose of 30 mg per day and L-T3 50-75 pg per day2 .

C/ A series of 135 patients prospectively studied were systematically
treated with carbimazole. A subgroup of these was randomly allocated to a
short-term (6 months ; 48 patients) or a long-term (18 months ; 46 patients)
treatment regimen 3 . The remaining patients were treated for 18 months 4
Carbimazole was prescribed in decreasing doses in order to maintain euthyroi-
dism and was not combined to replacement therapy. After cessation of
treatment, patients were regularly examined ; in those apparently remaining
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euthyroid, follow-up after the end of the treatment was % 2 years.

D/ 29 patients with euthyroid Graves' ophthalmopathy were also studied
and followed up in order to determine the diagnostic potency of TSAb as
compared to that of the TRH/T3-suppression test or of the antithyroid anti-
body measurement.

Methods

TSAb was determined as previously reported 5 by a cAMP stimulation
assay using cultured human thyroid cells incubated with whole serum. Based
on 12 different experiments, reproducibilities were : intraassay = 10 % ;
interassay = 19 %, 17 % and 13 % for basal values, 0.1 mU/ml b-TSH and our
in-house standard TSAb at 1 %, respectively. Fig. 1 shows the average (m+SD)
dose-response curve for our standard TSAb ; cAMP production stimulation iIs
expressed in percent of basal values measured in the presence of normal
serum. In sequential studies, the various serum samples from the same patient
were assayed in the same experiment.

1900 -

1500 L

100

700

STIMULATION (% of basal value)

03 05 1 2 10
STANDARD TSAb (i /200 i)

Fig. 1. Dose-response curve of cAMP production stimulation by a standard
TSAb preparation made from a pool of potent sera.

2,5
Other laboratory determinationsused routine or previously reported methods ’T.

Results and comments

A. Among the whole group of 150 patients, no correlation was found
between TSAb levels on our hand and any clinical (estimated pretreatment
duration of Graves' disease, apparent severity of disease, goiter size,
presence of ophthalmopathy) or biological (thyroid hormone levels) charac-
teristics of the disease. A barely significant correlation was observed
between TSAb levels and the T3/T4 ratio . Also, no correlation was found
between TSAb levels and presence of HLA-DR3 determinant or the pretreatment
OKT4/OKT8 lymphocyte subset ratio 5 . This lack of concordance is of
general observation although earlier studies reported some correlations.
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On the average, TSAb was initially present in more than 75 % of the patients.
However, interestingly enough, we noticed that prevalence of TSAb was uneven
between groups of patients from various french centers, ranging from 60 to
more than 90 %. A more systematic study of a possible geographical distribu-
tion within this country of the frequency of TSAb in untreated Graves'
disease patients is under way. If confirmed, this could suggest a population
effect on the expression of this autoantibody.

B. Relationship between ERU and TSAb was studied before and during
treatment. ERU is considered as a sensitive index of thyroid stimulation in
vivo, even during antithyroid drug treatment. It is therefore appropriate to
study in parallel this parameter and TSAb circulating levels. Before treat-
ment, ERU ranging from 15 to 54 % of the injected dose of radioactivity was
significantly correlated with TSAb values (p<0.0l). During treatment,of an
average 11 months duration, among the 21 patients sequentially studied seve-
ral evolution patterns were observed : in 5 patients, TSAb remained negative
throughout the study and ERU decreased by 57 % of its initial value (Group A);
in 9 patients, TSAb became undetectable and ERU decreased by 56 % (Group B) ;
in 7 other patients, TSAb remained detectable and ERU decreased by 8 % only
(Group C). Moreover, serial values of TSAb and ERU varied in parallel in
Group B, but were discordant in Group C. These studies suggest that in a
majority of patients ERU value reflects reasonnably well the level of TSAb
both before and during treatment. In some patients however, the two parame-
ters were not correlated, which suggests either that circulating TSAb may
not be the more relevant estimate of thyroid stimulatory activity or that
expression of stimulation by the gland is variable. The ERU-TSAb patterns
described above were not related to any clinical or biological peculiarities
of the patients. It has been suggested that the main source of thyroid-
stimulating antibodies was the thyroid gland itself’. In addition,

Gossage et ’al. using a binding assay have also described instances of varia-
bility in the character of thyrotropin receptor antibodies in Graves'
disease 8 . It is therefore likely that heterogeneity of thyrotropin
receptor antibodies contributes also to non-parallelism between circulating
titers and level of thyroid function.

C. In a study of the spontaneous evolution of the disease, selected
patients were treated only with propranolol. 27 % went into long-lasting
remission » 18 months, 23 % into temporary remission ( < 18 months), and
50 % with no improvement had to be treated conventionnally-. The question
arises as to whether initial TSAb values are predictive of the disease
outcome. When patients were subgrouped according to the above-mentionned
evolution types, it appeared that no simple clinical or biological characte-
ristic was significantly indicative. We observed, however, that FT4, FT3 as
well as TSAb, tended to be higher, in the patients in whom the disease did
not improve. For instance, TSAb values were 12.4 + 4.6 pl-equivalent/ml,
7.12 + 2.8 and 5.16 + 1.7 (m+SEM) in the no-improvement, temporary remis-
sion and long-lasting remission group, respectively. Previous studies had
similarly failed to predict prospectively those patients who will remit on
medical therapy 9 . 1In 38 patients, TSAb levels were sequentially studied
during 4-36 months propranolol treatment or follow-up. Fluctuations in the
TSAb levels were observed, not always concordant with the clinical status.
In some cases, presence of inhibitory anti-TSH receptor antibodies was
excluded by co-incubation experiments. In this clinical situation, therefore,
TSAb levels did not appear useful for the practical management of the
patients.

D. In the prospective study of the patients systematically treated
with carbimazole, initial TSAb levels appeared to be only weak predictors
of post-treatment outcome. Level was 775 + 103 (% of basal production of
cAMP) in the relapse group and 453 + 55 in the remission group ; these
values were significantly different (p<0.0l), but because of their wide
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29 patients with Euthyroid Graves' Ophthalmopathy



scattering they were not indicative for a given patient. However, when
patients were sub-grouped according to duration of treatment, a highly
significant difference was observed in initial TSAb levels between the
patients who went into remission after a short treatment (6 months ; stimula-
tion index : 354 % + 57) and those who relapsed after a long treatment

(18 months ; 859 % + 169 ; p < 0.01). Pre-treatment TSAb measurement could
therefore be of some help, among other characteristics, ig determining the
duration of the carbimazole treatment. In an other study , we had confir-
med previous observations indicating that after a drug course of 6 months or
more, only elevated TSAb levels (> 350 %) had a prognostic significance. In
this condition, nearly 100 % of the patients relapsed. On the contrary,
relapse rate approximated 50 % in the patients in whom TSAb was undetectable
or weakely positive. These results suggest that TSAb does not discriminate
between response to treatment and true remission of the disease. In that
line, we had also searched for a correlation between TSAb and the T lympho-
cyte subsets determined as the OKT4/OKT8 ratio in patients treated with
carbimazoled . Sequential studies showed no concordant evolution of these

two parameters. Clearly, studies of this type await for determinations of
immuno-competent cells more specifically linked to thyroid auto-immunity.

We also questionned the role of circulating TSAb in the emergence of
relapsing hyperthyroidism in patients previously treated with carbimazole.
16 patients were studied sequentially ; they all had a 18-month carbimazole
course ; 70 % of these relapsed within 2 years after drug withdrawal, 15 7%
at 3 and 15 % at 4 years. TSAb levels, determined in the same assay for each
patient, were 850 % + 116 and 230 % + 48 prior to and at the end of the
treatment, respectively ; however, at relapse time, their TSAb averaged
150 % + 34.

E. Finally, in a different perspective, in patients with euthyroid
Graves' ophthalmopathy, we have compared the diagnostic usefulness of TSAb
with that of the TRH/T3-suppression test or of the antithyroid antibody
measurement. Clinical diagnosis of Graves' ophthalmopathy was based on
examination and exclusion of a tumoral etiology by CT scan and/or extended
follow-up. TSAb was detectable in 12/29 patients studied, 7 of whom had
also detectable antithyroid antibodies and 6 an abnormal TRH/suppression
test. TSAb was undetectable in 50 % of the patients with abnormal TRH/
suppression test. In 2/29 patients was TSAb the only marker of autoimmune
thyroid disease ; however, 7/29 patients were free from any of the above-
mentionned abnormalities.

Conclusion : There is not direct link between circulating TSAb levels
as determined by stimulation assay and intensity or severity of Graves'
disease. Since the presence of blocking antibodies in the samples tested has
been ruled out, it is likely that in some patients, immunological thyroid
stimulation is not accurately reflected by circulating TSAb titers.*
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TSH RECEPTOR AUTOANTIBODIES AFFECTING THYROID CELL FUNCTION
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Introduction

Autoantibodies directed to different components of the thyroid
cell are present in sera of patients with thyroid autoimmune
disorders (1). Among the thyroid cell structures, the TSH receptor
has been implicated as the putative antigen of autoantibodies having
different biological effects. Autoantibodies able to mimic TSH in its
ability to stimulate thyroid hormone production and cell growth have
been found in sera of patients with Graves' disease and in minority
of those with other thyroid autoimmune disorders (2). Furthermore it
was observed that the IgG fraction from the same patients inhibited
the binding of radiolabeled TSH to its receptor. More recently,
autoantibodies able to inhibit some biological effects of TSH on the
thyroid cell were found in sera of patients with idiopathic myxedema.
These antibodies may be important in the pathogenesis of thyroid
atrophy and hypothyroidism (3, 4). Thus, several data suggest that
autoantibodies from patients with thyroid autoimmune diseases may
either mimic or block the TSH action on the thyroid cell. In the
present review we report the incidence and the biological effects of
these antibodies detected by different assays using human thyroid
cell membranes and FRTL-5 thyroid cells.

Thyroid adenylate cyclase stimulating antibodies (TSAb)

Historically, TSAb were detected by LATS bioassay, but a
consistent number of Graves' patients were negative by this test even
after concentration of the IgG fraction. This relatively 1low
incidence of LATS positive responses has been attributed to the
species-specificity of TSAb, so that only antibodies cross-reacting
with the murine thyroid could be detected by LATS bioassay (1, 5).
Results directly assessing thyroid stimulating activity in human
thyroid plasma membranes or slices have been reported by several
investigators. The average positivity obtained with Graves' IgG is
about 80% in different laboratories. In a series of 49 Graves'
patients with untreated Graves' disease studied in our laboratory
using human thyroid membranes we found 71.4% positivity with the IgG
fraction. No adenylate cyclase (AC) stimulatory activity was
detectable in IgG preparations from 28 normal subjects and 12
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patients with Hashimoto's thyroiditis or idiopathic myxedema (6).
Cultured human thyroid cells have been also proved to be a sensitive
system for assessing TSAb (7). More recently, a new sensitive method
for the measurement of TSAb was developed using a continuous cell
line of rat thyroid cells (FRTL-5 cells) (8). The ability of these
cells to be growth under standard and highly reproducible conditions
allowed easy optimization of the assay. Intracellular CcAMP was
measured by RIA after challenge of cells with the IgG specimens from
84 patients with hyperthyroid Graves' disease or from 42 normal
subjects. In our series 90.5% (76/84) of I1gG preparations from
hyperthyroid Graves' patients exhibited AC stimulating activity, thus
the sensitivity of this assay was similar to that reported when human
thyroid cells or slices were used (9). Essentially similar results
could be obtained with a different methodological approach.

Fig. 1. Effect of IgG preparations from patients with Graves' disease and other
thyroid disorders to stimulate the iodide uptake in FRTL-5 cells. Results
obtained with IgGs from normal control subjects are also shown.

In a series of 24 patients with Graves' disease, all IgG which showed
positive results in the cAMP assay using FRTL-5 cells, were also able
to stimulate 25iodide uptake in the same cells (Fig. 1) (10). Thus,
the iodide uptake assay may be used as an alternative method for the
measurement of TSAb, and appears to be simpler, less expensive and
less time-consuming than assaying needing a cAMP radioimmunoassay.
Besides their ability to stimulate thyroid AC, we have attempted
to study other effects of TSAb. In particular, we have investigated
TSAb mimic TSH also in the induction of complex phenomena such as the
desensitization of thyroid cells. Previous studies performed in
several thyroid cell systems have shown that TSH preincubation
induces refractoriness to further stimulation of cAMP accumulation by
the hormone. The question of whether TSAb from Graves' patients have
the same desensitizing effect as TSH was studied. Cells cultured in
medium deprived of TSH for 4-5 days have an AC system exquisitively
sensitive to TSH and TSAb. Refractoriness to TSH was induced in these
cells by a 24 h preincubation with 250 pU/ml of the hormone. Four
different TSAb preparation all induced refractoriness to acute TSAb
as well as TSH-stimulated cAMP accumulation. TSAb-induced
desensitization was dose-dependent and required prolonged exposure to
TSAb. Furthermore, the desensitization induced by TSAb as well as
that caused by TSH were significantly inhibited by cycloheximide,
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indicating the need for de novo protein synthesis (Fig. 2) (11). This
gives further proof of the ability of TSAb to mimic the TSH action
also in more complex physiologic events requiring several steps after
AC stimulation.

Fig. 2. Effect of different TSAb preparations on the desensitization of
TSH-stimulated cAMP accumulation. Cells were preincubated for 24 hr with a pool
for normal IgG (control); 250 MU/ml TSH (TSH) or TSAb preparations from four
different patients with hyperthyroid Graves' disease ('1, '2, '3, '4) and TSab ¥1
plus 10 pU cycloheximide ("1+4CE).

Autoantibodies inhibiting the TSH stimulation of thyroid AC

Hypothyroidism is observed in patients with idiopathic myxedema
and less frequently with Hashimoto's thyroiditis. In these two
conditions autoantibodies to different thyroid cell components have
been described (l1). More recently, it was proposed that
hypothyroidism may result from antibodies blcking the effect of TSH
on the thyroid in the absence of cell damage (12, 13). Two cases of
transient neonatal hypothyroidism in newborns of a mother with
idiopathic myxedema were described in both cases it was possible to
demonstrate the transplacental transfer of an antibody that was able
to block TSH binding and TSH activated adenylate cyclase in human
thyroid membranes. The occurrence of transient neonatal
hypothyroidism due to TSH receptor blocking antibodies has been
subsequently confirmed by other 1laboratories (14, 15). The
observation that hypothyroidism was transient and that the time of
recovery of thyroid function in newborns was strictly related to the
disappearance from the circulation of maternal antibody, indicates
that clinical hypothyroidism may be produced by antibodies reacting
with the TSH receptor. Furthermore, a different thyroid autoantibody
was described in a patient with idiopathic myxedema who gave birth to
a neonate with transient hypothyroidism (14-16). This maternal
antibody was able not only to inhibit TSH binding and TSH stimulated
adenylate cyclase, but it also inhibited iodide uptake and
organification at a post receptor level. However, the precise
mechanism of this post receptor effect is still unclear and requires
further investigation. Autoantibodies blocking the TSH stimulated
adenylate cyclase (TBkAb) were also reported in several patients with
adult idiopathic myxedema (3, 17). These antibodies were also shown
to be able to inhibit the TSH binding to its receptor (18, 19). At
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variance with neonates with transient immunogenic hypothyroidism, it
is still unclear whether these antibodies blocking TSH stimulation of
thyroid function are the primary cause of hypothyroidism in adult
patients with thyroid atrophy.

The incidence of TBkAb in autoimmune thyroid diseases has been
studied in our laboratory by a sensitive technique that employes
FRTL-5 cells. Twenty three out of 36 patients with idiopathic
myxedema (Fig. 3) and 15 out of 38 patients with hypothyroid
Hashimoto's thyroiditis had circulating autoantibodies able to

normal laG
mean £ 2 €D
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myxedema

(n=36)

0 10 20 30 40 S0 60 70 80 90 100

TSH fnibition index (%)
Fig. 3. Effect of IgG preparations from 36 patients with idiopathic myxedema on
TSH stimulation of cAMP accumulation in FRTL-5 cells. The vertical dashed line
represents the mean * 2 SD of the effect produced by IgG from normal subjects.
The amount of TSH used for the stimulation was 40 HU/ml.

significantly inhibit the TSH activation of adenylate cyclase in
FRTL-5 cells. When the results obtained in this inhibition assay were
compared with the titer of thyroid microsomal antibodies, as assessed
by passive hemagglutination, no correlation was found, indicating
that a different type of autoantibody was involved. Moreover, the
inhibition of TSH-stimulated AC produced by these antibodies appeared
to be competitive with respect to TSH, possibly indicating their
interaction with the TSH receptor complex (Fig. 4).

These data suggest that autoantibodies blocking TSH stimulation
of the AC may have a pathogenetic role in the development of
hypothyroidism in some patients with thyroid autoimmune disorders.
Preliminary data indicate that antibodies with the same blocking
activity are also present in a minority of patients with Graves'
disease. ~

86



® M g6 200 g
© M kG 50 jg
B M 1gG 100Ug

1/cAMP

0.0 + + ' —
0 S0 100 150 200 250
1/TSH (pM)

Fig. 4. Effect of different doses of idiopathic myxedema IgG on the inhibition of
TSH-stimulated cAMP production in FRTL-5 cells.

Thyroid growth-stimulating antibodies (TSAb)

Recently, several reports have suggested that goiter may be
linked to the presence of growth stimulating antibodies that may act
through the TSH receptor but not necessarily involving the
stimulation of the AC (2). FRTL-5 cells can be usefully employed for
the measurement of TGSAb. Using this assay, we have found that IgGs
from patients with active Graves' disease and Hashimoto's thyroiditis
can increase thyroid cell growth as measured by cell number and
3H-thymidine incorporation (20, 21). While several reports (21, 22)
indicate that in sera of patients with Hashimoto's thyroiditis or
nontoxic goiter TGSAb may be present in the absence of TSAb, it is
still unclear whether these two thyroid stimulating activities may
exist separately in Graves' disease. To investigate this problem we
compared the results of TSAb and TGSAb assays using FRTL-5 in IgGs
from 25 patients with Graves' disease. TSAb was measured by iodide
uptake and AC stimulation of 3H-thymidine incorporation was used to
detect TGSAb. TGSAb were found in 15/25 IgGs; all of them were also
able to stimulate cAMP accumulation and iodide uptake. Thus, in
Graves' patients TGSAb activity could not be separated from TSAb
activity. To further charify this point, peripheral lymphocytes from
a goitrous patient with active Graves' disease were fused with mouse
myeloma cells NS1. Eighteen out of 150 (12%) hybridoma supernatants
showed a significant binding to solubilized human thyroid membranes.
After appropriate subcloning and expansion, IgGs were prepared from
spent media using DEAE-Sephadex. These monoclonal antibodies were
tested for TSAb and TGSAb activities.A clear-cut increase of cAMP was
groduced by 9 out of 18 mAb. The same mAb were also able to stimulate

H-thymidine incorporation. Negative results in both assays were
obtained with the remaining mAb (Fig. 5).
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Fig. 5. Effect of monoclonal antibodies from a Graves' patient on 3H~thymidine
incorporation and cAMP accumulation in FRTL-5 cells.

These data indicate that, at least in Graves' disease, the TSAb
and TGSAb activities coexist in the same IgG suggesting that the
adenylate cyclase-cAMP system may be one of the pathways of the
signal transmission resulting in the growth of thyroid cells (22).
However, the existence of different mechanisms of thyroid growth not
involving cAMP production is also suggested by the observation that
TGSAb are present in sera from patients with no detectable TSAb
activity (20, 21, 23) and by studies in which mAb to the TSH receptor
were used (2, 13).

Conclusive remarks

TSH receptor related antibodies may possess multiple biological
activities mimicking or interfering with the TSH function. Examples
of the TSH-like effects of TSAb include their ability to stimulate
thyroid AC and cell growth and to induce AC desensitization of
thyroid cells. Autoantibodies blocking the TSH function but devoid of
thyroid stimulating activity are present in sera of patients with
autoimmune hypothyroidism. In Graves' I1gGs thyroid adenylate cyclase
and growth stimulating activities are correlated. Furthermore, mAb
from a Graves' patient with goiter had simultaneously the ability to
stimulate thyroid adenylate cyclase and growth, suggesting that cAMP
may be one of the signals mediating thyroid growth. However, the
results obtained with mAb from different patients showed that growth
and adenylate cyclase stimulating activities could be separated (11).
Further studies are needed to clarify this point.
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HETEROGENEITY OF TSH RECEPTOR-DIRECTED ANTIBODIES (TRADb)

AND THEIR SIGNIFICANCE

Margita Zakarija
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University of Miami School of Medicine
Miami, FL

In reviewing TRAb in Graves' disease there is no longer need for
debate about the role of TSAb itself. This antibody is generally accepted
as causing hyperthyroidism through binding to a component of the TSH
receptor and stimulation of adenylate cyclase. Formerly we used an assay
based upon measurement of an increase in cAMP in human thyroid slices and
found TSAb in over 907 of 102 patients (1). Now the procedure developed
by Kasagi et al (2) and refined by Rapoport and his colleagues (3) has
replaced the slice assay. This technique entails incubation of human
thyroid cells in primary monolayer culture with patients' IgG in
hypotonic medium and subsequent measurement of cAMP that has been
released into the medium. With this assay we find 100% positive results
with IgG from Graves' disease patients. This high sensitivity apparently
is not associated with decreased specificity as judged by negative
results with IgG from over 90 patients with thyroid disorders of non-
autoimmune origin. A current alternate and more convenient procedure is
the similar use of functioning rat thyroid (FRTL-5) cells in continuous
culture (4), but not all IgG positive in the human thyroid cell assay
give- a response in this system.

Unlike antibodies that interact with the receptor for insulin (5) or
acetylcholine (6), TSAb is active in the monovalent form, i.e., as the
Fab fragment (7,8). An important additional characterization, recently
confirmed by Knight et -al (9), is that the antibody has restricted
heterogeneity (10); the most telling piece of evidence in this regard is
the finding that the TSAb-IgG from a given patient has only one type of L
chain, i.e., either k or X , and usually the latter., The full
significance of such oligoclonality has yet to be established but
undoubtedly its relevance will eventually be revealed at the level of
DNA analysis. It should be emphasized that the data quoted above were
obtained with unusually potent preparations of IgG (10). Typically such
high levels are found in patients who have relapsed after one or more
attempts to treat their hyperthyroidism by medical (antithyroid drug) or
ablative therapy (1). Also, with a number of these patients, we have been
able to show that their TSAb activity was of virtually unchanged potency
over many years; the longest interval has been 16 years of such
longitudinal collection of data. Furthermore, many of these patients,
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having been subjected to ablative therapy, sometimes in multiple
episodes, were clinically hypothyroid, under treatment with thyroxine,
and with no palpable thyroid tissue for much of the period of
observation. These considerations are relevant to current debate
regarding the importance of antigen modulation of antibody production and
whether or not the thyroid is a major site of secretion of TSAb (11).

Much less is known about other antibodies that interact with the TSH
receptor but their importance in some clinical situations is being
increasingly reported. Most commonly observations in neonatal syndromes
have led to recognition of these other TRAb. For instance, temporary
hypothyroidism has been attributed to an antibody that, having passed
across the placenta, blocks the action of TSH until the neonate
metabolizes the maternal IgG (12). The incidence of such an inhibiting
antibody is unknown but in Graves' disease it may be as frequent as 347.
This figure comes from our observations with IgG from 153 patients tested
on human thyroid cells in hypotonic medium. By assaying IgG at 2 to 4
concentrations, over the range of 5-1500 ug per ml medium, 101 (66%) of
the samples gave a straight line response, similar to that obtained with
TSH. On the other hand, 52 (34%) gave a plateaued or biphasic response,
i.e,, an initial dose-related increment followed by a decrement in the
concentration of cyclic AMP, with the maximum effect being less than that
observed with TSH. Our interpretation of this pattern of response is that
such IgG contains both TSAb and an inhibitor of TSAb, as we have
described in detail with an especially potent example of the phenomenon
(8). This IgG came from a woman who gave birth over 6 years to 3 children
who suffered from intrauterine and delayed neonatal hyperthyroidism; this
lasted from the 6th week post partum to approximately the 6th month of
life (13,14). Our published data (8,13) indicated that the delayed onset
reflected the preponderant effect of the TSAb-inhibitor in the initially
high concentration of maternal IgG and subsequently yet another antibody
acted as an enhancer of TSAb or stimulated the thyroid by itself. We have
shown that unlike TSAb, the enhancer is active only as a divalent
molecule, i.e. as IgG or F(ab')z, but not as the Fab fragment (8).

Kohn and his colleagues have also studied antibodies from this
patient, particularly as monoclonals secreted by heterohybridomas
produced with her peripheral blood lymphocytes (15). Some of their data,
obtained by assay of circulating IgG, were interpreted to indicate that
the TSAb-inhibitor was an anti-idiotype to TSAb (15). That our
observations (8,13) could not be explained by the action of an anti-
idiotype was established by the following experiment. FRTL-5 cells were
preincubated with the patient's IgG and then washed before incubation
with either a laboratory standard TSAb-IgG or TSH; the effect of both
stimulators was abolished. Obviously in these circumstances the
inhibitory IgG was active directly on the TSH receptor. On the other
hand, since the enhancing IgG is inactive as Fab, it is conceivable that
it is an antibody to idiotopes on the inhibitory IgG molecule that are
separate from the antigen-binding site. The divalent action of such an
anti-idiotype might be to bridge adjacent Ab-receptor complexes and thus
influence receptor kinetics. In this regard it is important to note that
the enhancing effect is not obtained with solubilized preparations of the
receptor (8,16) where clearly an aggregating effect would not be
feasible. Enhancement of TSH binding to human thyroid, but not to FRTL-5
cells (8), may be explained by differing density of TSH receptor on the
cell membranes. For example, if the spacing on human thyroid cells is
such that an antibody molecule binds to the receptor only by one Fab,
cross-linking by a putative anti-idiotype might explain the enhancing
effect. Although cross-linking of the receptor is obviously not necessary
for the action of TSAb or the inhibitory IgG [that is also effective as
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Table 1. TSH-Receptor Antibodies (TRAD)

1. Thyroid-stimulating antibody (TSAb); IgG, effective as Fab
2. Inhibitor of TSH and TSAb (I); IgG, effective as Fab
3. Enhancer of TSH-binding (E);
: a) IgG, not effective as Fab
b) Stimulator in its own right
4. Non-TSAb stimulator (S)
a) IgG, effective as Fab
b) Not blocked by inhibitor

All these TRAb are of restricted heterogeneity, i.e., the
activities are associated with only k or A light chains.

Fab (8)], these speculations regarding a possible anti-idiotype are
currently being put to the test. It should be emphasized, however, that
desipte all the polemics above, there is currently no clear cut evidence
of the spontaneous (i.e., in man) regulation of TSAb by an idiotype-anti-
idiotype network in Graves' disease.

The further confirmation of the existence and possible pathogenetic
importance of an inhibitor of TSH (and in our experience of TSAb) action
and binding comes from a survey of serum from patients with primary
myxedema (17). Recently we have identified a patient (a volunteer
"normal™ control for another study) who appears to represent the early
developmental phase of inhibitor production. This 47 year old female was
found to have an increase in serum TSH over 1 year from 3.1 to 9.5 uU/ml
(normal 0.5 - 4 uU/ml). She has no goiter but positive titers of antibody
to thyroglobulin and microsomal antigen (1:640 and 1:25,600 respectively)
and a family history of hypothyroidism. In the assay with human thyroid
cells her IgG inhibited by 607 the response to 10 uU TSH per ml; in FRTL~
5 cells there was a lesser but significant degree of inhibition of 100 uU
TSH per ml. Regarding the syndromes of neonatal hypothyroidism we agree
with' the reports of others (12,18) that the mothers are generally
hypothyroid requiring treatment with thyroxine. In our experience several
children have been diagnosed as having athyrotic hypothyroidism.
Subsequent studies, including confirmation of the maternal serum
containing a potent inhibitor of TSH, 1led to the realization that
neonatal evidence of thyroid agenesis, as judged by radioisotope
scanning, no doubt reflected total inhibition of endogenous TSH.

A fourth TRAb has been identified by us, yet again through study of
IgG from the mother of 3 children with transient neonatal hypothyroidism
(19). In this instance the IgG is a thyroid-stimulator, effective as Fab,
but distinct from "conventional"™ TSAb in that it is unaffected by the
TSAb-inhibitor, that is also present in this woman's IgG. The stimulator
is identified in the assays for TSAb only with high concentrations of IgG
and we speculated that because of its low concentration or affinity for
its antigen (that might be distinct from the TSH receptor) the effect of
the inhibitor prevailed in the neonates. These observations thus lead to
the categorization of 4 separate TRAb listed in Table I and illustrative
data are given in Fig. 1. In this experiment, the inhibitory IgG (I) is
shown to reduce the basal concentration of cAMP and to inhibit in a dose-
dependent fashion the effects of enhancer (E) and TSAb. TSH was similarly
inhibited (data not shown) and a detailed example of inhibition of TSH in
the FRTL-5 system is given in Fig. 2. In addition, in Fig. 1, non-TSAb
stimulator(S) is shown not to be inhibited by I. This is the only example
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Fig.l. Interactions of TRAb. Assay was with human thyroid cells in
hypotonic medium. I,E, S and TSAb represent the activities
of different IgG obtained from 4 patients with autoimmune
thyroid disease. The E is shown to be effective at 0.5
ug/ml, i.e., stimulating by itself and additive with TSAb;
in a previous report (8) this IgG, that also contains
inhibitor, was shown to block TSAb action at 5 or more
ug/ml. The S, a weak stimulator, was not inhibited by I,
confirmed by similar data obtained with FRTL-5 cells. When
mixed with TSAb, E or TSH, S inhibited those effects and
retained the level of activity shown in this figure (19).

Fig.2. Effect of inhibitory IgG (I-IgG) on TSH stimulation of
FRTL-5 cells. Data are means of closely agreeing triplicate
observations. TSH was mixed with normal IgG (N-IgG) or I-
IgG as indicated and incubated with the cells for 2 hours.



in a series of 23 samples of TSAb tested in which stimulation was not
prevented by I, thus leading to our suggestion that this represents a
separate variety of stimulator, distinct from TSAb.

In summary, patients with autoimmune thyroid disease may present
clinically as having Hashimoto's or Graves' disease. The thyroid status,
that may be influenced by treatment, otherwise reflects the sum of
effects of TRAb that may have stimulating or inhibiting effects on
function. The clearest reflection of these actions may be seen in the
neonatal syndromes and it is through the opportunity provided by such
patients that the 4 TRAb listed in Table 1 have been defined.

As discussed in detail elsewhere in this symposium, evidence has
been published purporting to establish a separate category of IgG that
specifically stimulates the growth of thyroid cells and does not act
through adenylate cyclase (20). This concept was given circumstantial
support by the claim that the growth effect of TSH, as studied in FRTL-5
cells, was not cyclic AMP mediated (21). The initial studies were based
upon the assessment of DNA in guinea pig thyroid as an index of cells
being in the S phase of the growth cycle (22). By this index, the effect
of TSH was shown to reach a plateau within 3 hours of its addition to the
thyroid fragments (23). Since mammalian cells typically respond to a
mitogen with a delay of 8-12 hours before entering the S phase and then
exhibit an incremental response over 24 to 48 hours (24), as has indeed
been confirmed with a canine thyroid preparation (25), it is difficult to
interpret those initial studies (22). However, subsequently, there have
been reports of stimulation of growth, as indexed by the incorporation of
3H-thymidine into DNA in FRTL-5 cells, with the IgG coming from patients
with non-toxic sporadic goiter (26) or endemic iodine-deficiency goiter
(26,27),i.e., conditions otherwise not considered to have an
immunological pathogenesis.

Thus, to summarize these recent reports, TSH was viewed as
stimulating growth through an action not dependent upon cyclic AMP (22)
and a separate thyroid-growth promoting IgG (TGI), distinct from TSAb and
also not acting through adenylate cyclase, was identified in sporadic
(26) and endemic (27) goiter. There was, in addition, the speculation
that TGI is active in Graves' disease, thus facilitating understanding of
the acknowledged lack of correlation between goiter size and activity in
that syndrome (20). We have attempted to confirm these various claims,
but succeeded only in showing that TSH and TSAb effect on growth of FRTL-
5 cells is in fact mediated by cAMP (28); similar experience has been
reported by others (29,30,31). In addition, growth induced by these
stimulators is suppressed or abolished by inhibitory IgG (data not shown)
in proportion to the inhibition of cAMP as exemplified in Fig. 1 and 2.
We also obtained data suggesting the identity of TSAb and TGI in that
both activities in a given IgG preparation have the same isoelectric
point and are retained in the Fab fragment (32).

In Graves' disease we have failed to find "TGI" in the absence of
TSAb and the two activities have been of similar potency. It is important
to realize that in our experience all patients with hyperthyroidism of
Graves' disease have IgG that is positive for TSAb in the assay using
human thyroid cells, but some are negative in the FRTL-5 system. These
negative IgG are also without effect in the TGI assay. TSAb that are
negative in the TGI assay might reflect different sensitivities of the
two systems or the action of an inhibitory IgG. TSAb assay data relevant
to this consideration are shown in Fig 3. This patient was subjected to a
subtotal thyroidectomy for relapsing hyperthyroidism in June, 1984.
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Fig.3. Assays of one patient's IgG with human thyroid cells in
hypotonic medium. Dates refer to the time of collection of
blood. The patient regrew the goiter and had recurrence of
hyperthyroidism between 6/84 and 6/85.

Fig.4. Growth assay with FRTL-5 cells. TPA = tetradodecanoyl
phorbol acetate; IGFII = insulin-like growth factor II.
Incubation was for 72 hours. TSH was combined with IGFII
(IGF + TSH) at a concentration of 10 uU/ml.



Her TSAb at that time gave in human thyroid cells the negative dose
response relationship typical of the presence of an inhibitory IgG (8).
There was no response of FRTL-5 cells to her IgG, either in terms of an
increase in the concentration of cAMP or in the incorporation of 3H-
thymidine into DNA. Nonetheless, she rapidly regrew a goiter, and became
hyperthyroid again, and so was subjected to a near-total thyroidectomy in
June, 1985. One may only speculate that the in-vitro assay conditions
facilitated inhibition in the TGI assay, although clearly in-vivo there
was unequivocal thyroid growth. Samples from 1985 and 1986, showing only
a positive dose-related response, probably reflect a reduced potency of
both antibodies in her IgG. We have not yet tested those samples for
effects in FRTL-5 cells.

To turn to TGI in non-immune goiter, our experience can be
summarized as follows. We have assayed for TSAb and TGI preparations of
IgG from 56 subjects with non-toxic goiter (32 sporadic goiter, most
treated with thyroxine; 26 endemic goiter, before and after iodide
therapy) and uniformly failed to detect either activity. We are at a loss
to explain our failure to confirm the data published by others (26,27).
One possibility we are currently exploring is that there may be other,
non-IgG, growth factors involved in non-immune goiter. Insulin-like
growth factor I (IGFI) and interleukin 1 (IL 1) have been shown to
stimulate thyroid growth and to synergize with TSH in this regard (33).
In view of this report we have tested two other factors and the initial
experience is shown in Fig. 4. These data indicate that non-specific
growth stimulators, TPA and IGFII, both enhance growth in FRTL-5 cells
although the effect of IGFII was minor and only additive to that of TSH,
unlike what was reported for IGFI (33). The actions of IGFI and II, TPA
and IL1 are not cAMP mediated so it is clear that thyroid growth can
indeed be stimulated by mechanisms not involving that nucleotide. The
relevance of these considerations to "TGI" is unknown but because of the
experiences summarized above the conclusions listed in Table 2 are
presented as a synopsis of our understanding of thyroid growth control.

Table 2. Conclusions From Growth Assays With FRTL-5 Cells

TSH - cAMP mediated

TSAb- cAMP mediated

Growth factors - not cAMP mediated
TGI - to be confirmed

MPON=
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HUMORAL FACTORS IN GRAVES' OPHTHALMOPATHY

Roberto Toccafondi, Carlo M. Rotella, Roberto Zonefrati,
and Annalisa Tanini

Clinica Medica III
Universita' di Firenze
Firenze, Italy

The existence of specific receptors for thyrotropin (TSH) has
been demonstrated in non-thyroidal cells such as fat cells of different
animal  species (1-5), as well as in retro-orbital tissue and
lymphocytes (6), in fibroblasts, mouse L-cells, and neural membranes
(7-10), »in testicular and adrenal cells (11), and even in bacteria
(12). It has been also demonstrated that TSH can exert a biological
activity in fat cells (13-15) and this possibility lead many
investigators to speculate whether Graves' ophthalmopathy could reflect
an autoimmune reaction involving shared orbital and thyroid antigens
(16-18).

The existence of shared orbital and thyroid antigens was first
raised by studies of experimental ophthalmopathy. It is well known that
pituitary extracts rich in TSH can induce exophthalmos in animals
(19,20); besides, receptors in retrobulbar tissue capable of binding
TSH or the so-called '"exophthalmos-producing factor" have been
described, this binding beeing enhanced by immunoglobulins of
ophthalmic Graves' patients (21-24). The activity of this
exophthalmogenic immunoglobulins, present in sera of ophthalmic Graves'
patients, can be detected in the test for EPS in goldfish (25), but did
not correlate with the presence in these sera of thyroid stimulating
autoantibodies (TSAb), as determined by '"in vivo" mouse bioassay (26).
It was thus suggested that the shared antigens might involve
determinants on the TSH receptor, but that the antibodies to these
determinants would be a subpopulation of total anti-TSH receptor
antibodies in the sera of patients with autoimmune thyroid disease.

The antigenic relevance of shared TSH receptor determinants to
human ophthalmopathy has been questioned. In fact, it has been
postulated that the disease may be initiated by the interaction between
circulating antithyroglobulin autoantibodies and thyroid-derived
thyroglobulin inserted in eye muscle membranes. Kriss and his collegues
(27,28) have demonstrated that retro-orbital muscle has an affinity for
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both thyroglobulin and antithyroglobulin immunocomplexes. Mullin and
co-workers (29) showed that thyroglobulin was a component of normal
human eye muscle and that immunocomplexes bind to eye muscle membranes.
Kriss and Medhi (30) confirmed these data by using artificial lipid
vescicles containing eye muscle proteins. The importance of
thyroglobulin as shared orbital and thyroid antigen has been also
suggested using a monoclonal antibody approach (31). Despite these
data, the involvement of a thyroglobulin determinant as common orbital
and thyroid antigen has been questioned by Wall (32). In fact, the eye
disease occurs occasionally in the absence of any thyroid disorder and
there is no correlation between ophthalmopathy and: (i) the presence or
levels of serum thyroglobulin (32), except in the study of Cupini and
collegues (33); (ii) titres of antithyroglobulin antibodies; or (iii)
levels of immunocomplexes (34). Furthermore, Kodama and co-workers (35)
denied a role of thyroglobulin on eye muscle membranes with studies on
the binding of monoclonal antibodies against human thyroglobulin to
human eye muscles.

Independently from the nature of the shared orbital and thyroid
antigens, in the past few years evidence has been accumulated that in
the sera of ophthalmic Graves' patients immunoglobulins directed
against retro-orbital eye muscle or connective tissue antigens exist.
This has been demonstrated by radioimmunometric or enzyme-linked
immunosorbent assays and using as substrate soluble antigens from eye
muscle (36,37), or eye muscle plasma membranes (38,39), or orbital
tissue plasma membranes (40,41), or fibroblast-like cells obtained from
retro-orbital tissue (42,43). A soluble antigen has been characterized
and partially purified from human eye muscle cytosol using a monoclonal
antibody (36). However, recent studies from the same group (39) were
unable to demonstrate convincing differences between patients with
Graves' ophthalmopathy and normal subjects because of high background
reactivity in the ELISA, due to non specific binding of serum proteins
and enzyme-second antibody conjugates to plastic surface, and
contaminations with other immunoglobulins. Finally, Mengistu and
co-workers (44) have detected the presence of autoantibodies against an
eye muscle soluble antigen in 33 out 44 patients with Graves'
ophthalmopathy by immunofluorescence; however, this test was positive
also in some patients affected by other thyroid autoimmune diseases.
The titre of eye muscle autoantibodies appeared to be correlated to the
degree of eye muscle involvement and the duration of the eye disease.

In reconsidering the problem of shared antigenic determinants
between thyroid and retro-orbital tissues by a different methodological
approach, evidence was presented that fibroblasts may be an important
target for TSH receptor autoantibodies present in Graves' patients with
ophthalmopathy (45). This was demonstrated by evaluating the effect of
Graves' autoantibodies on fibroblast collagen biosynthesis. Using
circulating IgG purified from Graves' sera or monoclonal antibodies to
the TSH receptor, evidence was provided that shared thyroid and
nonthyroid antigens exists, and that mainly consist of TSH receptor
determinants on the thyroid and on nonthyroid tissues, and these are
related to the connective tissue complications of Graves' disease
(45,46).

For these . purposes Graves' disease patients and other thyroid
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disease patients attending the Florence University Clinic were selected
(45). Human skin fibroblasts were used as targets for biological
activities of immunoglobulins (45,46). Monoclonal anti-TSH receptor
antibodies were also wused to demostrate the relationships between the
TSH receptor structures and the biological effects studied by us
(47,48). Collagen biosynthesis in human skin cultured fibroblasts was
evaluated by measuring the incorporation of +tritiated proline into
pepsin-digested high salt-precipitable material (45). Glycosaminoglycan
production by  human skin cultured fibroblasts was measured by
evaluating the incorporation of tritiated glucosamine into
pronase-digested cetylpiridinium low salt-precipitable material (46).
One of the more intriguing aspects of these studies was to
determine whether the collagen biosynthesis assay in human skin
fibroblasts was relevant to Graves' ophthalmopathy. IgGs obtained from
the sera of 82 patients with and without ophthalmopathy have been
studied. From results reported in Figure 1, it 1is clear that the
totality of Graves' patients with exophthalmos, were positive in this

Figure 1. Collagen biosynthesis, evaluated as tritiated proline
incorporation into collagenous proteins synthetized by human skin
fibroblasts, induced by 1IgGs prepared from sera of Graves' patients
with or without ophthalmopathy. Shaded area corresponds to the mean +
SD range of normal sujects. -
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assay, whereas 13/14 IgGs from Graves' patients without ophthalmopathy
behaved 1like normal IgG. No activity was found in IgG from patients
with nontoxic diffuse goiter, Hashimoto's thyroiditis or primary
thyroid atrophy. The response of Graves' IgG in this assay was totally
unrelated to that obtained in Thyroid Stimulating Antibody (TSAb),
Thyrotropin Binding Inhibiting Antibody (TBIAb) and Thyroid Growth
Promoting Antibody (TGPAb) assays.

To verify if the activity of these IgG could be related to
anti~-TSH receptor autoantibodies, the activity of a number of
monoclonal antibodies (McAb) to the TSH receptor, produced by clones
either obtained by fusing spleen cells of mice, immunized with

solubilized thyroid membranes, with mouse mieloma cells, or
heterohybridomas obtained by fusing circulating lymphocytes of Graves'
patients with mouse mieloma cells, was tested in the

collagen-fibroblast assay (45). McAb 307H6 was the more potent, among
the heterohybridoma produced IgG, in stimulating collagen biosynthesis,
while McAbs 129H8, 122G3, 208F7 were weak stimulators and a host of
others were inactive. Several mouse IgG monoclonal autoantibodies
(11E8, 22A6 and 13D11), were also potent stimulators of collagen
synthesis by fibroblasts. Also in the case of monoclonal antibodies the
activity in this assay is totally unrelated to that displayed in TSAb,
TBIAb and TGPAb assays. More recently, using the heterohybridoma
technique, clones from a patient with severe ophthalmopathy have been
obtained (46,49). 142 clones of this fusion (the "800 series") were
able to produce antibodies. Of these, 13 produced IgG that acted only
as stimulators of collagen synthesis in fibroblasts. Thus far, only
half of these antibodies fit criteria established for TSH receptor
autoantibodies. These data suggest that distinct antibodies which are
responsible for triggering the ophthalmopathy circulate in the sera of
patients with Graves' disease and connective tissue complications.
Consideﬁing that evidence for the involvement of thyroglobulin (31) and
TSH receptor (45) as antigenic determinants in common between thyroid
and retro-orbital tissue has been parallely carried on, we agree with
the conclusion. of Tao and collegues (31) that more than one
antigen-antibody system may be involved in the pathogenesis of
ophthalmopathy.

To further ascertain the specificity of the biological effect
of Graves' autoantibodies on fibroblasts, IgGs prepared from patients
with autoimmune diseases in which the thyroid system was not involved,
for example, patients with myasthenia, reumatoid arthritis, or systemic
lupus has been tested (46,49). All were inactive in the fibroblast
collagen system, except IgGs from patients with type B insulin
resistance, a form due to the development of autoantibodies to the
insulin receptor. In the collagen assay 2/4 of the patient IgG
preparations were positive. The activity of positive antibodies was
more than additive with the 11E8 and 307H6 activities. It was noted
that the positive antibodies (B7 and B8) were capable of interacting
weakly with the insulin receptor, and more potently with the
Insulin-like Growth Factor I (IGF-I) receptor; in contrast, the 2
negative antibodies reacted only with the insulin receptor. Neither
insulin nor IGF-I alone could enhance collagen biosynthesis in the
fibroblasts nor could they, alone, inhibit the activity of the B7 and
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B8 antibodies or the 11E8 monoclonal to the TSH receptor, again raising
the issue of multiple determinants.

Since modifications of glycosaminoglycan (GAG) synthesis have
been also reported in connective tissue complications of Graves'
disease (50), the possibility that IgGs from Graves' patients can
increase GAG production of human fibroblasts has been investigated.
IgGs from the same series of Graves' patients studied in Figure 1,
either with or without pretibial myxedema, were not able to
significantly affect GAG production of skin fibroblasts. Considering
that lymphocytes which commonly infiltrate orbital tissues in
ophthalmopathy induce GAG synthesis by fibroblasts derived from
retro-orbital tissue of Graves' patients (51,52), our data prompt us to
conclude that soluble factors circulating in ophthalmic Graves'
patients are not involved in the GAG deposition in retro-orbital
connective tissue.

After having defined the characteristics of the biological
effects of Graves' IgG on human skin fibroblasts, we turned our
attention to the problem of the possible differences between skin and
orbital tissue fibroblasts. We have obtained fibroblasts in long-term
culture from specimens of eye muscle of a patient undergoing surgery
for an orbital injury, and we have compared the effects of IgG
extracted from 9 patients with severe ophthalmopathy on eye muscle
fibroblasts, with those elicited on skin fibroblasts obtained from the
same patient. As reported in Figure 2, all IgG preparations induced an

Figure 2. Collagen biosynthesis, evaluated as tritiated proline
incorporation into collagenous proteins synthetized by human skin
fibroblasts (white bars) or by human retro-orbital muscle fibroblasts
(dotted bars), induced by IgGs prepared from the sera of 9 Graves'
patients with severe ophthalmopathy. Broken line corresponds to the
upper limit of normal range.
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higher tritiated proline incorporation value in retro-orbital muscle
fibroblasts with respect to skin fibroblasts. In order to evaluate the
species-specificity of +the biological effects exerted by IgG on
retro-orbital muscle fibroblasts, we have compared the effect of IgG
preparations of 9 patients studied in Figure 2 on collagen biosynthesis
of porcine retro-orbital muscle fibroblasts. A good correlation between
tritiated proline incorporation values obtained in porcine and human
fibroblasts was found (r=0.91; p 0.001), but the collagen assay in
porcine retro-orbital muscle fibroblasts was 5-6 times less sensitive
than in human ones, thus far confirming that the latter model is the
ideal to test the biological activity of ophthalmic Graves' patient
IgG.

A final consideration can be addressed with respect to the
effect of plasma exchange therapy in Graves' disease ophthalmopathy.
Five of the nine patients reported in Figure 2 (CC, FL, LG, BG and DLM)
were tested for +the ability of their IgG to stimulate collagen
biosynthesis in retro-orbital muscle fibroblasts also when their
ophthalmopathy became dormient as a consequence of therapy with plasma
exchange, which consisted of three cycles of a sequence of three
sessions of plasma exchange at each of which 2 litres of plasma were
removed and replaced by human serum albumin and saline; the interval
between sessions was of 48 hours and between cycles of 4 weeks. In all
patients, examined one month after the end of the last cycle of plasma
exchange, the ophthalmopathy index decreased of 3 to 6 points, while
the collagen-fibroblast assay became negative in 4 out 5 patients. In
the patient in which the test was still positive (CC) the
ophthalmopathy became again active after three months of quiescence.

In conclusion, (i)  circulating factors (soluble antigens,
autoantibodies) can directly or indirectly play a role in Graves'
ophthalmopathy; (ii) shared thyroid and non-thyroid antigens exist and
their nature may be heterogeneous; (iii) a significant portion of
shared antigens consists of TSH receptor determinants on the thyroid
and non-thyroid tissues; (iv) thus far, human retro-orbital muscle
fibroblasts appear to be an wuseful tool in the study of the Graves'
ophthalmopathy.
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IMMUNOREGULATORY ABNORMALITIES IN AUTOIMMUNE THYROID DISEASE
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This brief paper is divided into three elements:
1) Evidence for an organ-specific defect in suppressor T lymphocytes

2) The role of a generalized disturbance of suppressor T lymphocytes
in active untreated Graves' disease

3) The nature of HLA-DR and antigen expression on thyrocytes in these
disorders

ORGAN-SPECIFIC SUPPRESSOR T CELL DEFECT

In human autoimmune thyroid disease, much of the initial evidence
with respect to an organ-specific suppressor T lymphocyte (Ts) defect
initially came from studies of a modified migration inhibition factor (MIF)
test using preparations of T lymphocytes 1-9 This test reflects the
production of a T lymphocyte lymphokine in response to antigen and thus
can be considered as an index of (helper) T lymphocyte sensitization. Okita
et al 174 have demonstrated that preparations of peripheral blood T
lymphocytes from patients with Graves' disease (GD) or Hashimoto's
thyroiditis (HT) will manifest MIF in response to thyroid antigen. If
normal T lymphocytes are added to the sensitized T lymphocytes in ratios
from 1:1 to 1:9 (normal : sensitized), then MIF production is abolished. If
however, one adds populations of T lymphocytes from one patient with GD or
HT to the T lymphocytes of another similar patient, MIF in response to
thyroid antigen continues. Treatment of the normal T lymphocytes with
irradiation, mitomycin C, or cimetidine (a histamine-2 receptor blocker),
agents known to interfere with normal Ts activity, did indeed abolish that
activity. On the other hand, T lymphocytes from patients with GD or HT
were unable to ameliorate MIF production by lymphocytes from other similar
patients, suggesting that there was a defect in Ts function in these dis-
orders. There was no relationship to thyroid function, and indeed this
apparent defect in specific_Ts_activity lasted in the majority of GD
patients many years after 13119. Later Topliss et al ° showed evidence
that this Ts defect was disease specific., While Ludgate et al 10 yere unable
to reproduce these results, Vento et al 75 amply confirmed the findings
in every detail. Indeed Vento et al 8 have recently provided evidence
that the organ-specific defect in GD can be separated from that of HT.
(Moreover, Corazza et al 28 have used the T lymphocyte direct MIF technique
to demonstrate gluten-specific suppressor T cell dysfunction in coeliac
disease).
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Further evidence for an organ specific Ts defect in_autoimmune thyrf%d
disease has been reported by Noma et al , Mori et al and Tao et al ,
all of whom utilized haemolytic plaque assays in their studies, which
confirmed the above observations in relation to the re%ulation of anti-
thyroglobulin production. In the study of Mori et al 2, the organ-
specific Ts defect was in H2-receptor-bearing Ts cells, confirming the

work of Okita et al *. Moreover, in the reports of Mori et al , the
organ-specific Ts defect was clearly partial.

Balasz et al 14 have also studied antigen-specific Ts function (as
well as non-specific Ts function) in a set of homozygous twins discordant
for GD (one had active GD, one was healthy). Lymphocytes were first
cultured with concanavalin A or thyroid membrane for 24 hours. These
workers then added these lymphocytes to second groups of lymphocytes
(lymphocyte indicator cells) that had been stimulated by concanavalin A
for 72 hours, or thyroid membrane antigen for 96 hours, and measured the
uptake of tritiated thymidine as an index of nonspecific or specific
Ts function respectively. In the twin with active GD, there was a specific
Ts defect accompanied by a much less severe nonspecific Ts defect, while
in the healthy twin, no such abnormalities could be detected. In a study
of intrathyroidal lymphocytes by Benveniste et al 15 4 partial specific
defect in Ts functions could be demonstrated in the thyroid %land of HT.
Similar observations have recently been made by Ueki et al 16 There thus
appears to be a considerable body of evidence supporting the view that
there is an organ-specific Ts defect in autoimmune thyroid disease.

GENERALIZED Ts FUNCTION IN AUTOIMMUNE THYROID DISEASE

Despite the above evidence, the magnitude of an organ-specific defect
must be minimal; it would therefore not be expected that there would be
any generalized Ts disorder in patients with these conditions. Such a
generalized disturbance would be expected to result in multiple clinical
disorders of immunoregulation. Nevertheless, a literature review */,
indicates that there does appear to be a reduction in the number and
functions of generalized Ts in the hyperthyroid phase of GD; however,
these tend to normalize as thyroid function itself improves. Although
there are a few exceptions, most studies have not shown any subset
abnormalities in euthyroid patients with HT. In a study of our own 18,
in which an automated flow cytometer was employed, a reduction in the Leu
2a+15+ subset, ie., Ts numbers were clearly demonstrated in active
untreated Graves' disease, most clearly evident when the hyperthyroidism
was most severe. In one year following 1311 therapy, the abnormal values
seen in untreated GD had returned to normal. Several patients still had
very high titres of TSAb and other thyroid antibodies at that time and
yet had returned to completely normal lymphocyte subsets: that is, their
organ—specific abnormality (but not their non-specific Ts abnormality) was
still manifest. It seemed evident that hyperthyroidism per se (or some
factor related closely thereto) did have a deleterious effect on Ts
numbers and that this might be additive to the antigen-specific Ts defect;
it thus may be an important factor in causing self perpetuation of the
disease (Figure 1). Our Ts and other lymphocyte subset values were normal
in Hashimoto's thyroiditis and in non-toxic nodular goitre (unpublished
data). Thus there is no evidence for an abnormality of lymphocyte subsets
either in euthyroid autoimmune thyroid disease, or in non-toxic goitre,
despite assertions to the contrary “’/.

THE ROLE OF HLA-DR AND THYROID ANTIGEN EXPRESSION ON THE THYROID CELLS

Bottazzo et al 19 have claimed that local aberrant expression of
HLA-DR by thyroid cells enables antigen on them to activate and
stimulate T lymphocytes, and that these then activate effector cells to
initiate autoantibody production. They suggested that interferon gamma
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(IFNY) produced by T lymphocytes secondary to local viral infections was
a 11ke1y cause of the aberrant HLA-DR expression and was the initiating
factor in precipitating autoimmune thyroid disease. (It is indeed clear
that IFNY is the only known inducer of thyrocyte HLA-DR antigen
expression “Vs<1.)

THYROID CELL  TSH receptor

O — 1$An<1

) k\ HtA-DR

Environmental Thyroid  Thyroid Monocyte
Influences Hormone Antigen

Non-Specific ’ > T‘h

Organ-Specific TS ‘

R
B lymphocy

FIGURE 1

Hypothesis for the pathogenesis of Graves' disease (GD)

The basic factor necessary for the development of GD is considered to be
an HLA-related genetically induced organ-specific defect in suppressor T
lymphocyte (Ts) function. Precipitating factors from the environment (e.g.,
stress, infection) may cause a reduction in generalized Ts function and
numbers which is additive (superimposed) on the organ-specific Ts defect.
The resultant is to reduce suppression of a thyroid-directed helper T
lymphocyte (Th) population. The specific Th will then (in the presence of
monocytes and the specific antigen) produce interferon gamma (IFNY) and
will also stimulate specific B lymphocytes to produce thyroid stimulating
antibody (TSAb). TSAb, like TSH, stimulates the TSH receptor and will result
in antigen (e.g., m1crov111ar antigen) expression. IFNY causes HLA-DR
expression on the thyroid cell surface and this effect is enhanced by TSAb
(and TSH). Thus antigen presentation by the thyroid cell occurs directly
(requiring the presence of the antigen and HLA-DR expression); this
activates and stimulates the specific Th further and the cycle is repeated.
Moreover, excess thyroid hormone acts on generalized Ts reducing their
number and function, further stimulating Th and adding to the cycle and
thus perpetuating the disease.



The sequence depicted in Figure 1 is interrupted by ATD acting on

thyroid cells directly. The primary action is to reduce thryroid hormone
production (1). This normalization of thyroid function increases the
inhibition of non-specific Ts and that function returns to normal (2); the
additive effect on the basic organ-specific Ts defect is thus lost.
Suppression of the specific Th population is brought about (3) in the subset
of patients who do not have a severe organ-specific defect in Ts. This

EFFECT OF ANTI-THYROID DRUGS

THYROID CELL TS receptor
- TSH
O < — 15Ab <—f
i— IFNY

PEP L

Thyroid ~ Thyroid HLA-DR
Hormone Antigen

Environmental J_® ——— Monocyte
Influences I J.@
Wﬁ, ®
Organ -specific 1
glymphocytes @
FIGURE 2

Induction of remissions in GD with antithyroid drugs (ATD)

results in a reduction of IFNY production and reduced Th stimulation of

B lymphocytes to produce TSAb (4). The combined reduction of TSAb and
IFNY will reduce the thyroid antigen and HLA-DR expression, i.e., antigen
presentation by the thyroid cell; there will also be reduced thyroid
hormone production (5). The reduced hormone production will further
increase Ts inhibition, thus reducing Th activity, and similarly reduced
antigen presentation will have the same effect (6). This beneficial

cycle will then repeat itself, but will not occur in those patient with

a severe organ-specific Ts defect.
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However, Iwatani et al 21, in our laboratory, have shown that the
‘expression of HLA-DR antigen on thyrocytes in culture depends on the
presence not only of T cells, but also of monocytes; moreover, there

is nothing peculiar about GD thyroid cells that do express HLA-DR in vivo
but lose this expression within a few days in tissue culture. Thereafter,
their responses to mitogens (mediated only through the response of
passenger lymphocytes in the cultures) is no different from that of normal
thyroid cells. Indeed the thyroid cells from GD glands when xenoplanted
into nude mice soon lose their HLA-DR expression. Moreover, they_soon
become perfectly normal in function as the lymphocytes disappear . Thus
unlike the situation in obese strain chickens? , there is no evidence for
an intrinsic thyroid cell abnormality prior to the onset of human auto-
immune thyroid disease. Indeed, lymphocytes from patients with either
active untreated GD or hypothyroid HT produce less IFN¥ and thyrocyte
HLA-DR expression following non-specific mitogenic stimulation than do
normal lymphocytes. In contrast, lymphocytes from patients with GD or HT
are capable of stimulating autologous thyroid cells (previously allowed to
lose their DR expression) to again express aberrant DR expression; this
occurs much more sharply and quickly than with normal lymphocytes. This
is due to the fact that GD and HT lymphocytes are already sensitized to
the thyroid antigen. The difference here is between non-specific (mitogenic)
stimulation on the one hand, and specific (antigenic) stimulation on the
other. Moreover, Davies has shown that thyroid cells from normal
individuals have the capacity to stimulate T lymphocytes after lectin-
induced thyrocyte DR expression. From these data it seems evident

that thyrocyte DR expression is a secondary phenomenon, ie, secondary

to the immune assault itself. It is, however, possible that it might
help to potentiate the T lymphocyte response once the immune process
itself is initiated, but this will not continue once the underlying process
abates. The latter point derives from the work of LeClere et al 2° in
which they demonstrated HLA-DR expression on thyroid cells in the acute
phase of subacute (deQuervain's) thyroiditis. We have confirmed this
observation (unpublished data) and have shown that this thyrocyte HLA-DR
expression disappears at the time of a second biopsy following recovery.
It is important to emphasize, therefore, that HLA-DR expression on the
thyroid cells does not establish a self-perpetuating, or “vicious™ cycle
on its own. If it is potentiating or amplifying, it can do so only as
long as the underlying immunoregulatory abnormality or immune perturbation
persists. The latter qualifying remark would also account for the focal
immune disturbances (and thyrocyte HLA-DR expression) seen in thyroid
carcinoma, non toxic goitre, etc.

It may also be emphasized that other environmental factors can
influence %eneralized Ts function, including stress, infection, drugs
and aging 7, Such factors therefore may act as a precipitant in persons
predisposed by virtue of a genetic disturbance in organ-specific Ts.
Although space does not permit a discussion of an hypothesis as to how
remissions could be brought about bg drugs, a schema for this hypothesis
is depicted in Figure 2 and legend 6,
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INTRODUCTION

Lymphocytes infiltrating thyroid tissue in Graves'and Hashimoto
patients may be found in aggregates or diffusely distributed between and
within thyroid follicles 1,2, Using mechanical disaggregation and/or
enzyme digestion to isolate lymphoid cells from thyroid tissue, we have
obtained evidence which strongly suggests that thyroid autoantibodies
are secreted by lymphocytes in the diffusely distributed population 3,4,
The autoantibody secreting cells occur in close proximity to thyroid cells
and also to T cells bearing the cytotoxic/suppressor marker. These T
cells may be involved in regulation of autoantibody synthesis in vivo.
However, some recent studies suggest that the inhibition of thyroid auto-
antibody synthesis induced by Pokeweed mitogen in vitro is not mediated
by conventional suppressor T cells 5. This population of cytotoxic/
suppressor T cells observed in thyroid sections may play a role in thyroid
cell damage and it is therefore of interest to note that a high proportion
of T cell clones from Hashimoto thyroid lymphoid suspension had non-specific
cytolytic activity 6, Although cytotoxic T cells are 1likely to be import-
ant in thyroid destruction, studies in an animal model of Hashimoto's
disease, the Obese Strain chicken, indicate that thyroid autoantibodies
also play a role 7. The mechanisms involved are not clear but they may
include complement fixation or an antibody dependent mechanism mediated
by killer or natural killer (K/NK) cells.

Autoantibodies to thyroid microsomal (Mic) antigen and thyroglobulin
(Tg) are predominantly of IgG class and they are usually restricted to
subclasses IgGl and/or IgGli 8,9. Different forms of therapy for Graves'
disease are accompanied by characteristic changes in total serum autoantibody
levels. However, in a group of 21 Graves' patients treated with carbimazole,
131-iodine or surgery, the contribution made by each IgG subclass to Mic
and/or Tg antibodies remained relatively unchanged over a period of 8 -
24 months despite variations in total serum levels 10, Similarly, in
7 Hashimoto patients taking thyroxine (all of whom had high titres of
Tg antibody), the % contribution of each IgG subclass to Tg antibody was
in general unaltered over 2 - 5 years 10; nor was any major IgG subclass
change observed in 35 clinically euthyroid microsomal antibody positive
women studied during the postpartum rise in thyroid autoantibody levels
Further, Mic antibodies may have a totally different subclass distribution
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from Tg antibodies in the same patient 8. Consequently, we have suggested
that the IgG subclass distribution of Mic and/or Tg antibody may be regarded
as a "fingerprint" of an individual's response to thyroid antigens

Antibodies are bifunctional molecules, with the antigen binding site
in the variable region and the biological activity residing in the constant
region. We have therefore studied the potential role of thyroid auto-
antibodies of different IgG subclasses in antibody mediated destruction
using thyrocyte monolayers. In addition, we have investigated the auto-
antibody IgG subclass distribution in sera from patients with autoimmune
thyroid disease and their clinically unaffected relatives.

METHODS AND MATERIALS

Antibody dependent cell cytotoxicity (ADCC) was investigated in mono-
layers of thyroid cells prepared by digestion of Graves' thyroid tissue
and labelled with 51-Cr. The thyroid cells were exposed to immunoglobulins
precipitated from Graves' or Hashimoto sera using ammonium sulphate;
dilutions corresponding to serum concentrations of 1:100, 1:1000 and 1:10,000
were used. Peripheral blood lymphocytes (a source of K/NK cells) from
normal donors were added at a ratio of 20 lymphoid cells : 1 thyroid cell.
After an incubation period of 18 hours, aliquots of supernatant were col-
lected and the extent of 51-Cr release (indicating thyroid cell death)
was measured. The results are expressed as % Specific lysis defined
as:

Counts using lymphocytes + IgG - Counts using IgG only
Total counts released using detergent

The method was based on that described by Creemers et al. 12 and Bognor
et a1. 13,

The levels of Mic or Tg antibodies (all IgG subclasses) were measured
by ELISA in sera or IgG preparations at dilutions of 1:100 to 1:10,000
and the results have been expressed as an ELISA Index as previously defined
14,15, The IgG subclass distribution of Mic and Tg antibodies was analysed
by an ELISA technique using murine monoclonal antisera to human IgG sub-
classes ©. The results have been expressed as the optical density reading
at 492 nm or as the % contribution made to Mic or Tg antibody by subclasses
IgGl to IgGh.

RESULTS

Using IgG preparations at concentrations equivalent to serum diluted
1:100, the extent of ADCC (measured as 51-Cr release) was higher when
thyroid cells were incubated with K/NK cells and IgG from 8/9 patients
with thyroid antibodies than with IgG from normal individuals (Table 1).
ADCC was dependent on the dose of IgG used and although sera diluted
1:1000 still induced thyrocyte destruction, much lower values for ADCC
were observed with serum diluted 1:10,000. The cytotoxic effect of sera
showed no correlation with the levels of Tg antibody (Table 1) but the
effect was significantly correlated with the levels of Mic antibody
(Fig 1 A). When this was analysed in terms of IgG subclass, a significant
association was observed between the extent of ADCC and the level of Mic
antibody of subclass IgGl (Fig 1 B) but not IgGh.

The IgG subclass distribution of Mic and/or Tg antibodies has been
analysed in 42 thyroid autoantibody positive probands and relatives out

of a total of 129 individuals from 11 families with autoimmune thyroid
disease. An example of the results obtained for one family is shown
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Table 1. Thyroid cell destruction measured as % specific 51-Cr release

by Graves' thyroid cell monolayers incubated with peripheral blood lymph-
ocytes and sera from patients with autoimmune thyroid disease or normal
donors. Un: Undetectable.

% Specific 51-Cr release ELISA Index
with serum diluted. Mic Ab Tg Ab
Donor 1:100 1:1000 1:10,000 1:1000 1:1000

Sera from Patients with Autoimmune Thyroid Disease

EB 29.7 36.1 12.6 1.46 1.70
KT 30.4 23.5 9.9 1.04 2.89
VW 22.5 19.6 10.9 1.15 2.62
CD 24.3 18.3 6.4 1.54 0.64
GH 17.3 16.9 11.3 1.30 0.13
JW 24.9 16.0 6.7 0.52 0.31
P 12.3 10.3 6.9 1.54 2.54
PP 25.6 9.8 4.7 0.25 1.05
MF 5.7 3.5 3.6 0.29 0.98
Sera from Normal Donors

PN 3.9 4.3 4.3 Un Un
SM 6.7 - - Un Un
MA 4.5 1.1 6.0 Un Un

in Fig 2. Two individuals have Mic antibodies only, three have Mic and
Tg antibodies and the ability to produce thyroid antibodies of different
IgG subclasses varies from one individual to another. The IgG subclass
pattern of Mic and Tg antibodies for the probands (individuals 3 and

4 who have Hashimoto's thyroiditis) are very similar. The older sister
(12) of proband 3 also has a similar IgG subclass distribution pattern
for serum Mic and Tg antibodies, although the levels (as indicated by
the ELISA index values) are lower than the corresponding values for her
mother and her sibling. Further, the maternally derived HLA antigens

in individual. 12 (A3, B7, DR2) are not the same as those inherited by
individual 4 from her mother (All, B44, DR7) and it is possible that
this difference is associated with lack of expression (or perhaps delayed
expression) of overt disease in individual 12.

DISCUSSION

Early studies of the destructive effects of thyroid autoantibodies
in vitro showed that thyroid damage was associated with Mic antibodies
and in particular with their ability to fix complement »17, Recently
we observed that the development of postpartum hypothyroidism tended
to be associated with antibodies of subclass IgGl rather than IgG4 .



This could have been due to the ability of antibodies of subclass IgGl
(but not IgGl4) to fix complement 18. However, an additional factor could
be the greater efficiency of Mic antibodies of subclass IgGl to mediate
damage via K/NK cells and this possibility is supported by the results
of our in vitro studies presented here.

Previous observations by others have shown that overt autoimmune
thyroid disese is associated with the HLA markers and Gm allotypes of the

0r- A
% specific °
51cr
release 30| r =072
p <0.01
20+
10
ol 2 ] L ] |
0.0 0.5 1.0 15 20
Mic antibody ELISA Index
40r B
% specific b
Sicr
release 30 | ¢ = 0.67
p <0.05
20
10 |
o e
oL ¢ 1 1 1 J

0.0 0.5 1.0 1.5 20

19G4 microsomal antibody
(optical density in ELISA)

Fig. 1. Correlation between antibody dependent cell cytotoxicity in thyroid
monolayers (measured as % specific 51-Cr release) and A, the level of

Mic antibody (all IgG subclasses) present in serum or B the amount of

Mic antibody of subclass IgGl . Values for the ELISA Index or the optical
density were obtained from sera diluted 1:1000. r = correlation coeffic-
ient. P; probability.
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proband 19. Such interactive effects between Gm allotypes and HLA markers
have been described for the antibody response to the bacterial antigen,
flagellin 20, Since Gm allotypes are linked to IgG subclasses, it seems
likely that the association between Gm and active autoimmune thyroid
disease could arise because of the different biological capacities of
autoantibodies of different subclasses in mediating thyroid destruction.

An alternative (or additional) explanation could be that the subclass
distribution might reflect the nature of the autoimmune response mounted

by different individuals to different antigenic epitopes on thyroid auto-
antigens. The ability to respond to one particular autoantigenic epitope
rather than another could be associated both with the production of thyroid
autoantibody of a particular subclass and with the development of thyroid
specific cytotoxic T cells. If this hypothesis is correct, the IgG subclass
distribution of microsomal and/or thyroglobulin autoantibodies, together
with HLA markers, could reflect the potential capacity of the individual

to destroy the thyroid by autoimmune mechanisms.

Many Graves' patients have high titres of Mic antibody and sometimes
Tg antibody as well; in addition, therapy for Graves' hyperthyroidism
may be followed by the development of hypothyroidism 21, These obser-
vations as well as analyses of thyroid biopsies taken from patients
at least 10 years after treatment for hyperthyroidism 22, suggest that
in Graves' disease there is an underlying process of thyroid destruction
which is overcome by the powerful stimulatory effects of TSH-receptor
antibodies 23. Consequently it is 1ikely that on the basis of TSH-
receptor antibody levels, IgG subclass distribution of Mic and/or Tg
antibodies, Gm allotypes and HLA markers, in association with iodide
availability and the well know effects of age and sex, it will ultimately
be possible to predict the development of overt autoimmune hyperthyroidism
in genetically predisposed individuals.
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CELLULAR MECHANISMS FOR AUTOIMMUNE DAMAGE IN THYROID-ASSOCIATED

OPHTHALMOPATHY
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Montreal, Quebec, Canada, H3G 1A4

INTRODUCTION

Idiopathic (thyroid-associated) ophthalmopathy is an autoimmune
disorder of the extraocular muscles and orbital connective tissue (1-3).
It is associated with Graves' hyperthyroidism in 80% of cases and
Hashimoto's thyroiditis in 20%. Although a variety of antibodies against
eye muscle (EM) and orbital connective tissue (OCT) antigens have been
demonstrated (4-6) their role in the tissue damage of ophthalmopathy is
unclear. We have recently identified antibodies which are cytotoxic to
EM cells in antibody dependent cell-mediated cytotoxicity (ADCC), some
of which cross-reacted with surface antigens on thyroid cells and orbital
fibroblasts (7). The role of cellular immune mechanisms in the autoimmune
reactions against eye muscle and OCT has not been extensively studied
(reviewed in 8).

We now report preliminary results of studies of the nature and role
of cell-mediated immunity and spontaneous (natural) cytotoxicity against
EM and OCT cells and antigens in thyroid-associated ophthalmopathy.

CLINICAL SUBJECTS AND METHODS

We studied 50 patients, 8 men and 42 women, aged 14-82 (mean age
48 yr) with ophthalmopathy, all of whom had severe, active disease of less
than 12 months duration. All had eye muscle involvement and generalized
OCT inflammation. Forty-two had associated Graves' hyperthyroidism and
8 Hashimoto's thyroiditis. At the time of study 10 of the former group
were hyperthyroid, while all the rest were euthyroid. Also studied were
(i) 43 patients, 8 men and 35 women, aged 16-70 (mean age 42 yr) with
Graves' hyperthyroidism without eye disease (ii) 10 patients, one man and
9 women, with Hashimoto's thyroiditis (iii) 10 patients with non autoimmune
thyroid disorders (4 with subacute thyroiditis, 6 with non toxic goitre
or nodules), all women, aged 30-80 (mean age 50 yr) (iv) 42 normal
subjects, 10 men and 32 women, aged 18-62 (mean age 40 yr), as controls.

Antigen Preparation

Cytosol (soluble), membrane, and solubilized membrane fractions of eye
muscle, other skeletal muscle, orbital connective tissue, liver, and

125



thyroid were prepared as described previously (4,5). Human tissues were
obtained at autopsy less than 4 h after death. The tissues were rinsed
and minced, and homogenates centrifuged at 5400 x g to remove whole
cells and debris. The supernatant was then separated into soluble and
membrane fractions by centrifugation at 100,000 x g. Membrane proteins
were solubilized by CHAPSO or SDS for 30 min, followed by centrifugation
at 100,000 x g. Protein concentrations were determined and adjusted to
1 mg/ml, and the fractions stored at -75°C until use.

Affinity purified EM and OCT antigens were prepared from soluble
and solubilized membrane fractions using human monoclonal antibodies
(Ig) in affinity chromatography as described previously (8,9).

Natural Killer Cell-Mediated Cytotoxicity

Natural killer (NK) cell cytotoxicity was measured in 51cr release
assays using human eye muscle and other (abdominal) skeletal muscle
cells, orbital fibroblasts (OF), and thyroid cells as targets. Eye
muscle was obtained at surgery from otherwise normal subjects undergoing
strabismus repair. Abdominal muscle was obtained from patients
undergoing cholecystectomy, and OCT at blepharoplasty carried out on
normal subjects. Thyroid tissue was obtained at thyroidectomy
undertaken for benign nodules. In some experiments target cells were
pretreated with gamma interferon (TIFN) for 6 days. K562 cells, an NK
cell-sensitive target, was also used. Unfractionated peripheral blood
lymphocytes (PBL) or PBL depleted of adherent cells were used as
effector cells. In a few experiments intrathyroidal lymphocytes were
isolated from the thyroid cells using a PERCOLL gradient.

51Cr-labelled target cells (5 x 103) in 100 41 were incubated in
microtiter plates with 100m1 normal or patient PBL at various E:T cell
ratios, at 37C in 5% CO2 and 95% air. After 18 hr incubation, the
plates were centrifuged, 100/ul aliquots of supernatant aspirated, and
their radioactivity counted.” Spontaneous release was determined by
counting a 100m1 aliquot of medium, while total radioactivity was
determined in a 100a~1 aliquot of uncentrifuged incubation mixture.
Cytotoxicity was expressed as percent specific lysis, calculated as:
cpm released with test materials - cpm spontaneous release/cpm total -
cpm spontaneous release x 100. Spontaneous release never exceeded 25%
in 18 hr assays. Test samples were assayed in quadruplicate. PBL
preparations from patients and age and sex-matched normal subjects were
tested in equal numbers on the same assay plate.

Leukocyte Procoagulant Activity (LPCA) Assay

The LPCA assay was used as a test for cell-mediated immunity. This
assay measures a lymphokine produced by sensitized helper T lymphocytes,
which enhances clotting (10). Mononuclear cells were separated from
citrated peripheral venous blood over Ficoll-Hypaque, washed twice in
Hank's balancgd salt solution (HBSS), and suspended in RPMI 1640. The
cells (2 x 10° per culture) were then incubated with or without
antigen, in Nunc "minisorb" tubes for 20 hr in a humid atmosphere of
5% C0, in air at 37°C, following which the cells were washed three
times with cold HBSS and resuspended in RPMI 1640.

The ability of the cultured cells to enhance the clotting time of
normal human plasma was determined using a one-stage recalcification
time assay. To 0.2 ml of the cell suspension was added 0.1 of platelet-
poor , pooled, normal human plasma and 0.1 ml of 0.025M CaCl,. The
clotting times were measured in triplicate in an automatic coagulometer
and the results expressed as percentage reduction in recalcification
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time (RT) in seconds calculated as: RT without antigen - RT with
antigen/RT without antigen x 100.

RESULTS

NK Cell Cytotoxicity:

NK cell-mediated cytotoxicity tests were carried out using PBL from
patients with ophthalmopathy, autoimmune thyroid disorders without eye
disease and normals, and various orbital and thyroidal cells and K562
cells as targets. Effector:target cell ratios were from 12.5:1 - 100:1.
In the first experiments K562 cells were used as targets. There were no
significant differences between patients with ophthalmopathy, GH
(euthyroid) without eye disease, or patients with Hashimoto's thyroiditis
without eye disease, and normal subjects at any E:T cell ratio. When
PBL from hyperthyroid patients with Graves' disease (with or without
ophthalmopathy) were tested against K562 cells a significant depression
was, however, found at all E:T cell ratios tested (Table 1). When
patients became euthyroid, following radioiodine or antithyroid drug
treatment, K562 lysis returned to normal. In the 3 patients with
subacute thyroiditis tested lysis was markedly increased, returning to
normal during recovery (results not shown). Levels of NK cells,
measured as leu 1lb positive cells by immunofluorescence, were not
increased. in hyperthyroid patients (Table 1).

Natural cytotoxicity against orbital fibroblasts was low being <10%
in all patients and normals tested, at all E:T cell ratios. The
differences between patients with GO, Hashimoto's thyroiditis, GH
(euthyroid) and normals were not significant at any E:T cell ratio
(results not shown). There were no significant correlations between %
specific lysis of OF and serum thyroxine levels for patients with GH or
Hashimoto's thyroiditis. Studies were repeated using PBL depleted of
adherent cells (as effectors) and K562, thyroid, and skeletal (SM)
muscle cells as targets. In this experiment the target cells were
pretreated with pIFN shown previously (11) to enhance susceptibility to
lysis in ADCC. Although killing of K562 cells was decreased at all E:T
ratios, the differences between the groups were not significant.

Results were similar when adherent cell depleted effector populations
were employed. In experiments with thyroid and SM cells as targets,
although there was a tendency for increased killing of SM cells (but not
thyroid cells) in patients with GO and HT, the difference, compared to
normals, was not significant for either effector cell population.

TABLE I - NK cell activity against K562 target cells, and NK cell
numbers, in patients with untreated Graves' hyperthyroidism.

EFFECTOR: TARGET CELL RATIO Leu 11b
GROUPS 25:1 50:1 100:1 Positive Cells’
Graves'
Hyperthyroidism| 8.5 * 8.4*% 14.7 * 11.5% 24.5% 13.2%| 13.4 *4.1
(n = 33) PLO.01** P<0.001 P<0.001 NS#
Normals 19.1+£17.05 29.8 £ 19% 40.6 = 15.6%| 16 * 6.0
(n = 23) (n = 20)

* mean (xSD) % specific lysis.
** Statistical analyses refer to differences compared to normals
(student's 't' test).
® Determined on PBL using a mouse MCAB (anti-Leu 11b) and the
immunofluorescence test expressed as mean &SD) %.
# Not significant.
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NK cell cytotoxicity against human eye muscle cells using PBL from
patients with Graves' ophthalmopathy (e e) and normal subjects
(o 0) at E:T cell ratios of 12:1-96:1 determined using a °ICr
release assay. Results are expressed as mean (®SE) % specific lysis.
Statistical analysis refers to differences compared to normals
(student's 't' test).

Next, tests were carried out using human EM cells as tarcets, and
PBL from patients with ophthalmopathy (with associated hyperthyroidism)
and normal subjects. Results are summarized in Fig. 1 which shows that
NK cell cytotoxicity or PBL from patients with ophthalmopathy against
human EM cells was less than that for normal subjects, the difference
being significant at E:T cell ratios of 24:148.3%2.8% SE (n = 8) and
27+3.6% (n = 8) P<0.01 respectively}, and 96:1 {29.9+8% (n = 8) and
51 % 7% (n = 8) P<0.0l respectively}. Intrathyroidal lymphocytes from
aspiration biopsy specimens gave levels of NK cell activity similar to
those of PBL in the three patients tested.

Finally, effects of PIFN treatment of K562 target cells and human
EM cells on their susceptibility to lysis in NK cell assays was tested.
As seen in Fig. 2, NK cell lysis of K562 cells was depressed in the two
patients tested compared to the normal, and further depressed when
target were treated with PIFN. NK lysis of EM cells was also low, in
the one normal subject tested, and further depressed when treated cells
were used as targets.
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Effect of PIFN (200 U/ml) treatment of K562 target cells (a) and
human eye muscle cells (b) on their susceptibility to lysis in natural
killer (NK) cell assays. Unfractionated peripheral blood lymphocytes
from patients with GO (% and # ), and a normal subject (—& ) were
used as effector cells. K562 cells and human eye muscle cells were
precultured with IFN for 5 days and then used as target cells.
-------- = PIFN treated target cells. = untreated target
cells. Cytotoxicity was assessed as % specific lysis in a 2'Cr release

assay.
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Figure 2.

CELL-MEDIATED IMMUNITY

The LPCA test was used to test for CMI against crude and affinity
purified orbital antigens in patients with ophthalmopathy. As shown in
Table 2, LPCA level was increased, compared to normals, for EM cytosol,
OCT cytosol and OCT membranes, but not EM membranes. Taking a %
recalcification time of mean +2SD for the normals as the upper limit of
normal, tests were positive in 65% of patients to EM cytosol, 27% to
OCT cytosol, 31% to OCT membranes but in only 7% (1 patient) to EM
membranes. Tests were positive in less than 20% of patients with

autoimmune thyroid disorders without eye disease, for all fractions.

LPCA tests have also been carried out using affinity purified
orbital tissue antigens, prepared using human monoclonal antibodies as
described previously (9). As shown in Table 3 there was a good
correlation, for all patient groups, between reactivity in LPCA, and
ELISA reactivity, suggesting a close correlation between B and T cell
immuno-reactivity to EM and OCT soluble and membrane antigens.
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TABLE 2. Leukocyte procoagulant activity against human orbital tissue
antigens in patients with Graves' ophthalmopathy.

TEST GROUP
TISSUE
FRACTION* OPHTHALMOPATHY NORMALS
EM Cyt 20.7 * 11.0%*%* 2.4 £12,2% P <0.007%%%*
EM Mem 5.7 £ 10.1% 1.2 = 9,0% N.S.
OCT Cyt 13.7 £ 15.0% 3.2 % 8.4% P <0.05
OCT Mem 15.1 = 12.0% 0.7 7.7% P<L0.001
(n=17) (n =17)

*EM = eye muscle, OCT = orbital connective tissue, Cyt = cytosol,
Mem = membranes.
**Results are expressed as % (#SD) recalcification time.
**%Statistical analysis refer to the differences, assessed using
Student's 't' tests, compared to normals. NS = not significant.

TABLE 3. Monoclonal antibody and helper T lymphocyte reactivity against
MCAB affinity purified orbital tissue antigens in patients with
ophthalmopathy and autoimmune thyroid disorders.

ANTIGEN  ANTIGEN ELISA NUMBER NUMBER+ PERCENTAGE+
NUMBER PREPARATIONS*  REACTIVITY OF TESTS LPCA**  LPCA

E2-2 oCT CYT + 24 22 91.6
E12-1 EM SDS-SM + 17 17 100
E12-2 EM SDS-SM + 20 20 100
2E7-1 EM CHAP-SM + 7 6 85.7
2E7-3 EM CHAP-SM + 24 17 70.8
E7-2 EM CHAP-SM + 8 7 87.5
289-2yt  EM CHAP-SM + 6 5 83.3
TOTAL + 106 94 88.7
E4-2 EM CYT - 7 3 17.6
E3-3B EM CYT - 15 0 0
E4-1 EM CYT - 3 0 0
E3-3A EM CYT - 0 0 0
£1-2 EM CYT - 9 3 33.3
2E9-4 EM CHAP-SM - 2 1 50
E7-3 EM CHAP-SM - 5 0 0
TOTAL - 58 7 12.1
*0CT = orbital connective tissue. EM = eye muscle. CYT = cytosol.

SDS-SM = SDS-solubilized membranes.
CHAP-SM = "CHAPS0"-solubilized membranes.
**All patient groups and normals.
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DISCUSSION

We have shown CMI, measured as LPCA, against crude and affinity
purified EM and OCT antigens in patients with endocrine ophthalmopathy.
While a role of NK cell cytotoxicity against orbital targets was not
demonstrated, decreased activity against EM cells was shown. This was
not due to associated hyperthyroidism even though depressed NK
cytotoxicity of K562 cells was found for hyperthyroid patients with or
without ophthalmopathy. The mechanism for the decreased NK activity
(which was not due to a decrease in blood NK cells) is unclear. Gamma
interferon is known to enhance NK activity by an effect on the NK cells,
but to depress target response (12). On the other hand we showed,
earlier, that P IFN markedly enhanced ADCC

On the other hand CMI and OCT antigens is likely to play a role in
the autoimmune damage of ophthalmopathy. Our studies suggest that
helper T cells are sensitized to a variety of orbital antigens and that
there is a good correlation between antibody and lymphocyte reactivity
to these antigens. We showed previously cytotoxic antibodies reactive in
ADCC (7,19) and soluble and membrane antigen directed antibodies
measured in ELISA (5), and by IF (6). The inter-relationship between
the various parameters of immune damage to autoantigens is unclear. A
role of cytotoxic T lymphocytes has not been tested although likely to
be important.

Finally our studies shed some light on the identity of the orbital
targets of idiopathic ophthalmopathy, and the mechanism for its
association with autoimmune thyroid disease. Although the eye muscle is
likely to be the main target LPCA tests were also positive with OCT
fractions, and an OCT mem - thyroglobulin shared antigen and antibody
reactivity against it, was previously found (4,13). On the other hand
ADCC is only rarely positive to orbital fibroblasts (11). One can
postulate that while the basic underlying reaction may be action of
cytotoxic antibodies against eye muscle specific, and thyroid/eye muscle
shared antigens, the observed T cell reactions against EM and OCT
membrane and soluble antigens may be secondary, although playing a role
in the inflammation and ensuing tissue damage.

SUMMARY

The role of natural killer (NK) cell-mediated cytotoxicity against
human eye muscle (EM) cells and orbital fibroblasts and K562 cells, and
of cell-mediated immunity (CMI), measured using the leukocyte
procoagulant activity (LPCA) assay against crude and affinity purified
orbital antigens, in thyroid-associated ophthalmopathy, were studied.
NK cell cytotoxicity against K562 cells and orbital targets was normal
in patients with autoimmune thyroid disorders with, or without
ophthalmopathy, except for (i) depressed killing of K562 cells in
hyperthyroid patients with Graves' disease which was unrelated to the
eye disease and (ii) depressed killing of eye muscle cells in patients
with ophthalmopathy which was independent of the thyroid status. LPCA
tests were positive to crude EM cytosol and orbital connective tissue
(OCT) membranes in over 60% of patients with ophthalmopathy, but in less
than 20% of patients with Hashimoto's thyroiditis or Graves' disease
without evident eye involvement. Tests were also positive, in most
patients with ophthalmopathy, to a variety of affinity purified EM and
OCT soluble and membrane antigens and there was a close correlation
between humoral and T lymphocyte reactions to these antigens. Although
endocrine ophthalmopathy is associated with many humoral and cellular
immune reactions to eye muscle and, to a lesser extent, OCT antigens,
including those shared with thyroid antigens tissue damage is likely

131



to be caused by cytotoxic antibodies, in antibody-dependent
cell-mediated cytotoxicity, and by lymphokines in CMI. The
significance, and possible role, of depressed NK cell mediated
cytotoxicity in hyperthyroidism and ophthalmopathy are unknown although
likely to be secondary.
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THYROID INFILTRATING T LYMPHOCYTES IN HASHIMOTO'S THYROIDITIS:
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and (*) Endocrinology, University of Pisa
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In the 1last 30 years, studies of the thyroid-specific abnormal
autoimmune response have mainly focused oqto humoral rather than
cellular mechanisms. Thus, both the initial events responsible for the
breakdown in self-tolerance and the subsequent immunological mechanisms
responsible for thyroid infiltration by lymphocytes and thyroid cell
alterations are still poorly understood. The development of monoclonal
antibodies (MoAbs) to lymphocyte membrane antigens made it possibile to
analyze the phenotype of thyroid infiltrating lymphocytes by
immunohistological staining techniques. Both B and T lymphocytes have
been found in affected glands, the major cellular component being T
cells. Some controversy, however, existed about the proportion of the
cp4a* and CD8% T cell subsets within autoimmune thyroid infiltrates. A
reduction in intrathyroidal cp8t cells compared with peripheral blood
(pB)? or a substantial identity between PB and thyroid infiltrates with
regard to the proportions of CD4* and CD8* cells have been reported?sS3,
However, more recent studies agree that T cells with the cps*
cytotoxic/suppressor phenotype are predominant in either Graves' disease
(GD) or Hashimoto's thyroiditis (HT) infiltrates *»5:®., 1In any case,
whatever the alteration of phenotypically defined T cell population may
be, it is of uncertain significance. Since it is now clear that CD4 and
CD8 antigens do not represent markers of specific functions, before any
conclusion is drawn on the role of a given cell population, phenotypic
analysis needs to be supported by functional studies. Unfortunately,
functional assays performed on heterogeneous cell populations are
difficult to interpret, because they do not provide information on the
proportion of cells expressing a given function.

To overcome these difficulties, attempts have been recently made to
grow long-term T cell 1lines and clones that represented the in vitro
75859 . We have recently
used two protocols to raise clonal progenies of PB and thyroid

progenies of thyroid-infiltrating T lymphocytess’
infiltrating T 1lymphocytes in some patients with HT in order to analyze

at clonal 1level their functional heterogeneity. To this purpose, T
cells from patients and normal donors underwent two parallel cloning
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Fig.1l. Phenotype distribution of freshly isolated T cells from
thyroid infiltrates of HT patients and of their clonal
progenies obtained with different cloning procedures.
Results represent the mean value (+ SE) of 5 experiments.

procedures. In one, T cells were seeded in 1limiting number in
microwells containing irradiated spleen feeder cells and
phytohaemagglutinin (PHA), followed by weekly addition of recombinant
IL-2 (rIL-2, Biogen, Geneva)10 . In the other, rIL-2 alone, in the
presence of spleen feeder <cells was used both at the beginning and
during the clonal expansion, in order to achieve exclusively the clonal
growth of T cells already activated in vivo’ . Since, wunder the
microculture conditions used, high proportions of plated T cells
underwent clonal proliferation, the set of clones obtained could be
considered largely representative of the original T cell population.
Thus, following initial stimulation with either PHA or rIL-2 alone, high
proportions of CD8 T cell clones were established from thyroid HT
infiltrates showing an inverted CD4/CD8 ratio (Fig. 1). On the other
hand, since there was no abnormality in the percentages of cp4* and CD8*
cells in the PB of the same patients compared to those in normal
subjects, the phenotype distribution of patient PB-derived clones
substantially reflected that of clones established from control PB,
lymph nodes or spleenss.

Cytolytic potential of thyroid-derived T cell clones.

All clones derived from HT patients and normal subjects were
assayed for cytolytic activity against the murine P815 cell line in the
presence of PHA (lectin-dependent cytotoxic assay - LDCC). The results
obtained in the LDCC assay, which allows the detection of cytolytic T
cell precursors (CTL-P) of any specificity,!! are summarized in Fig.2.
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Fig.2. Cytolytic activity of single clones derived
from 5 HT thyroid infiltrates or from normal
lymphoid tissue (2 spleens and 3 lymph nodes)
was assessed by lectin-dependent cytolytic assay
using the murine P815 cell line as target at an
E/T ratio of 4/1. Clones inducing 51cr release
exceeding the mean spontaneous release by 5 SD
were considered cytolytic.
Results represent the mean percentage (+ SE)
of clones with cytolytic activity. -

The majority of PHA-induced clones and almost all ( > 90%) rIL-2-elicited
clones from HT infiltrates were CTL-P with the CD8%* phenotype. In
contrast, in the clonal progenies of normal PB, lymph node or spleen the
proportion of clones with cytolytic potential was consistently lower
than 45%.

Proliferative response of thyroid-derived T cell clones to autologous
thyrocytes.

The reason why HT infiltrates contain so high proportions of T
cells equipped with machinery for killing is unknown at the present
time. One possibility is that a number of these cells were thyroid
antigen-specific CTL able to exert a MHC-restricted cytolytic mechanism.
In order to investigate this possibility, thyroid infiltrating T cells

137



20
<
e "
£
s
=
=
& 5
Clone W27 Hi2.24 HI3n HI 219 HI33
Phenotype cD8 cD8 cD8 cD4 CD4

Fig.3. Proliferative response to autologous thyrocytes by
thyroid-derived T cell clones of a patient with HT.
2 x 10* clonal T blasts were incubated for 3 days
with 10% irradiated autologous non-T cells ( )
or with 10* autologous ( [l ) or allogeneic ( [J )
thyrocytes in flatt-bottomed wells. Sixteen hr before
harvesting, 0.5 uCi SHTAR were added to each culture.
Results represent the mean value of SHTAR uptake
of triplicate cultures.

from a patient with HT were cloned with rIL-2. Three CD8% and two CD4*t
out of 46 clones, all displaying cytolytic potential, showed siénificant
proliferation when cultured for 3 days in the presence of cryopreserved
autologous thyrocytes (Fig. 3). This observation is consistent with
recent data obtained by other investigators who established thyroid
antigen-specific T cell lines?® or clones® from thyroid infiltrating
lymphocytes of GD or HT patients by using different cloning procedures.
It is of note, however, that none of the cp4at or CD8' clones derived
from the thyroid infiltrate of our HT patient showed proliferative
response in the presence of allogeneic thyrocytes or autologous PB non-T
cells cultured in medium alone or with addition of a wide range of
thyroglobulin (Tg) concentrations. These data indicate that a number of
in vivo activated thyroid infiltrating T cells may show their éytolytic
potential (CTL) and specific recognition of thyrocyte autoantigen(s)
through a  MHC-restricted mechanism made possible by the ectopic
expression of class II MHC molecules on thyrocytes themselves12-1%,
Experiments are currently underway to establish whether T cell clones
proliferating to thyrocyte antigen(s) are actually able to display
specific killing in vitro of autologous autoantigen(s)-presenting
thyrocytes.
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Natural killer (NK) activity of thyroid-derived T cell clones.

In view of the possibility to investigate whether also
MHC-nonrestricted cytolytic mechanisms play a role in thyroid cell
damage, the clonal progenies of thyroid infiltrating T cells were
tested for cytolytic activity of NK type. All clones established with
PHA or rIL-2 were assayed for cytolytic activity against NK sensitive
targets, such as K562 or MOLT-4 cells, as detailed elsewhereSs7, As
shown in Table 1, high proportions of CD8*% clones established from
thyroid infiltrates of HT patients displayed NK activity. A significant
‘increase 1in the proportion of clones with NK activity was observed also
in the clonal progenies of PHA-activated T cells from the PB of the same
patients. This increase was due to CD4* clones, since the proportion of
patient PB-derived CD8* clones with NK activity was similar to that
observed in clones from normal PB or 1lymphoid tissues. Among
thyroid-derived clones elicited with rIL-2, the proportion of CD8*
clones with NK activity was even greater than that found among clones
derived from the same thyroid T cells by using PHA as initial stimulant.
Thus, taken together, these findings support the concept that most of
the CD8*%* T cells activated in vivo within the affected HT gland have the
potential to display NK-like cytolytic function’ . The question of
whether such a NK-like activity may represent an actual cytolytic
effector mechansism in HT deserves further investigation.

Table 1. NK activity of T cell clones derived from thyroid infiltrates
and PB of patients with HT

Source of Cloning % of clones showing NK activity

T cells procedure cbDat cpgt
HT PHA + rIL-2 20.2 55.5
Infiltrate rIL-2 15.1 72.1
HT PHA + rIL-2 25.1 21.2

PB rIL-2 . ND ND
Normal PHA + rIL-2 7.0 26.5
Lymphoid tissue rIL-2 3.2 15.7
Normal PHA + rIL-2 7.4 23.2

PB riL-2 ND ND

NK activity was tested against the human K562 cell lines at an E/T
ratio of 4/1. Clones inducing 51cr release exceeding the mean
spontaneous release by > 5 SD were considered cytolytic. ND = Not done.
Results represent the mean percent values obtained in 4 HT patients and
6 normal donors.
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Interleukin production by thyroid-derived T cell clones

Since NK function may be induced or enhanced by interleukins, the
ability to secrete interferon-y (IFN-y ) and IL-2 of T cell clones
derived from HT infiltrates and the corresponding PB was then
investigated. Due to the obvious impossibility to use the appropriate
antigen for every single T cell clone, a multivalent lectin was used in
order to mimic the activation signals required for interleukin
production by T cells. The choice of PHA was based on the recent
observation that this lectin may mediate its mitogenic effect by binding
to membrane activation molecules and particularly to a glycoprotein of
the T3-Ti antigen-receptor associated complex on T cell surfacels. As
shown in Table 2, upon PHA stimulation, almost all CD8% and CD4* clones
derived from HT thyroid infiltrating T cells were IFN-y producers
(IFN-P). In contrast, the proportion of the same clones able to produce
IL-2 was comparable to that found in patient PB and normal PB or spleen,
suggesting that this peculiar function had not been focused in the
affected thyroid (data not shown). Besides the increased frequency of
IFN-P T cell precursors, another feature of HT infiltrates was the
capacity of several T cell clones (both CD8% and CD4%) to produce
considerable high amounts of IFN-y. In contrast, in the clonal progeny
of PB 1lymphocytes of the same HT patients only a proportion of cpat
clones showed the ability to secrete high IFN-y concentrations (Fig. 4).

Table 2. PHA-induced production of IFN-y and IL-2 by T cell clones from
thyroid infiltrates and PB from patients with HT

Source of Phenotype No. of clones showing production of:
T cells IFN-Y IL-2

HT Ch4 61/ 69 (88%) 44/ 69 (64%)

Infiltrate CcD8 87/104 (84%) 55/104 (53%)

HT Ch4 104/170 (61%) 108/170 (64%)

PB CD8 41/ 61 (67%) 36/ 61 (59%)

Normal CD4 32/ 53 (60%) 28/ 53 (53%)

Lymphoid tissue cD8 9/ 18 (50%) 10/ 18 (56%)

Normal Ch4 57/108 (53%) 73/108 (68%)

PB CD8 26/ 40 (65%) 21/ 40 (52%)

T blasts from each clone (105) were washed and cultured in 0.2 ml medium
containing PHA (1% vol/vol) for 40 h and supernatant removed and stored
at -70°C ultil tested for its IFN-y and IL-2 content. For the
quantitative measurement of IFN-y the IMRX Interferon-gamma RIA
(Centocor 1Inc.) was used. IL-2 activity was assessed by 3H—thymidine
uptake by the murine CTLL cell line. Culture supernatants showing IFN—y
or IL-2 1levels 5 SD over those of control supernatants derived from
irradiated feeder cells alone were regarded as positive.
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Fig.4. IFN-y production by T cell clones derived from thyroid
infiltrates and PB of patients with HT and from control
PB or spleens. " NK activity and PHA-induced IFN-y
production were assessed in individual CD4* (Q ) or
cD8* (@ ) clones, as indicated previously. Values
in parentheses indicate the number of clones showing
IFN-Y production lower than 5 SD above the mean IFN-y
level (---) found in culture supernatants of irradiated
feeder cells alone.

Whether such a circulating CD4* T cell population derives from thyroid
infiltrates or it represents a disease-related abnormality of the PB T
cell compartment in HT, remains to be clarified.

A relationship existed between the capacitiy of secreting high
levels of IFN-Y and the potential to display NK activity shown by
thyroid-derived clones. In fact, as shown in Fig. 4, almost all clones
with NK activity (NK* ) established from HT infiltrates could be
triggered to high IFN-y production (mean + SE: 139 + 14 U/ml), while in
the few thyroid clones without NK activity (NK~ ) the mean IFN—y
production (57 + 9) was comparable to that obtained in either NK* or NK~
clones derived from normal spleen (44 + 4). On the other hand, in the
clonal progeny of patient PBL, only a nﬁaber of CD4% clones, all showing
NK activity, were potent IFN-y producers.
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Possible role of IFN-vy in thyroid autoimmunity.

Since IFN-y is a pleiotropic lymphokine playing an important role
during the immune response16 , the high potential to IFN-y secretion
shown by the clonal progenies of thyroid-infiltrating T cells might be
responsible for some of the immunologic abnormalities found in patients
with HT. IFN-y has been recently shown to exert a B-cell growth factor
(BCGF) activity on human B cells!? and to act synergistically with
other helper factors in the stimulation of B cell proliferation and
differentiation into antibody-producing cells18s1% _  Thus, one may
suggest that high concentrations of IFN-y released within the affected
thyroid may favour 1local activation and proliferation of B cells with
consequent increase of the proportion of IL-2 receptor-bearing B cells
recently shown in HT infiltrates . In addition, the promoting effect of
IFN-y on B cell differentiation might be of importance in the generation
of cells spontaneously producing thyroid autoantibodies which have have
been demonstrated in thyroid infiltrates 252° Thus, if this is the case,
IFN-y might play an important role in maintaining and/or enhancing local
autoantibody formation.

IFN-y has also been found to play an important role in the
generation of cytotoxic T lymphocyteSZI-zs. Therefore, another possible
suggestion 1is that the high potential to secrete IFN-y by most thyroid
infiltrating T cells may contribute to induce and/or maintain their
cytolytic activity. Interestingly, T cell clones showing the ability to
produce the highest IFN-Y concentrations were mainly found just among
those displaying cytolytic activity of NK type. Thus, the cytolytic
potential of most thyroid-derived T cell clones may result from their
concomitant abnormal ability to secrete high amounts of IFN-y in
response to appropriate activation signals.

An additional property ascribed to IFN-y is its ability to enhance
MHC class I and to promote de novo expression of MHC class II antigens
in a large number of cell types, including thyroid cellst2-1% | Thus,
an additional effect of excessive intra-thyroidal IFN-y secretion might
be a persistent and diffused ectopic expression of MHC class II
determinants on the membrane of thyroid cells. This phenomenon might
result in recruitment of other T cells, including CTL, which contribute
to maintain and expand the intrathyroid pathogenic process. 1In this
respect, it has been demonstrated that autoimmune disease-exhibiting
MRL-1pr/lpr mice show elevated IFN-y synthesis by their T cells and lack
suppressor cells capable of regulating its productionzu. Thus, the
finding that T cell clones derived from thyroid infiltrates and PB of
patients with HT show abnormal potential to IFN-y secretion may have
important implications for autoimmune diseases. Whether abnormal IFN-y
production is an inherent feature of a proportion of T cells from
subjects who wundergo autoimmune diseases or it is acquired by T cells
generated in these patients, owing to particular (even though undefined)
immune responses, remains to be established.
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INTRODUCTION
Clinical observations have suggested an association

between iodine intake and the occurance of autoimmune thyroi-
ditis in man (1,2), while in areas with endemic goiter preva-

lence due to iodine deficiency a lower incident of
Hashimoto's thyroditis was found (3). Others, however, have
contested these claims (4,5). Experimentally, this associa-

tion has been demonstrated with genetically susceptible
chicken (6), rats (7) and dogs (8) on a high iodized diet. In
the present study, we were interested in the effect iodine
would have on the functional immune response of human T-
lymphocytes in co-cultures with autologous thyroid epithilial
cells (TECs). Classically, only immunocompetent cells, namely
macrophages are able to present antigen together with the
immunregulatory class-II surface antigen(9).These class-II
antigens (in man HLA-D locii) can also be found in vivo (10)
and induced by various agents in vitro(l1l) on TECs. With this
background our in vitro model system was designed to i) modu-
late HLA-D expression on TECs and ii) to investigate,if a
potential iodide induced autoantigen on TECs would be presen-
ted through HLA-D to autologous T-lymphocytes and thus ini-
tiate a proliferative cellular immunresponse. In order to
modulate the hypothetical iodine induced autoantigen the
influence of Methimazole (MMI) and perchlorate (PC) on the
co-culture system was to be studied. MMI has been suspected
to act immune suppressively during suppression therapy of
Graves' disease (GD) in vivo and on antibody synthesis in
vitro (12). Interestingly, when MMI therapy in GD hyperthyroi-
dism was compared to PC treatment, which clearly is no immuno
suppressive agent, both drugs had the same effect on the
production of thyroid stimulating antibodies (TSab) (13).

METHODS
Sub jects

Thyroid tissue was obtained from patients with GD or non
toxic goiter (NTG). GD patients with the exception of two
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where in cpm = cpm (TEC + Ly) - cpm (TEC) - cpm (Ly)

Indirect immunoflorescence (IF) (11).

TEC_ were plated and cultured on 8 chamber glass slides
(20 x 10°) cells (chamber) in the appropriate medium with or
without inducing agents. After 4 days TECs were washed and
incubated with specific monoclonal antibodies for HLA-D or M-
antigen. Double stained slides were developed with a mouse
IgG or a human IgG coupled to FITC or TRITC , respectively.

MATERIALS

Collagenase (Dispase II) was from Boehringer, Mannheim,
FRG. Fetal calf serum (FCS), 1Isco ve (T) medium and all cell
culture additives were from Biochrom, West Berlin. Mono-
clonals, T#-22/35/39 and interleukin 2 were from
Biotest,Dreieich,FRG. FITC and TRITC conjugated second anti-
bodies were from DAKOPATT, Hamburg, FRG. Interferon)X, Methi-
mazole and all hormone additives were from Sigma Chenie,
Munich, FRG. Sodium iodide and Potassium perchlorate were
from E. Merck, Darmstadt, FRG. Thyrotropin (Thyreostimulin)
was from Organon, Munich, FRG. Microlab slides (Miles) Phyto-
hemagglutinin and sheep erythrocytes were from Flow, Mecken-
heim, FRG. A Cell harvester,Multiwash 2000, Dynatech, Denken-
dorf, FRG and a Flourescence-Photomicroscope, BH-2 from
OLympus Europe, Hamburg, FRG were used.

RESULTS

We demonstrate simultaneous expression of HLA-D and M-
antigen, when TECs are preincubated with bTSH in 5H (serum
free) medium. In contrast, no M-antigen is re-expressed in
TECs after incubation with PHA or IFNYX (Table 1.). The HLA-D

Table 1. In vitro Expression‘of HLA-D Polymorphism and
Microsomal Antigen in Preincubated TEC Cultures.

DR DP/DR DQ M
PHA +++ ++ 0 0
+NaI ++ + 0 0
TSH ++ + 0 +++
+NaT + + 0 ++
IFNY 4+ ++ +++ 0
+NaI ++ + ++ 0
NaT (+)? 0 0 0
MMI (+) 0 0 0
PC 0 0 0 0
Medium (+) (+) 0 (+)
l_assessed by IF 2.in some GD-TECs spontaneously
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cases were iodine loaded for 10 days before surgery. They
also had TSab and 6/7 had microsomal (M) antibodies. Patients
with NTG were all void of thyroid antibodies. :

Thyroid epithelial cells

Thyroid tissue was minced, washed and digested enzymati-
cally with 4 mg/ml collagenase two times for 90 minutes at 37
C. Cells then were washed, separated from debris and erythro-
cytes by density centrigfugation, washed again and plated in
Iscove medium containing insulin, hydrocortisone, somastatin,
human transferrin and gly-his-1lis tripeptide in 0,5% fetal
calf serum (FCS) (5-hormone,(5H) medium).

Cell Cultures

TECs were allowed to adhere overnight in 250 ml1/96 well
flat bottom Microtiter plates (20x10 cells/well). After
washing with medium, TECs were incubated for 4-5 days with
Interferony (IFNY) 10 U/ml, Phytohemagglutinin (PHA) 0.5
pg/ml, bovine thyrotropin (bTSH) 1-100 mU/ml together with or
without sodium iodide (NaI), 0.1 mM, MMI, 1-100 uM and PC ,

1-100 pM.
On day 5 after starting TEC cultures peripheral blood was
drawn from the donor of the thyroid tissue. Lymphocytes were

prepared by density centrifugation and T-cells were separated
by rosetting with sheep red blood cells (SRBC).

When intra-thyroidal lymphocytes were prepared, the
initial TEC suspension after collagenase digestion was di-
vided up. One part was used for establishing TEC cultures,
while the other part was allowed to adhere overnight, only
that thereafter the non-adherend cells were purified by
density centrifugation. All cells banding with lymphocytes
were washed, frozen and stored in liquid nitrogen until use
on the fifth day of autologous TEC cultures. The yield of
intra thyroidal T-lymphocytes was very variable. Depending on
the source of the thyroid tissue 1-30 million T-lymphocytes
could be obtained.

Co-cultures

After the preincubation period for TECs 2-4x10 T-lym-
phocytes were added to each Microtiter well (1-2 x10° cells
/ml) using Iscove medium-T supplemented with 15% interleukin
2 (IL2). Co-cultures were incubated for another 6 days,
whereafter the 24 hour tritiated thymidin (3HTdR) uptake was
measured.

3HTdR uptake

To each Microtiter well 0.5 uCi/50pl SHTAR (2 Ci/mmol)
were added. After 24 hours the non attached cells in co-
cultures were resuspended, harvested with a cell-harvester on
to cellulose acetate filter, precipitated with 10% tri-chlor-
acetic acid (TCE) and washed with 96% cold ethanol. Filters
were dried, punched out and disolved in scintillation
cocktail. Samples were set up in quadruplicates and stimula-
tion indices were calculated as:

cpm (+IL2) / cpm (- IL2) = SI + SD
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Table 2. HLA-D Expression and Autologous T-Lymphocyte
Response in Co-Cultures with TECs.

HLA-D SI : SD
&

PHA +++ 1.5 £0.4
+Nal ++ 5.6 :l.l*f
+ " +MMI + 1.1 £0.6
+ " +PC + 0.9 +0.6

IFNY +++ 1.6 +0.2
+ NaI ++ 5.1 0.6 %
+ "+MMI ++ 1.8 +0.5
+ "4PC + 1.5 £0.6

TSH : ++ 1.2 +0.7
+Nal + 4.1 +0.8 *
+ "+MMI + 0.9 +0.4
+ "+PC + 1.0 £0.3

Medium - 1.8 +0.5

%*
&_1p p €0.05 **pgo.01

inducing agents also differ, when HLA-D polymorphism was
assessed. While IFM strongly induces HLA-DQ, PHA and TSH
incubated TECs display only DR/DP and no -DQ (Table 1).
Although NalI is reducing flourescence stain on induced TECs,
there is no suppressing of HLA-D observed. The same applies
for MMI and PC at concentration lower than 0.1 mM in cul-
tures. In some TECs from GD-patients a spontaneous HLA-D
expression occurs, which disappears after 3 days in culture.

As shown in Table 2.only those co-cultures,where HLA-D
was induced together with Nal incubation, autologous T-
lymphocytes responded with a significantly increased prolife-
ration. This autologous MLR-likereaction was abolished by
simultaneous incubation with MMI or PC. Both agents, however,
did not suppress HLA-D expression under the same preincuba-
tion conditions.

Table 3. Proliferative Response in Co-Cultures of TECs with
Autologous Intra-thyroidal T-lymphocytes from GD-
Patients.

IFNy IFNy+NaTI Con A
Patient 1 $1.6 10.4 1.3 £0.5 5.2 +0.4
Patient 2 1.6 £0.2 1.6 £0.5 6.9 +0.6

§.s1 4+ sp
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When intra-thyroidal T-lymphocytes were used under iden-
tical co-culture conditions, no proliferative response was
observed on IFNY/Nal preincubated TECs (Table 3), although
the ConA T-lymphocyte response was still intact and the T-
suppressor T-helper ratio were not altered (visually checked
by IF).

There appears to be a difference in T-lymphocyte re-
sponses according to iodine administration before surgery.
Co-cultures of GD-patients which have not been loaded with
iodine tend to have 1lower SI than those of patients
"plummered" for 10 days (Table 4.). When co-cultures were set
up with TECs from patients with NTG only 4/15 T-cell respon-
ses were observed (not shown).

Table 4. The Influence of Iodine Load on the Autologous T-
Lymphocyte response in Co-Cultures with TECs from
GD-Patients.

"Plummer" ST £SD
Patient 1 no 2.8 +0.7
Patient 2 no 3.1 0.4
Patients,n=7 yes 5.8 £0.6

" " Todine loaded for 10 days pre-Op.

DISCUSSION

Our in vitro co-culture system appears to be a model for
iodine induced autoimmunity(2).It is comparable to the animal
models using obese chicken(6) or BB/W rats(7).Likewise in
those models the autologous T-lymphocyte response in our in
vitro system is genetically suszeptibility dependent,since
10/10 GD-donors with proliferative responses are contrasted
by only 4/15 NTG-patients.Wether this could reflectalternati-
vely the actual iodine deficiency in the goitrous thyroid is
not yet understood.One hint in that direction could be the
difference in magnitude of the response in iodine loaded and
unloaded GD-patients.

In order to obtain a T-lymphocyte response two require-

ments have to be met: 1.An autoantigen has to be induced.In
our model this is apparently iodine induced and
dependent,since preventing the iodine uptake with PC
abolishes the response. 2. The autoantigen has to be

presented to immunocompetent lymphocytes.It appears that the
thyrocyte is presenting its own autoantigen via HLA-D,since
HLA-D expression of TECs is a condition for the response.This
would confirm findings,where class-II antigen expressing
epithelial cells were able to present viral proteins(14).MMI
does not suppress class-IT antigen,which reflects previous
findings in recurrent hyperthyroidism od GD-patients(15).
Moreover,the similar behaviour of MMI and PC in our system
recalls findings in GD therapy,where both agent had the same
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effect on thyroid antibody titers during the course of the
disease(13).

Our failure to produce a proliferative response with intra-
thyroidal T-lymphocytes is puzzling and hard to
interpret.Although the Ts/Th ratio and the mitogenic T-
lymphocyte response are not altered,there might be a loss of
T-helper cells during the preparation procedure.

Ongoing studies in our laboratory are designed to define
the iodine dependent autoantigen.

SUMMARY

TSH,in contrast to PHA and IFNY,induces in serum free
medium both,class-ITI and microsomal antigen.The class-II
polymorphism displays DR/DP locii rather than DQ,while IFN
always strongly induces DQ.Todine produces autoantigen in
TECs which together with class-II expression gives rise to an
autologous mixed lymphocyte reaction -1like response.The
iodine induced immune response in co-cultures prevails in
TECs from GD-patients(10/10),while only 4/15 NTG-TECs gave
response.Mehimazole as well as perchlorate abolish the re-
sponse,although they do not suppress the class-II expression
of TECS.Iodine could not induce a proliferative response with
intra-thyroidal lymphocytes .The mitogenic T-cell response is
not abolished.Responses in iodine loaded patients are higher
than in the two GD-patients who were not " plummered" before
operation.
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INTRODUCTION

The aetiology of Graves' disease is multifactorial (Table 1).
Environmental influences, immunological aberration and perhaps subtle target-
organ alterations (for which there is currently no evidence) all interacting
upon or as a result of a genetic predisposition and occurring particularly
in females are responsible for a disease in which hyperthyroidism results
from the generation of antibodies to the TSH receptor. The familial pre-
disposition to such a course of events and the major histocompatibility
(HLA) association have until now been the most easily accessible means to
examining the genetic linkage of Graves' disease. The familial predis-
position does not allow clear discrimination of the pattern of inheritance
(which in a disease upon which the environment has such an impact is not
surprising) and the HLA association is weak. There is no evidence for a
disease susceptibility gene nor does such a gene seem likely. Rather it
would make more sense if Graves' were to be a polygenic disease representing
the conjunction of several independent genetic traits. In this context a
greater understanding of the interactions between the immunologic and
genetic systems, coupled with the recent availability of reagents and new
technology offers the opportunity to examine further the impact which
genetic factors may have in Graves' disease.

In patients and families with Graves' disease living in South Wales
we have sought to define the genetic factors which are associated with the
disease. Using conventional techniques and restriction fragment length
polymorphism analysis based on Southern blotting we have examined the
contributions which family history, HLA class I, II and III antigen analysis,
Gm allotyping and immunoglobulin heavy chain switch region and T cell
receptor beta chain make to the development of the disease. The aim of
these studies, recognising the genetic predisposition to the development
of Graves disease, is to define genetic factors which will permit the
identification of individuals at risk of developing Graves' disease.

ENVIRONMENTAL AND CONSTITUTIONAL FACTORS
In considering environmental influences on the development of the
disease (Table 1) the importance of dietary iodine intake in influencing

the development of the disease is increasingly well recognised(l). The
variation in the incidence of the disease can be shown to correlate with
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Table 1. Elements of a Multifactorial Disease

FACTORS
GENETIC CONSTITUTIONAL ENVIRONMENTAL
GENES AGE TIME
-Specificity SEX GEOGRAPHY
-Dosage DEVELOPMENTAL STAGE CLIMATE
-Number HOMEOSTATIC MECHANISMS SOCIOECONOMIC STATUS
~biochemical OCCUPATION
-immunological EDUCATION
-physiological DIET
MATERNAL FACTORS OTHER
COGNITIVE QUALITIES -habits
TEMPERAMENT -diseases
ETHNIC GROUP INFECTIOUS AGENTS

iodine consumption (1,2). The seasonal variation in the disease in the U.K.
may well reflect variation in iodine consumption which is related to marked
seasonal changes in levels of iodine in dairy products (1).

Age certainly has an impact on disease development but is more difficult
to evaluate though with increasing age detectable TSH receptor antibody
activity is observed less frequently in patients presenting with hyperthyroid
-ism (2). The influence of the sex of the patient on disease development is
however more easily evaluated and it is clear that whilst the disease is
more common in women, when it occurs in men it is more severe (Table 2).

The impact of the developmental stage of an individual on Graves' disease

and on any other autoimmune disease is best exemplified by the dramatic
impact which pregnancy has on autoimmune thyroid disease (see Hall, R. et al
in this volume). Immunological homeostatic mechanisms are clearly disturbed
in Graves' disease and central to the development and maintenance of the
disease (3). 1In this context a number of factors require consideration

but in particular the role of the T cell regulatory process and of antibodies
to the TSH receptor and these are considered in detail elsewhere in this
monograph. Whilst stress has often been claimed to influence disease devel-
opment it remains difficult to evaluate and the link is currently unsubstant-
iated. Ethnic origins clearly have an impact on the disease but whether they
reflect only genetic differences rather than different environmental influ-
ences such as dietary iodine intake (which is certainly the case) is again
uncertain,

Table 2. Graves' Disease - Influence of Sex of Patient on
Disease Activity in 172 Patients

MALE FEMALE
NUMBER WITH DISEASE 37(22%) 135(78%)
TSH RECEPTOR ANTIBODY POSITIVE 34(92%) 99(73%)
TSH RECEPTOR ANTIBODY ACTIVITY* 83.7 36.1
RELAPSE RATE (3years follow-up) 26(70%) 75(56%)

*Mean level in bioassay in bTSH equivalents (normal < 2)
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GENETIC FACTORS
A. Familial aggregation

The familial occurrence of Graves' disease is undoubted and well
established. Whilst increased concordance rates for the disease have been
found in monozygotic as compared with dyzygotic twins, and support a genetic
influence neither of these sets of observations allow firm conclusions on
the genetic basis of the disease and its pattern of inheritance but point
rather to an important influence of environmental and consitutional factors
in genetically predisposed individuals. In considering situations in which
the environment is constant/common, the elegant gene dosage effects on
autoantibody development by Rose and his colleagues (4) further strengthen
the likelihood of a genetic basis. Likewise combining factors in trying to
assess the likelihood of developing autoimmune thyroid disease demonstrates
an important influence of genetic elements in the process (Table 3).

Table 3. The Likelihood of Developing Post-Partum
Thyroid Dysfunction (PPTD) in 49 Women

PARAMETER % DEVELOPING PPTD
FAMILY HISTORY (FH) 31.6%
AB TO TMA AT BOOKING (MAB) 50.0%
FH + MAB 68.8%
FH+MAB+HLA B8,DR3 83.3%

FUNG H.Y.M. et al (1986)

B. The Major Histocompatibility Complex (MHC)

The MHC, located on the short arm of chromosome 6 consists of at least
3 sets of antigen loci (class I, II, III);

GLO--- DP DQ DR...-C2 Bf C4B--..21-OH...-C4A ...21-OH--- B C A -

II III III I

Attempts to demonstrate statistically an association between Graves'

disease and particular HLA phenotypes has resulted in considerable evidence,
which whilst supporting such associations shows them to be incomplete (5).
Improved reagents and techniques for serological tissue typing has not
improved the situation. The relatively weak associations between Graves'
disease and the various HLA alleles is open to a number of interpretations
(Table 4).

1. Class II. The well recognised but incomplete association of DR3

with Graves' disease in our own population is associated with a relative
risk of around 3. Whilst this may vary and be strengthened depending

on the parameter defined (Table 5) nevertheless the weak influence of

the association means that its impact on disease recognition and
management is minimal. In attempting to extend and strengthen these
observations we have made use of cDNA probes to the a and B chain

genes of the D region (DRa, DRB, DQa, DQBR) and restriction enzymes

(BamH1, Pstl, EcoRl, Taql, Bagl2) to search for restriction fragment length
polymorphisms (RFLP) by Southern blotting. Whilst associations between
Graves' disease and various RFLP's have been observed when these have

been analysed the associations have been weak or reflected an

association between a particular fragment and a particular class II allele.
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Table 4. Possible Explanations For The Incomplete
Association Between Graves' Disease And HLA Alleles

DISEASE HETEROGENEITY
CONTRIBUTIONS OF
~Other Genes
-Environment
LINKAGE DISEQUILIBRIUM OF HLA WITH AS YET
UNIDENTIFIED SUSCEPTIBILITY GENE
TECHNICAL INADEQUACY
POPULATION HETEROGENEITY
MIXTURE

Table 5. HLA And Thyroid Microsomal Autoantibody
(TMA) Status Association

AUTOANTIBODY TO TMA HLA DQw3 FREQUENCY
Positive (n=108) 52.8%
Negative (n=113) 33.6%

Relative risk =2.2, X2 =7.5, p = <0.01
Kologlu, M. et al (1986)

Whether use of different enzymes or probes will improve the situation
remains to be determined but seems unlikely.

2, Class III. Three complement proteins are controlled by genes within
the MHC; factor B, C2 and C4. All 3 exhibit genetic polymorphism. The
synthesis of C4 proteins is controlled by 2 loci, C4A and C4B. The C4
loci have a number of alleles including a null or QO (quantity zero)
allele. Whilst data on polymorphisms of C2 and Bf have been reported

in Graves' disease (6) little information is available on the C4 allele
distribution. Our own data would suggest an association between the
C4AQ0 allele and Graves' disease (Table 6) but again the association

is weak but interestingly its presence is more strongly associated with
the likelihood of young healthy relatives of Graves' patients having
thyroid autoantibodies (Ratanachaiyavong S. et al unpublished).

Table 6. Graves' Disease And The C4AQ0 Complement Allele

NORMALS GRAVES' DISEASE
C4AQO+ve 30 57
C4AQ0-ve 70 35
TOTAL 100 92

Xz = 19.75, p= <0.001, RR = 3.8
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3. Extended Haplotypes. Associations between class I, II and III antigens
and Graves' disease may reflect linkage disequilibrium or differences in
immune responsiveness in relation to different HLA antigens (1). Whereas
little data is available in patients with Graves' disease. The use of
extended haplotype/supratype data in patients and families with insulin-
dependent diabetes mellitus (7) have demonstrated extended haplotypes
covering class I (HLA-B), class II (DR) and class III (Bf, C2, C4A, C4B).
Whilst conferring a significantly increased susceptibility to the

disease these haplotypes onlyincrease the relative risk to around 10.

4. Other Genes. Analysis of Gm allotypes of the IgG heavy chain constant
region have provided conflicting data on the association between these
markers and Graves' disease. Again preliminary data using cDNA probes

to the immunoglobulin switch region have failed to show strong RFLP
associations with Graves' disease, and this is also the case to date with
RFLP analysis in Graves' disease using cDNA probes to the T cell receptor
o and B chain, If associations are to be found with further restriction
enzyme analysis, current data in other autoimmune diseases and in Graves'
disease do not support the concept that these will be strong and therefore
particularly significant.

CONCLUSIONS

We remain no clearer in our understanding of the genetics of Graves'
disease. The long established recognition of the familial nature of
the disease and the more recently recognised HLA associations provide
inconclusive evidence. Newer techniques which permit both broadening of
the analyses possible and also more sophisticated analysis of genes
within, for example the HLA class II have failed to make a significant
impact. Whether more intensive family studies with generation of extended
haplotypes will clarify the problem remains to be seen. Increasingly
however it appears more likely that whilst a genetic predisposition
to Graves' disease is undoubted its influence is minor and in the absence
of a "disease susceptibility gene", the roles of environmental and
constitutional factors are much more relevant in this multifactorial
disease.
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INTRODUCTION

When, in 1973, one of us (GFB) joined Deborah Doniach and the
Autoimmunity Group in the Department of Immunology at The Middlesex
Hospital in London, the main area of research was the pathogenesis of
autoimmune liver diseases., Indeed, it is of interest to recall that
another young Italian research fellow in the team at that time was Mario
Rizzetto who, a few years later, discovered the Delta particle, and thus
made a fundamental advance in the understanding of viral hepatitis., No
doubt he had the right training! But to return to the story of the young
fellow from Venice, he knew that the Department was famous all over the
world for the investigation of endocrine autoimmunity and he was
hesitant to become involved in the 'diversion' of liver disorders. There
is nothing wrong with this subject but, after all, Ivan Roitt and
Deborah Doniach were the discoverers of human thyroid autoimmunity 17
years previously and had persued this line of novel investigation for
several years, 'What about turning the emphasis again towards the first
'love' of endocrine autoimmunity?' he asked. Deborah Doniach
enthusiastically agreed. It was in 1974 when he then tested a few sera
of patients with Addison's disease on sections of human pancreas by the
indirect immunofluorescence technique, that he observed the islets
shining out against the dark background of the exocrine acini. With Alex
Florin-Christensen, who actively collaborated in this new approach, the
first dogma was thus challenged: a year previously during the first
meeting on 'Immunology of Diabetes' held in Brussels, it was stated: 'We
are afraid that islet cell antibodies do not exist'.

This was the opportunity Deborah was looking for, and all the
endocrine autoimmunologists were excited to see her back in the area
where she was much more at home, What then happened now belongs to
history (doesn't time fly!). The field of autoimmunity and diabetes
expanded tremendously, and a number of other conditions in the
'idiopathic 1limbo' were moved under the umbrella of autoimmune
disorders, It was at this point that we had the temerity to ask: 'Shall
we challenge other dogmas which have dominated the field for several
years?'. All the progress which then followed was clearly made possibly
by the collaboration and friendship of several colleagues who were
attracted to the laboratory by the novel and exciting wind which was
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refreshing the subject and whose important contributions are gratefully
acknowledged.

It would exceed the limits of this manuscript to summarize all the
excitement of these years which derived primarily from working closely
with Deborah Doniach, together with the constant support of Ivan Roitt.
In keeping with the title assigned to us, we shall therefore concentrate
on those themes which, we believe, most directly challenge some of the
established dogmas.

DOGMA 1: INSULIN-DEPENDENT DIABETES IS NOT AN AUTOIMMUNE DISEASE

Following the first description of islet cell antibodies (ICA) in
polyendocrine autoimmune diabetic patients (Bottazzo et al, 1974) and
their subsequent identification in uncomplicated juvenile cases (Lendrum
et al, 1975), speculation arose as to whether these serological markers
merely represented a secondary phenomenon, with a specific attack by a
common environmental agent(s) being responsible for the initial injury
to the pancreatic beta cells, However, although Type I diabetes has an
acute clinical onset, ICA were demonstrated in predisposed individuals
years before the onset of the disease, and this lead to reconsideration
of the 'common viral dogma' as the sole cause of diabetes. The new
concept of a primary autoimmune attack emerged initially from studies of
unaffected members of diabetic families and was subsequently confirmed
in retrospective and prospective studies in identical twins discordant
for the disease, in polyendocrine non-diabetic patients and even in
single sporadic cases (reviewed by Bottazzo et al, 1986). A proportion
of these individuals eventually became overtly diabetic.

More recently, full-blown immunological aggression has been
uncovered around and inside islets in an acute diabetic patient who died
of the disease close to the time at which symptoms became overt
(Bottazzo et al, 1985), Most facets of an autoimmune attack were
represented in the frozen pancreatic blocks, with abundant evidence of
immune complex and complement deposition. CD8  (?cytotoxic) T cells were
a predominant feature of the diseased tissue, with the lymphocytes
expressing activation markers. No evidence of coxsackie, mumps or other
common viruses was detected in the diabetic islets. We believe that
because of this new evidence, previously advocated environmental agents
should be considered to act more as precipitating rather than initiating
factors of beta cell damage (Bottazzo, 1986). This strongly suggests
that something more subtle and definitely more complicated is involved
in the pathogenesis of this disease.

Regardless of the nature of the initial trigger, the major concern
of most investigators and diabetologists is to try to efficiently hold
the autoimmune attack against beta cells in check once it has been
mounted. The initial pilot study with cyclosporin A (Stiller et al,
1984) and the more recent double blind trial in newly diagnosed diabetic
patients (Feutren et al, 1986) is, in this context, the best indication
that general opinion is coming round to the idea that autoimmunity plays
a major role in the attack on the beta cells, However, it is important
to point out that none of the presently available immunosuppressive
drugs are sufficiently specific for those lymphocytes ultimately
responsible for the destruction of beta cells. This conclusion is based
on the fact that withdrawal of the drugs leads to recurrence of the
disease and the need for re-introducton of conventional insulin therapy.
Most importantly, they cause serious side effects which call for
intensive management and monitoring by specialized units.
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DOGMA 2: THE DIRECT PATHOGENIC ROLE OF THYROID MICROSOMAL ANTIBODIES "IN
vVivo'

Cytoplasmic antibodies remain an invaluable clinical tool for
diagnostic and prognostic purposes, but the pathogenic role of any
autoantibody must 1lie in its ability to bind autoantigens expressed on
the cell surface. This 1is a prerequisite for activation of the
complement cascade and of killer lymphocytes. Surface reactive
antibodies have been demonstrated in several organ-specific systems but
there are substantial differences in the nature of their reactivity
patterns in the different diseases. In the thyroid, previous work has
shown that passive transfer of thyroid microsomal antibodies to primates
does not cause damage to the thyroids of these animals, In addition,
mothers with Hashimoto's thyroiditis and high titres of thyroid
antibodies give birth to perfectly normal children despite the fact that
IgG autoreactive immunoglobulins cross the placenta. It is also well
known that middle-aged women positive for these same antibodies do not
necessarily become hypothyroid (reviewed by Belfiore & Bottazzo, 1987).
Why this paradoxical ineffectiveness?

The work initially carried out by Emilio Khoury clearly
demonstrated that virtually all sera containing thyroid microsomal
antibodies (recently shown to react with the thyroid peroxidase complex
(Czarnocka et al, 1985)) recognised surface antigens of viable thyroid
cells in culture and in suspensions. Furthermore, the addition of
complement lead to lysis of the thyrocytes (Khoury et al, 1981). These
data, together with those almost simultaneously obtained by the Pisa
Group (Reviewed by Pinchera et al, 1984) indicated that the cytoplasmic
microsomal antigen was also expressed on the cell surface, suggesting
perhaps rather prematurely, that these specific autoantibodies, contrary
to expectation, could play a direct pathogenic role 'in vivo'. However,
the situation was comlicated by the subsequent demonstration that the
surface expression of this autoantigen was restricted to the microvillar
apical border facing the colloid space on the interior of the thyroid
follicles (Khoury et al, 1984), These results unexpectedly demonstrated
the existence of a sequestered antigen which, like the eye and the
sperm, is apparently inaccessible to the immune system. However, further
work indicated that some thyroid follicles isolated from the glands of
patients with autoimmune thyroid disease showed a spontaneous reversal
of the cellular polarity with the microvillar border exposed at the
vascular pole (Hanafusa et al, 1984). The precise stimuli which induce
this phenomenon 'in vivo' in predisposed individuals is unknown, but it
is interesting to note that a similar 'in-side-out' effect can be
obtained 'in vitro' by culturing follicles in media with high protein
content (Hanafusa et al, 1984), a phenomenon originally described with
rat thyroid follicular cells (Nitsch & Wollman, 1980).

DOGMA 3: GOITRE FORMATION IS NOT MEDIATED BY AUTOIMMUNITY

Non-toxic simple and nodular goitres have been considered not to be
autoimmune conditions. However, they are known to occur more frequently
than expected, in families with autoimmune thyroid diseases and a
proportion of these patients have low titres of autoantibodies to
thyroid microsomal antigen and/or thyroglobulin, The discrepancy between
toxicity and goitre size in Graves' disease and the flat TRH response in
some cases of non-toxic goitre first lead Deborah Doniach to hypothesise
that some forms of hyperplasia might be due to growth promoting
antibodies (Doniach, 1976). The actual occurrence of thyroid growth-
stimulating immunoglobulins (TGI) were first established by Hemmo
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Drexhage when he joined forces with us in 1979 using a sensitive
cytochemical bioassay devised by Jo Chayen and Lucille Bitensky at the
Kennedy Institute in London (Drexhage et al, 1980). The autoantibodies
are now known to be associated with goitre formation in Graves' disease,
in two thirds of non-toxic goitre (Van der Gaag, 1985b; Smyth et al, in
press) and in a proportion of Hashimoto goitres (Drexhage et al, 1980).
The original method used for the detection of TGI is very labour
intensive and is not suitable for extensive population studies. Advances
in this connection have been made by measuring “H-thymidine
incorporation into reconstituted rat thyroid follicles incubated with
suitable patient sera, but at the expense of a much lower sensitivity of
detection (Chiovato et al, 1983). The right balance between 'ease' in
performing the assay and 'sensitivity' may be achieved by measuring TGI
on the FRTL-5 cells. Effects of patients' immunoglobulins on the mitotic
index in these cells may provide a better indication of the existence of
growth-promoting antibodies (Ealey et al, 1985).

DOGMA 4: CONVENTIONAL AUTOANTIBODIES ARE SUFFICIENT TO EXPLAIN ATROPHIC
ORGAN-SPECIFIC AUTOIMMUNITY? )

Our contribution to this particular issue was again initially
related to thyroid autoimmunity. By continuing his work on thyroid
growth stimulating immunoglobulins, Hemmo Drexhage was also able to
demonstrate the existence of receptor-associated 'blocking' antibodies
primarily related to the pathogenesis of atrophy of the gland in primary
myxoedema (Drexhage et al, 1981)., Their presence may prevent re-growth
of thyroid follicles despite increased pituitary output of TSH. The
recent exciting news from the Amsterdam Group in collaboration with Jean
Dussault in Canada indicates that, when transmitted through the
placenta, these 'blockers' interfere with normal development of the
foetal thyroid and are responsible for almost half the cases of
athyreotic cretinism (Van der Gaag et al, 1985a).

As in atrophic thyroiditis, other similar organ-specific autoimmume
disorders also seem to involve receptor blocking antibodies., The growing
list in this particular field includes gastrin-receptor blocking
antibodies in fundal gastritis (Loveridge et al, 1980) and, most
recently, immunoglobulins with similar properties in Addison's disease
(Wulffraat & Drexhage, 1986).

DOGMA 5: STIMULATORY AUTOIMMUNITY APPLIES ONLY TO THE THYROID GLAND

It is well established that destructive and stimulatory
autoimmunity can affect the thyroid gland. By contrast, although
destructive autoimmune processes are well documented in the atrophy of
gastric parietal cells in the stomach, until recently no specific
stimulatory immunoglobulins were identified at the level of the gastric
cells, Clearly, duodenal ulcer represented another good challenge. In
experiments performed in rats, Dobi and Lenkey (1982) originally showed
that immunoglobulins from patients with acid hyper-secretory duodenal
ulcer stimulated gastric secretion in the animal stomach and the number
of gastric parietal cells increased. Interestingly, this parallels the
experimental procedure originally adopted by Adams when also 30 years
ago, he showed the existence of LATS (Adams, 1956). The findings of Dobi
& Lenkey thus raised the possibility that both destructive and
stimulating antibodies might also play an important role in gastric
autoimmunity. This promoted Franca De Lazzari to examine whether a
subgroup of patients with duodenal ulcer do indeed possess stimulating
autoantibodies. She accordingly determined the ability of patients' IgGs
to stimulate cyclic—~AMP production by parietal cell suspensions prepared
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from the stomachs of young male guinea pigs (De Lazzari et al, 1986 and
submitted). 13 out of 30 patients originally tested had immunoglobulins
with stimulatory activity in this assay which suggested that they could
act either on histamine receptors (HZ_R) of gastric parietal cells or on
chief cells to stimulate pepsinogen production. In either case, their
role in maintaining and perpetuating the gastric secretion could be of
pathogenic importance., Furthermore, more than half our cases with
stimulating antibodies did not respond to anti—Hz—R drugs. This may
indicate 'in vivo' occupancy of the target receptor by antibodies and
thus suggest the potential prognostic value of the test in predicting
the responsiveness to specific treatment in these patients.

DOGMA 6: "CONVENTIONAL ANTIGEN-PRESENTING CELLS MUST INITIATE
AUTOIMMUNITY'

This story dates from around 1982 when we asked: could epithelial
cells play an active role in stimulating autoimmunity? The initial
experiments gave the first clue in that mitogens were able to trigger
HLA Class II molecules on normal thyrocytes in culture (Pujol-Borrell et
al, 1983). The next step was obvious: Toshi Hanafusa looked at sections
of autoimmune thyroid glands and found that in Hashimoto's thyroiditis
and, to a lesser extent, in Graves' disease, the specimens stained
cytoplasmically for Class IT molecules (Hanafusa et al, 1983).
Interestingly, the phenomenon was also detected on the vascular pole of
reconstituted follicles obtained from the same patients. These reports
were soon confirmed (eg. Jansson et al, 1985; Aichinger et al, 1985;
Davies, 1985) and extended to other tissues obtained from patients with
a variety of autoimmune disorders (reviewed by Todd et al, 1986d)
including beta cells in diabetic islets (Bottazzo et al, 1985; Foulis &
Farquharson, 1986). These initial findings prompted us, in collaboration
with Marc Feldmann, to put forward the hypothesis that the inappropriate
expression of Class IT molecules by epithelial cells might enable these
cells to present their own surface molecules to autoreactive T cells,
by-passing a requirement for 'conventional' antigen-presenting cells,
like macrophages and dendritic cells (Bottazzo et al, 1983). Such a
process could make an important contribution to the potentiation, and
also possibly the initiation of the autoimmune process.

In order to test directly whether Class II+ thyrocyes can function
as antigen-presenting cells, we furthered our collaboration with Marc
Feldmann, and Marco Londei initially demonstrated that these cells were
able to present a small peptide to HLA compatible human T cell clones
known to respond to this antigen in other systems (Londei et al, 1984).
However, these results did not necessarily indicate that thyroid cells
could be autostimulatory, and for this reason more direct experiments
were planned. Marco accordingly demonstrated that autoreactive cloned T
cell lines, derived from the activated lymphocytes infiltrating Graves'
disease thyroids, proliferated upon exposure to autologous thyrocytes,
but were not stimulated by autologous peripheral blood mononuclear cells
or allogeneic Class II thyrocytes (Londei et al, 1985). Furthermore,
the interaction with autologous thyrocytes could be blocked with
monoclonal anti-Class II antibodies. This experiment convincingly
demonstrated that thyrocytes are capable of directly presenting their
own autoantigens in an MHC Class II restricted, tissue-specific fashion
to autoreactive T cells infiltrating the diseased gland.

Clearly, if HLA Class II expression by thyrocytes really does play
an important role in pathogenesis, then the occurrence of this
inappropriate expression would be expected to correlate with other
features of the autoimmune pathology. In this regard, we have analysed a
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large series of glands from patients with a variety of thyroid diseases
and found a significant correlation between HLA Class II expression by
thyrocytes and the occurrence of circulating autoantibodies to
thyroglobulin or thyroid microsomal antigen (Todd et al, 1986b; Lucas
Martin et al, submitted)., A more detailed analysis of a similar type was
performed in Graves' disease patients in whom we examined expression of
the HLA-D subregions DR, DQ and DP, The incidence and intensity of Class
IT subregion expression by thyrocytes was found to vary between
patients, with DR being most expressed, followed by DP and DQ least
expressed (Todd et al, 1986a), In this analysis, the most significant
relationships were observed between high serum titres of thyroglobulin
autoantibodies and thyrocyte expression of HLA-DQ, and between
autoantibodies to microsomal antigen and HLA-DR. Although this type of
analysis is indirect, these findings are consistent with different HLA-D
subregion products expressed by thyrocytes being dominant in stimulating
responses to different thyroid surface autoantigens (Todd et al, 1986b).

In view of these findings, an important question to be answered is:
what are the mediators directly or indirectly responsible for the
induction of Class II on the epithelial cells which are the targets for
autoimmunity? Our findings indicate that human thyrocytes are relatively
easily induced to express Class II whereas certain other cell types are
much more resistant. This refers primarily to the effects of mediators
produced by various immunocytes, Thus, interferon (IFN)-gamma (Todd et
al, 1985) and IFN-gamma + TSH (Todd et al, 1986¢c) are potent inducers of
Class II expression by thyrocytes. Conversely, we have also identified
mediators which seem to down-regulate Class II products on the same
cells., Epidermal growth factor, for example, significantly inhibits the
induction exerted either by IFN-gamma alone or in combination with TSH
(Todd et al, 1986¢c).

Turning to human pancreatic beta cells, the situation is much more
complicated. A long list of mediators, including IFN-gamma, are unable
to trigger Class II on beta cells in culture (Pujol-Borrell et al,
1986b). However, it is only recently that the combination of IFN-gamma +
tumour necrosis factor or lymphotoxin have proved to be effective in
this regard (Pujol-Borrell et al, 1986a and submitted). However, it is
important to point out that this combination exerts similar effects on
glucagon cells in the same cultures. This is different from the
pathological situation in Type I diabetes, where only the beta cells
inappropriately express Class II molecules and are targets of the
destructive process, Thus, it appears that the 'in vitro' .effects
observed do not fully reproduce the situation in the diseased pancreas.
This suggests that these immune mediators possibly play a role in
potentiating the later stages of the pathogenesis, but may not be
responsible for the initial inappropriate expression of Class II which
is characteristically restricted to beta cells., Further evidence that
immune mechanisms may not be involved in stimulating this expression
are, firstly, that the majority of the islets containing Class II' beta
cells in diabetic pancreases are devoid of lymphocytic infiltration
(Foulis & Farquharson, 1986). Secondly, in other pathological conditions
involving extensive infiltration of pancreatic exocrine tissue by
lymphocytes, eg. chronic pancreatitis (Bovo et al, 1985) and cystic
fibrosis (Foulis & Farquharson, 1986), the islets remain Class II . The
obvious question must then be, what else could be responsible for the
disease-related Class II expression by beta cells,

One possibility is that certain viruses might directly induce Class

IL, This is supported by recent experiments in our laboratory in which
epithelial cell lines were derived from thyroid monolayers by
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transfection with a plasmid containing the early region of SV-40 viral
DNA: a proportion of the cells in these lines showed constitutive Class
II expression (Belfiore et al, 1986). These lines have been cloned and
maintained in culture for over a year. Although the transformed cells
have lost some characteristic features (eg. full expression of
microsomal antigen and significant sensitivity to TSH) they still fully
maintain characteristics of epithelial cells and endocrine cells in
general, Of most importance in the present context is the finding that a
proportion of these cells (up to 507 in some of the clones) are
constitutively Class II+, and this is despite no Class II expression
being detected in the parental cells. Although the level of Class II
expression can be increased by stimulation of the clones with IFN-gammna,
it is not dependent upon this lymphokine. This model system thus
indicates the potential for direct Class II induction or stabilization
in endocrine epithelia by viral infection/transformation without the
need to invoke immune intervention. In view of the evidence just cited
and the previous considerations, the possible relevance of this SV-40
model to the Class II expression by beta cells in Type I diabetes is
clear; but the fact that immune mechanisms of induction are so effective
on thyrocytes in no way precludes the model also being relevant to the
pathogenesis of autoimmune thyroid disorders.

However, for the present a question mark remains over whether the
inappropriate expression of Class II by thyrocytes is solely a secondary
phenomenon associated with the established disease, or whether it could
be involved in the initiation of the autoimmune attack. From the results
discussed above, it appears very likely that immune mechanisms
(particularly involving IFN-gamma) are responsible for the thyrocyte
Class II expression associated with on-going autoimmunity, which is also
the conclusion of others who have investigated this question (eg.
Iwatani et al, 1986). It is therefore not surprising to find that
thyrocytes from Graves' disease patients lose expression of Class II
after a few days in culture (since such expression induced by IFN-gamma
is not constitutive), and that this expression can be re-induced by IFN-
gamma. Indeed, a parallel can be drawn with the loss of microsomal
antigen in culture (Khoury et al, 1981), which is expressed again upon
stimulation with TSH (eg. Chiovato et al, 1985). The observation that
thyrocyte Class II expression and lymphocytic infiltration are often
located together in autoimmune thyroid glands is also as one would
expect. However, one cannot then assume that the mechanisms which
propagate Class II expression in the infiltrated thyroid are identical
to those responsible for its initial induction. Thus, examination of
tissue from patients with advanced disease may give no clues as to the
nature of the hypothetical initiating factors. It is possible that, even
if the initial Class II expression by thyrocytes is not related to
autoimmunity, it could result from activation of immune mechanisms, for
example, in response to a local infection, as we originally proposed
(Bottazzo et al, 1983), On the other hand, the fact that immune
mechanisms are so effective at inducing Class II in thyrocytes does not
preclude the possibility of similar effects being achieved by non-immune
mechanisms. Indeed, the ease with which IFN-gamma induces Class II in
thyocytes may almost be a disadvantge in experimental terms when it
comes to building up a complete picture, since it tends to overshadow
other potentially important possibilities,

FUTURE PROSPECTS: THE CHALLENGE OF THE DOGMAS CONTINUES
So much for the past and the present: what about the future?

Clearly, it is important not to get into a rut, but to be constantly
aware of the importance of critically evaluating scientific findings and
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analysing them in the right context. We found it extremely attractive to
suggest an active role for the target epithelial cells, which no longer
appear to be 'passive' as previously thought, but their role is now seen
to be much more prominent following the demonstration that they can
express HLA Class II molecules, It is also important to mention that
these cells have an enhanced expression of Class I products and this
finding correlates with an increased number of CD8+ (?cytotoxic) T cells
in the diseased tissue, as clearly shown in the diabetic pancreas
(reviewed by Foulis & Bottazzo, 1987). Although the current debate is
focused on the extent to which the autoimmune pathogenesis should be
regarded as 'homicidal', ie., attack by common environmental factors and
autoreactive immunocytes (either separately or in combination) on
'unsuspecting' target cells, we also consider this process to have a
'suicidal' element with the target making itself vulnerable by
inappropriate expression of HLA Class II products (Bottazzo, 1986). The
latter perspective certainly has a conceptual advantage in that both the
afferent and efferent limbs of the autoimmune response then take place
within the same organ, ie. at the surface of the target cells
themselves. This may be contrasted with the conventional, but more
complex models which require release of surface autoantigens from
damaged target cells, their presentation by classical antigen-presenting
cells in distant specialized lymphoid organs and the subsequent re-
circulation of activated autoreactive lymphocytes to the target tissues.
These steps clearly pose a number of logistical problems.

In order for Class II-positive target cells to effectively present
their autoantigens, autoreactive T cells must come into close contact
with them. Lymphocytic infiltration of the target tissues is clearly
necessary for this to occur. An important part in permitting or
promoting this infiltration could be played by the capillary endothelial
cells, which physiologically constitute a discrete and selective barrier
between the blood and the tissues. In organs affected by autoimmunity
the capillaries are hypertrophic and strongly Class II-positive: this is
apparent in the thyroids of ATD patients (Hanafusa et al, 1983), but is
most marked in diabetic pancreases (Bottazzo et al, 1985; Foulis &
Farquharson, in press). In the latter, these changes are observed in
seemingly healthy endothelium around and inside islets (with or without
infiltration), whereas the capillaries in the exocrine tissue are
unaffected. The 'activated' endothelia could play a role in facilitating
the 'homing' of lymphocytes, including those which are potentially
autoreactive (Jalkanen et al, 1986) and/or could possibly be involved in
the presentation of antigens cross-reactive with those expressed by the
target endocrine cells (Nunez et al, 1983). However, regardless of the
details, these observations, together with those of inappropriate Class
II expression by the epithelial cells, highlight the major contribution
of the target tissues to the stimulation of autoimmune pathogenesis,

We must also consider other areas which could ultimately help to
elucidate important aspects of the pathogenesis of autoimmune disorders
of the thyroid and other endocrine tissues. The possible existence of
organ-specific suppressor T cells (Topliss et al, 1983; Vento et al,
1985) remains attractive although it is presently difficult to devise
strategies for their isolation and unambiguous characterization. The
possible involvement of anti-idiotypic responses in destructive
autoimmunity has been proposed on several occasions (eg. Plotz, 1983)
but it is hard to envisage how this particular type of mechanism can
make a major contribution to this type of pathogenesis particularly
since the lack of MHC restriction of such responses is difficult to
reconcile with the observations of inappropriate HLA product expression
by the target cells (reviewed by Bottazzo et al, 1984). On the other

166



hand, the idiotype theory could explain the generation of antibodies to
hormone receptors and it is possible that growth stimulating antibodies
of this type could account for the regeneration of target tissues which
is postulated to occur in the long latency period preceding the onset of
clinical symptoms in many autoimmune diseases (Bottazzo, 1984).

The recent application of T cell cloning to autoimmunity (Hohlfeld
et al, 1984; Londei et al, 1985; Del Prete et al, 1986) has greatly
advanced the subject by facilitating the dissection of processes
involved in the autoimmune attack (reviewed by Feldmann et al, 1985).
With regard to Graves' disease, intrathyroidal lymphocytes from
autoimmune glands proved to be the best source of starting material for
the establishment of CD4+ thyroid-specific, autoreactive cloned T cell
lines (this followed several unsuccessful attempts over the years using
peripheral blood lymphocyes from patients affected by the same
disorders). Once again, epithelial HLA Class II expression proved to be
a key factor, since autologous Class II' thyrocytes were successfully
employed to stimulate expansion of the autoreactive T cells (Londei et
al, 1985). Conversely, heavily infiltrated Hashimoto glands have proved
to be the best source for cloning T lymphocytes with killer activity
(Del Prete et al, 1986; Londei et al, 1986). Unfortunately, major
problems still exist in applying T cell cloning technology to diabetes.
Lack of sufficient numbers of insulin cells for '"in vitro' studies is
one of the main limitations, but most important is the fact that the
pancreas cannot be biopsied, so that the T cells most relevant to the
diabetic process (ie. those present in the inflammatory infiltrate) are
not available. As in Hashimoto's thyroiditis, the T cell clones which
would most probably be derived from the diabetic pancreas are cytotoxic
ones, since these appear to be the cells that dominate the infiltrate
and finally destroy the beta cell, This concept is highlighted by the
observation previously mentioned that the predominating lymphocytes in
the diabetic pancreas at the time of diagnosis are of the CD8 phenotype
(Bottazzo et al, 1985). Also relevant to the argument is the observation
that in the pancreases transplanted from non-diabetic identical twins
to the affected co-twins only the beta cells were destroyed. Only one of
the four cases who underwent this particular surgical procedure showed
the appearance of islet cell antibodies, but in all four pancreases CD8
T cells were the predominant features around the 'rejected' beta cells.
As in the originally diabetic islets, glucagon and somatostatin cells
were untouched (Sibley et al, 1985).

A more refined analysis of tissue-derived autoreactive lymphocytes
should also permit investigations into the T cell receptors directed
against specific autoantigens. Due to the organ-specific localization of
the response, one would expect the frequency of the relevant T cells in
the peripheral blood to be very low. Thus, T cell clones obtained from
the lymphocytes invading the tissue would be the best material for the
study. One could then accurately characterize the receptors at the
genetic level, and also investigate whether viral integration might play
a role in promoting the expansion of the self-reactive specificities,

Finally, there is an urgent need to produce appropriate epithelial
cell lines to facilitate further 'in vitro' investigations., The
usefulness of primary cultures of human epithelial cells is limited by
their cellular heterogeneity and short 1life span., Furthermore, in
diabetes research, for example, the lack of sufficient beta cells
curtails experimentation., One approach to the development of human
epithelial cell lines is exemplified by our experiments in
transformation of thyroid cells with portions of the SV-40 genome
(Belfiore et al, 1986). This has given insight into possible mechanisms
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of Class II induction, as discussed previously, but these lines no
longer display all the features of the original cells., This implies that
future efforts must be concentrated on devising new strategies which
will allow cells to grow while retaining their original features.

In 1956, at the time of the discovery of thyroid autoimmunity, GFB
and RM were ten years old, happily attending primary schools in Venice
and Padua, respectively. RP-B, aged five, was caught between the Spanish
and the Catalan languages in his native Barcelona and AB was three,
thinking that, like Etna dominating Catania, all mountains should smoke.
IT was only two, already showing signs of North European tallness in his
Leeds upbringing, We were lucky: we first read of these findings in the
text books and became fascinated with the subject; but, most
importantly, we met, interracted, and worked with those mainly
responsible for the discovery. They have taught us a great deal, and we
are grateful to them.
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MOLECULAR AND FUNCTIONAL CHARACTERIZATION OF GENES ENCODING ANTI-THYRO-

GLOBULIN AND ANTI-TSH RECEPTOR ANTIBODIES
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Autoimmune thyroiditis covers a wide spectrum of diseases ranging
from hyperthyroid forms, like Graves' disease to hypothyroidism forms
like Hashimoto's disease.

The major characteristic of these diseases is the presence of organ-
specific autoantibodies specific for thyroid antigens. The presence of
anti-thyroid antibodies is not associated with hyperglobulinemia as in
SLE or with defects in the number or functions of T and B cells. While
the autoantibodies found in Graves' disease stimulate the thyrocytes since
they bind to TSH receptor (1) probably because they are anti-Id antibodies
carrying the internal image of the receptor for thyrotrophine (2), the auto-
antithyroglobulin antibodies have a distinctive effect (3) leading to
thyroid atrophy like in atrophic autoimmune or Hashimoto thyroiditis or
goiter formation like in goitrous autoimmune thyroiditis (4).

Distinctive effect of autoanti-TG antibodies was also demonstrated in
experimental models. Thus, in mice, injection of thyroid extract or thyro-
globulin in FCA results in the occurrence of autoanti-TG antibodies followed
by lymphocyte infiltration which leads to lymphocyte thyroiditis (5). The
production of autoanti-TG antibodies requires T cells and is under Ir gene
control. Whereas mice of H-29,%,0or ¥ haplotype are high responders, mice
of H-2d or b haplotypes are low responders (6). However, the "forbidden"
TG-reactive clones can be activated in BALB/c mice by B cell polyclonal
activators such as LPS.

Because of the prominent role of antithyroid antibodies in autoimmune
thyroiditis, we have studied functional and molecular characteristics of
murine anti-TG and anti-TSH receptor antibodies.

I. ORIGIN OF ANTI-THYROID ANTIBODIES

Our studies have been conducted on a panel of 19 monoclonal antithyroid
antibodies from various origins (Table 1). Four thyroglobulin-specific anti-
bodies have been obtained from BALB/c mice immunized with TG and six from
CBA/J mice immunized with the same antigen. Five monoclonal antibodies
have been obtained from l-month-old "motheaten' mice and three from BALB/c
and NZB splenic lymphocytes following in vitro stimulation with LPS.
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Table 1. Origin, specificity and isotypes of monoclonal antibodies

Origin Specificity Designation and Isotypes Reference

BALB/c immunized TSH LE-4(v1lk) 7)
with TSH receptor

BALB/c immunized TG 1-15(ylk),62Id(ylk) (8)
with TG B10H2A2 ('ylk) ,APDB6 (y1k)

CBA/J immunized TG 10.VA2 (uk),10.IA1(Ylk)8.4A3 9)
with TG (uk),8.ID2(Y2bk),8.IB1(pk),

8.4D1 (pk)

Motheaten TG UN59-9{uk) ,UN37-5 (k) ,UN4O-3 (pk) (10)

"spontaneous" UN40-6 (uk) , UN40-9 (uk)

LPS stimulated TG " B93(uk) (11)

BALB/c lymphocytes

LPS stimulated TG Z113(pk),Z51 (pk) (11)
NZB lymphocytes

The data presented in Table 2 show the binding activity of the panel
of anti-TG antibodies and the inhibition of this binding by 150ng of TG.
The binding of this antibody to microtiter plates coated with TG was con-
siderably higher than the background binding to BSA. Furthermore, various
degrees of inhibition were obtained by preincubation of 500ng of antibody
with 150ng of thyroglobulin. A single antibody obtained from LPS-stimula-
ted BALB/c lymphocyte was not antigen-inhibitable.

Table 2. Antigen inhibition of binding of monoclonal antibodies
by thyroglobulin

Antibody Plates coated with % inhibition with 150ng
BSA TG
Z51 55061 2,754%587 24
Z113 68143 5,242%717 15
BI93 365+39 1,276x56 0
UN37-5 1,115+120 6,587+38 15
UN59-9 618162 2,610+2 80
UN40-3 910+59 7,567£1134 50
UN40-6 1,181+54 16,741+267 40
UN40-9 1,330+24 9,933£184 70
8.1.B1 116+8 6,537+696 76

II. BINDING PROPERTIES OF ANTI-THYROID ANTIBODIES TO OTHER AUTOANTIGENS

There are numerous data indicating that monoclonal antibodies produced
by B cells from young animals (12,13) exhibit binding to various autoanti-
gens., It was therefore interesting to investigate whether or not our TG
binding monoclonal antibodies exhibited binding to other autoantigens.

In this experiment, we use a large panel of auto-Ag known to be involved
in human or experimental auto-immune diseases such as DNA, (cardiolipin),
Sm, Fc fragment of IgG, Collagen, Intrinsic factor, acetylcholine receptor
transferrin, thymocytes, red blood cells, etc. Interestingly, we found
that 7 MAb exhibited multispecific binding. Furthermore, in reciprocal
competitive inhibition, we found that their binding is inhibited by auto-
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antigens. A summary of these experiments is illustrated in Table 3.

Our data clearly show that antibodies obtained from "motheaten" mice or

from LPS stimulated lymphocytes obtained from '"mormal" strains (BALB/c)

or auto-immune prone straihs (NZB) exhibit multispecific binding proper-
ties for various self-antigens including TG.

Table 3. Binding properties of TG specific antibodies to
various auto-antigens

Monoclonal antibody Binding specificity Inhibition of binding (>50%)

to by
UN59-9 MBP, TG MBP MBP, TG
TG TG
UN37-5 TG,AcR Fc TG TG,G2a
AcR AcR,G2a,TG
IgG2a G2a
B93 TG, Card TG none
Card none
Z113 TG,Card,Fc TG none
Card none
IgG2a none
UN40-3 IF,TG,AcR,Fc IF IF,TG
TG G2a,TG
AcR G2a,TG
1gG2a G2a,TG
UN40-6 TG, Sm,TF TG TG,MBP,G25,Sm
MBP, Fc Sm Sm,MBP,G2a
TR MBP,G24
MBP MBP,TG,G2a,Sm
UN40-9 IF,TG,Fc IF IF,TG,G2a,Br-MRBC
Br-MRBC TG TG,G2a,Br-MRBC
Br-MRBC TG,G2a,Br-MRBC
IgG2g IF,G2a4, Br-MRBC

MBP-myelin basic protein, IF-intrinsic factor, TG-thyroglobulin,
ACR-acetylcholine receptor, TR-transferrin, Br-RBC-bromalin treated MRBC,
Card-cardiolipin.

III. BINDING OF TG-SPECIFIC AUTOANTIBODIES TO FOREIGN ANTIGENS

A major question related to auto-immune processes is whether or not
self-reactive clones can be expanded by autoantigens or by foreign anti-
gens. We addressed this question by studying the binding of a panel of
auto-Ab encaded by VH J558 genes to a large panel of foreign antigens known
to be bound by antibodies encoded by genes from the same family, J558. Sur-
prisingly, we found two TG-specific antibodies deriving frcm CBA/J mice
immunized with TG which bound to two synthetic polypeptides (Table 6). This
81.Bl bound to GT (co-polymer of L-glutamic acid50 and L-Tyrosine50) and
8.4A3 binds to GT and GL§ (co-polymer of L-glutamic acid35, L-lysine56
and L-phenylalanine9).

The data presented in Table 4 show that the binding of these Ab to TG
was inhibited by auto-Ag as well as by synthetic peptides. Conversely, the
binding to synthetic peptides was inhibited by TG and by homologous synthet-
ic peptides. This suggests strongly that this multiple binding is paratope-
inhibitable and not related to a non-specific protein-protein interaction.
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Table 4. Inhibition of binding of VH J558 TG-specific antibodies
by foreign antigens

Monoclonal antibody Binding to % of inhibition of binding
(10ug/ml) _ plates coated with with 15ng antigen/well
6 r
8.1.B1 TG 6,5374696* 76.3% 84.8%
GT 5,070%347 74 .47 88.2%
e Gr cLé
TG 2,203+640 62.3% 80.3% 80.6%
GT 2,905+654 52.5% 81.3%
GL¢ 4,908+307 66.7%  31.4%

*cpm—average of triplicate * SD

Microtiter plates coated with 10 ug/ml antigen, incubated with 10 ug/ml
chromatographically purified antibody and then with 1251-monoclonal rat
anti-murine kappa antibody.

Since we found the unexpected reactivity of TG-specific autoantibodies
with foreign antigens, we studied the presence of shared idiotypes of mono-
clonal autoantibodies or antibodies specific for foreign antigens. The
data presented in Table 5 show that five anti-TG antibodies share idiotopes
of rheumatoid factors (LPS10-1), one Ab share idiotypes of anti-Sm anti-
bodies (Y2) two with anti-DNA antibodies (H130), one express the J558
cross-reactive idiotype which dominate the anti--a1-3 dextran response,
one shares an idiotype with Py211 specific for the influenza virus hemag-
glutinin and another shares the cross-reactive idiotype of anti-arsonate
Ab. These results clearly demonstrate that TG-specific autoantibodies
share idiotopes of auto-Ab of other specificities and even with Ab specific
for foreign antigens.

Table 5. Idiotypic cross-reactivity of thyroid-specific antibodies
with various autoantibodies and antibodies specific for
foreign antigens

Idiotypic systems Specificity of Antibodies exhibiting 50% inhibit-
idiotype ion with 500ng chromatographically
purified antibody .
Y19-anti-LPS10 Fc fragment of IgG 10VA2,8.4A1,8.4A3,8.1B1,LE4
Y2-anti-Y2 Sm Z113
H130-anti-H130 DNA 10VA2,8.1 Bl
J558-CD3-2 al-3 dextran 8I Bl
PY211-63.4 HA of PR8 influenza  8I D2
virus
36-65-AD8 Arsonate 10VA3

V. VH GENES USED BY ANTIBODIES SPECIFIC FOR THYROGLOBULIN AND TSH RECEPTOR

The RNA extracted from all hybridomas used in this study has been
hybridized in Northern-blotting technique with 8 VH probes, each one a
prototype for a Vy gene family (14,15). The data presented in Table 6
show that 11 use genes for V7183, one from QPC52, 5 for J558 and one for
J606. It appears that among our small panel of anti-TG antibodies, there
is a high usage of the 3' Vy gene families.
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Table 6. VH genes used by antibodies exhibiting specificity for
thyroglobulin and TSH receptor

VH gene family

J606 UN37-5

J558 10VA2,8.4A3,8IB1, 8ID2,UN59-9

QPC52 8.4D1

7183 101A1, 1-15,62-Id,B10H2A2,UN40-9,UN4O-6

UN40-3,B93,2113,251 ,B93, LE4

VI. DISCUSSION

Injection of mice with crude mouse thyroid extract or purified thyro-
blogulin results in lymphocytic thyroiditis associated with the production
of anti-TG antibodies. The production of these autoantibodies is under Ir
gene control; various strains of mice are low or high responders. BALB/c
mice (H-2P) are low responders to TG.

Nevertheless, we obtained TG specific monoclonal antibodies from spleen
cells of BALB/c mice stimulated with LPS. This fact clearly proves that TG
specific precursors are present in the repertoire of mice which do not de-
velop autoimmune thyroiditis and are low responders. The LPS, a strong
polyclonal activator,is able to break tolerance and to expand clones which
are silent under physiological conditions.

We have also obtained TG specific MAbs from motheaten mice that under-
go a persistent in vivo activation of B cells stimulated by the secretion of
activating factors (16).

It is important to note that the majority of TG binding MAbs from LPS
stimulated BALB/c lymphocytes or motheaten mice bound to other self-antigens.
One of TG specific MAbs also binds to intrinsic factor. This kind of auto-
antibody could provide a clue for the concomitant appearance of pernicious
anemia and autoimmune thyroiditis in some patients (17) and even for the
existence of autoimmune processes affecting several organs such as poly-
endocrine syndrome.

In contrast, the study of binding of MAbs obtained from animals immu-
nized with TG in FCA, to a large panel of foreign antigens showed that two
of them bound to synthetic antigens GT and GL#. This observation clearly
suggests that TG reactive clones can be activated by foreign antigens. 1In
addition, TG specific MAbs share idiotopes with either autoantibodies with
various specificities or antibodies specific for foreign antibodies.

Zanetti et al. (18) described in BALB/c and rat anti-TG antibodies, a shared
regulatory idiotope. Murine and rat TG reactive clones expressing this
idiotope can be expanded by the administoration of rabbit anti-Id anti-
bodies.

These results indicate that TG~reactive clones can be activated either
by foreign antigens or alternatively by anti-Id antibodies produced subse-
quent to stimulation by autoantibodies or antibodies specific for foreign
antigens which share cross-reactive idiotopes with anti-TG antibodies.

In conclusion, our results suggest that the silent or forbidden TG
reactive clones can be expanded by a multitude of factors including: poly-
clonal activators, either of microbial origin such as B cell mitogens or
of endogenous origin such as the lymphokines, by the immunization with
thyroglobulin, with foreign antigens or anti-idiotypic antibodies specific
for cross-reactive idiotopes shared by TG specific antibodies and auto-
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antibodies with different specificities or specific for foreign antigens.
This latter idiotype determined cross-regulation phenomenon which we
described in the case of antibody responses against foreign antigens (19)
could play an important role in the activation of autoreactive clones and
therefore could contribute to the onset of certain auto-immune diseases.
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