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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. Ivan 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 participar:ts in the gracious manner 
for which the city is famous. It 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 
S.H.lngbar 

J.M. McKenzie 
G.F. Fenzi 
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GRAVES' DISEASE 

A PARADIGM FOR AUTOIMMUNITY 

INTRODUCTION 

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 

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 
artd readily available from simple preparations of animal tissue l • 

Paul Ehrlich2 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 disease2 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 3 ,4. 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 
thyrotroEhic hormone, exists in the blood of some patients with Graves' 
diseaseS 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 activity8,9. 

No autoantibody has had its immunoglobulin nature more rigorously established. 
Developing radioreceptor assay technology, Manley and his colleagues lO 

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 oplnlon 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 11 • 

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 discovery8 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 12 • 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: h26. 
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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 13 . Furthermore, 
bleeding patients 150ml. to obtain 4Oml. 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 28Oml. of our most potent LATS 
protector plasma (LATS negative) into one of ourselves 14 . 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 1515 . Furthermore, the patients 
thyroid activities, as measured by 131 1 uptake, showed a highly significant 
correlation with their LATS protector levels (P<0.001)15. The acme of 
precision in the measurement of any pathogenic autoantibody has been 
achieved by Munro and Dirmikis,16 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 
20U/m1. sometimes do and that levels below 10U/ml. 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 a1., Brit. J. Obst and 
Gyn. 1978; 85: 837. 

THE FORBIDDEN CLONE THEORY 

Why does autoimmunity occur? The answer has its orlgln in what must 
rank as immunology's'greatest conceptual advance - the realization by 
Niels Jerne 17 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 18 , familiar with the multiplication and mutation of 
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populations of bacterial cells, was able to understand the similar behaviour 
of populations of lymphocytes. 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 life, 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,I' 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 necessary 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 receptors20. 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 light chain in 
thyroid-stimulating autoantibodies from individual patients. This was 
first noted by Zakarija and McKenzie21 ,22, being confirmed by Knight et al: 3 
for both LATS and LATSP, using affinity chromatography with monoclonal anti
K and anti-A antibodies. As each B lymphocyte is permanently committed to 
making antibodies containing only K 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 K only A only K & A Total 

a. Pathogenic: 
TSab cAMP in vitr022 1 7 0 8 

LATS bioassay23 1 8 0 9 
LATSP bioassay23 0 2 0 2 

2* 17* 0 19 
*x2 =10.3, P<0.005 

b. Non-pathogenic: 
TMab ELISA2 .. 0 0 10 10 
TGab ELISA24 0 0 10 10 
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Table 1 shows the combined data from a total of 19 thyrotoxic 
patients. In 17 of these the light chain type was A, in 2 K, a 
significant imbalance (P<O.005). In contrast, Table 1 also shows Laing's24 
data for thyroid microsomal (TMab) and thyroglobulin (TGab) autoantibodies, 
which contained both types of light 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 25 . 
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 
suppressor T cells, but purported evidence for this has not been confirm
a~le26'27. 

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 26 ,28. Stimulating 
peripheral blood lymphocytes with mitogens, Beall and Kruger 28 , 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 lie in T cells 28 . 

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 volume29 . 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 
muscles~oas can be seen today by CAT scanning. 

There is a highly significant relationshi~ between the specificity of 
TSab and the occurrence of both exophthalmos s , 5,31 and pre-tibial 
myxoedema,31,32 both conditions being associated with the more cross
reactive, LATS, variants (Table 2). As LATS is reactive with receptors 
on guinea pig adipocytes,33 it seems probable that some variants of TSab 
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Table 2. Association of TSab Specificity (LATS, 
Mouse Cross-Reactivity) with the 
Thyrotoxicosis Complications, 
Exophthalmos and Pretibial myxoedema 

Thyrotoxicosis onlySl 
Exophthalmoss 1 

Thyrotoxicosis only15 
Pretibial myxoedema s1 ,s2 

Number of Patients 
LATS 

+ve 

3 

7 

-ve 

26 
2 

Total 

29 
9 

X2=12.8, P<O.OOI 

15 
20 

35 
1 

50 
21 

X2=22.6, P<O.OOI 

cause the usual form of exophthalmos by reacting with orbital adipocytes 
to cause mitosis or increased fat storage26 . 

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 s4 • 
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 s5 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 s6 . 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 involved s4 • 

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 s4 • The preponderance of A light chain type over K in 
TSab (Table 1) suggests that immunoglobulin light chain V genes are genetic 
determinants for Graves' disease. In accord with this, using the K chain 
allotypic marker Km(I) in unfinished family studies, we have found 

6 



significantly (P<O.025) associated inheritance of K chain V genes and 
Graves' disease. 

Histocompatibility Antigen Effect 

Following the discovery that histocompatibility antigen status 
influences immune response capacity for exotic antigens 37 , Vladutiu and 
Rose 38 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 frequency39, carrying a relative risk of 3.26. Later it was 
found that the MHC 0 locus antigen, DR3, carries a relative risk of 3.77 40 

for Graves' disease. Various other suspected or established autoimmune 
diseases are associated with increased or decreased frequency of certain 
MHC alleles 40 • 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, life-long 
tolerance. Burnet postulated that tolerance induction was confined to 
foetal life, but Nossal and Pike41 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 theory42 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 
lymphocyte 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 anky10sin2 spondylitis, require further explanation. The 
qriginal H-gene theory 2 invoked Jernes' concept43 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. 
Reproduced with permission from Patient Management 1978; 7: no.11 : 
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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~5. 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 linkage disequilibrium with undiscovered, disease-causing 
genes with unknown gene products and unknown mode of action~6. 

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 rrove easier to achieve than 
therapy. The decrease of in rheumatic fever 9 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~7 have shown that the gut bacterium, Yersinia enteroaoZitiaa 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,19 
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 appro~ch is indicated by Naji et al's~8 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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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 aI, 1979; 
Sugenoya et aI, 1979; Pinchera et aI, 1980; Zakarija and McKenzie, 1980; 
Macchia et aI, 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 aI, 1980; 
Drexhage et aI, 1980, 1981; Valente et aI, 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 aI, 1981; 
Valente et aI, 1982a,b, 1983; Kohn et aI, 1983b, 1984, 1985a,b, 1986a,bi 
Ealey et aI, 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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&rowth of thyroid cells. A third &roup with both TBIAb and TSAb 
properties, therefore termed mixed antibodies, were extremely potent 
&rowth stimulators, better than TSAbs relative to their adeny1ate 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, 
adeny1ate 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 AHD 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 a1, 1980, 1982, 1983a, 1984, 
1985a,b; Laccetti et a1, 1984). The first, a membrane glycoprotein, was 
generally agreed to be the component of the TSH receptor th~t 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-stimu1ated 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 
gang1iosides, 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 adeny1ate-cyc1ase 
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 a1, 1981; 
Valente et a1, 1982a,b, 1983; Kohn ~ a1., 1983b, 1984, 1985a,b, 1986a,b) 
the relationship of ~oth 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 (Heldolesi et a1, 1977) and 
that to the ganglioside is salt sensitive (A10j et a1, 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 a1, 1983; Ambesi-Impiomhato, 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 at al, 
1983; Drummond et al, 1982; Kress et a1, 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 125I_TSH 
and on stUdies involving monoclonal antibodies to the TSH receptor. The 
evidence indicates that the glycoprotein receptor component is linked to 
a Ca+/IP3/arachidonate (PI) signal system, whereas the ganglioside is 
linked to cAMP signaling. The PI function identified is iodide transport 
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 (Kobo et al, 1983, 1985a,b). The 
same picture has emerged in cross-linking studies by Smith and his 
colleagues (Buckland !i 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!i al, 1985; Eggo et al, 1985). The reality of 
the physiologic TSHreceptor has thus been an enigma. To try and resolve 
this, we used FRTL-5 thyroid cells labeled with [35S)methionine and/or 
[3H)glucosamine and 125I-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, 
l1E8. 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. 

If, 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 (Kobo et al, 1983a, 1985a,b). 

Incorporation of [35s )methionine into the TSH receptor in FRTL-5 
cells as a function of time indicates that there is progressive 
incorporation of label into the -300K protein ov~r 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). In bovine thyroid 
glycoprotein receptor component preparations, this ganglioside is the 
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Figure 2. (A) Autoradiograph of analytic slab gels containing a [35S]_ 
methionine-labeled -2BOK TSH receptor from FRTL-5 rat thyroid cells 
maintained for 3 days with no TSH. The gels depict results after 
sequential purification (12,000-fo1d) by TSH affinity chromatography and 
llEB monoclonal anti-TSH receptor immunopurification. Gel 1: Purified 
receptor eluted from llEB antibody bound to Sepharose. Gel 2: Decreased 
amount of receptor is bound to 11EB-Sepharose-coupled antibody when it is 
coincubated with 1 x 10-1~ 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~ acry1amide and are run using a sodium dodecyl sulfate -
O.lH mercaptoethanol buffer system. (B) Autoradiography of a 
[35S1-methionine-labeled TSH receptor purified from FRTL-5 thyroid 
~ells (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: Hateria1 from Gel 1, Fig. 2A incubated without 
aprotinin, then reimmunoprecipitated with llEB-Sepharose antibody to TSH 
receptor. Gel 2: The same material as used in the Gel 1 experiment, but 
incubated with 1 x 10-l~ TSH during the second immunoprecipitation. 
Neither the -2BOK receptor glycoprotein nor the 70K fragment now bind 
to llEB. Gel 3 and 4, respectively: No receptor binds or elutes if 
llEB-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. 129HB (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 
[35S]-methionine incorporation into lIES monoclonal (TBIAb) 
immunoprecipitable receptor material after pulsing cells with 
[3SS]-methionine (A) or after an equilibrium labeling period followed 
by a "chase" with medium without radiolabeled methionine (B). In A, 
FRTL-5 cells were grown in the presence of TSH to near confluency. At 
zero time, [35S]-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/deoxycholatel sodium-dodecyl-sulfate mixture, 
and immunoprecipitated with lIES coupled to Sepharose or normal IgG 
coupled to Sepharose. The lIES-specific, immunoprecipitable radiolabel 
was plotted as a function of time. In (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 withTSH (+) or without TSH (NO) was added. The 
cells were solubilized at the times noted and the lIES-bound radio label 
was measured. In (C), the autoradiography of lIES immunoprecipitable 
material from a [35s ]-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 IlES binding component and an increase in 
the components having molecular weights of approximately 50K and 20K. 
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Figure 4. (A) Thin layer chromatogram of gangliosides extracted from 
FRTL-S cell membranes before (FRTL-S) and after (FRTL-S + II) 
neuraminidase treatment. A mixed brain ganglioside mixtue (KBG) 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-S cells 
after it was immunopurified by 11E8 (lanes 1, 2 and S) or after it was 
immunopurified by 307H6 (Gels 3 and 4). The -280K protein was from 
FRTL-S cells labeled with [3H)-N-acetyl gJ'lcosamine. 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 S). Gangliosides 
were extracted and purified after the -280K receptor glycoprotein 
preparation was sonicated (Ultrasonics, Inc., Model W18S D cell 
disrupter; 3 min; output 3) under a stream of nitrogen. The final 
fraction was obtained using a sep PakTK 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:KC1 2.S 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. 
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Figure 5. Tentat1ve mOGel 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 Receptora 

TSH Growth 
Receptor Primary Activity Exophthalmogenic 

Clone No. Source Classificationd ~deg,reele Activityf ___ 
13Dll bovine TBIAb no yes 
llE8 bovine TBIAb no yes 
S9C9 human TBIAb no no 
60FS human TBIAb yes(++) no 
129H8b human TBIAb y"es(+) weak 
122G3b human TBIAb no weak 
22A6 bovine TSAb yes(+) no 
206H3b human TSAb yes(++) no 
307H6b ,c human TSAb yes(++) yes 
304D3b ,c human TSAb yes(+) no 
308L2b ,c human TSAb yes(+) no 
410F9b human TSAb yes(+) no 
S2A8 human mixed yes (++++) no 
208F7b human mixed yes (+++) no 

aEach 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 adenyl ate cyclase activity. 
b Heterohybridomas derived from lymphocytes of Graves' patients 
c From the same patient. 
d A TBIAb 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-S 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. 
~easured as increases in cell number or thymidine uptake in FRTL-S 
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). 

19 



20 

Table 2. Effect of Honoclonal Antibodies to the TSH Receptor 
On the Growth of FRTL-5 Thyroid Cells as Heasured by Radiolabeled 

Thymidine Uptake into DHA 

(3HI-Thymidine Uptakea 
Honoclonal Antibody Alone 

Hone 
Hl IgG 
TSH 1 x 10-1~ 

1 x 10-9 H 
"Stimulating" TSAbsb 

22A6 
307H6 

"Hixed" Antibodiesb 
52AB 
208F7 

"Inhibiting" TBIAbs 
122G3 
12988 

1600 
1450 
6800 

31,000 

6800 
8700 

28,600 
24,700 

9350 
5600 

(~lIR ORA) 
+Indomethacin 

1400 
1510 
3500 

14,000 

6900 
9200 

7400 
6500 

1460 
1480 

aseventy-two-hour thymidine uptake (Valente et al, 1983). 
bTested 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 GDIb 
rather than a GnIa configuration; it is sen~itive 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 -SOK and -20K units are formed from the -70K unit by 
protease action; the -SOK unit has bound ganglioside. Whereas the 
-300K and -70K pieces predominate under conditions where TSH 
increases cAHP levels; the -SOK fragment is linked to a growth action 
of TSH separate from eAHP. 

Honoclonal antibodies studies support the idea that both the growth 
and function of the FRTL-S thyroid cell appears to involve both a cAHP 
signal and a signal involving phosphoinositides/IP3/Ca++1 
phospholipase A21 and arachidonate (Fig. 1) (Kohn ~ 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; Harcocci 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++1 
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 Ca++/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; Harcocci et al, 1987; Burch et al 1986; Santisteban et al:- -
1987) • 

Thus TSAbs stimulate growth via an indomethacin insensitive cAHP 
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 
eAHP signal (Fig. 6) (Weiss ~ al 1984a; Harcocci 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 cAHP can increase thyroglobulin synthesis 
but full expression requires insulin and/or IGF-I (Santisteban 1986, 
1987b) (Fig. 6). 

SUHHARY 

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, 1L 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. l 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. 2 

Identification of Microsomal Antigen by Western Blot 

Three years ago Hamada et a1 3,4 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 ~g microsomal proteins heated for 15 min at 65 C in 0.009 M 
Tris-HCl 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 (e, 1; d, 2; 
e, 3; f, 4; g, 5; h, 6; i, 7; j, 8); k, mouse Tg antibody; 1, no seruml. 
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 a1 5 
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 125r-protein A followed by auto
radiography. (2) Proteins correspond to a, b, c, and d 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. 
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Fig. 3. Effect of graded amount of serum on peroxidase. 190 pg TPO was 
added to various amounts of serum (0 - 5G~ pI). Peroxidase activity was 
assayed in the supernatant after incubation of TPO with serum and Protein 
A Sepharose CL-4B. A control serum (,----!) and serum (e-----e) from one 
of the four patients' sera causing =mplete 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 SO 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 . 6 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 pepti des of approximately 98 and 105 kO. 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. 7 Kotani et al have also 
identified antibodies reacting with TPO in patients with AITO.S 

Monoclonal Antibodies to the Microsomal Antigen 

More recently, Portmann et a19 have electro eluted protein from the 
107 kO band in preparative polyacrylamide gels, and developed monoclonal 
antibodies using conventional fusion techniques with SP2jO 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 kO 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 ~ 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 ce'lls were fused to SP2-0 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 micro somes - 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. Interestingly, these bands represent the commonly reported 
sizes of human and animal thyroid peroxidase, prepared using trypsin. 10 

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 va 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. II 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
quantitative Westerp 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). 

107 kD form 

101 kD form 

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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A POSSIBLE ROLE OF BACTERIAL ANTIGENS IN THE 

PATHOGENESIS OF AUTOIMM[TNE THYROID DISEASE 

Sidney H. Ingbar, Mordechai Weiss, Gary W. Cushing, 
and Dennis L. Kasper 

Charles A. Dana Research Institute and the Harvard
Thorndike Laboratory at Beth Israel Hospital, 
Department of Medicine, Beth Israel Hospital and 
Harvard Medical School, Boston, MA 02215, U.S.A. 

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~he 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 
va~iation 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 <8% 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 aI, 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 0 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 1/105 , 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., part.icular
larly serotype 0:3, contains one or more antigens that cross-react im
munolog.ically with ant.igens in human thyroid tissue. We were greatly 
intrigued by this poss.ib.ility 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. 10-1IM) of 125I-labeled 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 125I-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 125I-bTSH to Yersinia entero
colitica treated by various methods. 
Reprinted, with permission, from Refo 12. 
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Binding of 12sI-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 O.sU/ml (12). 
Scat chard analysis of these data revealed the presence of a single ap
parent binding site with a binding maximum (Bma ) of 2.9 x 10-8 mole/mg 
bacterial protein and dissociation constant (Kd~ of 4.2 x 10·~ (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 12sI-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 K+ produced a dose-de
pendent inhibition of binding (half-maximum at approximately 12mM), and a 
much more potent inhibition, half maximum at approximately 1mM. was 
produced by the divalent cations Ca2+ and Mg2+ (15). 
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permission, from Reference 12. 



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 125I-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 of 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 «3%) 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-IgG, 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 

I 
II 
III 

LDH Activity 
(umol/min/mg protein) 

2 
20 
80 

125I-bTSH binding 
(%/100 ug protein) 

10 
12 
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'-IgG 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 organisma 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 hormones 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 ~evisiae 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'-lgG, 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'-lgG. 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 playa 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 accoun~ 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 playa 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 functional 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 

INTRODUCTION 
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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 patien6 with Hashimoto's thyroiditiE 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 YI089 cells 
for generation of fusion proteins (3). Aliquots of bacterial lysates 
were applied to 7.5% 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 1.5% 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 RI-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 gt11 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 (277.) patients with Hashimoto's thyroiditis and 1 of 
9 (117.) 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 bindinS7to the proteins pro
duced by these clones. Neither 100 mU/ml bTSH, 10 M thyroglobulin nor 
~uman thyroid microsomes (150 ~g 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 R1 - Eco R1 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. In pane!, B, D and F the 
same antiserum contained, in addition, 100 mU/ml TSH, 10 M thyroglobulin. 
(Tg) and 150 jJg 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 ~g protein) of the clone 1 (1L-28) 
bacterial lysate were applied to lanes 1, 3, 5, 7, 8 and 11 in a 7.5% 
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 
(03 and 02). In control (con) lanes the filter was incubated in antiserum 
without any additives. Other strips were exposed to the same antibody 
wit? the addition of 150 ~g protein/ml human thyroid microsomes (MSA) or 
10 M thyroglobulin (Tg). The fusion protein is indicated by the 
~-galactosidase molecular weight marker of 116,000 Daltons. 
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3.3kb_ -23 S 

-16 S 

T L 

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 

CTCAGGGTTCCCGGACCGGCTGTCCTGCCTGCGGAAC~GG~AAACAAGCTCAGGTAC! 

100 

GACACTAGGAGGGTCTACCTTACATAAGGTACAGGTAGAAGCTTGATTGATTGCTAGGCC 

150 

CAGGCCACCCAGACCCTCCAATCCTAACAGGTATTTAGGCTTGAGGTTCACTCCCTCCTC 

200 

AGCTGCACACGCAGCCAGGTATAACACTCGCCCTCAGTCACAACGGGGAGGGGGCACCGG 

250 300 

TTACATCTACATCACATTATTTATAAAATAAGAATTACATTTCATATAACATGGCCAGAA 

350 

GGAGCTCTAGTCCCCCAGGAAAGCTGCCGGGACAGCATTTGAGCCTCTTCTTTGCACAGG 

400 

CATAACTTAACTATACAGCTAATTGGGGGGGGCCCCCCCTGAAAAATAATCCCCCCAAAT 

450 

AAGCAGCATGTCATGTCCTTAGAATATGTTACACTAGAAAGGTAGAAAAATTCAGGCTAA 

500 

GGAGGCAATTTAGAGTCAAGTTATCACGAATT 

550 

Figure 4. Nucleotide sequence of the 0.6 kb clone 1 eDNA insert (IL-28). 
The 51 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 27% 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. 

~~~~~--------------------~a--------;b------;--------~---------~-------

----------------------------------------------------------------------
Normalc (n=17) 0 (0%) 0 (0%) 7 (41%) 7 (41%) 7 (41%) 

Hashimoto's disease d 4 (27%) 2 (13%) 7 (47%) 7 (47%) 7 (47%) 
(n=15) 

Graves' diseasee (n=9) 1 (11%) o (0%) 4 (44%) 4 (44%) 4 (44%) 

cAntimicrosomal antibody titers < 1:100. 

d 6 Antimicrosomal antibody titers 1:6400 - >1:10 (before absorption with 
BNN97 lysate) 

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

Autoimmune disorders of the thyroid gland are associated 
with the presence of autoantibodies CaAb) speCific for antigens 
local ized to the cell cytoplasm, surface membranes and colloid spac~-3 
While some thyroid autoantigens such as thyroglobulin (Tg), the 
thyroid hormones and, more recl?ntly, the thyroid peroxidase (TPO) 
have been alreadY identified l - 5 , 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 thl?TSHreceptorinthl?alterationsof 
thyroid function observed in patients with autoimmune thyroid 
diseases remains a matter of controversy1,2 . Assay of aAb to Tg, 
the microsomal antigen and, in a lesser extent, to the TSH receptor 
are currently performed 1 ,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 appl ications of mAb 
in thyroid autoimmunity currently in progress in our laboratory. 

1- ANT I GEN LOCALI ZAT ION 

Numerous mAb directed against thyroid membrane antigens were 
produced in our laboratory. Nineteen mAb were screened for 
cross-reactivity with anti-microsomal aAb. One of these mAb appeared 
to be directed against the microsomal antigen. Optical microscopic 
examination of human thyroid tissue sections reveall?d that staining 
with the mAb was almost identical to that observed "lith 
anti-microsomal aAb 4 • Comp1etl? extinction of mAb staining wa;:
obtained after preincubating thyroid tissue sections with aAb 6 • We 

Address Correspondence to Dr Pierre Carayon, U 38 INSERM, Facult~ de 
M~decine, F-13385 Marseille Cedex 5, France. 
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also noted that the localization of the microsomal antigen was 
closel y related to that of TPO which first suggested that TPO and 
the microsomal antiQen were identical. Electron microscopic 
examination of thyro i d tissue sections further showed that both TPO 
and the microsomal antigen were found in the apical microvillar 
membranes and also in the endoplasmi c reticulum, the perinuclear 
cisternae and the exocytic vesicles of the follicular cells7 (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 
par t) • 

Fig.l. Local ization of 
and an t i -m i crosoma 1 aAb 
sections (upper part) 
foIl icles (lower part). 
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binding site~. for anti-TPO mAb (left part) 
(right part) on human thyroid tissue 

and sections of isolated human th yro i d 



Tabl e Activity of thyroid peroxidase at various stages of 
purification 

Total Total Specific Purification 
Stage of purification protein un i ts ac t i v i t y factor 

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

Microsomes 791 915 1.1 

Solubilizate 383 861 2.2 2 

Affinity chromatography 1.6 610 381 331 

- 97 K 97 K 

67 K 67 K 

43 K 43 K 

30 K 30 K 

20 K 20 K 

Fig 2 Polyacrylamide 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 
polyspecificityc' 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 glands5 • The 
purification procedure was monitored by measuring TPO activity. In 
initial thyroid homogenates and particulate fractions, the TPO 
activity was found to vary 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 groups8,9 , a purification of 
about 10-fold over the starting material to microsomes might be 
assumed. In the microsomal fraction, the spec~fic activity of TPO 
ranges from 1.0 to 2.0 U/mg and increased to 300 to 400 Ulmg in the 
purified material eluted from the mAb affinity column. Therefore, it 
was estimated that TPO was purified 3000 to 3500 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 biology has allowed to 
decipher the primary structure of T~~land 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 1 imiting 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 available12 . 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 col i 13,1~ To ensure that all of the 
coding sequences are expressed requires the construction of a 
recombinant DNA I ibrary whose foreign inserts are present in all 
orientations and translational frames. The next step is to use 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 case with antisera to thyroid antigens which present 
at least anti-Tg antibodies due either to contamination of the 
antigens by Tg or to an autoimmune reaction of the recipient. The 
use of a mixture of carefully selected mAb ensures a very specific 
survey of the antigens expressed by recombinant clones. 

This approach has been undertaken in our and other 
laboratories to disclose the structure of thyroid autoantigens. As a 
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Fig 4. Relationship among the epitopes recognized by 10 anti-TPO 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 (sol id Phase). 
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matter of example, informations about the gene of TPO are expected 
very soon. 

4 - ANTIGEN THREE DIMENSICJIIAL STRUCTURE 

Major advances in the elucidation of the primary structure 
of proteins have been made possible by molecular biology techniques. 
However, i nforma t i on ,about the higher order struc tures of these 
molecules is not abundant. An approach to examine the three 
dimensional structure & proteins is to use antibodies for mappin'g 
their antigenic surface 1 • 

Among the numerous anti-Tg mAb produced in our laboratory, 
10 were purified and characterized 10 • 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 mAb17 • 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 
cluster's. Six distinct regions might be del ineated. 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. 56 mAb were used, 29 ~ere labelled with 
alkal ine phosphatase and their binding to Tg was measured in the 
absence or presence of various concentration of the 56 unlabelled 
mAb. We thus obtained more than 1600 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 del ineated 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 br Tg far exceeds the number of 40 previously 
proposed by another group 8 • 

The same approach has been taken for studying the 
immunological structure of TPoP • Ten out of 66 anti-TPO mAb were 
selected for their ability after coating to microtiter plates to 
efficiently bind radioiodinated TPO. Preincubation of labelled TPO 
with mAb in solution resulted in various degree of inhibition of TPO 
binding to the coated mAb. Converted into qual itative terms i.e. 
complete, partial or no inhibition, the results were incorporated 
into an 10 x lfr matrix. As shown Fig.4, five clusters of reactivity 
were distinguished. These prel iminary results indicated that human 
TPO expressed at least five different antigenic domains on its 
surface. 

5 - AUTOANTIBODY HETEROGENEITY 

It is generally accepted that the repertoire of aAb is 
restricted as compared to heterologous antibodies 18. It has been 
shown that human Tg presented at least 40 antigenic sites in 
heterologous system but only two or three in homologous system 2,18 • 
No information were available for anti-microsomal aAb. 

Affinity-purified anti-Tg aAb were assa>'ed for their abil ity 
to inhibit the binding to Tg of the 10 radioiodinated mAb previously 
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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 
d i I uti on L ~ 47 .2 ! 40 30 1 24 53 

113000 7 a ) 20 0 10 0 0 5 0 0 0 
Graves' 11200 94 48 30 95 100 3 19 11 28 0 
disease 11100 100 83 51 100 100 25 34 15 28 0 

1120 100 100 58 100 100 51 36 50 50 16 

113000 0 9 0 13 9 0 0 0 20 3 
Hashimoto's 11200 66 42 40 89 100 0 2 0 22 0 
thyroiditis 11100 95 72 50 100 100 0 20 0 24 4 

1120 95 100 71 100 100 44 28 40 50 11 

a) Yo 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 aAb in 
some patients with thyroid carcinoma might inhibit the whole set of 
mAb (Fig.5 lower part). Extending the n.umber 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 19 

The same pattern of reactivity was found with anti-TPO aAb 20 
At low concentration aAb inhibited significantly the binding of 

two pairs of mAb (1-15 and 6-9) directed against two different 
domains of TPO (see Fig. 4). At high concentration the binding sites 
for these mAb appeared saturated by aAb which displayed significant 
inhibition of the other mAb tested (Table 2). 

6 - AUTOANTIBODY IDIOTYPIC ANALYSIS 

Five xenogeneic anti-idiotypic antisera (anti-id) were 
produced against individual BALB/c-derived mAb which bound to 
different peptidic determinants on the human Tg molecule 2~Idiotypic 
analysis performed using sensitive radioimmunoassays revealed that: 
(1) the anti-id highly preCipitated their homologous ligands: (2) 
two anti-id displayed minor cross-reactivities with one or two 
heterologous mAb ; (3) each unlabelled homologous 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 1he conclusion that xenogeneic 
anti-id might detect on their corresponding I igands 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. 

60 



CIl'ICLUSION 

The monoclonal antibody technology appears instrumental in 
the 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 autoimmunity. 
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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 1311, 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 (14) 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 
convenient, but less sensitive, alternative is the 
line of functioning rat thyroid (FRTL-S) cells (24); 
might be expected, there are instances when this 
apparently fails to respond to the human antibody. 

in culture. A more 
continuous culture 
unfortunately, as 
non-human system 

2. It causes hyperthyroidism but is of little special use 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 a1 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 adeny1ate 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 isoe1ectric 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 vivo, 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 vitro 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 
orgab such as bone marrow or lymph nodes? With recognition of DR 
expression on thyroid epithelial cells (41), 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 

INTRODUCTION 

Shigenobu Nagataki 

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

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 

TSAb 

human thyroid membrane 70% 
solubilized porcine thyroid membrane 85% 

human thyroid membrane 
human thyroid slice 
porcine thyroid membrane 
FRTL-5 cell line 

(HTACS) 
(TSAb) 
(PTACS) 

porcine thyroid cells 

60% 
80% 
40% 
85% 
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 T3-suppressibility in untreated 
patients and in patients during thionamide therapy. Values for TBIAb 
and TSAb did not correlate significantly in both untreated ayd treated 
patients, and TSAb did not correlate with T3-suppressibility. Similar 
results were reported from various laboratories and studies on 
monoclonal ant,ibodies 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 
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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-rzceptor 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 
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Table 2. TSH-Receptor Antibodies Produced in Supernatants 
of Cultured Lymphocytes Obtained from Untreated 
Graves' Patients and Transformed by EBV Infection 

Patients 1 
2 
3 
4 
5 
6 
7 
8 

Total 

TBIAb only 
6 
3 
2 
6 
3 
7 
2 
2 

31 
94.7% 

TSAb only 
8 
3 
9 
3 
4 
7 
6 
1 

41 

TBIAb & TSAb 
2 
o 
o 
o 
o 
1 
1 
o 
4 

5.3% 



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 3ekease of thyroid hormones 
while being stimulated chronically by TSH ' . With this method, TSH 
stimulated the T3-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 t~yroid 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 

9 TSH own IgG other IgG 
untreated Grav_ u..u.. 

3 4 7 • , I. 11 

8 
I 0 1-) 
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4 

(-) 0 (-) 

3 0 1-) 

I. 0 

2 II 0 

cLL!~ pooled lOG 1-) (-) (-) (-) 

------------- --------------
TSH 0 0 0 0 0 0 0 0 0 0 0 

2 3 4 5 6 2 3 4 5 6 2 3 4 5 6 Increase in T3 0 : 
day of culture (-): No increase in T3 

Fig 2. Ratio of T3-Concentrations Fig. 3 Specificity of Graves' 
in Media w1th 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 13 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 T3 in the media were 
invariably observed. However, when the same IgG were incubated with 
allogeneic slices, no incr.ease in medium T3 was noted, with one 
exception. 

These results strongly suggest that thyroid hormone releasing 
activity of circula~ing 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 
7 • 

Recently Hanafusa et al 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. 
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Furthermore, as shown in Fig. 
4, interferon y was detected in 
culture supernatants only when 
thyrocytes were incubated with 
autologous T cells, indicating that 
production of interferon y 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 b~~h helper/inducer T 
cells (CD4 ) and suppr~ssor/ 
cytotoxi~ T cells (CDS). However, 

Production of Interferon y when CD4 cells were further + 
in Culture Supernatants divided into helper T cells (CD4 

2H4-) and ~uppr~ssor 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 th~roid ¥lands (TG) and from peripheral blood 
(PB) were separated into CD4 ,CD8 ~nd B cells and IgG production in 
the supernatants of coculture of C~4 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 patie~ts 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 signific~ntly 
inhibited as shown in the left, whereas when autologous TG-CDB 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 
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PB-CD8+ cells suppressed IgG production sign!ficantly, but TG-CD8+ did 
not affect IgG production by PB-B and PB-CD4 cells. These results 
clearly indicate that suppressor function of intra thyroidal T cells is 
decreased when compared to that in perip~eral+blood T cells. Although 
the results are not shown, ratios of CD4 ICD8 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. 

Graves' 
disease 

Hashimoto's 
disease 

Others 

Total 

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 haElot~Ees of 
Both HLA HLA Gm Neither Total 

and Gm only only HLA nor Gm 

95 (74+21) 0 0 96 (74+22) 

14 0 0 0 14 

37 1~ 38 42 133 

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 Om 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 Om, 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 19G 

THYROID IgG 

2. Cellular interactions within thyroid glands: 

Intrathyroida1 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 Rene Mornex 

INSERM U.197 
Faculte de Medecine 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 : 

AI 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- 1 
larly after the beginning of the treatment both clinically and biologically • 

BI 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 11 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 day 2 

cl 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 is 
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. 
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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 determinations used routine or previously reported methods • 

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 6 . Also, no correlation was found 
between TSAb levels and presence of HLA-DR3 determinant or the pretreatment 
OKT4/0KT8 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<O.OI). 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 7 . 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 conventionnallyl. 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 appealed 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 ?l-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 • In 8 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<O.ol), but because of their wide 
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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, in determining the 
duration of the carbimazole treatment. In an other study 6 ,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 OKT4/0KT8 ratio in patients treated with 
carbimazole 5 • 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 % 
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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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, b,ut a 
consistent number of Graves' patients were negative by this test even 
after concentrat.ion of the IgG fraction. This relatively low 
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 cAMP 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 IgG 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 125iodide 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 ~U/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. 
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Fig. 2 . Effect of different TSAb preparations on the desensitization of 
TSH-stimulated cAMP accumulation . Cells were preincubated for 24 hr wi th a pool 
for normal IgG (control); 250 ~U/ml TSH (TSH) or TSAb ~reparations from four 
different patients with hYferthyroid Graves ' disease (11, 2, 13, '4) and TSAb 11 
plus 10 ~U cycloheximide ( l+CE) • 

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 (1). 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 laboratories (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 t.O 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 
adenylat~ cyclase (TBkAb) were also reported in several patients with 
adult idiopathic myxedema (3, 17) . These antibodies were also shown 
to be able to inhibit theTSH 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 
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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 ~U/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 ot 
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 .. 
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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 NSI. 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 
~roduced 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). 

87 



c 200· 250 0 • ;; a n 
f I 

:.. 
0 ..... • ::t e- • " of • • 200 ..... 
U'" <- ae 
CC • 0 -0 150· .... 
m U I n c ... • 0 
;;0 

.150 ::::I 
-M .. e ..... • ., 
::II 2-
.c ..... .. aa a'a ::E: 

100 • 100 .., ... 
T T T T 

Fig. 5. Effect of monoclonal antibodies from a Graves' patient on 3H-thymidine 
incorporation and cAMP accumulation in FRTL-S 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' IgGs thyroid adeny1ate 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 (TRAb) 

AND THEIR SIGNIFICANCE 
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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 adeny1ate cyclase. Formerly we used an assay 
based upon measurement of an increase in cAMP in human thyroid slices and 
found TSAb in over 90% of 102 patients (1). Now the procedure developed 
by Kasagi et a1 (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 or1g1n. 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 ·a1 (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 A , and usually the latter. The full 
significance of such oligoc10na1ity 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 34%. 
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 idiot opes 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 (TRAb) 

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 60% 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 mI. 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, led 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, Sand 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). 
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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 1-
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 promotini 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 
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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 ILl 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 

1. TSH - cAMP mediated 
2. TSAb- cAMP mediated 
3. Growth factors - not cAMP mediated 
4. TGI - to be confirmed 
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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 anfmals 
(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 anti thyroglobulin 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 anti thyroglobulin 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 used 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 is clear that the 
totality of Graves' patients with exophthalmos, were positive in this 
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Figure 1. Collagen biosynthesis, evaluated as tritiated proline 

incorporation into collagenous proteins synthetized by human skin 
fibroblasts , induced by IgGs 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 like 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 mie10ma 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 13D1l), 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. 
Considering 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. 

of 

with 

To further ascertain the specificity of the biological effect 
Graves' autoantibodies on fibroblasts, IgGs prepared from patients 

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 llE8 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 llE8 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 
attention 
orbital 

of Graves' IgG on human skin fibroblasts, we turned our 
to the problem of the possible differences between skin and 

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 
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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=0.9l; p 0.001), but the collagen assay in 
porcine 
than in 
ideal to 
IgG. 

retro-orbital muscle fibroblasts was 0-6 times less sensitive 
human ones, thus far confirming that the latter model is the 
test the biological activity of ophthalmic Graves' patient 

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 bf 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 useful 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 1-4 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 Ts9activity lasted in the majority of GD 
patients many years after 1311 • Later Topliss et al 6 showed evidence 
that this Ts rlefect was disease specific. While Ludgate et al 10 were unable 
to repro~uce these re~ults, Vento et al 7,8 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 thyroid 
disease has been reported by Noma et alII, Mori et al 12 and Tao et al 13, 
all of whom utilized haemolytic plaque assays in their studies, which 
confirmed the above observations in relation to the regulation of anti
thyroglobulin production. In the study of Mori et al 12, the organ
specific Ts defect was in H2-receptor-bearing Ts cells, confirming the 
work of Okita et al 4. Moreover, in the reports of Mori et al 12, 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 aIlS, a partial specific 
defect in Ts functions could be demonstrated in the thyroid gland 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 nf immunoregulation. Nevertheless, a literature review 17, 
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 
unt~eated 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 importarit factor in causing self perpetuatiori 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). Jhus 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 27. 

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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(IFNr) produced by T lymphocytes secondary to local viral infections was 
a likely cause of the aberrant HLA-DR expression and was the initiating 
factor in precipitating autoimmune thyroid disease. (It is indeed clear 
that IFN'( is the only known inducer of thyrocyte HLA-DR antigen 
expression 20,21.) 

~~
THYROID CELL TSi ::~~~ TSH 

-- TSAb 

-IFNl 

Environmental ThY~d ~.rOid HLJOR Monocyte 
Influences Hormone Antigen ("----"') ,-------. ' , " ~ 

S 'f' ffijrs l Non- peCi iC 1-Th 

Organ- Specific Ts l 
B IYmphocyteS------~ 

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 (IFNK) and 
will also stimulate specific B lymphocytes to produce thyroid stimulating 
antibody (TSAb). TSAb, like ISH, stimulates the TSH receptor and will result 
in antigen (e.g., microvillar antigen) expression. IFNI 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. 
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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); ~he 
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 TSH receptor 

~~~:~l 
,~!~ 1 

f ~ _ Thyroid Thyroid lilA-DR 
Hormone Antigen 

Environmental 1(2)" 1 " ~ 
Influences l @ ~ 

Non-stJeCif c s ~ I ® 
Onjan -specific s t 

B Iy""",ocytes ---@"'-----' 

FIGURE 2 

Induction of remissions in GD with antithyroid drugs (ATD) 

results in a reduction of IFN)( production and reduced Th stimulation of 
B lymphocytes to produce TSAb (4). The combined reduction of TSAb and 
IFN~ 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 produotion 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 l~phocytes disappear 22. Thus 
unlike the situation in obese strain chickens23, 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 GO or hypothyroid HT produce less IFN~ and thyrocyte 
HLA-DR expression following non-specific m~togenrc-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 24 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 25 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 cel1s 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 yeneralized 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 b! drugs, a schema for this hypothesis 
is depicted in Figure 2 and legend 6. 
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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 secret~d 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 
cytolyt~c activity 6. Although cytotoxic T cells are likely 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 playa 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 IgG4 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 11. 
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 10. 

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 al. 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 8 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 IgG4. 

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 IgGI (Fig 1 B) but not IgG4. 

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 Th~roid 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 
IP 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 16,17. Recently 
we observed that the development of postpartum hypothyroidism tended 
to be associated with antibodies of subclass IgG1 rather than IgG4 11 
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This could have been due to the ability of antibodies of subclass IgGl 
(but not IgG4) to fix complement 18. However, an additional factor could 
be the greater efficiency of Mic antibodies of subclass IgGl to mediate 
damage via KINK 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 

40 A 
"specific • 61Cr 
release 30 r = 0.72 

p <0.01 

20 

10 

0 ? 
0.0 0.5 1.0 1.5 2.0 

Mic antibody ELISA Index 

40 B 

"specific • 
61Cr 
release 30 

r = 0.67 
p <0.05 

20 

10 

0 • 
0 Cj> 

0.0 0.5 1.0 1.5 2.0 
IgG1 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 likely 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 11ECHANISMS FOR AUTOIMMUNE DAMAGE IN THYROID-ASSOCIATED 

OPHTHALMOPATHY 

INTRODUCTION 

J. How, Y. Hiromatsu, P. Wang, ~1. S;;llvi and J.R. Wal1* 

Thyroid Research Unit 
The Montreal General Hospital Research Institute 
1650 Cedar Avenue 
Montreal, Quebec, Canada, H3G lA4 

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 (7IFN) for 6 days. K56Z cells, an NK 
cell-sensitive target, was also used. Un fractionated 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 100~1 were incubated in 
microtiter plates with loo~l normal or patient PBl at various E:T cell 
ratios, at 37C in 5% CoZ and 95% air. After 18 hr incubation, the 
plates were centrifuged, loo~l aliquots of supernatant aspirated, and 
their radioactivity counted. Spontaneous release was determined by 
counting a 100~1 aliquot of medium, while total radioactivity was 
determined in a 100~1 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 Z5% 
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 (Z x 10 per culture) were then incubated with or without 
antigen, in Nunc "minisorb" tubes for ZO hr in a humid atmosphere of 
5% CoZ 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 O.Z ml of the cell suspension was added 0.1 of platelet
poor, pooled, normal human plasma and 0.1 ml of 0.OZ5M CaCI Z• 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 KS62 
cells as targets. Effector:target cell ratios were from 12.S:1 - 100:1. 
In the first experiments KS62 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 KS62 cells a significant depression 
was, however, found at all E: T cell ratios tested (T.able 1). When 
patients became euthyroid, following radioiodine or antithyroid drug 
treatment, KS62 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 lIb 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 KS62, thyroid, and skeletal (SM) 
muscle cells as targets. In this experiment the target cells were 
pretreated withrIFN shown previously (11) to enhance susceptibility to 
lysis in ADCC. Although killing of KS62 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 KS62 target cells, and NK cell 
numbers, in patients with untreated Graves' hyperthyroidism. 

EFFECTOR: TA/!t.;ET t:lLLH/o\l.lll Leu llb 
GROUPS ~5: I 5il: I Hli1:1 • Positive Cells 
Graves 
Hyperthyroidism 8.S :I:: 8.4*% 14.7 *ll.S% 24.S '*' 13.2% 13.4 * 4.1 
(n = 33) P<0.01** 1'<0.001 f\(0.001 NSfi 
Normals 19.1"" 17.0S 29.8 :I:. 19% 40.6 =I: IS.6% 16 * 6.0 
(n = 23) (n = 20) 
* mean t±SD; % specifIc lYSIS. 

** Statistical analyses refer to differences compared to normals 
(student's 't' test). 

• Determined on PBL using a mouse MCAB (anti-Leu lIb) and the 
immunofluorescence test expressed as mean (""SO) %. 

fI Not significant. 
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Figure 1. 

NK cell cytotoxicity against human eye muscle cells using PBl from 
patients with Graves' oph~halmopathy (e-----e) and normal subjects 
(0-----0) at E:T cell ratIos of 12:1-96:1 determined using a 51Cr 
release assay. Results are expressed as mean (SSE) % specific lysis. 
Statistical analysis refers to differences compared to normals 
(student's 't' test). 

Next, tests were carried out using human EM cells as taroets, 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 24:1 {8.3:1: 2.8% SE (n = 8) and 
27'*"3.6% (n = 8) P<"O.Ol respectively}. and 96:1 {29.9z 8% (n = 8) and 
51:. 7% (n = 8) P<O.Ol 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 TIFN 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 TIFN. 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 of1IFN (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. ________ =t IFN treated target cells. . . = u~tr~ated target 
cells. Cytotoxicity was assessed as % speclflc lYS1S ln a 51Cr 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 Band 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. 

TISSUE 
FRACTION* 

EM Cyt 

EM Mem 

OCT Cyt 

OCT Mem 

OPHTHALMOPATHY 

20.7 :I: 11.0%** 

S.7.10.1% 

13.7.:1: 1S.0% 

1S.1 • 12.0% 

(n = 17) 

lE"5TCROOP 

NORMALS 

2.4 :I: 12.2% P<0.001*** 

1.2 • 9.0% N.S. 

3.2 '* 8.4% P <O.OS 

0.7 ... 7.7% P<O.OOl 

(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 8S.7 
2E7-3 EM CHAP-SM + 24 17 70.8 
E7-2 EM CHAP-SM + 8 7 87.S 
2E9-2yt EM CHAP-SM + 6 5 83.3 

TOTAL + 106 94 88.7 
E4-2 EM~ ..,.,. )' TI.'6 
£3-3B EM CYT 15 0 0 
E4-1 EM CYT 3 0 0 
£3-3A 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 

*OCT = orbital connective tissue. EM = eye muscle. cn = cytosol. 
SDS-SM = SDS-solubilized membranes. 
CHAP-SM = "CHAPSO"-solubilized membranes. 

**AII 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~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 tisaue 
(OCT) membranes in over 60r. of patients with ophthalmopathy, but in less 
than 20r. 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 
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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: 

PHENOTYPIC AND FUNCTIONAL ANALYSIS AT SINGLE CELL LEVEL 

G.F. Del Prete, A. Tiri,*S. Mariotti,*A. Pinchera, 
S.Romagnani, and M. Ricci 
Allergology Clinical Immunology, University of Florence 
and (*) Endocrinology, University of Pisa 
Policlinico Careggi, 50134 Florence, Italy 

In the last 30 years, studies of the thyroid-specific abnormal 
autoimmune response have mainly focused onto 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 
CD4+ and CD8+ T cell subsets within autoimmune thyroid infiltrates. A 
reduction in intrathyroidal CD8+ cells compared with peripheral blood 
(PB)l or a substantial identity between PB and thyroid infiltrates with 
regard to the proportions of CD4+ and CDa+ cells have been reported'2,3. 
However, more recent studies agree that T cells with the cna+ 
cytotoxic/suppressor phenotype are predominant in either Graves' disease 
(GD) or Hashimoto's thyroiditis (HT) infiltrates _,5,6. In 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 lines and clones that represented the in vitro 
progenies of thyroid-infiltrating T lymphocytes5 ,7,8,9. We have recently 
used two protocols to raise clonal progenies of PB and thyroid 
infiltrating T lymphocytes in some patients with HT in order to analyze 
at clonal level their functional heterogeneity. To this purpose, T 
cells from patients and normal donors underwent two parallel cloning 
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Fig.l. 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 limiting number in 
microwells containing irradiated spleen feeder cells and 
phytohaemagglutinin (PHA), followed by weekly addition of recombinant 
IL-2 (rIL-2, Biogen, Geneva)lO. 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 vivo7. Since, under 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 CDS T cell clones were established from thyroid HT 
infiltrates showing an inverted CD4/CDS ratio (Fig. 1). On the other 
hand, since there was no abnormality in the percentages of CD4+ and CDS+ 

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 spleens 5 • 

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 PS15 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,ll 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 P8l5 cell line as target at an 
E/T ratio of 4/1. Clones inducing SlCr 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 (> 9.0%) rIL-2-elici ted 
clones from HT infiltrates were CTL-P with the CDS4 phenotype. In 

contrast, 
proportion 

than 45%. 

in the clonal progenies of normal PB, lymph node or spleen the 
of clones with cytolytic potential was consistently lower 

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 
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Fig.3. Proliferative response to autologous thyrocytes by 
thyroid-derived T cell clones of a patient with HT. 
2 x 104 clonal T blasts were incubated for 3 days 
with 105 irradiated autologous non-T cells ( ~ ) 
or with 104 autologous ( .. ) or allogeneic ( [] ) 
thyrocytes in flatt-bottomed wells. Sixteen 
harvesting, 0.5 ~Ci 3HTdR were added to each 
Results represent the mean value of 3HTdR 
of triplicate cultures. 

hr before 
culture. 
uptake 

from a patient with HT were cloned with rIL-2. Three CD8+ and two CD4+ 
out of 46 clones, all displaying cytolytic potential, showed significant 
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 9 or clones 8 from thyroid infiltrating 
lymphocytes of GD or HT patients by using different cloning procedures. 
It is of note, however, that none of the CD4+ 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 cytolytic 
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 themselves 12-14. 

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 elsewhere 5 ,7. As 
shown in Table 1, high proportions of CD8+ clones established from 
thyroid infiltrates of HT patients displayed NK activity. A significant 
"increase in 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 lymphoid 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 7 • 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 
and PB of patients with HT 

Source of Cloning 
T cells procedure 

HT PHA + rIL-2 
Infiltrate rIL-2 

HT PHA + rIL-2 
PB rIL-2 

Normal PHA + rIL-2 
Lymphoid tissue rIL-2 

Normal PHA + rIL-2 
PB rIL-2 

derived from thyroid infiltrates 

% of clones showing NK activity 
CD4+ CD8+ 

20.2 55.5 
15.1 72.1 

25.1 21.2 
ND ND 

7.0 26.5 
3.2 15.7 

7.4 23.2 
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 surface15 • 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 lymphocytes of the same HT patients only a proportion of CD4+ 
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 CD4 61/ 69 (88%) 44/ 69 (64%) 
Infiltrate CD8 87/104 (84%) 55/104 (53%) 

HT CD4 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 CD4 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 0 C ultil tested for its IFN-y and IL-2 content. For the 
quantitative measurement of IFN-y the IMRX Interferon-gamma RIA 
(Centocor Inc.) 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 levels 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+ «() ) 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 
infiltrates or 

circulating CD4+ T cell population derives from thyroid 

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 2 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 number of CD4+ clones, all showing 

NK activity, were potent IFN-y producers. 
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Possible role of IFN-y in thyroid autoimmunity. 

Since IFN-y is a pleiotropic lymphokine playing an important role 
during the immune response 16 , 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 17 and to act synergistically with 
other helper factors in the stimulation of B cell proliferation and 
differentiation into antibody-producing cells 18 ,19. Thus, one may 
suggest that high concentrations of IFN-y released within the affected 
thyroid may favour local 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 infiltrates2,2~ 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 
generation of cytotoxic T lymphocytes 21 - 23 • 

suggestion is that the high potential to 

an important role in the 
Therefore, another possible 

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 cells12-1~. 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. In this 
respect, it has been demonstrated that autoimmune disease-exhibiting 
MRL-lpr/lpr mice show elevated IFN-y synthesis by their T cells and lack 
suppressor cells capable of regulating its production2~. 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 undergo 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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AN IN VITRO MODEL FOR THYROID AUTOIMMUNITY 

INTRODUCTION 

B.E. Wenzel, R. Gutekunst, S. Grammerstorf and 
P.C. Scriba 
Klinik fUr Innere Medizin, Med. Universitat 
zu LUbeck; D-2400 LUbeck, FR Germany 

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(11) 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-Iymphocytes 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 

Subjects 

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 103 ) 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), Isco ve (T) medium an~ all cell 
culture additives were from Biochrom, West Berlin. Mono
clonals, Tll-22/3S/39 and interleukin 2 were from 
Biotest,Dreieich,FRG. FITC and TRITC conjugated second anti
bodies were from DAKOPATT, Hamburg, FRG. Interferon~, Methi
mazole and all hormone additives were from Sigma Chemie, 
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 SH (serum 
free) medium. In contrast, no M-antigen is re-expressed in 
TECs after incubation with PHA or IFN~ (Table 1'.). The HLA-D 

Table 1. 

PHA 
+NaI 

TSH 
+NaI 

IFNll' 
+NaI 

NaI 

MMI 

PC 

Medium 

1-assessed 
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In vitro Expression1of HLA-D Polymorphism and 
Microsomal Antigen in Preincubated TEC Cultures". 

DR DP/DR DQ M 

+++ ++ 0 0 
++ + 0 0 

++ + 0 +++ 
+ + 0 ++" 

+++ ++ +++ 0 
++ + ++ 0 

(+ )2 0 0 0 

(+) 0 0 0 

0 0 0 0 

(+ ) (+) 0 (+) 

by IF 2_in some GD-TECs spontaneously 



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-lis tripeptide in O,S% fetal 
calf serum (FCS) (S-hormone,(SH) medium). 

Cell Cultures 

TECs were allowed to adhere overni~ht in 2S0 ml/96 well 
flat bottom Microtiter plates (20xl03 cells/well). After 
washing with medium, TECs were incubated for 4-S days with 
Interferonll' (IFN~() 10 U/ml, Phytohemagglutinin (PHA) O.S 
~g/ml, bovine thyrotropin (bTSH) 1-100 mU/ml together with or 
without sodium iodide (NaI), 0.1 mM, MMI, 1-100 ~ and PC , 
1-100 ~M. 

On day S 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-Iymphocytes was very variable. Depending on 
the source of the thyroid tissue 1-30 million T-Iymphocytes 
could be obtained. 

Co-cultures 

After the preincubation period for TECs 2-4x10 5 T-Iym
phocytes were added to each Microtiter well (1-2 x10 cells 
/ml) using Iscove medium-T supplemented with lS% interleukin 
2 (IL2). Co-cultures were incubated for ~nother 6 days, 
whereafter the 24 hour tritiated thymidin ( HTdR) uptake was 
measured. 

3HTdR uptake 

To each Microtiter well O.S ~Ci/SOpl 3HTdR (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 ;i SD 

PHA &+++ 1.5 ;i0 .4** 
+NaI ++ 5.6 ;i1.1 I 
+ " +MMI + 1.1 ;i0.6 
+ " +PC + 0.9 ±0.6 

IFNr +++ 1.6 ±0.2 
+ NaI ++ 5.1 ±0.6 ~ 

+ "+MMI ++ 1.8 ;iO.S 
+ "+PC + 1.5 ;i0.6 

TSH ++ 1.2 ;i0.7 
+NaI + 4.1 ;i0.8 * 
+ "+MMI + 0.9 ±0;4 
+ "+PC + 1.0 ±0.3 

Medium 1.8 ;iO.S 

& -IF * p(O.OS ** p<O.Ol 

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 NaI 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 NaI 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. 

IFNt IFNt+NaI Con A 

Patient 1 § 1. 6 ±0.4 1.3 ;iO.S 5.2 ;i0.4 

Patient 2 1.6 ;i0.2 1.6 ;iO.S 6.9 ±0.6 

§ -51 ;i SD 
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When intra-thyroidal T-lymphocytes were used under iden
tical co-culture conditions, no proliferative response was 
observed on IFNy/NaI 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 GO-patients which have not been loaded with 
iodine tend to have lower 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 
GO-Patients. 

"Plummer" SI ±SO 

Patient 1 no 2.8 ±0.7 

Patient 2 no 3.1 ±0.4 

Patients,n=7 yes 5.8 ±0.6 

" " Iodine loaded for 10 days pre-Op. 

OISCUSSION 

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-Iymphocyte response in our in 
vitro system is genetically suszeptibility dependent ,since 
10/10 GO-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 GO-patients. 

In order to obtain a T-Iymphocyte 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-O,since 
HLA-O 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-II antigen,which reflects previous 
findings in recurrent hyperthyroidism od GO-patients(15). 
Moreover ,the similar behaviour of MMI and PC in our system 
recalls findings in GO 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 IFN~,induces in serum free 
medium both, class-II and microsomal antigen. The class-II 
polymorphism displays DR/DP locii rather than DQ,while IFN 
always strongly induces DQ.Iodine produces autoantigen in 
TECs which together with class-II expression gives rise to an 
autologous mixed lymphocyte reaction -like 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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GENETIC ASPECTS OF GRAVES' DISEASE 
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Heath Park, Cardiff and *Tissue Typing Laboratory, Regional 
Blood Transfusion Centre, Rhydlafar, Cardiff, Wales, U.K. 

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 iodinb 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 e'asily 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). In 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. 
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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) 



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 

FAMILY HISTORY (FH) 
AB TO TMA AT BOOKING (MAB) 
FH + MAB 
FH+MAB+HLA B8,DR3 

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

B. The Major Histocompatibility Complex (MaC) 

% DEVELOPING PPTD 

31.6% 
50.0% 
68.8% 
83.3% 

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··· .2l-0H··· ·C4A .•. 2l-0H··· 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 S chain 
genes of the D region (DRa, DRS, DQa, DQS) and restriction enzymes 
(BamHl, Pstl, EcoRl, Taql, Bag12) 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 

Positive (n=108) 
Negative (n=113) 

HLA DQw3 FREQUENCY 

52.8% 
33.6% 

Relative risk =2.2, X2 =7.5, P 

Kologlu, M. et al (1986) 

<0.01 

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 
C4AQO 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 C4AQO Complement Allele 

NORMALS GRAVES' DISEASE 

C4AQO+ve 30 57 

C4AQO-ve 70 35 

TOTAL 100 92 

x2 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 re£lect linkage disequilibrium or differences in 
immune responsiveness in relation to di£ferent 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 (B£, C2, C4A, C4B). 
Whilst conferring a Significantly increased susceptibility to the 
disease these haplotypes only increase the relative risk to around 10. 

4. Other Genes. Analysis of Gm allotypes o£ 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 
a and 8 chain. If associations are to be found with further restriction 
enzyme analysis, purrent 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 o£ 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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THYROID AND RELATED AUTOIMMUNE DISORDERS: 

CHALLENGING THE DOGMAS 

INTRODUCTION 

Gian Franco Bottazzo, Ian Todd, Antonino Belfiore 
Rita Mirakian, and Ricardo Pujol-Borrell 

Department of Immunology 
The Middlesex Hospital Medical School 
London W1P 9PG, UK 

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 allover 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 per sued 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 limbo' 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 I: INSULIN-DEPENDENT DIABETES IS NOT AN AUTOIMMUNE DISEASE 

Following the first description of islet cell antibodies (ICA) in 
polyendocrine autoimmune diabetic patients (Bottazzo et aI, 1974) and 
their subsequent identification in uncomplicated ;uvenile cases (Lend rum 
et aI, 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 aI, 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 aI, 1985). Most facets of an autoimmune attack were 
represented in the frozen pancreatic blocks, with abundant evidence of 
immune complex and complement deposition. CDS+ (?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 
tQe autoimmune attack against beta cells in check once it has been 
mounted. The initial pilot study with cyclosporin A (Stiller et aI, 
1984) and the more recent double blind trial in newly diagnosed diabetic 
patients (Feutren et aI, 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 
VIVO" 

Cytoplasmic antibodies remain an invaluable clinical tool for 
diagnostic and prognostic purposes, but the pathogenic role of any 
autoantibody must lie in its ability to bind autoantigens expressed on 
the cell surface. This is 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 aI, 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 aI, 1981). These 
data, together with those almost simultaneously obtained by the Pisa 
Group (Reviewed by Pinchera et aI, 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 aI, 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 aI, 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 aI, 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 

161 



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 aI, 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 aI, in 
press) and in a proportion of t1ashimoto goitres (Drexhage et aI, 1980). 
The original method used for the detection of TGI is very labour 
intensive and is not suitable for extensive population stu1ies. Advances 
in this connection have been made by measuring t1-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 aI, 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 aI, 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, llemmo 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 aI, 1981). Their presence may prevent re-growth 
of thyroid follicles despite increased pituitary output of TSli. 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 aI, 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 aI, 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 
autoimmuni ty 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 aI, 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 (H2-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-H2-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 
aI, 1 <J83). 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 II molecules (Hanafusa et aI, 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 aI, 1985; Aichinger et aI, 1985; 
Davies, 1985) and extended to other tissues obtained from patients with 
a variety of autoimmune disorders (reviewed by Todd et aI, 1986d) 
including beta cells in diabetic islets (Bottazzo et aI, 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 II 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 (~ottazzo et aI, 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 11+ thyrocyes can function 
as antigen-presenting cells, we furthered our collaboration with Marc 
Feldmann, and Marco Landei 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 (Landei et aI, 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 11+ thyrocytes (Londei et aI, 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 aI, 1986b; Lucas 
Martin et aI, 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 
II subregion expression by thyrocytes was found to vary between 
patients, with DR being most expressed, followed by DP and DQ least 
expressed (Todd et aI, 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 aI, 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 
aI, 1985) and IFN-gamma + TSH (Todd et aI, 1986c) 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 aI, 1986c). 

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 aI, 
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 aI, 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 playa 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 11+ 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, ego chronic pancreatitis (Bovo et aI, 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 
II. This is supported by recent experiments in our laboratory in which 
epithelial cell lines were derived from thyroid mono layers 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 aI, 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 50 I( in some of the clones) are 
constitutively Class 11+, 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-gamma, 
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 aI, 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 mi~rosomal 
antigen in culture (Khoury et aI, 1981), which is expressed again upon 
stimulation with TSH (eg. Chiovato et aI, 1985). The observation that 
thyrocyte Class II expression and lymphocytic infiltration are often 
located together in autoimmune thyroid glatids 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 aI, 1983). On the other hand, the fact that immune 
mechan.isms 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 numbe~ 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 aI, 1983), but is 
most marked in diabetic pancreases (Bottazzo et aI, 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 aI, 1986) and/or could possibly be involved in 
the presentation of antigens cross-reactive with those expressed by the 
target endocrine cells (Nunez et aI, 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 aI, 1983; Vento et aI, 
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 aI, 1984). On the other 
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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 aI, 1984; Londei et aI, 1985; Del Prete et aI, 1986) has greatly 
advanced the subject by facilitating the dissection of processes 
involved in the autoimmune attack (reviewed by Feldmann et aI, 1985). 
With regard to Graves' disease, intrathyroidal lymphocytes from 
autoimmune glancis 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 
aI, 1985). Conversely, heavily infiltrated Hashimoto glands have proved 
to be the best source for cloning T lymphocytes with killer activi ty 
(Del Prete et aI, 1986; Londei et aI, 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 CDS phenotype 
(Bottazzo et aI, 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 aI, 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 life 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 aI, 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. 

ACKNOWLEDGEMENTS 

We are also grateful to several Agencies and Institutions which so 
generously helped our work during the years and in particular: the 
British Diabetic Association, the Medical Research Council, The Wellcome 
Trust, The Juvenile Diabetes Foundation International (USA) and Novo 
Research Institute (Copenhagen). Miss Marian Pine patiently edited the 
manuscript. 

REFERENCES 

Adams, D.D., 1956, The clinical status of patients whose sera have given 
the abnormal response when assayed for thyrotropin, Proc. Univ. 
Otago. Med. Sch., 34:29-35. ------

Aichinger, G., Fill, H., & Wick. G., 1985, In situ immune complexes, 
lymphocyte subpopulations and HLA-DR positive epithelial cells in 
llashimoto thyroiditis. Lab. Invest., 52:132-140. 

Belfiore, A., Bottazzo, G.F., 1987, Epidemiology of autoallergic human 
thyroiditis. Monographs in Allergy, Karger, Basel (in press). 

Belfiore, A., Pujol-Borrell, Ro, Mauerhoff, T., Mirakian, R. & Bottazzo, 
G.F., 1986, Effect of SV-40 transformaton on HLA expression by 
thyroid follicular cells: arise of a population of DR positive 
thyrocytes. Annales d'endocrinol", 47:17 (abstract). 

Bottazzo, G.F., 1984, Beta cell damage in diabetic insulitis: are we 
approaching the solution?, Diabetologia, 26 :241-249. 

Bottazzo, G.F., 1986, Death of a Beta Cell: Homicide or Suicide? 
Diabetic Med., 3:119-130. 

Bottazzo, G.F., Dean, B.M., l>{cNally, J.M., MacKay, E.H., Swift, P.G.F. & 
Gamble, D.R., 1985, In situ characterization of autoimmune 
phenomena and expression of HLA molecules in the pancreas in 
diabetic insulitis, N. ~ l!. Med., 313:353-360. 

168 



Bottazzo, G.F., Florin-Christensen, A., Doniach, D., 1974, Islet cell 
antibodies in diabetes mellitus with autoimmune polyendocrine 
deficiencies, Lancet, 11:1279-1283. 

Bottazzo, G.F., Pujol-Borrell, R., Gale, E., 1986, Autoimmunity and 
diabetes: progress, consolidation and controversy, The Diabetes 
Annual/2: K.G.M.M. Alberti & L.P. Krall Eds, Elsevier Science Pub., 
Amsterdam, pp13-29. 

Bottazzo, G.F., Pujol-Borrell, R., Hanafusa, T. & Feldmann, M., 1983, 
Role of aberrant HLA-DR expression and antigen presentation in 
induction of endocrine autoimmunity, Lancet, ii:I115-1119. 

Bottazzo, G.F., Todd, I., Pujol-Borrell, R., 1984, Hypothesis for the 
genetic contribution to the aetiology of diabetes mellitus. 
Immunol. Today, 5 :230-231. 

Bovo, P., Mirakian, Ro, Merigo, F., Angelini, G., Pujol-Borrell, R., 
Cavallini, G., Bottazzo, G.F. & Scuro, L.A., 1985, Chronic 
alcoholic pancreatitis: is autoimmunity involved?, Dig. Dis. Sci., 
30:967 (Abstract). 

Chiovato, L., Hammond, 1.J., Hanafusa, T., Pujol-Borrell, R., Doniach, 
D., Bottazzo, G.F., 19~3, Detection of thyroid growth 
immunoglobulins (TGI) by [ HJ thymidine incorporation in cultured 
rat thyroid follicles. Clin. Endocrinol., 19 :581-590. 

Chiovato, L., Vitti, P., Lombardi, A., Kohn, 1.D. & Pinchera, A., 1985, 
Expression of the microsomal antigen on the surface of continuously 
cultured rat thyroid cells is modulated by thyrotropin, J. Clin. 
Endocrinol. Metab., 61:12-16. ----

Czarnocka, B., Ruf, J., Ferrand, M., Carayon, P., Lissitzky, S., 1985, 
Purification of the human thyroid peroxidase and its identification 
as the microsomal antigen involved in autoimmune thyroid diseases. 
FEBS Lett., 190:147-152. 

Davies, ~F., 1985, Cocultures of human thyrid monolayer cells and 
autologous T cells: impact of HLA Class II antigen expression, .:!!. 
Clin. Endocrinol. Metab., 61 :418-422. 

De Lazzari, F., Mirakian, R., Hammond, L., Venturi, C., Bartolami, M., 
Naccarato, R., Doniach, D., Bottazzo, G.F., 1986, Are there 
immunological forms of duodenal ulcer (DU) as a consequence of 
gastric parietal cell stimulating antibodies? Gut, 20:1116 
(Abstract). --

Del Prete, G.F., Maggi, E., Mariotti, S., Tiri, A., Vercelli, D., 
Parronchi, P., Macchia, D., Pinchera, A., Ricci, M., Romagnani, S., 
1986, Cytotoxic T lymphocytes with natural killer activity in 
thyroid infiltrate of patients with Hashimoto's thyroiditis: 
analysis at clonal level, l!. Clin. Endocrinol. Metab., 62:1-6. 

Dobi, S., Lenkey, B., 1982, Role of secretagogue immunoglobulin in 
gastric acid secretion. Acta Physiol. Acad. Sci. Hung., 69:9-25. 

169 



Doniach, D., 1976, Clinical observations and hypotheses related to TSH 
receptors. in 'Biochemical Basis of stimulation and thyroid hormone 
action', A.V. Muhlen & M. Schleusener, .eds. Georg Thieme, 
Stuttgard, pp24-36. 

Drexhage, H.A., Bottazzo, G.F., Bitensky, 1., Chayen, J., Doniach, D., 
1981. Thyroid growth-blocking antibodies in primary myxedema. 
Nature. 289:594-596. 

Drexhage. H.A •• Bottazzo. G.F •• Doniach, D •• Bitensky. 1., Chayen, J •• 
1980. Evidence for thyroid growth stimulating immunoglobulins in 
some goitrous thyroid diseases, lancet, ii:287-292. 

Ealey. P.A., Emmerson, J.M •• Bidey. S.P., Marshall, N.J •• 1985. 
Thyrotropin stimulation of the rat thyroid cell strain FRTL-5: a 
metaphas index assay for the detection of thyroid growth 
stimula tors. .:!!. Endocrinol., 106 :203-210. 

Feldmann, M., Doniach. D., Bottazzo. G.F., 1986, The heterogeneity of 
autoimmune response. in 'Immunology of Rheumatic Disease'S. Gupta 
& N. Talal, eds., Plenum Pub., New York, pp271-300. 

Feutren, G •• Assau, R •• Karrenty. G., DuRostu, H •• Sizumai. J •• l'apoz, 
1., Vialettes. B., Vexian, P., Rodier. M., Lallemand, A., Bach, 
J.F.. 1986, Cyclosporin increases the rate and length of remissions 
in insulin-depende.nt diabetes of recent onset - results of a 
multicentre double-blind trail, lancet, i:119-124. 

Foulis, A.Ko. Bottazzo. G.F., 1987. Insulitis - 1986. in 'The Pathology 
of the Endocrine Pancreas in Diabetes'. P. Lefebvre & D. Pipeleers 
Eds. Springer-Verlag, Berlin (in press). 

Foulis, A.Ko & Farquharson, M.A., 1986, Aberrant expression of HLA-DR 
antigens by insulin containing beta cells in recent onset Type I 
(insulin-dependent) diabetes melli tus. Diabetes. (in press). 

Hanafusa, T •• Pujol-Borrell, R., Chiovato, 1., Doniach, D., Bottazzo, 
G.F., 1984, In vitro and in vivo reversal of thyroid epithelial 
polarity: its relevance for autoimmune thyroid disease. Clin. expo 
Immunol., 57:639-646. 

Hanafusa, T., Pujol-Borrell, R., Chiovato, L., Russell, R.C.G., Doniach, 
D. & Bottazzo, ~F., 1983, Aberrant expression of HLA-DR antigen on 
thyrocytes in Graves' disease: relevance for autoimmunity, lancet, 
ii:1111-1115. ---

Hohlfeld, R., Toyka, KoV., Heininger, Ko, Gross-Wilde. H •• {{alies, I., 
1984, Autoimmune human T lymphocytes specific for acetylcholine 
receptor, Nature, 310:244-246. 

Iwatani, Y., Gerstein, H.C, Iitaka, M., Row, U.U. & Volpe, R., 1986, 
Thyrocyte HLA-DR expression and interferon-gamma in autoimmune 
thyroid disease • .:!!. Clin. Endocrinol. Metab., 63:695-708. 

Jansson, R., Karlsson, A. & Forsum, U., 1985, Intrathyroid HLA-DR 
expression and T lymphocyte phenotypes in Graves' thyrotoxicosis, 
Hashimoto's thyroiditis and nodular colloid goitre, Clin. expo 
Immunol., 58:264-272. --- ---

170 



Jalkanen, S., Steere, A.C., Fox, R.I. & Butcher, E.C., 1986, A distinct 
endothelial cell recognition system that controls lymphocyte 
traffic into inflamed synovium, Science, 233:556-558. 

Khoury, E.L., Bottazzo, G.F., Roitt, I.M., 1984, The thyroid 
'microsomal' antibody revisited: Its paradoxical binding in vivo to 
the apical surface of the follicular epithelium, ~ Exp. Med., 159: 
577-591. 

Khoury, EeL., Hammond, 1., Bottazzo, G.F., Doniach, D., 1981, Presence 
of organ-specific 'microsomal' autoantigen on the surface of human 
thyroid cells in culture: its involvement in complement-mediated 
cytotoxicity, Clin. expo Immunol., 45:316-328. 

Lendrum, R., Walker, S.G., Gamble, D.R., 1975, Islet cell antibodies in 
juvenile diabetes mellitus of recent onset, Lancet, i:880-882. 

Londei, M., Bottazzo, G.F. & Feldmann, M., 1985, Human T cell clones 
from autoimmune thyroid glands: specific recognition of autologous 
thyroid cells. Science, 228:85-89. 

Londei, M., Lamb, J.Re, Bottazzo, G.F. & Feldmann, M., 1984, Epithelial 
cells expressing aberrant MHC Class II determinants can present 
antigen to cloned human T cells, Nature, 312:639-641. 

Loveridge, N., Bitensky, L., Chayen, J., Hausamer, T.U., Fischer, J.M., 
Taylor, KoB., Gardner, J.D., Bottazzo, G.F., Doniach, 1)., 1980, 
Inhibition of parietal cell function by human gamma-globulin 
containing gastric parietal cell antibodies, Clin. expo Immunol., 
41:264-270. ----

Lucas-Martin, A., Foz, M., Todd, I., Bottazzo, G.F., Pujol-Borrell, R., 
Inappropriate HLA Class II expression in a wide variety of thyroid 
diseases, (submitted for publication). 

Nitsch, 1. & Wollman, S.Re, 1980, Ultrastructure of intermediate stages 

in polarity reversal of thyroid epithelium in follicles in 
suspension culture. ~ Cell. BioI., 86:875-882. 

Nunez, G., Ball, E.J. & Stastny, P., 1983, Accessory cell function of 
human endothelial cells. I. A subpopulation of Ia positive cells is 
required for antigen presentation. ~ Immunol., 131:666-673. 

Pinchera, A., Fenzi, G.F., Mariotti, S., Vitti, P., Macchia, E., 
Chiovato, 1., Marcocci, C., Bartalena, 1., 1984, Membrane antigens 
in thyroid autoimmune diseases. in 'Endocrinology' .F. Labri & L. 
Proulx, eds., Excerpta Medica, Amster4am, pp 469-472. 

Plotz, P.H., 1983, Autoantibodies are anti-idiotype antibodies to 
antiviral antibodies, Lancet, 11:824-826. 

Pujol-Borrell, R., Hanafusa, T., Chiovato, L. & Bottazzo, G.F., 1983, 
Lectin-induced expression of DR antigen on human cultured 
follicular thyroid cells. Nature, 303 :71-73. 

Pujol-Borrell, R., Todd, I., Adolf, G.R., Feldmann, M. & Bottazzo, G.F., 
1986a, In vivo and in vitro demonstration of HLA Class II products 

171 



on human islet beta cells. in 'Proceedings of Symposium on 
Immunology of Diabetes, Edmonton, Canada, June 1986' G.D. Molnan & 
M.A. Jaworski, eds. (in press). Elsevier Science Publishers, 
Amsterdam. 

Pujol-Borrell, R., Todd, I., Doshi, M., Gray, D., Feldmann, M. & 
Bottazzo, G.F., 1986b, Differential expression and regulation of 
MHC products in the endocrine· and exocrine cells of the human 
pancreas, Clin. expo Immuno l., 65 :128-139. 

Sibley, D.K., Sutherland, D.F.R., Goetz, F.C., Michael, A.F. (1985). 
Recurrent diabetes mellitus in the pancreas iso and allograft : a 
light and electron microscopic and immuno-histochemical analysis. 
Lab. Invest., 53:132-145. 

Smyth, P.P.A., McMullan, N.M., Grubeck-Loebenstein, B., O'Donovan, D., 
1986, Thyroid growth-stimulating immunoglobulins in goitrous 
disease, Acta Endocrinol., in pres~ 

Stiller, C.R., Dupre, J., Gent, M., Venmer, M.R, Keown, P.A., Laupacis, 
A., Martell, R., Rodger, N.W., Groffenied, B.V., Wolfe, B.J.J., 
1984, Effect of cyclosporine immunosuppression in insulin
dependent diabetes mellitus of recent onset. Science, 223:1363-
1367. 

Todd, I., Abdul-Karim, B.A.S., Pujol-Borrell, R., Feldmann, M. & 
Bottazzo, G.F., 1986a, Dissection and characterization of the 
spontaneous and induced expression of ~LA-D/DR by thyroid 
epithelium, in 'Frontiers in Thyroidology', Plenum Press, New York, 
pp. 1587-1592. 

Todd, I., Lucas Martin, A., Abdul-Karim, B.A.S., Hammond, L.J. & 
Bottazzo, G.F., 1986b, HLA-D subregion expression by thyrocytes is 
associated with the occurrence of circulating thyroid 
autoantibodies, Ann d'Endocrinol, 47:20 (Abstract). 

Todd, I., McNally, J.M., Hammond, L.J. & Pujol-Borrell, R., 1986c, TSH 
enhances expression by thyrocytes of interferon-gamma induced HLA
D/DR, in 'Frontiers in Thyroidology', Plenum Press, New York, pp. 
1551-1554. 

Todd, I., Pujol-Borrell, R., Hammond, L.J., Bottazzo, G.F., Feldmann, 
M., 1985. Interferon-gamma induces HLA-DR expression by thyroid 
epithelium. Clin. expo Immunol., 61:265-273. 

Todd, I., Pujol-Borrell, R., Londei, M., Feldmann, M., Bottazzo, G.F., 
1986c, Inappropriate HLA Class II expression on epithelial cells: 
consolidation and progress. in 'The Thyroid and Autoimmunity', H.A. 
Drexhage and W.M. Wiersinga;-eds. International Congress Series, 
711. Excerpta Medica, Amsterdam, pp 112-138. 

172 



Van der Gaag, R.D., Drexhage, R.A., Dussault, J.R., 1985a, Role of 
maternal immunoglobulin blocking TSH-induced thyroid growth in 
sporadic forms of congenital hypothyroidism, Lancet, i:246-250. 

Van der Gaag, H.A., Drexhage, H.A., Wiersinga, W.M., Brown, R.S., 
Docter, R., Bottazzo, G.F., Doniach, D., 1985b, Further studies on 
thyroid growth-stimulating immunoglobulins in euthyroid nonendemic 
goiter, l.!.. Clin. Endocrinol. Metab., 60:972-979. 

Wulffraat, N.M. & Drexhage, H.A., 1986, Immunoglo bulins stimulating and 
blocking adrenal growth, in: Proceedings of First International 
Conference on Hormonesllnd Immunity, Toronto, July 1986, 
(Abstract). 

Correspondence to: 

G F Bottazzo 
Department of Immunology 
Arthur Stanley House 
The Middlesex Hospital Medical School 
40-50 Tottenham Street 
London W1P 9PG, UK 

173 



MOLECULAR AND FUNCTIONAL CHARACTERIZATION OF GENES ENCODING ANTI-THYRO-

GLOBULIN AND ANTI-TSH RECEPTOR ANTIBODIES 

Marc Monestier and Constantin A. Bona 
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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 (Z), 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-Zq, s, or k haplotype are high responders, mice 
of H-Zd 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 I-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 

BALB/c immunized 
with TSH 

BALB/c immunized 
with TG 

CBA/J immunized 
with TG 

Motheaten 
"spontaneous" 

Specificity Designation and Isotypes Reference 

TSH LE-4(y1k) (7) 
receptor 

TG 1-15 (y1k), 6ZId (y1k) (8) 
B10HZAZ(y1k),APDB6(y1k) 

TG 10.VA2(~k),10.IA1(y1k)8.4A3 (9) 
(~k),8.IDZ(yZbk),8.IB1(~k), 

TG 

8.4D1(~k) 

OO59-9(~k), 0037-5 (~k), 0040-3 (~k) (10) 
UN40-6(~k),OO40-9(~k) 

LPS stimulated 
BALB/c lymphocytes 

TG B93(~k) (11) 

LPS stimulated 
NZB lymphocytes 

TG Z1l3(~k) ,Z51(~k) (11) 

The data presented in Table Z 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 Z. Antigen inhibition of binding of monoclonal antibodies 
b~ th~roglobulin 

Antibody Plates coated with % inhibition with 150ng 
BSA TG 

Z51 550±61 2,754±587 24 
Z113 681±43 5,242±717 15 
B93 365±39 1,276±56 0 
0037-5 1,115±120 6,587±38 15 
0059-9 618±62 2,610±2 80 
0040-3 910±59 7,567±1l34 50 
0040-6 1,181±54 16,741±267 40 
0040-9 1,330±24 9,933±184 70 
8. loBI 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 'uotheaten" mice or 
from LPS stimulated lymphocytes obtained from ''normal'' strains (BALB/c) 
or auto-immune prone stratns (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 
IgG2a G2a,TG 

UN40-6 TG,Sm,TF TG TG,MBP,G2a,Sm 
MBP,Fc Sm Sm,MBP,G2a 

TR MBP,G2a 
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 
IgG2a IF,G2a, 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 p~el of 
auto-Ab encoded 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 from CBA/J mice 
immunized with TG which bound to two synthetic polypeptides (Table 6). This 
8l.BI bound to GT (co-polymer of L-glutamic acid50 and L-Tyrosine50) and 
8.4A3 binds to GT and G~ (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 
(lO\.Ig/ml) _____ l'lates c:.::o:.:::a:.::t:.::e:.::d,-w=it.::;h:.:.-.--,w,-,i:..:t~h::....::l:.::5=n ... g_a=n::.t:-~i::.lg""e:..:n:;:./..,:w:.::e::l:.::l:...-__ 

TG GT 

8.loBI TG 6,537±696* 76.3% 84.8% 
GT 5,070±347 74.4% 88.2% 

TG GT GL; 
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 ~g/ml antigen, incubated with 10 ~g/ml 
chromatographically purified antibody and then with 125I-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 (HI30), one express the J558 
cross-reactive idiotype which dominate the anti--ul-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 

Yl9-anti-LPSI0 
Y2-anti-Y2 
H130-anti-H130 
J558-CD3-2 
PY21l-63.4 

36-65-AD8 

Specificity of 
idiotype 

Fc fragment of IgG 
Sm 
DNA 

cll-3 dextran 
HA of PR8 influenza 
virus 

Arsonate 

Antibodies exhibiting 50% inhibit
ion with 500ng chromatographically 
purified antibody 

10VA2,8.4Al,8.4A3,8.IBl,LE4 
Z1l3 
10VA2,8.I Bl 
81 B1 
81 D2 

lOVA3 

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 VH gene family (14,15). The data presented in Table 6 
show that 11 use genes for VH7183, 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' VH gene families. 
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Table 6. VH genes used by antibodies exhibiting specificity for 
thyroglobulin and TSH receptor 

VH gene family 

J606 
J55S 
QPC52 
71S3 

VI. DISCUSSION 

UN37-5 
10VA2,S.4A3,SIBl,SID2,UN59-9 
S.4Dl 
lOIA1, l-15,62-Id,B10H2A2,UN40-9,UN40-6 
UN40-3,B93,Zl13,Z5l,B93,LE4 

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 respondexs BALB/c 
mice (H-2b) 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. In 
addition, TG specific MAbs share idiotopes with either autoantibodies with 
various specificities or antibodies specific for foreign antibodies. 
Zanetti et al. (IS) 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 idiot opes 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 auto reactive clones and 
therefore could contribute to the onset of certain auto-immune diseases. 
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AUTOANTIGENICITY OF MURINE THYROGLOBULIN 
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PRESENTATION OF THYROGLOBULIN BY PRIMED B-CELLS 

It is only comparatively recently that convincing evidence has 
emerged for the involvement of B-cells in antigen presentation1,2,3,4. 
Because of the unique binding property of the Ig receptor, the antigen 
concentration for effective presentation may be many times lower than 
that needed by a non-specific antigen presenting cell (APC)3,5. In 
autoimmunity where antigen concentration may be limiting, presentation 
by B-cells could play an important part in the development of disease, 
particularly as it has been shown that such autoantigen-specific B-cells 
do exist in the repertoire of normal individuals6• To test this 
hypothesis, we have employed as a source of APC, normal murine B-cells 
which have been primed in vivo to the autoantigen thyroglobulin (Tg). 
B-cells obtained in this way were treated for their efficiency at 

+ - + k presenting Tg t~ CH9, an Lyl 2 , L3T4 , I-A restricted T-cell hybridoma 
specific for Tg • 

When Tg primed spleen cells were cultured with CH9, a concentration 
of 0.1 to 1.0 pg/ml Tg was sufficient to activate the hybrid om a cells. 
Activation was measured by increased production of IL-2 which was 
assayed using an IL-2-dependent CTL line as an indicator cell. In 
contrast, when non-primed spleen cells were used as APe, comparable 
activation was only seen at an antigen concentration of 50 pg/ml. High 
efficiency antigen presentation by primed cells at 1 pg/ml was 
unaffected by the removal of T-cells (anti-Thy 1.2 treatment), whereas 
B-cell removal (treatment with the B-cell specific monoclonal antibody 
LR-l; a gift from S. Marshall-Clarke, University of Liverpool) 
completely abrogated presentation at 1 pg/ml while leaving presentation 
at 50 pg/ml intact (Fig.l). This indicates the presence of at least two 
distinct antigen presenting populations in primed spleen cells which 
vary both in their sensitivity to LR-l treatment and in the range of 
antigen concentrations over which they are active. In non-primed spleen 
cells, only the low efficiency component was detectable (at 50 pg/ml) 
and this was resistant to both anti-Thy 1.2 and LR-l treatment. 

Because LR-l is known also to affect dendritic cells (5. Knight, 
personal communication), B-enriched rat Tg primed spleen cells were 
further treated with 33Dl and rabbit complement to remove dendritic 
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Fig. 1. EFFECT OF T- OR B- LYMPHOCYTE DEPLETION ON PRESENTATION OF Tg TO 
CH9 BY PRIMED SPLEEN CELLS. Primed or non-primed spleen cells 
were depleted of T- or B-cells as described in the text, irradiated 
(2000R) and used to present rat Tg to the Tg-specific T-cell 
hybridoma, CH9. Results are expressed as 125I-deoxyuridine 
incorporation by the IL-2-dependent CTLL cells cultured in super
natants (50%) from CH9 cultures (mean of triplicates + S.E.). 

cells from the presenting population (33Dl is a monoclonal antibody 
specific for dendritic cells, kindly provided by Dr. R. Steinman, 
Rockefeller University, New York). Primed cells treated in this manner 
presented rat Tg over a dose range of 1-50 pg/ml as efficiently as 
primed cells treated with rabbit complement only. When mice were primed 
with ovalbumin or rat Tg, presentation of rat Tg to CR9 at 1 pg/ml only 
occurred with Tg primed cells, although all populations, regardless of 
priming specificity, could present Tg at 50 pg/ml. 

We next examined the role of the surface Ig receptor in the 
efficient presentation by B-cells. Rat Tg primed B-cells were pulsed 
overnight with rat Tg (1-10 pg/ml), washed twice and used to present to 
CH9 without further addition of Tg. Such pulsed cells were efficient 
presenters but if the primed B-cells were preincubated with sheep anti
mouse F(ab')2 (SaM) (50 pg/ml) for 30 minutes before the pulse, 
presentation of antigen to CR9 was blocked (Fig.2). Preincubation with 
purified normal sheep immunoglobulin however, had no effect on 
presentation to CH9. In other experiments, preincubation with LR-l 
(1/250), which is known to bind to a marker other than the surface Ig 
receptor, also had no effect. Presentation was similarly blocked by 
adding SaM directly to mixtures of B-cells, CH9 and Tg in culture. 
These data indicate that B-cell surface immunoglobulin receptors are 
involved in antigen specific presentation. There appears to be a 
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reciprocal interaction between CR9 and primed B-cells, since when CR9 is 
cultured with a T-cell depleted, primed spleen cell population and low 
concentrations of antigen, it can induce the primed B-cells to produce 
Tg antibody. This antibody was detected both in an Elispog assay which 
enumerates the specific antibody forming cells and in a 
radioimmunoassay which measures the amount of antibody produced (Fig.3). 
Therefore, in this system, the primed B-cells not only present antigen 
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Fig. 2. BLOCKING OF PRESENTATION BY PRIMED B-CELLS WITR SHEEP ANTI-MOUSE 
F(ab')2 ' Tg-primed B-cells were pulsed overnight with rat Tg and, 
where indicated, were prepulsed with sheep anti-mouse F(ab')2 
(SaM) or sheep immunoglobulin (SIg). Next day, the B-cells were 
washed and used to present rat Tg to CR9 as in Fig.l . No further 
antigen was added to the culture. 

to the T-cells but the T-cells then provide help for the B-cells to 
produce specific antibody. In the system described here, it appears 
that B-cells primed to the autoantigen Tg, are capable of presenting 
that antigen to a T-cell hybridoma CR9, in a highly efficient and 
antigen-specific manner. It seems probable from the experiment using 
SaM to block the surface Ig receptors, that antigen binding to specific 
immunoglobulin on the B-cell is obligatory for presentation at low 
antigen concentrations. This sllRPorts observations by several other 
workers using foreign antigens3,4,S. 
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Fig. 3. RESPONSE OF PRIMED B-CELLS TO HELP PROVIDED BY STIMULATED CR9 . 
Rat Tg was presented to CR9 (irradiated, 1500R, to prevent over
growth in cultures) by rat Tg primed B-cells. The ability of 
such stimulated CR9 to help B-cell antibody production was 
measured by an Elispot assay after 5 days of coculture. Secreted 
anti-Tg antibody from these washed B-cells was also assessed by 
RIA after a further 7 days in culture. 

Removal of dendritic cells by treatment with 33Dl did not affect 
presentation at low antigen concentrations. However, this does not 
preclude dendritic cells from being involved in presenting Tg at higher 
antigen concentrations; the role of dendritic cells in primary 
responses to a variety of antigens is well documented 9 ,10. It is 
unlikely that there are enough antigen specific B-cells in non-primed 
animals to contribute significantly to presentation of antigen during a 
primary response. 

We show here that not only do Tg-primed B-cells present antigen to 
CH9 at low concentrations, but that they can subsequently be induced by 
stimulated CH9 to secrete anti~Tg antibodies. B-cell presentation may 
represent a means by which an initial triggering event, priming both B
and T-cells, may allow maintenance of autoreactive responses in ~ in 
the presence of low concentrations of circulating antigen. 
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THE ROLE OF IODINATION IN AUTOANTIGENICITY 

A number of studies have suggested a link between the level of 
diet1rI iodine and the incidence y§ f~yroid autoimmunity both in 
man l , 2 and experimental animals ' • Since the thyroid gland 
incorporates iodine into Tg for the synthesis of the thyroid hormones 
thyroxine (T4) and tri-iodothyronine (T3), it seems reasonable to 
suggest that igdination influences the immunogenicity of Tg. Sundick 
and colleagues l have shown recently that highly iodinated chicken Tg is 
more autoimmunogenic than poorly iodinated Tg. Although the immunologic 
basis for this observation is not yet clear, one possibility is that T
cells will only recognise Tg when it is sufficiently iodinated. We have 
analyzed ~l~ouse autoreactive T-cell lines and hybridomas specific for 
murine Tg' for their ability to recognise Tg iodinated to different 
degrees. For simplicity, the results with one T-cell clone (MTg9B3) 
will be presented although a second, independently-derived cloned T-cell 
population gave similar results. 
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Fig. 4. EFFECT OF IODINATION ON ANTIGENICITY OF HUMAN Tg. The Tg-specific 
T-cell clone (MTg9B3) was tested in a 3-day proliferation assay, 
using syngeneic irradiated spleen cells to present antigen, for 
its ability to respond to a panel of human Tg's differing in their 
degree of iodination(prepared from post-mortem thyroid tissue). 
The different preparations are labelled with their code-letter and 
degree of iodination represented by their T4 content (T4 residues 
per mole Tg). Proliferative responses were assessed by the 
incorporation of 125I -deoxyuridine. 
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The mouse autoreactive Tg-specific clones hav~ bjen shown to 
recognise an epitope which is also present on human Tg ,1. We tested 
MTg9B3 for its ability to respond to a panel of human Tg's, which 
differed in their degree of iodination (as measured by their content of 
T4 and T3). As shown in Fig.4, the level of response was dependent upon 
the degree of Tg iodination. Thyroglobulins with very low iodine 
content (JO.08 in Fig.4 and others not shown) failed to stimulate the T
cells. The level of response did not show a strict rank-order 
correlation with iodine content, but this is not surprising since a 
number of tyrosine residues can be iodinated and it is not yet known 
which region of the Tg molecule is recognised by the T-cell clone. 

To substantiate these observations, we prepared normal (iodinated) 
and non-iodinated mouse Tg from matched groups of mice. Non-iodinated 
Tg was produced by supplementing the diet with the peroxidase-blocking 
drug, aminotriazole (ATA), for 3-6 weeks prior to collecting the 
thyroids. This procedure induced large goitrous thyroids, the Tg from 
which was shown to have undetectable levels of T4 (compared with 
approximately 3 T4 residues per mole for normal Tg). These Tg 
preparations were then examined for their ability to trigger MTg9B3. As 
shown in Fig.S, two separate preparations of non-iodinated Tg (ATA Tg) 
were unable to stimulate the T-cell clone, whilst the normally-iodinated 
Tg preparations triggered the cells perfectly well. This confirms the 
observation made with human Tg preparations, that this T-cell clone will 
only recognise Tg if it is sufficiently iodinated. As stated 
previously, this conclusion is also true for another independently
derived Tg-specific T-cell clone. 
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Fig. 5. EFFECT OF IODINATION ON ANTIGENICITY OF MOUSE Tg. MTg9B3 T-cells 
were tested in a proliferation assay (as described in Fig.4) for 
their ability to respond to normal and non-iodinated (ATA) Tg 
preparations. Two separate preparations (57 and 62) of each Tg 
were made from groups of sibling mice. Normally iodinated Tg 

186 

(57A and 62A) was prepared from mice on a conventional diet where
as non-iodinated Tg was prepared from mice which had their diet 
supplemented with the peroxidase-blocking drug aminotriazole (ATA) 
for three (57B) or six (62B) weeks. 



This observation in the mouse appears to be specific for T-cells 
since, unlike data from chickens 15, Tg autoantibodies (both polyclonal 
and monoclonal) fail to discriminate between normal and non-iodinated 
autologous Tg preparations (data not shown). Preliminary observations 
also indicate that non-iodinated mouse Tg may be unable to induce 
thyroiditis when injected with an appropriate adjuvant. If confirmed, 
this implies that iodination of Tg ~s a requirement for recognition by 
T-cells involved in pathogenesis but not for all T-helper cells 
important in antibody production. 

The mechanistic basis for the involvement of Tg iodination in 
antigen recognition by these T-cells is still open to speculation. An 
iodinated tyrosine residue (mono- or di-iodotyrosine) or thyroid hormone 
(T3 or T4) may form part of the epitope recognised by the T-cell or may 
be important for the appropriate association of correctly processed Tg 
with the MHC class II molecule (I-Ak in this case). Alternatively, 
iodination may be important for the correct processing of Tg by the 
antigen presenting cell. A further possibility is the involvement of 
dehydroalanine residues created in the molecule at the site of donor 
tyrosine residues used to form T4 and T3• We are currently attempting 
to determine which of these (or other) possibilities are correct by 
further characterization of the epitope(s) using Tg fragments. 

It is tempting to speculate that the influence of dietary iodine on 
human thyroid autoimmunity might be due to a similar mechanism to that 
described here, although there is as yet no data available to support 
this. Since the thyroid is very efficient at producing T3 and T4 
residues even under conditions of low iodine content, it may be that the 
important regions of Tg are those tyrosine residues not involved in 
hormonogenesis. 
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A large body of clinical and experimental evidence points to a gene

tic predisposition toward the development of autoimmune thyroid disease. 
1 During the past several years, work in our laboratory as well as by 

others 2 has resulted in significant progress in sorting out the several 

genetic factors that influence thyroid autoimmunity in human populations. 

In these investigations, we have derived considerable benefit from our 

earlier analyses of the genetic determinants of autoimmune thyroiditis in 

the Obese strain (OS) chicken. 3 This strain of birds develops a sponta

neous form of thyroiditis that closely resembles human Hashimoto's disease. 

It is marked by extensive mononuclear infiltration of the thyroid gland 

and production of thyroid-specific autoantibodies, especially to thyroglo

bulin (Tg). In our studies of the OS chicken, the key finding was that 

the occurrence of disease is not the result of any single gene, but rather 

a conglomeration of several unrelated genetic lesions. 4,5 We found no 

evidence for "disease susceptibility" genes as such. Rather, our findings 

suggested that genes widely distributed among chickens derived from t.he 

original Cornell colony have a number of consequences that, in the aggre

gate, favor the spontaneous development of autoimmune thyroid disease. 

We recognize that this view differs substantially from that of many other 

investigators, who suggest that etiology of autoimmune disease is based on 

an abnormal gene in the major histocompatibility complex (MHC).6 

* This study was supported by grants from the National Institutes of 
Health, ffAG04362, ffAI2l088, #AM3l632, and ffAR35383. 

**Present address: Centro Nacional de Microbiologia, Majadahonda, Madrid, 
Spain. 
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Our conclusions derive largely from investigations by our own group 

and those of Wick and his colleagues,7 which have delineated at least 

three broad categories of genes that seem to favor the development of 

thyroid autoimmunity. The first set of genetic traits is associated with 

the MHC of the chicken, the !-10cus. 8 Based on parallel studies in the 

mouse, it seems likely that this gene, or set of genes, regulates the 

immune response to thyroglobulin. 

We later found evidence for a second, independent genetic abnormality 

in some members of the OS.9 The major impact of this lesion is on the de

velopmental sequence of T-cell subpopulations in the thymus, so that thymic 

cells that are mainly suppressive in their function emigrate from the gland 

somewhat later than T cells with a helper-inducer function. Evidence for 

a thymic lesiol1 is based both on indirect functional studies as well as on 

direct investigations of the thymic cells. IO 

Finally, there is an increasing body of evidence pointing to an in

trinsic defect in the thyroid gland of OS and related strains of chickens. 

The probable effect of this lesion is to alter the incorporation of iodide 

into thyroglobulin, an abnormality that seems to increase the immunogeni

city of this molecule. These important studies, carried out primarily by 

Sundick and his cOlleagues,11,12 emphasize the importance of a physiologi

cal lesion in the target tissue for the development of the pathological 

manifestations of thyroiditis. 

It is useful to compare the interplay of these three types of lesions 

with respect to the development of an organ-localized disease, such as thy

roiditis. The defects in the immunoregulatorysystem associated with the 

MHC give rise to a more vigorous response to one, or a small number of, 

epitopes on the thyroglobulin molecule and, therefore" can be considered 

antigen-specific. The abnormality in thymus function, on the other hand, 

pertains to a number of immunological responses and perhaps is the explana

tion for the production by OS chickens of several autoantibodies in addi

tion to the antibodies to thyroglobulin. It should be noted that these 

additional autoantibodies do not usually result in disease. Finally, the 

genetic lesions of the thyroid gland suggest that there may be thyroid ab

normalities in the OS, which mayor may not pertain to an autoimmune re

sponse. The juxtaposition of these three apparently unrelated lesions, 

however, produces the thyroid specificity of the autoimmune process. 

GENETICS OF EXPERIMENTAL AUTOIMMUNE THYROIDITIS IN THE MOUSE 

Experimental autoimmune thyroiditis (EAT) can be induced in mice by 

injection of mouse thyroglobulin (MTg) with an adjuvant, such as complete 

Freund's adjuvant (CFA). Some mouse strains are highly susceptible to EAT, 
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producing elevated titers of antibodies to thyroglobulin and severe 

lesions; other strains are relatively resistant, as evidenced by lower 

antibody titers and minimal or no lesions in their thyroids. The avail

ability of inbred mouse strains allowed us to map the major gene predis

posing to EAT to the MHC, a finding that was directly confirmed using 

congenic strains. Strains of the H-Z k, s or q haplotypes were desig

nated high responders, whereas strains with the b, d, g, i or v haplotypes 
13 were low responders The susceptibility to EAT is inherited as an auto-

somal dominant, since Fl animals between high- and low-responder parents 

are generally good responders. In the FZ generation, high response segre

gates with the high-responder H-Z haplotyp~. 

Detailed studies, using intra-H-Z recombinant mouse strains, permitted 

further localization of the major MHC gene controlling the EAT to the I-A 

locus. 14 This gene has been referred to as Ir-Tg. The basic pattern of 

H-2-regulated response to MTg has been shown to hold, regardless of the 

particular procedure or adjuvant used for inducing disease; for exampl~, 
15 Okayasu has found similar genetic control of thyroiditis induced by thy-

roid transplan~ation to the renal capsule together with injections of 

lipopolysaccharide. Thus, it is safe to conclude that the immune respon

siveness relates to recognition of the thyroglobulin rather than to the 

action of an auxiliary factor, such as adjuvant. 

Cell transfers were carried out in order to determine the cellular 

basis of genetic control of the immune response. Mice reconstituted with 

T lymphocytes from good responder strains developed high responses to 

thyroglobulin, wherea3 animals reconstituted with T cells from poor respon

der strains developed only low responses. Therefore, the site of genetic 

regulation is the T-cell population rather than other immunologically 

active cells or the thyroid gland itself. 16 The responsible population of 

T cells was identified as the helper-inducer subset of Lyt 1+ cells by 

means of lymphocyte proliferation assays.l? In adoptive transfer experi

ments with EAT, lymphocytes were primed in vivo with MTg and adjuvant and 

then restimulated in vitro with MTg. Only activated lymphocytes from good 

responder strains of mice were able to transfer disease. 18 A similar pat

tern of I-A-determined responsiveness was found by Salamero and 

Charreire19 by in vitro induction of thyroid autoimmunity. 

Initial studies by Tomazic et al. 20 suggested that additional genetic 

controls of the 

the H-Z region. 

tic control was 

response to thyroiditis are encoded to the right of I-A in 

Using intra-H-Z recombinant mice, a second locus of gene-
- 21 

traced to the D end of H-2. This locus dealt primarily 

with the severity of thyroid lesions rather than the titers of antibodies 

to thyroglobulin. The K end of H-2 also seems to affect the development of 
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h "d 1" 22 t yro1 eS1ons. These findings suggest that the Class I gene products, 

H-2D and H-2K, are restricting elements for the cytotoxic effector cells of 

autoimmune thyroiditis, whereas Class II gene products, such as la, are in

volved in recognition of thyroglobulin and initiation of the iF~une 

response. 

MHC genes are the major elements determining the autoimmune response 

to MTg. In addition, genes outside of the MHC affect the disease process. 

A clear indication of the influence of non-MHC genes can be seen when 

strains of mice matched at the H-2 region but varying in background genes 

are compared. Significant differences in antibody titers and incidence of 

disease can be shown to depend upon non-H-2 background genes. We have been 

exploring these non-H-2 genes, using recombinant-inbred and congenic 

strains of mice. It has been possible to localize one gene influencing the 

autoantibody titer to MTg to chromosome 12. The gene appears to map close 

to the 5 ' -end of the Igh-V complex. The results suggested that the IgG sub

class distribution of the anti-MTg antibody response may be controlled by 

gene(s) linked to or within the Igh locus. 

To investigate the role of Igh-V genes in regulating the distribution 

of antibody subtypes, we have examined the influence of the Igh haplotype 

on isotype expression of MTg antibodies in a large number of strains of in

bred mice. The relative IgG subclass distribution was measured using an 

ELISA assay. Animals were immunized with MTg in CFA and bled periodically 

to trace their relative IgG subclass distribution. The IgG-I subclass was 

dominant in the anti-MTg response. The IgG-3 subclass was present only in 

very small amounts and often not detectable. IgG-2b antibody was found in 

all strains and IgG-2a in most strains tested. However, Cs7BL/6 mice fail

ed to produce a significant IgG-2a antibody response to MTg. This subclass 

restriction did not apply to unrelated antigens given to the same strain of 

mice. 

To determine directly whether the diminished IgG-Za response of 

Cs7BL/6 mice to MTg was due to the Ighb gene, we tested the congenic CBA 

and CBA-Ighb strains. Since both of these strains are H_Zk, they are high 

responders to MTg and differ only around the Igh locus. The Ighb-bearing 

strain failed to produce a significant IgG-2a response to MTg. Neverthe

less, the overall response of CBA-Ighb mice to MTg was as high or higher 

than that of the comparable CBA mice, indicating that the anti-MTg response 

in other subclasses was raised. 

To confirm the location of the gene regulating the IgG-2a response to 

MTg, BXH recombinant-inbred mice were tested. These strains represent gene

tic mixtures of C3H and Cs7BL/6 parental lines. These experiments also 

mapped regulation of the IgG-Za response to the IgH region. 
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These findings make it clear that one of the non-H-2 genes regulating 

the immune response of mice to MTg is closely associated with the IgH 

locus. The cellular basis of this regulation has not yet been determined, 

but we suggest that it is based on a T-cell restriction in the subclass 

switching of the MTg response. Further experiments are necessary to ascer

tain what effect, if any, this subclass restriction has on the pathological 

changes in the thyroid gland. 

ISOTYPE DISTRIBUTION OF HUMAN ANTI-THYROGLOBULIN IgG ANTIBODIES 

In most respects, the principal genetic traits influencing thyroid 

autoimmunity in mice have found their counterparts in humans. The major 

genetic risk factor in autoimmune thyroid disease is the human MHC, HLA. 

A second level of genetic control is associated with the Gm allotype, sug

gesting the IgG heavy chain may also be involved. 23 We decided, therefore, 

to investigate the isotype distribution of thyroid autoantibodies to see if 

we could find evidence of IgG subclass restriction. 

Among patients with autoimmune thyroid disease, the distribution of 

antibodies to human thyroglobulin (HTg) among Ig classes and subclasses has 

remained controversial for more than twenty years. Early reports showed 

that HTg antibodies can occur in IgM, IgA and IgG isotypes and in all four 
24 25 26 IgG subclasses. " More recent reports have pointed to a possible 

subclass restriction, mainly to the IgG-4 subclass. 27 ,28,29 Since the 

question may be important in deciding on the origin of autoantibodies to 

thyroglobulin, we reinvestigated isotype distribution using a unique col

lection of serum samples from juvenile patients with chronic lymphocytic 

thyroiditis or thyrotoxicosis, from their parents and siblings, and from 

healthy, age-matched controls. 30 ,31 In some instances, two or three serum 

samples were available at two- to four-year intervals over an eight-year 

period, enabling a long-term study to be undertaken. An occasional sibling 

developed thyroiditis or thyrotoxicosis during the eight-year study period. 

Several sets of identical twins were also included. Subclass distribution 

was determined with an ELISA, using monoclonal antibodies of defined speci

ficity. 

In comparing juvenile patients with thyrotoxicosis with those having 

chronic lymphocytic thyroiditis, it was evident. that subclass restriction 

was marked in some thyrotoxicosis patients. Black patients with thyrotoxi

cosis were especially striking in subclass restriction; for instance, of 7 

black patients examined, only 1 had anti-HTg in all four subclasses, while 

2 had IgG-I antibodies exclusively and the remainder had antibody in the 

IgG-I and IgG-3 subclasses. Among white children with ~hyrotoxicosis, most 

had Tg antibodies in all four subclasses, but 2 of 9 patients had 
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antibodies only in the IgG-l subclass. Where it was possible to follow the 

patients, these subclass restrictions diminished over the eight-year obser

vation period. 

Among parents of the thyrotoxicosis patients, 19 of 32 showed antibody 

to HTg. Of these, 6 of 12 were restricted to the IgG-l subclass and 1 to 

the IgG-3 subclass. It was also possible to compare the patients with their 

unaffected siblings. In this population, antibodies to HTg were relatively 

prevalent. Among the unaffected brothers and sisters of the juvenile thy

rotoxicosis patients, titers were generally low and, in many cases, found 

only in the IgG-l subclass. 

Of 12 juvenile patients with chronic lymphocytic thyroiditis, 6 had 

antibody in all four IgG subclasses; 3 in IgG-l, IgG-2, and IgG-3; 1 each 

in IgG-l and IgG-3 or IgG-l and IgG-2; and 2 in IgG-l. Thus, no particular 

pattern of isotype restriction was characteristic of the disease, nor were 

there any pronounced differences in the distribution of subclasses comparing 

patients with their unaffected siblings. However, 5 of 23 parents of the 

juvenile thyroiditis patients showed antibody restricted to IgG-l. 

In studies of humans with autoimmune thyroid disease and their rela

tives, therefore, 50% of thyrotoxicosis patients and their asymptomatic 

family members showed HTg antibodies mainly or exclusively in the IgG-l 

subclass. Antibodies seemed to appear first in this subclass, followed 

over time by IgG-3 or IgG-4, with IgG-2 appearing last. This sequential 

appearance of subclass-specific anti-HTg, as seen best in thyrotoxicosis 

patients and their asymptomatic relatives, was not so readily appreciable 

i~ cases of chronic lymphocytic thyroiditis. 

To summarize, in thyroiditis families all possible subclass combina

tions occurred. The relatively minor contribution of the IgG-2 subclass 

is analogous to the very minor contribution of mouse IgG-3 subclass to the 

anti-MTg response. Serum samples obtained at two- to four-year intervals 

from thyrotoxicosis or thyroiditis patients showed significantly more 

patients than unaffected siblings had anti-HTg antibody in all four IgG 

subclasses. 

DISCUSSION 

The antibody response to thyroglobulin is controlled by a number of 

different genes. The MHC, in particular the I-A subregion, has been shown 

to be the major locus in regulating the recognition of MTg in mice. This 

H-2 influence on the anti-MTg response is at the level of T cells and pro

bably determined by the magnitude of T-cell proliferation to MTg during 

initiation of the immune response. This MHC regulation itself may be 
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complex, since the control of induction of the immune response and produc

tion of autoantibodies differs from regulation of the cellular functions 

responsible for thyroid lesions. Even the inductive phase of the immune 

response itself depends on the balance of two T-cell populations with dif

fering genetic controls, one favoring the developme~t of the immune re

sponse, a TH subpopulation, and the second de~ressing antibody production, 

development of lesions and T-cell proliferation, a TS subpopulation. 15 

Control of the helper response is based mainly at the I-A locus, whereas 

the putative suppressor cell population is regulated by a gene, or genes, 

to the right of I-A, perhaps at I-E. On the other hand, the cytotoxic 

effects of the immune response to thyroglobulin are regulated by genes at 

the Q end and the! end of the H-2 complex. 

We have now found that the Igh region on chromosome 12 plays an impor

tant role in regulating the antibody response to MTg. The responsible 

genes reside within the boundaries of the Igh locus or are closely linked 

to that locus. Although Igh-associated genes affect the antibody response, 

their influence seems to be less in magnitude than the MHC-associated genes. 

Igh-linked variable-region structural genes have been shown to influ

ence the antibody response to several antigens through changes in fine spe

cificity, affinity or idiotypic expression. One explanation for these 

findings is that there is a favured selection of VH used in the MTg re

sponse according with the IgG-2a heavy chain allele. It is also possible 

that isotype selection depends upon isotype-specific helper T cells, such 

cells may not be stimulated in the presence of Ighb-bearing B cells speci

fic for MTg. In any case, it is clear that a gene associated with the Igh 

locus regulates the subclass distributioll of antibodies to MTg. 

In humans, subclass restriction ~s much more problematical. It does 

appear, however, that in selected populations of juvenile patients with 

thyrotoxicosis there is relative restriction of IgG subclass during the 

earliest immune response. Later, there is a broadening in subclass distri

bution, so that in most patients with fully developed thyrotoxicosis or 

lymphocytic thyroiditis HTg autoantibodies are found in all IgG subclasses. 

S~RY 

The genetic influence on subclass distribution was studied in the 

mouse experimental autoimmune thyroiditis (EAT) model and in human serum 

samples from patients and their first-degree relatives taken over an eight

year period. An IgG subclass-specific ELISA assay for thyroglobulin

specific antibody was developed, which was sensitive enough to detect sub

class differences even in low-titer sera. The murine EAT model clearly 

demonstrates that genetic control of anti-Tg antibody responses is 
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regulated by the MHC (H-2) region. In the mouse, the studies show a linkage 

of the control of subclass distribution to the IgG heavy chain locus. It 

could be mapped using several strains, including mice congenic around the 

Igh locus and in recombinant-inbred strains. Mouse strains bearing the 
b IgH haplotype only produced minor amounts of IgG-2a antibodies. Data from 

both the congenic strains CBA versus CBA-Ighb and from the BXH recombinant

inbred mouse strains map this restriction in response to the Igh locus. In 

the human studies, sera from families of juvenile patients suffering from 

chronic lymphocytic thyroiditis or thyrotoxicosis were examined. In 50% of 

thyrotoxicosis patients and in asymptomatic family members, Tg antibodies 

seemed to appear first in the IgG-l subclass followed over time by IgG-3 or 

IgG-4, with IgG-2 appearing last. The sequential appearance of subclass

specific anti-Tg antibodies as seen in the thyrotoxicosis families was not 

so readily appreciable in the case of the patients with chronic lymphocytic 

thyroiditis and their relatives. Combinations of IgG-l together with IgG-2, 

IgG-3 and IgG-4 were occasionally found in thyrotoxicosis families, while in 

families with chronic lymphocytic thyroiditis all possible subclass combina

tions could occur. The relatively minor contribution of the IgG-2, at least 

among the thyrotoxicosis patients, is analogous to the very minor contribu

tion of the mouse IgG-3 subclass to the anti-Tg responses. Serum samples 

obtained at two- to four-year intervals from seven thyrotoxicosis families 

and eight families with chronic lymphocytic thyroiditis showed significantly 

more patients than unaffected siblings had anti-Tg antibody in all four IgG 

subclasses. 
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GENETIC BASIS OF SPONTANEOUS AUTOIMMUNE THYROIDITIS 

iNTRODUCTION 
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Autoimmune diseases, both organ-specific and systemic, have a multi
factorial basis with a definite genetic component. Most investigations 
on the theoretically and practically important problem of autoimmunity 
have focussed on the genetic basis of the aberrant immunological reacti
vity in experimental animals and man afflicted with autoimmune disease 
(for Review see I, 2). Much less emphasis has been given to the role 
of hormones as facultative factors modulating the development and severity 
of autoimmune diseases, reflected, e.g., by the preponderance of most 
- but not all - of these conditions in females 3 ,4. Our own group has 
advocated a role for genetically determined primary alterations OD the 
target organ as an obligatory prerequisite for the emergence of sponta
neous autoimmune thyroiditis (SAT) based on studies on the Obese strain 
(OS) of chickens. This new concept is schematically depicted in Figure 
.! and has been presented in several recent reviewsS , 6. As can be seen 
in Figure I both obligatory and facultative factors, the latter having 
a modulatory role only, contribute to the final outcome of a given auto
immune disease. The OS chickens, which spontaneously develop an autoimmune 
thyroiditis early in life that closely parallels human Hashimoto thyroi
ditis, are especially suited as an animal model for the study of the 
relative contributions of the different factors outlined in Figure 1. 
Chickens have several advantages over mammalian species for this kind 
of investigation, (a) the extramaternal development of the embryo, (b) 
large numbers of offspring can be obtained from each pair of parents, 
(c) the expression of major histocompatibility complex (MHC = B locus 
in the chicken) antigens on the surface of the nucleated erythrocytes 
which allows easy and efficient tissue typing, (d) the characteristic 
morphological dichotomy of the avian immune system, and (e) the availabi
lity of inbred and even congenic normal strains of chickens for cross
breeding and backcross experiments. 

The present discussion will be based on the results of classical 
immunogenetic breeding experiments performed in our laboratory during 
the past few years, but will also take into account data from ourselves 
and others during the earlier stages of the development of this strain. 
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Figure 1. Schematical representation of the multigenic basis for SAT. 

DEVELOPMENT OF THE OS 

The OS was originally developed by Dr. R.K. Cole, now Professor 
emeritus, at Cornell Veterinary College, Ithaca, New York, by selective 
breeding of a few female animals of the Cornell C strain (CS) showing 
phenotypic sympto~s of hypothyroidism, such as small body size and 
relatively high body weight due to subcutaneous and abdominal fat 
deposits, long silky feathers, small combs, cold sensitivity, low repro
duction rate, etc. 7 ,8. Although at first only 1% females of the closed 
colony (for 35 years) of CS chickens showed the hypothyroid trait, 
selective breeding from 1956 - 1958 increased the frequency to 10% and 
at the end of this period the first males were also found with lymphoid 
infiltration of the thyroid gland underlying the phenotypic symptoms 
of the disease. In the late sixties both females and males were afflicted 
to the same degree underlining the statement made above that sex hormones 
have a modulatory role but are not an absolute prerequisite for the 
development of spontaneous autoimmune thyroiditis (SAT)5. 

SAT is characterized by severe lymphoid infiltration of the th;roid 
glands and the occurrence ftf autoantibodies against thyroglobulin and 
thyroid microsomal antigens ,but also against a variety of non-thyroid 
autoantigensIO,II. The degree of infiltration is arbitrarily graded 
from + to ++++, where + corresponds to mononuclear cell infiltration 
involving up to 25% of the histological thyroid cross-section and ++++, 
75% to total infiltration. Thyroid infiltration can be seen as early 
as 2-5 weeks after hatching and efficient breeding of the OS can only 
be achieved with animals receiving thyroid hormone supplementationl2 • 
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THE ROLE OF THE MHC 

The genetic basis of Hashimoto thyroiditis is still an enigma and 
formal genetic studies aimed at the elucidation of possible correlations 
of the susceptibility for this disease and the presence of certain HLA 
hap10types have so far been inconc1usive3 • An association of goitrous 
thyroiditis with HAL-DR 5 has been reported13 ,14,15. In contrast atrophic 
thyroiditis has been found to be associated with a high frequency of 
HLA-DR 3 and HLA-DR 8 and a low frequency of HLA-DR 514 possibly pointing 
to a different nature of atrophic and Hashimoto thyroiditis. 

In the OS initial immunogenetic investigations by Bacon et a1. 16 
raised the possibility that the B-10cus plays an important role in the 
development of SAT. Before discussing this point it should be mentioned 
that the nomenclature of the chicken MHC was unified and standardized 
by the participants of a workshop held in Innsbruck, Austria, in 1980 
and the designation of hap10types in the present context will adhere 
to the now generally accepted nomenc1ature17 • The studies of Bacon et 
a1. 16 ,18 showed that in the original OS colony kept by R.K. Cole at 
Cornell birds homozygous for B13 appeared as high responders with respect 
to the degree of SAT and -the frequency and titer of thyroglobulin 
autoantibodies (TgAAb) , OS B5B5 were low responders, and B13B5 
heterozygotes intermediate. St~dies in our own colony which at-that 
time had been separated from the original flock for more than 10 years 
and was kept under similar selective breeding conditions leading to 
100% SAT in both sexes showed that both B13 and B5 homozygotes were 
high responders while a third haplotype, B""I5, was associated with low 
responsiveness. Taking advantage of the rather wide variations in the 
degree of thyroid infiltration and TgAAb titers we selectively propagated 
high and low responders, respectively, of our OS B15 line and after 
3 generations obtained an OS B15 high responder and an OS B15 low 
responder sub1ine. We interpreted these and the previous data Of Bacon 
et a1. 17 as proof that a given MHC haplotype only has a modulatory role 
but is not instrumental in determining the degree of SAT. At that time 
we first put forward our "three-locus model" theory19 which postulated 
the existance of 3, then still hypothetical, loci influencing the final 
outcome of SAT, viz. (a) the B-10cus, (b) non-MHC associated genes with 
a pivotal role for the altered immune reactivity, and (c) genes 
responsible for a primary susceptibility of the target organ for the 
autoimmune attack. 

IDENTIFICATION OF NON-MHC GENES INFLUENCING THE AUTOIMMUNE RESPONSE 

Table 1 summarizes data from cross-breeding and backcross experiments 
us ing OS .!!,I5 and CB .!!,12 chickens. The CB is a highly inbred s train20 
that is unrelated to the OS and thus provides a constant genetic back
ground for the crosses. The F1 birds were tested for the degree of SAT, 
the titer of TgAAb and various other parameters, such as the hyper
responsiveness of peripheral blood and spleen lymphocytes to Con A and 
the hyperproduction of Inter1eukin 2 (IL-2)21,22 which are characteristic 
of the OS. The F1 birds exhibited high titers of TgAAb, and elevated 
spontaneous and Con A-induced proliferation of lymphoid cells resembling 
that found in the OS (Table 1) but revealed a complete lack or only 
very mild degree of SAT23. Furthermore, if SAT ocurred at all, it was 
found late in life (at the age of 20-23 weeks) in contrast to the usual 
early appearance of the disease in OS chicks. 
Two conclusions were drawn from these data: 
(i) We were for the first time able to produce animals that showed 

pathological parameters for autoimmunity, but did not develop SAT, 
thus speaking for our success in attempting to segregate those 
genes responsible for an aberration of the immune system and 
those 
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coding for susceptibility of the target organ. 
(ii) Assuming a Mendelian pattern of inheritance the previously described 

general hyperreactivity of the immune system is a dominant trait. 

Table 1 

T-Cell Hyperreactivity 

Strain 
(Cross) 

CB 

OS 

Fl (~ OS x ~ CB) 

~ Fl (OSxCB)x rJ CB 

10 

18 

Spontaneousa 
l25IUdR uptake 
of spleen cells 
(x T SEM, cpm) 

587 T 183 

4,785 T 3,544 

n.d. 

n.d. 

22 

14 

7 

37 

Con A (2.5 ~g/ml) 
stimulation of PBL 
3H- t hymidine incorporation 
(x T SD, cpm) 

22,987 T 5,558 

55,188 T 6,403 

52,109 T 2,256 

high responders: (n = 10) 
41,489 T 1,821 

low responders: (n = 27) 
22,035 T 790 

al06 spleen cells or peripheral blood lymphocytes (PBL) were incubated 
without or with Con A, respectively for 48 hr in medium RPMI 1640 
supplemented with 50 mM L-glutamine, 100 U/ml penicillin and 100 ~g/ml 
streptomycin. The cells were cultured at 40°C in a humified atmosphere 
containing 5% C02. 

bl day old, n = number/group 
c12-l6 weeks old 

Data partly from ref. 22. 

IDENTIFICATION OF GENES CODING FOR A PRIMARY ABNORMALITY OF THE TARGET 
ORGAN 

Human patients with various organ-specific autoimmune diseases 
often show antibodies to a variety of organ-specific autoantigens but 
nevertheless generally develop overt autoimmune disease only in a single 
organ, e.g. the pancreas, the adrenal or the thyroid gland. 

Also in the OS model a broad variety of organ-specific and non
organ-specific AAb can be found lO , 11 but careful histopathological and 
clinical analysis of these birds reveal thyroiditis as the only manifested 
autoimmune process. In the above mentioned original "three-locus model" 
we thus suggested that there must be genetic factors responsible for 
a primary alteration of the target organ which makes it susceptible 
to autoimmune damage. 

We first concentrated our efforts on the elucidation of the genetic 
basis for a previously described phenomenon, i.e. the unexpected finding 
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that thyroid glands of OS chicks analyzed before mononuclear cell infil
tration (e.g. in the embryo or the first days after hatching) reveal 
an increased l3lI-uptake as compared to age-matched normal white Leghorn 
(NWL) controls. Cross-breeding experiments showed that this functional 
alteration is encoded by a single gene, inherited in a dominant fashion, 
and was proven to be independent of the MIIC a~d the susceptibility to 
SAT24. 

As far as a genetic susceptibility of the thyroid gland for the 
development of SAT is concerned it was shown previously that the disease 
cannot be transferred by lymphoid cells and/or serum into histocom
patible normal animals, but only from older OS into histocompatible 
newborn OS (resulting in accelerated very early development of the 
disease) and from OS B13 into CS B13, which normally only develop very 
mild, if any, SAT25. -

Passive transfer of TgAAb into (OS x CB) Fl recipients did not 
result in SAT24. 

In order to identify the number of genes that might possibly be 
responsible for the susceptibility of the OS thyroid glands for the 
autoimmune attack we used (OS x CB) Fl x OS backcrosses for the passive 
transfer experiments which are exemplified in Table 2. Assuming a Mende
lian pattern of inheritance the frequency of about 10% backcrosses 
susceptible to passive transfer and developing severe SAT points to 
the existence of at least 3 genes that are responsible for this suscep
tibility24, at least one of which is recessive. 

In summary, we conclude that the non-MIIC encoded alterations of 
the immunological reactivity in OS chickens is a dominant trait whereas 
the primary target organ abnormalities are recessive traits6 • Furthermore, 
the original "three-locus model" has to be extended but the total number 
of genes, the role of which is absolutely essential for the development 
of SAT, is still rather small. In order to develop severe SAT an OS 
bird has to possess all of the necessary non-MIIC genes (at least 2) 
influencing the immune system and all of the genes conveying target 
organ susceptibility (at lea'st 3). Additional known (MIIC, sex) and unknown 
factors have a modulatory function. 

Space does not permit discussion of our ideas on the actual 
manifestations of the different genetic factors outlined above. These 
have already been the subject of two recent reviews5 ,6. As far as the 
immune system is concerned the general T-cell hyperreactivity and the 
characteristic hyperproduction of IL-2 have already been mentioned. 
For the latter a defect of a small molecular weight antagonist of IL-
2 activity has been identified in the OS2l. Furthermore, OS chickens 
show an interesting deficiency of thymic nurse cells, the possible role 
of which for altered T-cell differentiation is now under 
investigation26 ,27. In respect to the target organ abnormality changes 
in the ultracentrifuge sedimentation behaviour of thyroglobulin but 
no altered immunological reactivity of this antigen have been found6 
In addition, OS thyroid epithelial cells aberrantly express MHC class 
II (B-L) antigen in the vicinity of infiltrating activated T-cells5 • 
Finally, a new endogenous virus has been found by Southern blot analysis 
of the DNA of OS chickens, but is absent in all normal strains 
investigated so far5 ,6. Further studies of these interesting issues 
should provide insight not only into the immunogenetic basis of SAT 
in the OS, but also the human counterpart of this model, Hashimoto 
thyroiditis. 
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Table 2 

Susceptibility of the Target Organ 
Passive Transfer Experiments 

Line No. of Treat- No. of animals Degree of 
(Cross) animals menta with/without thyroiditis C 

thyroiditisb 

OS 5 A 5/0 3.4 -r 0.9 

4 B 3/1 1.5 -r 1.0 

6 C 4/2 1.5 -r 0.6 

CB 7 A 0/7 0 

12 B 0/12 0.1 -r 0.3d 

11 C 0/11 0.1 -r 0.3 

F1 (~ CB x r! OS) 10 A 0/10 0.2 -r 0.4 

12 B 0/12 0 

12 C 0/12 0 

Fl (~ OS x if CB) 11 A 0/11 0.3 -r 0.5 

9 B 0/9 0.1 -r 0.3 

12 C 0/12 0.4 -r 0.5 

Backcross 39 A 4/35 2.5 -r 0.6 

(Fl x OS) 33 C 0/33 0 

aTreatment: A - injection of OS serum containing TgAAb 
B - Injection with Tg-absorbed OS serum 
C - untreated controls 

bgreater than 1+ infiltration 
cestimated from the degree of infiltration of histological cross-sections. 
dMinor well secluded lymphoid foci not infiltrating between thyroid 
follicles can occasionally be found in normal birds. 

Data partly from ref. 23. 
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HETERO-TRANSPLANTATION OF AUTOIMMUNE HUMAN THYROID TO NUDE 

MICE AS A TOOL FOR IN VIVO AUTOIMMUNE RESEARCH 

K. H. Usadel, R. Paschke, J. Teuber, and U. Schwedes 

II. Medical Department, Klinikum Mannheim 
University of Heidelberg, Theodor-Kutzer-Ufer 
6800 Mannheim, FRG 

INTRODUCTION 

Various experimental transplantation models have been 
used in order to investigate the physiology, pathophysiology' 
and treatment of grafted tissues under in vivo conditions (1) . 
Since in homologous and especially in heterologous transplan
tation models severe immunological problems exist, the des
cription of thymus aplastic nude(nu/nu)mice(2)and nude(rnu/ 
rnu)rats(3)has stimulated experimental transplantation re
search. The genes governing thymic agenesis and hairlessness 
proved to be linked and inherited as autosomal traits. This 
effect is linked with loss' of immunocompetend T-lymphocytes, 
resulting in a lack of immune resistance. If nude mice or 
rats are used as recipients, hetero(xeno-)transplantation 
can be achieved without immunosuppressive therapy. Beside 
malignant and also various benign human tissue were success
fully transplanted to nude mice. 

Recently our interest centered on the behaviour of hetero
transplanted human thyroid tissue of patients with Graves' 
disease, toxic adenoma, and thyroidal carcinoma in the nude 
mouse. 

MATERIAL AND METHODS 

Human thyroid tissues were obtained from surgery of pa
tients with Graves' disease, toxic adenoma, and thyroidal 
carcinoma. Small fragments(size 4x3x2 mm)of these thyroid 
tissues were transplanted s.c. adjacent to mammary glands 
of athymic nude mice immediately after surgery of the patient. 
For details of the method see reference 1 . Nude mice of an 
outbred strain(NMRI, initial body weight of approximately 
28-30 gr., 5-6 weeks old) served as recipient animals and 
were maintained as described ealier(l). 
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RESULTS AND DISCUSSION 

In summary of a variety of experiments the following re
sults could be obtained: 

Significance of the nude mouse bioassay for the biologic 
activity of thyroidal receptor antibodies. 

We previously could demonstrate(4)that thyroid tissue of 
patients with Graves) disease and toxic adenoma can succsess
fully be transplanted to nude mice without rejection, and 
that the grafts show typical function in the recipients. 

Histological studies, determination of nuclear volume, 
and 131 J-uptake, and scintiscanning of the grafts indicates 
that thyroid tissues of ~~~ic adenomas still show all signs 
of a hyperfunctional state even 8 weeks after transplantation. 
These findings contrast with those in tissues from Graves l 

disease which lacks the patients TSI after transplantation 
and presumably therefore then looses its stimulated hyper
functional state. These results clearly show that thyroid 
tissues of thyroidal autonomy are based on an intrinsic ac
tivity. Grafts from Graves' disease, however, depend upon-the 
activity of extrinsic applicated thyroid immunoglobulins 
(TSI, TBIAb, TRAb). 

The screening of hormone derivatives by in vitro assays 
with subsequent testing in bio assays could demonstrate the 
limited value of in vitro assays for the determination of 
hormones biologic action and the need to cast a wide net of 
parameters to determine a hormones biologic profile. Regar
ding TRAb the discrepancies of in vitro assay results on the 
basis of different views concerning the TRAb receptor, TRAb's 
messenger and different pathophysiological qualities of TRAb 
further ilustrate this problem. 

The nude mouse bio assay(4)permits the simultaneous de
termination of several parameters, 131 I incorporation by 
gamma-counter and/or gamma-camera, thyroglobuline secretion 
of transplants, histoautoradiographic 3H thymidine incorpo
ration and 131 I incorporation and histologic characteriza
tion of transplant viability after stimulation of transplan
ted human thyroid tissue with TRAb positive serum or IgG. Be
haviour parameters after sti~ulation with 0.5 ml serum, TRAb 
506 mU/ml(radioligand assay)- SEM c~mpared to no~mal serum 
is as follows: nucl$ar volume:~8.7(- 17.1)/68.8(- 14.3)epi
thelial hight: 9.0(- 1.0)/7.5(- 0.9)stimulation index deter
mined by colloid resorption:72.9/59.3 stimulation index de
termined by colloid content: 71.3/57.3. Thyroglobulin secre
tion determined by radioimmuno-assay: 322 cpm/195 cpm, 131 I 
incorporation (gamma-counter) 100.400 cpm/mg/47.000 cpm/mg. 
By gamma-camera some of the histologically intact transplants 
did only show small amounts of 131 I incorporation 30 min 
and 2 h p.i. Parallel determination of nuclear volume (um3) 
and 3H thymidine incorporation (% of labeled cells) for TRAb 
positive sera compared to normal serum showed the following 
results: TRAb 279 mU/ml, 67um3/10.3%, TRAb 700 mU/ml, 86um 3 / 

16.7%, controls: 39um3/9.4%. Scar tissue formation in some 
transplants results in a proportional decrease of biologic 
parameters. The mouse thyroids do show a parallel but less 
obvious behaviour of biologic parameters. 
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Conclusions: l)Biologic parameters are not propor
tional ~o TRAb values determined by radiolLgand assay.2)The 
parallel stimulation of all biologic parameters by all the 
investigated sera do not permit the characterization of a se
lective stimulation profile(as it could be shown by mixing 
experiments). 3)TRAb does show in some transplants relative 
species specifity. 4)Scar tissue formation influences the 
bio assays sensitivity. 5)Determination of 131 I incorpora
tion by gamma-counter is more reliable than the gamma-camera. 

Using this model further studies might become possible in 
order to differentiate various thyrotropin receptor antibo
dies (5) . 

Experimental in vivo model for examination of iodine-indu
ced hyperthyroidism 

The effect of different doses of continuous iodine infu
sion on xenotransplanted human thyroid tissue or toxic adeno
ma and Graves' disease was examined using 131 I-scintigraphy 
in athymic nude mice(6). The data obtained clearly demonstra
ted, for the first time under in vivo conditions, that high 
iodine doses accelerate iodine turnover rate and presumably 
the hyperfunction of human thyroid of toxic adenoma dose de
pendently. Transplanted tissue of autoimmune thyroid disease 
responds to high iodine dosis like normal nontoxic thyroid 
tissue due to loss of extrinsic stimulators, but becomes hy
perfunctional again by Graves' disease serum or TSH. 

These results demonstrate again that exposure to iodine is 
dangerous for patients with autonomously functioning thyroid 
as well as with active Graves' disease. 

Antiidiotypic antibodies involved in human autoimmune 
thyroid diesease 

Idiotype-antiidiotypic regulation of autoimmunity is dis
cussed as pathophysiological mechanism of several autoimmune 
diseases. Recently antiidiotypic antibodies could be demon
strated in sera of Graves' disease patients(7). Using diffe
rent sera from patients with Graves' disease(active state 
and remission)the stimulating effect of human follicle cells 
was tested in the xenotransplantation nude mouse model. As 
expected serum from active Graves' disease(with high TRAb) 
serum stimulated in the usual way and serum from the same 
patient for more than 1 year later and being in remission(no 
detectable or low TRAb titers) of the disease did not stimu
late the heterotransplanted grafts. 

1:1 mixtures(active Graves' disease)of the sera from each 
patient resulted in a blocking of the stimulation by sera 
with high TRAb-titers. The observed blocking effect is pro
bably caused by antiidiotypic antibodies in the low TRAb 
sera neutralising stimulating antibodies in high TRAb serum. 
These results demonstrated the first time in vivo that sera 
from patients with Graves' disease who had developed low ti
ters of TRAb(remission)can potentially block stimulating ac
tivity of sera with high TRAb titers. Further studies will 
use chemically more defined fractions of gammaglobulins. 
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Evidence for DR-AG-expression by RHS-cells and not by 
thyroid epithelial cells 

Several investigators described DR-AG-expression of thyro
id epithelial cells in various thyroid disorders. DR-AG-ex
pression was subsequently discussed as a relevant factor in 
the pathogenesis of autoimmune thyroid diseases. In contrast 
to these theories we could demonstrate that DR-AG-expression 
is likely to be an epiphenomenon in autoimmune diseases. 
Therefore we asked whether thyroid epithelial cell lines ex
press DR-AG. For more details see Teuber et al. (this issue). 

In conclusion one can say that by the use of xenotrans
planted human endocrine tissues to nude mice investigations 
are available for the study of the physiology, the patho
physiology and therapy of various diseases especially the 
thyroid. It is wortwhile to point out that capillaries of 
surviving grafts are mainly of hosts's origine, and that 
grafted white blood cells and lymphocytes of the donor do 
not survive in the transplant. 
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I INTRODUCTION 

Normal pregnancy is associated with two major series of alterations in 
the endocrine system. On the one hand hormonal changes necessary for the 
maintenance of pregnancy must occur and on the other pregnancy itself may 
influence the function of endocrine glands, such as the thyroid, which are 
not themselves directly involved in the maintenance of the pregnancy. In 
pregnancy therefore, and as a result of these normal physiological regu
latory mechanisms, thyroid function must be interpreted with caution (Table 
1). The situation is further complicated in those women with known (or 
previously unrecognised) thyroid disease, particularly if the aetiological 
basis of their disease is autoimmune (Table 1). In these women pregnancy 
may have a profound impact on their disease with amelioration during the 
pregnancy itself but with exacerbation in the post-partum period. In 
addition and as a result of their thyroid disease, alterations in the 
function of the foetal and neonatal thyroid may occur. Considerable 
interest has been focussed recently on alterations in thyroid function in 
pregnancy and the post-partum period in both normal women and women with 
known autoimmune thyroid disease and has been extensively reviewed (1-3). 
In the present study we have sought to examine prospectively the thyroid 
function of a group of normal women with no known history of thyroid 
disease, through pregnancy and the post-partum period. Our aim was to define 
the true prevalence of post-partum thyroid dysfunction (PPTD) in such women, 
to characterise the syndromes of PPTD developing and to determine the 
factors associated with their development. 

II STUDY GROUP 

Nine hundred and one consecutive women attending the ante-natal booking 
clinic at the Caerphilly District Miners Hospital in South Wales between 
April 1983 and January 1985 were studied. At booking all were screened for 
the presence of autoantibodies to thyroglobulin (TG) and the thyroid micro
somal antigen (TMA) by ELISA (4). All the booking samples were assayed 
within the same assay and on the basis of data from 98 normal non-pregnant 
subjects also assayed in the same assay, 117 (12.98%) of the pregnant women 
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Table 1. ALTERATIONS IN THYROID FUNCTION IN PREGNANCY 

I NORMAL WOMEN 

A. OESTROGEN-INDUCED SYNTHESIS OF THYROID-HORMONE 
BINDING PROTEINS 

B. ALTERED THYROID FUNCTION WITHIN THE NORMAL RANGE 
(see Table 2) 

II WOMEN WITH "AUTOIMMUNE" THYROID DISEASE 

A. OESTROGEN-INDUCED SYNTHESIS OF THYROID-HORMONE 
BINDING PROTEINS 

B. INFLUENCE OF PREGNANCY ON MATERNAL DISEASE 
- DURING PREGNANCY 
- POST-PARTUM 

C. INFLUENCE OF MATERNAL DISEASE ON FOETUS/NEONATE 

were consid~red to be antibody positive. An age-matched antibody negative 
group (AB-) and the antibody positive group (AB+) formed the basis of the 
subsequent prospective study. With patients being lost to follow-up the 
final study group (n=232) consisted of 100 women who were AB+ (43%) and 132 
who were AB- (57%). The women in the two groups did not differ significant
ly for age, primigravid or mu1tigravid status or mean gestational age at 
delivery. 

The study group were seen at booking thence at 6 weekly intervals 
through the pregnancy and during the first 12 months post-partum. Normal 
thyroid function through pregnancy was established using data obtained from 
analysis of the serial samples of 120 of the 132 AB- women using 
commercially available assay kits (Amersham International pIc). The 
remaining 12 conceived again before completing their years of follow-up 
post-partum. On the basis of this information (Table 2) it is clear that 
during pregnancy a significant fall in free T3 and free T4 as pregnancy 
progresses is accompanied by a significant and compensatory rise in serum 
TSH. All three parameters had normalised (compared with the levels at 12 

Table 2. ALTERATIONS IN SERUM FREE T4, FREE T3 and TSH 
IN 120 NORMAL WOMEN THROUGH PREGNANCY 

TIME (weeks) 

PARAMETER 8-16 17-25 26-34 35-43 DELIVERY 

** ** ** ** 
fT4 15.7.!.4.5 14.0.!.3.9 12.9.!.3. 4 12.5.!.3.8 12.8.!.4.9 
(pmoI/L) 

** ** ** ** ** 
fT3 5.9.!.1.6 5. 1.!.1.4 4.8+1.4 4.6.!.1. 3 4.3.!.1.7 
(pmol/L) 

** * * ** ** 
TSH (mUlL) 2.0.!.1.5 1.8.!.1.3 1.9.!.2.0 2.1+1.8 2.3.!.2.2 

* p = < 0.05, ** p =<0.001 as compared with the value at 49-56 

weeks post-partum. 

Results expressed as mean .!. 2SD . 
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months post-partum) by 9 to 16 post-partum. Levels of hormone at a 
particular time point which were greater than 2SD outside the normal range 
for that time point were considered abnormal. When two or more consecutive 
abnormal results were detected in a woman post-partum she was defined as 
having post-partum thyroid dysfunction (PPTD). 

II POST-PARTUM THYROID DYSFUNCTION 

a. SYNDROME 

Of the study group of 232 women, 49 (21.1%) developed PPTD. They could 
be divided into 4 groups; 

A. Hyperthyroidism followed by hypothyroidism (n=9). 
B. Hyperthyroidism alone (n=21). 
C. Hypothyroidism followed by hyperthyroidism (n=2). 
D. Hypothyroidism alone (n=17). 

The time of onset of PPTD (in weeks mean ± SEM) was 13±2.3 for hyper
thyroidism and 20±2.5 for hypothyroidism in group A, 18.4±2.8 for group B 
and 21.3±3.2 for group D. The episode of PPTD resolved spontaneously in all 
the women but for one in group D who developed persistent hypothyroidism. 
Clinical symptoms or signs did not provide any reliable guide to the 
development of PPTD. 

b. AUTOANTIBODY STATUS 

Of the 49 women who developed PPTD 37 (76%) were thyroid autoantibody 
positive during the study but only 30 (61%) were AB+ve at booking and of 
these 27 (55.1% of the total) had detectable antibodies to the TMA. Of the 
7 women who became AB+ve later in pregnancy or in the post-partum 5 were TMA 
AB+ve so that in total 32 of the 49 women developing PPTD (65.3%) were TMA 
AB+ve at some time during their pregnancy. Assay of all 174 samples from 
the 21 women in group B (hyperthyroidism alone) in the same human thyroid 
cell bioassay (5) failed to reveal any evidence of Graves' autoantibodies to 
the TSH 1~3eptor. In 7 of these women who were not breast feeding, a 
thyroid I uptake scan at the time of their episodel~3 hyperthyroidism, 
revealed suppressed uptakes at 4 and 48hr post 10mBq I orally. 

Assessment of changes in the level of the TMA AB in relation to the 
development of PPTD revealed that although i) the level of TMA rose 
significantly post-partum in all the women with PPTD and ii) the mean time 
of onset for the particular PPTD syndromes might differ, nevertheless the 
peak level of TMA activity tended to coincide with the mean time of onset of 
the particular PPTD syndrome (Fig. 1). 

c. ASSOCIATED CLINICAL FACTORS 
There was no difference in the age of the women developing PPTD 

(24.8±4.9 mean ± SD) from that of the women who did not develop PPTD, nor in 
the number who were either primigravid (n=19, 38.8%) or multigravid (n=30, 
67.1%) in the PPTD group as compared with the non-PPTD group. The presence 
of a family history of thyroid disease though more common (n=12, 25.5%) in 
the PPTD group was not significantly different from the numbers found in the 
non-PPTD group (n=26, 15.3%). On the basis of the smoking habits of the 
women during the post-partum period, though 60.6% (n=220) of the women were 
non-smokers, when women smoking more than 20 cigarettes a day were con
sidered, they were significantly more commonly found in the PPTD group 
(n=7, 15.2%) than in the non-PPTD group (n=7, 4.2%; p =~ 0.01). The 
frequency and duration of breast feeding was no different in the PPTD and 
non-PPTD groups. No significant difference existed in the mean birth 
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Fig. 1. Alterations in thyroid microsomal antibody activity in relation to 
the onset of thyroid dysfunction in 31 women with post-partum 
thyroid dysfunction. 

weights of the infants born to the mothers in the two groups. Whilst the 
ratio of female to male infants was 0.75:1.0 in the PPTD group as compared 
with 1.28:1.0 in the non-PPTD group the difference was not significant. 
Grading of thyroid gland size (1 to 5 ) allowed serial assessment of thyroid 
alteration through pregnancy. Thyroid gland size at booking was 2.0+1.7 
(mean ± 2SD, n=49) in the PPTD group and 1.98±1.6 (n=160) in the non=PPTD 
group and this was not significantly different. 

d. THYROID FUNCTION 

Besides assessment of free T3, free T4 and TSH through pregnancy (Table 
2) and the post-partum, thyroid gland size and serum thyroglobulin (TG) were 
assessed serially. 

i. Thyroid gland size. Thyroid gland size at 52 weeks post-partum was 
considered to reflect the norm and the serial size of the gland in the 
preceding pregnancy and post-partum period were compared with it. There was 
a significant increase in thyroid gland size (Figure 2). which paralleled 
the alteration in serum TSH through pregnancy. Though the gland size in the 
PPTD group continued to increase post-partum and remained significantly 
different at 24 weeks from the size at 52 post-partum (Fig. 2) the size at 
each point post-partum was not significantly different when compared with 
the non-PPTD group. The gland size however was significantly larger in the 
AB+ve women (n=100) as compared with the AB-ve women (n=132) at booking 
(p = < 0.05). 
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Alterations in thyroid gland size in 220 women throughout pregnancy and 
in the 12 months post-partum 
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Fig. 2. Alterations in thyroid gland size in 220 women through pregnancy 
and in the 12 months post-partum. 

11. Serum thyroglobulin. Establishment of a normal range for serum TG 
war, performed using an ELISA on (6) serial samples from 107 syndrome nega
tive, autoantibody negative women. The skewed distribution was normalised 
after logarithmic transformation. Alterations in serum TG through pregnancy 
and in the post-partum followed the changes in serum TSH (Fig. 3) and gland 
size (Fig. 2). In the 17 women developing PPTD in whom no TG antibody 
activity was ever detected, serial alterations in their TG level increased 
markedly post-partum and by non-parametric analysis using the Mann-Whitney 
U test could be shown to be significantly different from that of 107 normal, 
TG antibody negative women in the post-partum period (p =-C 0.005). 

IMMUNE STATUS 

i. Total serum immunoglobulin levels. It has remained uncertain 
whether the significant fall in autoantibody activity frequently reported in 
a variety of diseases reflects the result of immunosuppression occurring in 
pregnancy or is the result of the normal physiological haemodilution 
associated with the condition. To examine this we studied serial changes in 
total IgG, IgM and albumin. Since autoantibodies to the TMA are primarily 
of the IgG class only the IgG data is considered here. IgG levels fell 
significantly during pregnancy and this was paralleled by the fall in 
albumin so that when the ratio of IgG to albumin was plotted the level was 
normalised, though in the AB+ve group a small but significant fall in the 
ratio persisted. When 42 women who were TMA autoantibody positive through
out pregnancy and the post-partum had their TMA activity against albumin 
ratio examined the small but significant fall in the ratio during pregnancy 
was followed by a marked and significant rebound post-partum which was maxi
mal 25-32 weeks post-partum (Fig. 4) suggesting that the alterations in 
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Fig. 3. Alterations in serum TSH and serum thyroglobulin in 120 normal 
women during pregnancy and in the 12 months post-partum. 

disease state in pregnancy could not be explained purely on the basis of 
haemodill't-i nn_ 

. ii. IgG sub-class of the thyroid microsomal antibody. Using serial 
samples from 84 women with antibodies to the TMA of whom 32 developed PPTD, 
the IgG sub-classes of their TMA AB were examined by ELISA (7). The aim was 
to assess the possibility that alterations in TMA IgG subclass activity with 
the resulting implications for their ability to bind complement could have an 
impact on whether the development of PPTD was determined by the IgG sub
class of the TMA antibody. The analyses were performed so information was 
obtainable on the subclass alterations with time through pregnancy and the 
post-partum but also allowed comparisons between the sub-classes at each 
time point. 

IgG2 (data not shown) and IgG3 (Fig.5) levels increased significantly 
in the post-partum period in the sub-group of women developing hyper
followed by hypothyroidism with the IgG 3 level peak coinciding with the mean 
time of onset of the episode of hyperthyroidism. 

f. HLA STATOS 

Two hundred and twenty-one women were HLA typed of whom 108 (49%) were 
AB+ve and 113 (51%) were AB-ve, of these women 45 developed PPTD. A total 
of 12 A, 18 B, 8 DR and 2 DQ HLA antigens were typed for and the data on 
the pregnant women was compared with that of 600 non-pregnant Caucasians for 
the A and B antigens and 382 of this population for HLA-DR antigens. When 
all the women developing PPTD (n=45) "irrespective of their autoantibody 
status were considered, there was an increase in the frequency of HLA A1, 
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Fig. 4. Ratio of thyroid microsomal antibody activity to total serum 
albumin in 42 women during pregnancy and in the 12 months 
post-partum. 

B8 and DR3 as compared with the controls which were not significant after 
correction. In contrast analysis of the combinations B8, DR3 and A1, B8, 
DR3 showed an increased frequency in the PPTD group which remained signifi
cant after correction. No association of HLA DR4 was observed with either 
the presence of thyroid autoantibodies or the development of PPTD. There 
was however a significant association in 108 AB+ve women with HLA-DQw3 when 
compared with 113 AB-ve women so that 52.8% of the AB+ve 2and only 33.6% of 
the AB-ve group were DQw3 positive (relative risk 2.2, X = 7.5, p =<0.01). 
This remained significant using multiplex analysis. 

g. POST-NATAL DEPRESSION 

The possibility that the development of PPTD might be associated with 
the well recognised changes in mood that are recognised as occurring in the 
post-partum was examined. One hundred and forty-seven women of the study 
group (n=232) were assessed at 6 to 8 weeks post-partum by a psychiatrist 
with the use of 3 questionnaires (Edinburgh post-natal depression scale, 
Montgomery-Asberg depression rating scale and the Raskin depression scale). 
On the basis of these criteria 22 women were diagnosed as having post-natal 
depression (15%) and 21 as having borderline depression (14.3%). Of the 
women with PPTD (n=24) 4 (16.7%) met the criteria for post-natal depression 
and 2 (8.3%) for borderline depression. The frequency of depression was no 
different from that in the PPTD -ve group (n=123). Likewise no relationship 
existed between thyroid antibody status and presence or absence of depression. 
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post-partum thyrO~d dysfunction (PPTD) in comparison with 45 
women with normal thyroid function. 

IV CONCLUSIONS 

Of 901 pregnant women with no previous history of thyroid disease, 
12.98% were shown to have detectable antithyroid antibodies at the time of 
booking. In subsequent follow-up through the post-partum period of an anti
body positive group (n=100) and an antibody negative group (n=132), 49 of 
the women (21.1%) were shown to develop PPTD. In highlighting the frequency 
of significant alterations in thyroid function in the post-partum period 
this study has defined the kinds of dysfunction observed and indicated a 
number of parameters which may help in defining the population at risk as 
well as in clarifying the underlying events leading to PPTD. 
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SUMMARY 

Graves' disease and autonomous goiter are the main reasons for the de
velopment of hyperthyroidism. In about 90% of untreated patients, the dif
ferentiation is possible either by clinical findings, 1.e., concomitant 
Graves' ophthalmopathy, or by laboratory data, 1.e., measuring of TSH-re
ceptor-antibodies. Very recently it has become evident that in patients 
with longstanding Graves' disease autonomous cell clones may also prolif
erate, thus leading to a mixed histological pattern. 

In patients with Graves' disease, the relapse rate is in the range of 
50% to 70% one year after an antithyroid drug therapy. The data of some 
publications suggest that a higher maintenance dose or a longer duratien 
of treatment can reduce this high rate. Many groups have investigated en 
whether clinical signs, 1.e., size of goiter and presence of ophthalmo
pathy, or laboratory investigations such as HLA-typing, measurement of TSH-

"'This study was supported by the Bundesminister fUr Forschung und 
Technologie (FRG) 
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receptor-antibodies or suppression tests wl.ll g1. ve reliable information 
about the risk of relapse. These data are very conflicting. In a 
multicenter prospective study, we obtained strong evidence that none of 
these parameters are of clinical importance. 

DIFFERENT IATION 

The two main causes of hyperthyroidism are Graves' disease (GD) and 
Plummer's disease (PD). 

The pathogenetic factor in Graves' disease is the presence of autoanti-
bodies directed against the TSH-receptor. They act like TSH itself 
(McKenzie, 1980; Burman et al., 1985). 

In contrast, hyperthyroidisn in Plummer's disease is caused by replica
tion of autonomous cell clones because of an "inborn growth aivantage" 
(Studer et al., 19858). The individual cells vary in hormone production 
from nearly none to excessive. The combination of the "inborn growth 
advantage" and exogenous factors (e.g. iodine, goitrogens) leads to a 
heterogeneity of goiter rsnging fran simple goiter, on the one hand, to 
nodular goi ter, toxic nodular goi ter, or toxic adenoma, m the other hani 
(Studer et al., 1985b) (fig. 1). 

There are also morphological differences between Graves's disease and 

G'DW,h 'IIm,I." •• by ISH ., lSI t... 
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o 0 

Fig. 1: Pathogenesis of autonomous goiter growth. Diagrammatic represen
tation of the sequence of TSH (or TSI) depending and autonomous 
goiter growth. The follicle is assumed to contain two clones of 
epi thelial cells wi. th hi gh intrinsic growth potential (shaded 
cells). The clone sholiD. in the upper part of the follicle is 
assumed to possess inborn growth potential high enough to maintain 
cell replicatim and, hence, follicle neogeneration, even in the 
absence of exogenous stimuli, while the cell clone in the lower 
segment of the follicle multiplies only in response to exogenous 
growth factors. Any goitrogen wl.ll enhance growth of both cell 
clones ani gradually lead to an increase of the total cell mass. 
Upon cessation of the goitrogenic stimulus, the clone wi. th the 
highest spontaneous replication rate will multiply at the initial 
rate but, since its total size has increased, considerable autono
mous goiter growth is nCM apparent (Studer et a1., 1985b). 
(Reproduction wi. th kind permission of H. Studer.) 
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Plummer's disease. In experiments in which tissue from autonomous goiters 
was transplanted into nude mice, Peter and co_orkers (1985) could show 
that the follicles kept their original histologic structure and function, 
although autonomous growth and autonomous function ate two different 
characteristics not always present in the same follicle at the same time . 

In contrast, tissue fran GD-thyroids also transplanted into nude mice 
(Dralle et a!., 1985, Lecl~re et al., 1984) lost the hyperplasia of cells 
in the original tissue due to the absence of stimulating autoantibodies. 
In a personal communication, Dralle recently reported us about a few cases 
in which this loss of hyperplasia could not be seen in some follicles and 
thus tepresents a mixed hi stological pattern of GO and m (fig. 2). This 
is in accordance with the theory of Studer (1985c) that, in GD thyroids, 
there are also autonomous cell clones which replicate and may mask the 
autoimlDlne process. At least they may contribute to a relapse of hyper
thyroidism in an autoimmune thyroid. 

Patients with newly arising hyperthyroidism can mostly be subdivided 
into GD- and PD-patients based on the existence of an endocrine ophthalmo
pathy and/or measurement of TSH-receptor-antibodies (TBIAb); in 80-90% 
TBIAb can be detected at the beginning of a drug treatment (Schicha et 
al., 1985; Schleusener et al., 1986). Thyroids of GO patients appear in 
ultrasound as tissue with diffuse, low echogenicity; autonome areas ate 
indicated by demarcated foci wi th varying low echogenicity (Pfannenstiel 
1983). In patients with a longstanding history of GD, ultrasound can re
veal some focal alterations which are typical for autonomous areas (Maller
G~rtner et a!., 1986). These show higher echogenicity similar to healthy 
thyroid tissue inside the low echogenic ultrasound appearance of a Q) 

thyroid gland. "Histology of these areas revealed adenomas with a normal 
or macrofollicular structure" (MUller-Giirtner et al., 1986). 

Fig. 2. Thyroid tissue of a Graves' disease patient transplanted to a nude 
mouse. The left side shows the typical histology of GO ti ssue 
aft er transplantation. After loss of stimula tion the epi theliun 
becomes flat and the structure macrofolllcular . The right side 
represents the high epitheliun of adenoma-tissue which remains 
high after transplantation. Both tissues are from the thyroid of a 
si ngle pa tien t. 
(Reproduction wi th ki nd pe tmis si on of H. Dralle . ) 
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In accordance with these fLndings, 'lie have some GO patients ldth 
nodular goiters in our own clinic (Hensen et a1., 1984). 

CLINICAL OUTCOME 

General Comments 

Since the introduction of thiouracil to the antithyroid therapy by 
Astwood in 1944, it has been ldde1y used as the first choice for patients 
with GD, at least in Europe. 

Methimazole (MMI) acts by blocking the peroxidase system, 1Ihich is 
responsible for the building-in of iodine into thyroglobulin and the con
densation of tyrosine to thyronine. In-vi vo and in-vitro investigations 
suggest that methimazole also has an immunosuppressive effect, but this is 
stili under discussion (McGregor et al., 1980; Jansson et al., 1983; 
Weetman et al., 1984; Wenzel et al., 1984). Patients with PD have been 
treated with surgery or radioiodine more often than with anti thyroid 
drugs, based on the idea that the autonomous process cannot he cured 
otherwise. 

In Europe, there has recently also been a tendency towards a DDre 
definite therapy for GO as has 10~ been common practice in the USA 
(Hennemann et a1., 1986). 

The reason for this change of mind is the fact that the frequency of 
relapses after antithyroid drug therapy ranges between 50% and 7(1 
(Wartofsky, 1973; Greer et al., 1977). Although studies on the clinical 
course after an antithyroid drug treatment are diffLcu1t to compare -
because of different length of the therapy, different therapy schemes or 
different follow-up time - tIE relapse rate seemed to increase with tiae 
(Wartofsky, 1973). In the USA, one of the reasons mLght he the introduc
tion of iodine supplementation. In Germany, as an area of iodine defici
ency, iodine contamination plays the major role. Excessive doses of 
iodine have been proven to not only cause hyperthyroidian in PD (Herrmarn 
et al., 1984), but to also destabilize the immune system in GD patients 
(McGregor et a!., 1985). Some authors even discuss iodine as an inducer 
of the autoimmune process. Boukis and co-workers (1985) reported that, 
after application of iodinized oil, primarily microsoma1-antibody-negative 
patients became positive. In a rev.l.ew of the recent literature, McGregor 
et a1. (1985) demonstrated an increased rate of GO hyperthyroidism after 
the introduction of iodine supplementation. 

Choice of TherapY for Hyperthyroidism 

A number of groups investigated on whether clinical or laboratory 
parameters can point out which therapy is tIE best for an individual 
patient with hyperthyroidism. 

Meng and co-workers (1982) reported about a prospective study (n-288) 
in which tIE influence of Graves' ophthalmopathy am size of the goiter 
was investigated. They found a higher risk of relapse after drug 
treatment in cases of large goiter, nodules within a goi ter, am severe 
ststes of ophthalmopathy. The persons investigated were GO and ED 
patients. Another group (Laurberg et a!., 1986) compared GD patients with 
and ld.thout goiter to patients ld.th toxic nodular goiter (n-124). The 
patients with toxic nodular goiter quickly relapsed after cessation of 
drug therapy, as expected. A ~year remission rate was attained by 83% of 
the GO patients without goiter but by only 37% of those with it. However, 
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calculating sensitivity and specificity from the figures of the men
tione:! studies as an indicator of tlE validity of these parameters, these 
statistically clear results show no values which make these parameters 
important f or clinical deci sions. 

Since 1982, there bas been a prospective IIIllticenter study in Germany 
to clarify tlE value of clinical am laboratory parameters for tlE 
managing of hyperthyroid patients. GD patients wre treated mainly with 
thiamaz01 e, beginning with 40 mg MMI. After tlE patients had become 
euthyroid, the dose was reduced to 5-10 mg M11 and 5O..ug thyroxine wre 
added. This treatment laste:! for about 1 year. After the end of therapy, 
regular checks of the hormone levels and antibody titers wre carried rut 
for at least one further year. Our preliminary results - the study will 
end in December 1986 - show that 188 of 31.9 patients (59%) had relapsed 
one year after tlE em of an antithyroid drug therapy. One quarter of the 
patients with normal thyroid honnone levels showed no TSH response to 'lRH 
application ("latent hyperthyroidism"). Neither goiter size nor ophthal
mopathy have any influence in predicting the success of an anti thyroid 
drug treatment (tables 1, 2), 

Tab, 1 

Clinical Status of 27~ Patients One Year after an 
Antithyroid Drug Treatment According to the Size 
of Goiter. 

no relapse 

relapse 

sensitivity 0.58 
specificity 0.59 

goiter 

WHO O-Ib 

67 

67 

size 

WHO II-III 

~7 

93 

(preliminary results of the multicenter study) 

Tab. 2 

Clinical Status of Graves' Disease Patients 
One Year after an Antithyroid Drug Treatment 
Accordirig to the Degree of Ophthalmopathy at 
the Beginning of Therapy. 

WHO WHO 
o - II III-VI 

no relapse 82 25 

relapse 88 53 

11~ 

160 

n=27~ 

107 

1~1 

sensitivity 0.38 
specificity 0.77 

n=2~8 

(preliminary results of the multicenter study) 
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One could assume that GO patients who have high titers of mLcrosomal 
(cytotoxic) antibodies (mab) might have a better chance to remain euthy
roid after drug treatment, although the presence of mab does not necessar
ily lead to a destruction of thyroid cells (Lazarus et aL, 1984; Wick et 
al., 1985). A Japanese group recently reported 22 patients who were 
tested for microsomal antibodies at the end of a one-year antithyroid drug 
therapy and who were still euthyroid 10 years later (Hirota et al., 1986). 
In these patients, both an increase in mab-frequency an:! a marked increase 
in mab-titers were found; no data about the mab-status of patients who 
relapsed were given. Hirota an:! coworkers (1986) concluded that GO may 
evolve in chronic thyroiditis in some patients who stay in remission. 

Preliminary results of our study mentioned above indicate that neither 
microsomal antibody titers at the beginning of a drug treatment nor their 
course durlng treatment give any help in planning an optimal treatment. 
As far as one can judge -this question by the short follow-up time of ene 
year, the mab-ti ters at the en:! of therapy do not have any influence en 
the clinical course thereafter (n=197, sensitivity 0.39, specificity 0.59). 

A number of groups have investigated on whether HLA-typing can predict 
the clinical outcome and came to conflicting results (for review see 
Schleusener et aL, 1986). In our prospective study, we found no clini
cally relevant difference in the recurrence rate of DR3-positive and -nega
tive patients (n=187, sensitivity 0.38, specificity 0.67, see Schleusener 
et al., 1986). 

Dose and Duration of Therapy 

In Europe, the dose of :!fiI is about 20-40 mg initially and 5-10 mg 
after euthyroidisn has been achieved. Romaldini et al. (1983) advocate a 
high dose therapy because they saw a remission rate of about 75% after a 
one-year treatment with 60 mg MMI in 65 patients compared to 4Zl: in 48 
patients who were treated wi th a maintenance dose of about 15 mg:!fir. A 
European multicenter study (Benker et al., 1986) will provide more 
information on this topic. 

There is also no general agreement as to how long hyperthyroidism 
should be treated. The duratien of therapy depends so far on the experi
ence of each clinic and varies fran 4 months to 4 years. Nearly all these 
studies were evaluated retrospectively an:! sometimes involved small num
bers of patients. Greer et al. (1977), for example, show that the relapse 
rate does not differ among 31 patients treated for 5 months and 9 patients, 
who got a one-year treatment after their first relapse. In contrast to 
this, Slingerlan:! et al. (1979) foun:! that, in a total of 80 patients, tIe 
relapse rate was significantly different (p=O.OOl) among those patients 
who were treated for 1 year an:! those with a 4-year therapy. In tIe 
investigations by Tamai and coworkers (1980), the relapse rate depended en 
the duration of treatment: 6, 12, 18 an:! 21+ months of therapy showed 
relapse rates of 69% (n=13), 56% (n=9), 25% (n=12) and 18% (n=ll), 
respectively. In contrast Meng (1982) found in 288 patients a similar re
lapse rates after 1,2,3 and> 3 years treatment. 

Because of these differing results, several investigators looked for 
parameters which would indicate remission an:! help to predict the further 
course of the disease after an antithyroid drug therapy. 

Criteria of Remissien 

Several parameters have been tested, especially the measurement of 
TSH-receptor-antibodies at the en:! of therapy with the radioligand recep-
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tor assay, and very controversial results were published (for :review see 
Sch1eusener et al., 1986). In our study, we fow:r:l a high statistical 
significance (p-0.0008) in relapse characteristics of the patients mo 
we:re positive or negative for this parameter (n-269), the value for 
sensitivity (0.49) and specificity (0.72), oowever, show that this is DOt 
of any clinical importance (Schleusener et a!., 1986). 

A number of groups investigated whether a suppression test at the md 
of the therapy can p:redict the outcome and came to different conclusions 
(table 3). In our study, we could not show that a normal suppression at 
the em of an antithyroid drug treatment can predict the future course of 
an individual patient (table 4), although the result is of statistical 
significance (p-0.0001). 

Investigations as to whether the TRH test at the md of therapy is an 
indicator for remission yie1de1 encouraging results. In a study of Meng 
et al. (n-52), only 21% of the patients with a DOrmal 'ISH response to 'IRH 
application relapsed. In patients with 1acldng TSH response, the relapse 
rate was 89% (Meng et al., 1983). Dahlberg and coworkers (1986) recently 
publishe1 similar results. In our study, we foum for this parameter a 
sensitivity and specificity of 0.49 and 0.80, respectively, which shows 
the insignificance of this parameter for the predictioo. of outcome. 

CONCLUSION 

We feel that all these methods mentioned can oo.ly :reflect the thyraLd 
status at the time they we:re performed, but cannot predict the further 
clinical course. The :reason for this thinking lies in the 
mu1tifactol'ial1y caused genesis of autoimmune thyroid disease (Wick et 
81., 1985; Schleusener et al., 1986). Mdi tiona1 doubts base 00. the 
theozy developed by Studer et a1. saying that ro gaL ters could also 
contain autonomous cell clones. Further prospecti ve studies :In 8 
sufficient number of patients should answer the question as to whether a 
high maintenance dose (e.g. 20 mg MMI/day) or a treatment for more than 
2 years can yield satisfactozy results. In view of the high relapse rate 
and the difficulties in finding parameters which can predict a future 
course of GD, it should be discusse1 whether surgezy or radioiodine should 
be chosen at earlier times. 

Tab. 3 

Suppression of Radioiodine-Uptake at the End of an 
Antithyroid Drug Treatment and Future Clinical Course. 

n normal Suppression no 
n relapses n 

Cassidy 1970 18q q8 21% 136 
Alexander et. al. 1970 93 51 31% q2 
Hackenberg et al. 1973 80 q1 23% 39 
Meng et al. 1983 97 q9 29% q8 
Yamamoto et.al. 1983 193 120 q% 
Yamada et.al 198q 115 65 10% 

Suppression 
relapses 

87% 
76% 
61% 
69% 
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Tab. 4 

Suppressiontest at the End of an Antithyroid 
Drug Therapy and Clinical Status One Year Later. 

no relapse 

relapse 

sensitivity 0.62 
specificity 0.72 

normal 
Suppression 

56 

36 

no 
Suppression 

22 

59 

(preliminary results of the multicenter study) 

78 

95 

n=173 
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Addendum 

24 out of our 319 patients were treated for> 18 months and 
42 patients had a maintenance of > 20 mg thiamazol daily. Both 
subgroups had not a higher remission rate than the total 
group. 
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POSTPARTUM ONSET OF GRAVES' DISEASE 
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1. INTRODUCTION 

Pregnancy markedly influences the clinical course of autoimmune 
thyroid diseases (1, 2). Graves' disease is aggravated in early pregnancy 
but ameliorated in the later half of pregnancy (3). Hashimoto's disease 
is also ameliorated during pregnancy and slightly increased levels of 
serum TSH are often returned into normal range in association with the 
progress of pregnancy (4). Contrary to amelioration of disease during 
pregnancy, both Graves' disease and Hashimoto's disease are aggravated 
after delivery and various types of thyroid dysfunction, as shown in 
Figure 1, are frequently observed (3-5). 

Subclinical autoimmune thyroiditis (6, 7) is also aggravated after 
delivery and thyroid dysfunction was found in 5.5-7.1 per cent of postpar
tum women in general population (8-10). Fortunately more than 90 per cent 
of these postpartum thyroid dysfunction are transient but persistent 
Graves'thyrotoxicosis also developes after delivery (9, 10). In the 
present report we deal with postpartum onset of Graves' disease. 

2. HISTORICAL REMARKS 

Graves' disease was first described by Caleb H. Parry. In 1825, 
3 years after Parry's death, a collection of his hitherto unpublished 
medical writings was assembled and published by his son. The first case 
of his 6 patients seen in 1786 had experienced palpitation, neck swelling 
and protrusion of eyes after delivery (11). Thus the first patients with 
Graves' (Parry's) disease described in the medical literature was the case 
of postpartum onset. In 1840, Karl A. von Basedow reported 4 cases of 
Graves' (Basedow's) disease (12). Interestingly one of his patients was 
also the case of postpartum onset. Reviewing these old reports, it is 
easily supposed that postpartum onset of Graves' disease may be frequently 
observed in general population. However, as far as we know, no systematic 
study was done on the postpartum onset of Graves' disease (postpartum Graves' 
disease) • 

3. PREVALENCE OF POSTPARTUM GRAVES' DISEASE 

Considering the reports described above, we first examined the 
prevalence of postpartum onset of Graves' disease. 
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Figure 1. Changes of free thyroxine index in various types of 
postpartum thyroid dysfunction. Numbers indecate months postpartum. 

Table 1 Screening of thyroid dysfunction 
at 3 months postpartum among 680 subjects 

Patients Number of cases 
Type of Thyroid Abnormality No. (%) Goiter TGHA MCHA 

Transient thyrotoxicosis 13 (1. 91) 6 5 11 

Transient thyrotoxicosis followed 7 (1. 03) 4 3 6 
by transient hypothyroidism 

Persistent thyrotoxicosis 1 (0.15) 1 0 0 
Transient hypothyroidism 8 (1.18) 7 3 7 
Persistent hypothyroidism 1 (0.15) 1 1 1 

Total 30 (4.41) 19 12 25 

Table 2 Screening of thyroid dysfunction 
at 7 months postpartum among 507 subjects 

No. of Number of cases 
Type of thyroid abnormality patients (%) Goiter MCHA 

Transient thyrotoxicosis alone 1 (0.20 ) 0 0 

Transient thyrotoxicosis followed by 
transient hypothyroidism 1 (0) 0 0 

Persistent thyrotoxicosis 
Postpartum onset 1 (0.20) 0 0 
Prediagnosed Graves' disease 1 (0.20) 1 1 

Transient hypothyroidism alone 10 (1. 97) 4 6 

Persistent hypothyroidism 1 (0.20) 0 1 

Total 13 (2.56) 5 8 
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A.SCREENING STUDY AT 3 MONTHS POSTPARTUM 

Postpartum thyroid dysfunction was examined in 680 monthers at 3 months 
postpartum. The neck was palpated by one of us (N.A.) and serum T4, T3, 
TSH, anti-thyroglobulin antibody (TGHA), anti-thyroid microsomal 
hemagglutination antibody (MCHA), complete blood counts, and 25 biochemical 
constituents were measured in all subjects. Any subjects in whom the 
transverse width of the thyroid gland was more than 4.0cm was considered 
to have a goiter. When the subjects had abnormal thyroid function, 
enlarged thyroid gland and/or positive reaction for MCHA, they were 
followed longer. In subjects with high or low serum levels of thyroid 
hormones, free T4 and TBG were also measured. 

Finally one patient with persistent Graves' disease was found (Table 1). 
At 7 months postpartum her serum T4 was 19.0 ].Ig/dl, T3 593 ng/dl and 
radioactive iodine uptake (RAIU) was 69.4% (24hours) and anti-thyroid drug 
was started. She had slightly enlarged goiter (transverse width 4.7C1l1) but 
no anti-~hyr6id antibodies. Thirty of 680 SUbjects (4.41%) were found to 
have various types of thyroid dysfunction and 28 patients were transient type 

B. SCREENING STUDY AT 7 MONTHS POSTPARTUM 

A similar screening study was performed at 7 months postpartum, instead 
of 3 months postpartum, in order to detect more effectively the persistent 
types of thyroid dysfunction. In all 507 subjects the neck was palpated 
and thyroid dysfunction was evaluated by measuring serum free T4 and TSH, 
using new analog free T4 radioimmunoassay and highly sensitive immunoradio
radiometric assay, respectively. Anti-thyroid antibodies, complete blood 
counts and blood biochemical constituents were also measured. 

Compared with the ""'UUl ...... oJ JllVU".l:> .l'u::;"l'i1r~um, incidence of transient 
thyrotoxicosis was markedly reduced as expected, but transient hypothyroidism 
was still observed frequently (Table 2). In this study persistent 
thyrotoxicosis was found in two subjects but one of them was revealed to be 
a prediagnosed active Graves' disease. Thyrotoxicosis in the patient with 
postpartum Graves' disease was mild, and her serum T4 was 14.3 ].Ig/dl, T3 
228 ng/dl and RAIU 37.5% at 10 months postpartum. This patient had no 
goiter or anti-thyroid antibodies. Anti-thyroid drug therapy was started 
at 16 months postpartum. 

C. FOLLOW UP STUDY OF SUBCLINICAL AUTOIMMUNE THYROIDITIS 

Postpartum thyroid dysfunct~on was thought to be induced by the 
aggravation of subclinical autoimmune thyroiditis. Therefore, the patients 
with subclinical autoimmune thyroiditis was screened by measurement of 
anti-thyroid microsomal antibody (MCHA) in early pregnancy. 

One hundred and ninety-seven (15.3%) of 1285 subjects who were seen 
in our maternity clinic had positive reaction for MCHA: of these, 62 had 
prediagnosed Graves' disease and 17 had prediagnosed Hashimoto's disease 
and the remaining118subjects(9.2%)was newly diagnosed as having a subclinical 
autoimmune thyroiditis (Table 3). Thirty-four cases of these patients could 
be followed monthly during pregnancy and after delivery until 6 months 
postpartum. Finally Graves' disease occured after delivery in two 
patients (Table 4). Serial changes of thyroid function and anti-thyroid 
antibodies is described later. 

D. PREVALENCE OF POSTPARTUM ONSET 

We combined the 3 studies described above and calculated the overall 
incidence of postpartum onset of Graves' disease. As shown in Table 5, 
four patients with Graves' disease were newly found after delivery in 2472 
mothers examined and thus the incidence was 0.16 per cent. 
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Table 3 Screening of anti-thyroid microsomal antibodies 
in early pregnancy 

MCHA Positive 

Prediagnosed Graves' disease 
Prediagnosed Hashimoto's disease 
Subclinical autoimmune thyroiditis 

MCliA lSegative 

Total 

197 

1088 

1285 

(15.3%) 

62 (4.8%) 
17 (1.3%) 

118 (9.2%) 

(84.7%) 

Table 4 Postpartum development of thyroid dysfunction 
in patients with subclinical autoimmune thyroiditis 

Postpartum thyroid function 

Euthyroid 

Destructive thyrotoxicosis alone 

Destructive thyrotoxicosis followed 
by transient hypothyroidism 

Transient hypothyroidism alone 

Graves' disease 

Total 

Case No. % 

14 41.2 

2 5.9 

9 26.5 

7 20.6 

2 5.9 

34 100 

Table 5 Prevalence of postpartum onset of Graves' disease 

Postpartum screening study 

3 months 
7 months 

Follow up study 

Total 

No. of postpartum 
Graves' disease (%) 

1 (0.15 ) 
1 (0.20) 

2 (0.16 ) 

4 (0.16) 

4. PREDICTION OF POSTPARTUM GRAVES' DISEASE 

Total subj ects 
examined 

680 
507 

1285 

2472 

Postpartum occurrence of thyroid dysfunction could partially be 
prevented by the short-term steroid therapy (13). Therefore it is very 
important to predict exactly the postpartum onset of Graves' disease. 
We could predict the relapse of Graves disease by the increase of free T4 
at both 10-15 and 30-32 weeks of pregnancy (14). However this parameter 
was not useful for the patients with subclinical autoimmune thyroiditis. 
We analyzed various parameters in early pregnancy and the relation to the 
postpartum onset of Graves' disease was examined in the patients with 
subclinical autoimmune thyrOiditis. In the follow-up study as described 
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above. anti-thyroid microsomal antibody (MeHA) was measured at first. and 
then TSH-binding inhibitory immunoglobulin (TBII) and peripheral lympho
cyte subsets were measured only in the subjects with positive MCHA. 
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Figure 2. Relation of anti-thyroid microsomal antibodies (MCHA) in early 
pregnancy and postpartum changes of thyroid function in the patients with 
subclinical autoimmune thyroiditis. Closed and open circles indecate 
female and male babies. respectively. 
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figure 3. Relation of TSH-binding inhibitory immunoglobulin (TBII) in 
early pregnancy and postpartum changes of thyroid function in the 
patients with subclinical autoimmune thyroiditis. 
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Relation of MCHA titers in early pregnancy and postpartum thyroid 
dysfunction in the patients with subclinical autoimmune thyroiditis is 
shown in Figure 2. All six patients with MCHA titers more than 210 xlO 
developed thyroid dysfunction, but MCHA titers overlapped between the 
patients with postpartum Graves' disease and those of destructive thyro
toxicosis and hypothyroidism. In the whole group of postpartum thyroid 
dysfunction, 17 of 20 patients (85%) delivered a female baby,whereas 6 of 14 
patients (43%) who did not develop postpartum thyroid dysfunction 
(Euthyroid group in Figure 2) delivered a female baby.The difference between 
the two was significant (p<0.05). 

The relationof serum levels of TBII in early pregnancy and postpartum 
thyroid dysfunction was observed in the patients with subclinical auto
immune thyroiditis (Figure 3). Very interesting, one of two patients with 
postpartum Graves' disease had positive TBII. The other patients showed 
negative or borderline activity of TBII. 

In order to evaluate the measurement of peripheral lymphocyte subsets, 
pilot study was done in the patients with Graves' disease in remission. 
All six patients with Graves' disease, who had lower levels of OKT8 cells 
less than 22%, relapsed Graves' thyrotoxicosis after delivery. All patients 
with OKT4/0KT8 ratio more than 2.0 relapsed Graves' thyrotoxicosis 
(Figure 4). Usefullness of measurement of lymphocyte subsets was applied 
to the follow-up study of the patients with subclinical autoimmune 
thyroiditis. As shown in Figure 5, 3 of 34 patients showed lower OKT8 
cells less than 20% in early pregnancy. Two of these developed the 
postpartum onset of Graves' disease. Two of 4 patients with subclinical 
autoimmune thyroiditis who showed OKT4/0KT8 ratio more than 2.0 in early 
pregnancy developed postpartum Graves' disease (Figure 6). 

5. MECHANISM OF POSTPARTUM GRAVES' DISEASE 

In order to elucidate the mechanisms of postpartum onset of Graves' 
disease, serial changes of serum thyroid hormones, anti-thyroid antibodies 
and lymphocyte subsets were examined in prospectively observed above two 
patients with postpartum Graves' disease (Figures 7-10). In both 
patients MCHA titers decreased during pregnancy and increased after 
delivery, as in the other cases of autoimmune thyroid diseases (IS). 
However, increases of activities of TBII and thyroid stimulating antibody 

236 



(TSAb), which was detected by sensitive cAMP production assay using 
FRTL-5 cells, were delayed after increase of thyroid hormones (Figures 
7, 9). 

As for lymphocyte subsets, the percentages of OKT3 cells decreased 
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Figure 5. Relation of peripheral OKT8 lymphocytes in early pregnancy and 
postpartum changes of thyroid function in patients with subclinical 
autoimmune thyroiditis. 
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(same patient in Figure 7). 

after occurrence of Graves' thyrotoxicosis (Figures B, 10) but no ~onsis
tent changes were observed in other subsets to predict the postpartum 
onset of Graves' disease. 

6. SUMMARY 

Prevalence of postpartum onset of Graves' disease was 0.16% in 
general population. Measurement of MCHA, TBII and OKT4/0KTB lymphocyte 
ratio in early pregnancy was partially useful for prediction of postpartum 
Graves' disease. 

An increase of serum thyroid-stimulating antibody was associated with 
postpartum Graves' thyrotoxicosis, but delayed for 1-3 months after the 
increase of thyroid hormones. 

In association with thyrotoxicosis percentage of OKT3 lymphocytes 
decreased, but no consistent changes were observed in other lymphocyte 
subsets to predict postpartum Graves' disease. 
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THYROTROPIN-BINDING INHIBITOR IMMUNOGLOBULINS IN PRIMARY HYPOTHYROIDISM 

Junji Konishi, Kanji Kasagi, Yasuhiro Iida, and Kanji Torizuka 

INTRODUCTION 

Department of Nuclear Medicine 
Kyoto University School of Medicine 
Kyoto, Japan 

It is now widely accepted that immunoglobulins which inhibit the 
binding of 125~I-labeled thyrotropin to its receptor (TBII) are present not 
only in most patients with Graves' disease, but also in some sera from 
patients with primary hypothyroidism. In contrast to the thyroid-stimulating 
nature of IgG from patients with Graves' disease, TBlI-positive IgG from 
hypothyroid patients has been found to be inhibitory against thyroid
stimulation induced by TSH. Thus, they are now considered to be blocking 
antibodies against thyrotropin receptors. In this paper, we will review the 
cases of TBlI-positive hypothyroid patients so far reported in the literature 
to define characteristic features of the patients and the nature of TBII in 
these patients, and would like to discuss the pathogenetic role of the TBII 
in primary hypothyroidism. 

INCIDENCE OF TBII IN HYPOTHYROID PATIENTS 

The first case of a patient with primary myxedema who had potent TBII 
was reported in 1978 from our laboratory (1). Since then increasing number of 
TBlI-positive hypothyroid patients have been found in Japan and recently in 
other countries (2-18). In a Japanese survey performed in 1984, 51 patients 
were reported from 9 institutions (14). Among them, 39 patients were 
nongoitrous. The incidence of TBII in nongoitrous and goitrous hypothyroid 
patients were 30.4% and 7.8%, respectively. In our screening of 43 each of 
nongoitrous and goitrous patients with hypothyroidism, TBII were positive in 
9 (21%) and 7 (16%) patients, respectively (10). In another series of 20 
nongoitrous patients, Arikawa et al.(9) reported that 8 (40%) patients were 
positive for TBII. Thus, the incidence of TBII in patients with primary 
nongoitrous hypothyroidism ranged from 21 to 40% in Japan. In other 
countries, Cho et al.(15) reported 2 cases in Korea, and Karlsson et a1.(16) 
described a similar case in Sweden in 1984. Recently, 3 patients were 
reported by Clavel et al.(17) in France and one by Macchia et al.(18) in 
Italy. Although the number of cases are still limited in western countries, 
these findings clearly indicate that the condition is universal. 
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Table 

242 

l. Cl i ni cal and Labora t or y Findings i n Hypothyr oid Pa t i ents Who Have 
TBIl 

Fi g. 1. 

Ac tivi ty Higher Than SO % 

No Sex Age a t Goite r Thyroglobul in Microsomal TBII Neonata l Au t ho r 

Onset Antibodies Antibodies ( %) Hypo t hyroidism (Reference) 
in Offspring 

1 F 15 (-) 160 2,560 88 (-) 2 Endo (1) 

2 F 15 ( - ) 25,600 25,600 97 ( + ) 2 Matsuura (2) 

3 F 24 ( - ) 100 1, 600 90 ( +) 3 lseki (3) 

4 F 24 (-) ( - ) 400 98 Konishi (4) 

5 44 (-) 1 ,600 6,400 76 Konishi (4) 

6 22 ( - ) 160 > 40,960 90 ( + ) 1 Ninomiya (5) 

7 F 15 ( - ) 100 25 , 600 89 ( + ) 1 Takasu ( 6) 

8 21 ( - ) (-) 640 72 Takasu (7) 

9 36 ( - ) ( - ) 160 92 Takasu (7) 

10 F 32 (-) ( - ) ( - ) 104 Takasu (7) 

11 F 32 ( - ) ( - ) (-) 5 1(x50) l atent ( +) 1 Tamaki (8) 

12 F 26 ( - ) 80 80 68(x50) (+ ) 1 Tamaki (8) 

13 F 27 ( - ) (-) 100 79 ( - ) 1 Ar i kawa (9) 

14 M 49 ( - ) 100 25,600 86 Ar ikawa (9) 

15 F 29 (-) 6,400 100,000 89 ArikaWB (9) 

16 F 16 (-) ( - ) 1 ,600 88 ( - ) 2 Ar ikaw8 (9) 

17 F 32 ( - ) 400 (-) 89 Ar ikawa (9) 

18 F 58 (-) (-) 409 , 600 90 Arikawa (9) 

19 M 51 (-) (-) 1,600 81 Arikawll (9) 

20 F 34 ( - ) 6 , 400 25,600 80 Kon ish i (10) 

21 F 22 (-) ( - ) (-) 63 (-) 1 Konishi (10) 

22 F 49 ( - ) (-) 320 56 Konish i (10) 

23 39 ( -) ( - ) 100 89 Konishi (10) 

24 28 ( - ) 100 1 ,600 83 (+) 1 Ko nishi (LO) 

25 M 23 ( - ) ( - ) 102, 400 73 Koni shi (La) 

26 F 19 ( - ) 100 102,400 93 (+) 1 Yokota (1 1) 

27 F 30 (- ) (-) 100 98 (+) 1 Inomata (12) 

28 F 17 small 25,600 102,400 83 ( - ) 1 l oomara (1 2) 

29 F 54 (-) (-) (-) 58 Hod (13) 

T811>50" 
NIl 

T 8 II (- I 

-10 

II - 20 :::. 

21 - 30 

31 - 40 

41 - 50 

F I "'·26 1 3 <1 - 60 F I "'·23 1 11 

61 - OJ' 

0 0 
Number rJ patienh Number rJ !)iIionts 

Compar i so n of age a nd s e x dist r i buti ons of pa t i ents with 
pr i mary myxedema who have TBII activi t y higher than 50% and 
those who have n o detectabl e TBII. 



CLINICAL AND LABORATORY FINDINGS IN TBII-POSITIVE HYPOTYROID PATIENTS 

Twenty-nine cases of hypothyroid patients having potent TBII ( >50% 
inhibition of 125-I-TSH binding) have so far been published (Table 1). They 
are composed of 26 females and 3 males. They rapidly developed hypothyroidism 
at ages ranging from 15 to 58, mean age 30.4 + 12.3 (S.D.), the highest 
incidence being in the third decade (Fig. 1). Among them, only one female 
patient had a small goiter. 

No significant difference was observed in serum TSH levels between TBII
positive and negative patients with primary myxedema. However, thyroid uptake 
in the former was signicantly lower than that in the latter (10). Antithyroid 
antibodies, especially antimicrosomal antibodies, were often positive in 
these patients (Table 1). 

A characteristic feature was the ocurrence of transient hypothyroidism 
in newborn babies from these patients (2). Among 26 female patients, fourteen 
gave birth to 19 babies after the onset of the disease. Transient 
hypothyroidism was observed in 12 babies born in 9 (64%) families (Table 1). 
It is clinically important to note that TBII in hypothyroid mothers do not 
change substantially in their titer after replacement therapy and once a 
patient gave birth to a transiently hypothyroid baby, all the subsequent 
babies born in the same family suffered from this complication. In a recent 
survey of neonatal transient hypothyroidism performed in Japan by Matsuura et 
al. (19), 21 babies born in 15 families including cases described above, were 
reported. All of their mothers had potent TBIL TBII were also detected in 
all 14 babies studied, and became negative 2 to 10 months after delivery, 
being accompanied with the recovery from hypothyroidism. All babies except 
three who were only mildly hypothyroid, received thyroid replacement. 
However, in 3 babies whose mothers were hypothyroid during the pregnancy, 
retardation in mental and physical development was noted. Although mothers of 
hypothyroid infants had potent TBII without exception and the severity of 
hypothyroidism in infants appeared to be in accordance with the titer of TBII 
(10), there has been a report of discordant cases (20), and the complication 
did not occur in some instances of high maternal TBII activity like Case 1 
in our series (Table 1). The fact suggests that some other factors which 
might influence the susceptibility of the thyroid cells are also involved in 
the development of this complication. Similar findings have been known as to 
the development of neonatal Graves' disease in infants from mothers with high 
titer of thyroid-stimulating antibody (21). 

The characteristic clinical features of patients with primary 
hypothyroidism having TBII may be summarized as follows: They have female 
preponderance similar to Hashimoto's disaease, but their age distribution 
appears similar to that of Graves' disease; goiter is not palpable or small 
if any; they are mostly positive for antimicrosomal antibodies; they have a 
markedly diminished thyroid uptake; and transient hypothyroidism is often 
seen in their offspring. 

BIOLOGICAL ACTIVITY OF TBII IN HYPOTHYROID PATIENTS 

Immunoglobulin G from these patients showed no thyroid-stimulating 
activity both in vitro (cAMP) and in McKenzie bioassay. It inhibited human 
thyroid adenylate cyclase stimulation by TSH or Graves' IgG (1), and caused a 
significant inhibition of 131-1 release induced by TSH or Graves' IgG in the 
bioassay (22). Titers of TSH-binding inhibitory activity in these IgGs were 
significantly correlated with their thyroid-stimulation blocking activity 
(Fig. 2)(10). The mode of the inhibition, when analyzed using Lineweaver-Burk 
plots, was mostly competitive (23), but non-competitive or mixed inhibition 
was also reported using few preparations (9). Papain digestion of an IgG 
preparation resulted in the complete preservation of both TSH-binding 
inhibitory and thyroid-stimulation inhibitory activities in Fab fragment 
(23). 
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Fig. 2. Relation between TBII activity and thyroid-stimulation 
blocking activity of IgG from patients with primary myxedema. 

IgG preparations from these patients were also inhibitory against TSH
induced 3-H-thymidine incorporation into FRTL-5 cells (24). The growth
blocking activity was significantly correlated with their TSH-binding inhi 
bitory activity. 

The direct binding of the TBII to human thyroid membranes was observed 
after purification of the 125-I-labeled IgG by receptor adsorption using 
guinea pig fat membranes (22). The binding was significantly inhibited by TSH 
as well as the unlabeled TBII. 

These data indicate that TBll in these patients are blocking antibodies 
directed against TSH receptors. 

RELATION BETWEEN THYROID-STIMULATING ANTIBODY AND BLOCKING ANTIBODY 

In order to analyze the difference between antigenic sites of the 
blocking antibodies and those of thyroid-stimulating antibodies (TSAb), we 
studied the influence of the blocking antibodies on various TSAb from Graves' 
patients. Blocking antibodies from a patient with primary myxedema inhibited 
TSAb activity of all immunoglobulin preparations from 21 patients with 
Graves' disease (Fig. 3)(25). The grade of inhibition was inversely 
correlated with TSAb or TBII activity of the Graves' immunoglobulins. Thus, 
TSAb without detectable TBII was most markedly inhibited by the blocking 
antibodies. Blocking activity against cAMP increase induced by TSAb of 11 
immunoglobulin preparations from hypothyroid patients, was significantly 
correlated with both their TSH-binding inhibitory activity and blocking 
activi ty against TSH-induced cAMP increase (25). Thus, all of the blockig 
antibodies we tested inhibited both TSH and TSAb-induced cAMP increase in a 
similar manner. Being discordant with the results obtained by Valente et al. 
using monoclonal antibodies (26), these findings support the concept tha 
most of the thyroid-stimulating and blocking antibodies in patients with 
autoimmune thyroid diseases recognize the same or very closely located 
antigens in the TSH receptors. 
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Fig.3.Left: Relation between TSH-binding inhibitory activity and 
thyroid-stimulating activity of Graves' immunoglobulins, and 
change of the thyroid-stimulating activity by the addition of 
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(M-IgG). 
Right: Effect of the addition of M-IgG on the dose-response 
relationship of bovine TSH. Open and closed symbols 
( connected by solid lines ) indicate the responses in the 
absence and the presence of M-IgG, respectively. 

THYROID-STIMULATION BLOCKING ANTIBODY WITHOUT TBII ACTIVITY 

In patients with primary myxedema, thyroid-stimulation blocking 
antibodies which do not inhibit the binding of 125-I-TSH to its receptors 
have also been reported. They have been detected by the inhibition of 
adenylate cyclase activation (Fig. 2)(10), T3 release (27), 131-1 uptake (6) 
or thyroid growth (28) induced by TSH or other stimulators. The mechanism of 
the action of these antibodies and their etiological role await further 
clarification. 

THYROTROPIN-RECEPTOR BLOCKING ANTIBODY IN GRAVES' DISEASE 

The blocking nature of the TBII in hypothyroid patients is in marked 
contrast to the thyroid-stimulating activity of TBII usually observed in 
Grave~ disease. However, heterogeneity in TSH-receptor antibodies in this 
disease has been suggested by several previous studies (29-31). In 1982, Bech 
et al. (32) reported the presence of blocking antibodies in 2 patients with 
Graves' disease after radioiodine treatment. Creagh et al.(33) also described 
TSH antagonist activity in IgG preparations from 2 patients. Recently, we 
found a change of the biological activity of IgG from stimulating to blocking 
one in a patient with Graves' disease concomitant with the development of 
hypothyoidism after 3 years of antithyroid drug treatment (34 ). Since then, 
we have confirmed the appearance of blocking antibodies in 4 other cases who 
developed hypothyroidism after antithyroid drug treatment (35,36). 

In connection with these findings, it is of special interest that 
primary myxedema and Graves' disease are associated with the same HLA 
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ROLE OF TSH-RECEPTOR ANTIBODIES IN 
AUTOIMMUNE THYROID DISEASES 

ITSH-RECEPTOR ANTIBODIESI 
I I 

STIMULATING BLOCKING 
ANTIBODY ANTIBODY , , 

Fig. 4. Role of TSH-receptor antibodies in autoimmune thyroid 
diseases. 

antigen, HLA-DR3, in white populat1ons (37-39). 

ROLE OF THYROTROPIN-RECEPTOR ANTIBODY IN HYPOTHYROIDISM 

Both the biological nature of TBII and the close clinical association of 
the antibody with thyroid dysfunction emphasize the importance of this 
type of antibodies as a cause of hypothyroidism. As shown in Fig. 4, Graves' 
and Hashimoto's disease are known to be closely related, both clinically and 
in familial incidence. The presence of thyroid-stimulating antibody 
differentiates the former from the latter. On the other hand, primary 
myxedema has been considered to be an atrophic variant of Hashimoto's 
thyroiditis. However, at least a part of them is now disclosed to be a 
disease closely associated with thyrotropin-receptor blocking antibody. 
Furthermore,it was recognized that alteration in the population of receptor 
antibodies could lead a patient with Graves' disease to hypothyroidism. These 
findings support the concept that some type of primary myxedema and Graves' 
disease are at the opposite ends of a spectrum of autoimmune thyroid diseases 
caused by thyrotropin-receptor antibodies. 
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THYROID FUNCTION MODULATES THYMIC ENDOCRINE ACTIVITY 

INTRODUCTION 

AIm Plnchera, Stefano Mariotti, Furlo Pacini, Nicola Foorls* and Eugenio 
Moccheglani* 

cattedra dl Encb:rinolo;Jla, Universit8 di Pisa and (*) Dipartimento Ricerche 
Gerontolo;Jlche, I.N.R.CA, Plsa and Ancona, Italy 

Several evIdences heve been accumulated Indicating that thyroid function influences the 
immune system ,but the precise mechanlsm(s) InvolvOO remain to be elucidated. Some of the 
more common thyroid disorders such as Hashimoto's thyro!dlUs, IdIopathIc myxedema and Gr8V8S' 
disease are typical organ-speclflc autoImmune dlsorder$2· . These condItions have a common basIc 
immunolo;Jlc disturbance, but dIffer In the abnormality of thyroId function, which ranges from 
hypothyroidism to hyperthyroidism. Whether and to what extent the altered thyroid functIon 
observed in thyroid autoimmune dlS88S8S may affect the Immune system In general and/or thyroid 
Immune survelllancels stlll unclear. 

As revIewed In detail elsewhere1, In splta of some InconsIstencies, the Immunolo;Jlcal 
abnormalities obser'lOO In enlmals with experimental hypothyroidIsm appear to be mediated by 
impaIred thymic function. In keeping with this notion, several recent data obtaIned in our and 
other 1~8tories provided evidence that thyroid function modulates the ~Ine activity of the 
thymus4-

In the present paper, attention wlll be focused on the studies showing that thyroid status 
affects In humens the plasma concentration of the thymIc hormone called thymultn. 8efore 
reporUng these results, we shall briefly review present knowledJe on the relationship between 
the thyroid gland and the thymus. 

THYROID FUNCTION AND THYMUS 

80th experimental and clinical data suggest that thymic fU~lon Is not completely 
autonomous, byt fPBars to be regulated by the nBUroenmcrlne system and, In particular, by 
thyroid statusO-1 There Is Indirect evidence that the outflow of T oolls from the thymus Is 
altered by thyroid It)'sfunctlon, as jUOJed from the dlstrl~ul!r" of T 0011 su~11,'2 and f~ 
their functional capacIty in peripheral lymphoId organsl. . In both anlmals1 and In man 
hyperthyroIdIsm and hypothyroidIsm are 8SSOClated with hyper-and hypoplasIa of the thymus, 
respecUvely. 

Thymic function may also be evaluated by measuring plasma concentratIons of thymIc 
hormones. It Is tn fact presently rBCOJOlzed that the thymus produces horfl}OI'l8-lIke SUbs~, 
some of which have been chemically characterIzed, such r thymostn-alpha ,thymopoletln and 
the factor called HFacteur Thymlque Serlque" (FTS) 1 ,more recently called thymulln In Its 
zinc-bound biolo;Jically actIve form (Zn-FTS)2°. No bIochemical slml1arlty exists among these 
dIfferent fectors, althotql they are all produced by the epithelial oolls of the thymuS21 and 
circulating plasma levels of such factors reflect the functional state of the thymus22. In 
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particular, plasma concentrations of these foctors decline progressive!¥ with advancing age, and 
this decline parallels the age-dependent involution of the thymus22-2 . Since these foctors are 
required to sustain the proliferation and the differentiation of thymocytes to mature T -cells 17-19, 
which are responsible for cell-mediated Immunity, the major cause of the age-associated decline 
in immune capocity might be due to the progressive failure of thymic hormonal production25. 

As stated before, previous studies provided evidence that in experimental animals the 
secretion of thymic foctors is modulated by thyroid hormones. In rodents thyrOidectomy4,5 and 
propylthiourocil treatment6 cause reduction of circulating thymulin. Furthermore, the lack of 
detectable thymulln levels In old mice is reversed by ~minlstration of tl1.Y.roxlne (T 4), and this 
reversal Is followed by an Increased immune efficiency at peripheral level 10,26 . 

In contrast to experimental animal models, until recently no information was available on the 
relationship between thyroid function and the circulating thymic hormones In humans. To study 
this problem, we measured thymul1n by a rosette inhibition assay In a variety of conditions 
associated with abnormal thyroid function, as detailed below. 

PLASMA THYMULIN LEVELS IN HYPERTHYROID AND HYPOTHYROID PATIENTS 

The purpose of this section of the study7 was to measure circulating thymulin concentrations 
In a series of hypothyroid or hyperthyroid patients before and after correction of the metabolic 
disturbance by appropriate treatment. 

~ 

A total of 64 patients was studied. The hypothyrOid group included 28 patients (6 men and 22 
women aging 16-76 years) with untreated hypothyroidism due to total thyroidectomy for thyroid 
carcinoma (n=22), previous r~iolodine therapy for toxic diffuse !J)lter (n=3), or idiopathic 
myxedema (n=3). The hyperthyroid group included 36 patients ( 16 men and 20 women, aging 
26-28 years) with untreated hyperthyroidism due to toxic diffuse !J)iter (n=18), toxic 
multinodular !J)iter (n=12), or toxic ~oma (n=8). Eight hypothyrOid (2 men and 6 women) 
and 9 hyperthyroid (3 men and 6 women) patients were studied after L - T 4 or antithyroid drug 
treatments, respectively. The control group included 88 normal subjects ( 47 men and 41 women, 
aging 1 month - 90 years). 

In all cases measurementes of serum 14 and triiodothyronine (T3) concentrations was done 
by r~ioimmunoassay using commercial kits (T4-RIA and T3-RIA, ARIA II, Becton Dickinson 
S.p.A., Milan, Italy). Anti-thyroglobulin and anti-thyroid micrQSOlllal antibodies were determined 
by passive hemaoolutination and Immunor~iometric assays27,28. 

Thymulin determination 

Thymulln act1v1ty was measured in plasma samples by the methOd of Dardenne and Bach29 
with minor modifications. Briefly, plasma was filtered through a Centriflo Am icon Membrane with 
a cut-off of 50,000 daltons (Amicon Corp., lexington, Ma, U.S.A.). Duplicate 50 III of f11trate or. 
serial dl1utions of it mo with Hank's solution were mixed with 200 III of spleen cell suspension 
from thyroidectomized mice (final suspension 7.5 x 1 06/ml) and incubated at 37 C for 30 min. 
After washing, the cells were resuspended in 250 ul of a solution of azathioprine (The Wellcome 
Foundation ltd., london, U.K.) at a concentration of 10 Ilg/ml; this conceg~ation is able to Inhibit 
the formation of rosettes by T lymphocytes but not by non-T spleen cells . Cell suspensions were 
then incubated at 37 f for 60 min, after which 250 III of a sheep red blood cell suspension 
containing 12.5 x 10 Iml were~. After a further· 5 min Incubation at 37 C, cells were 
centrifuged In the cold at 100 x g for 5 min, resuspended for 5 min by using a rotating mixer and 
counted in a hemreytometer chamber. The rosette-forming cells (RFCs) present in 18,000 spleen 
cells were counted, and varues were recorded as RFCs per 1 x 1 cP cells. The maximal dilution that 
Induced azathioprine sensitivity in 50~ of RFCs from thymectomized mice was taken as the 
thymulin titer. This procedure will be indicated thereafer as "conventional method". 

To overcome the possible interference of zinc deficiency, occurring either in viva'3° or 
resulting in vitro from dllution of the plasma filtrate by zinc-free medium, thymulin activity was 
also measured in duplicate using Hank's medium containing 200 nM zinc sulfate. This zinc 
concentration was chosen on the basis of prellminary experiments performed with gr~ 
concentrations ranging from 1 pM to 10 UM. This procedure will be indicated in the following 
paragraph as the "modified assay". 
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Fig. I. Pl8Sllla thymul1n levels measuroo by the conventional assay CA) and by the moo1fioo 
zlnc-supplementai 8SS8V (B)i n 36 hyperthyroid pat lents ( .), 28 hypothyroid patients 
(0) and 88 normal subjects of different ages (.,). Data are reportai as means :t SEM or 
thymulln titers In eIdl age group (from 7, with Publisher's permission). 

Circulating thymulln concentrations In hypothyroid and hyperthyroid patients 

FIg. IA shows the change In the circulating thymulln titers as meesuroo with the conventional 
methOO In normal subjects and In hypo- or hyperthyroid patients In relation to their age. In 
normal subjects, thymulln concentrations progressively decllnai, reldling nearly undetectable 
levels by the seventh decade of life. A progressive decline was also found in hypo- 8I"Id 
hyperthyrOid patients, but the former hlKllower levels or thymul1n in all age groups comparoo to 
normal controls. The difference was more evident in young than in oltEr subjects. On the other 
hand, thymulln levels higher than those found in age-matchOO normal controls were observoo In 
hyperthyroid patients. The difference was much more evident In the older age groups. 

The results obtaloOO using the moolfloo 8SS8V containing zinc-supplementai moolum are 
shown In Fig. 1 B. A progressive decline in thymulln ~Ivlty was clearly detectable up to the ninth 
dIm1e. No difference between the results of conventional and moolfloo assays were found in the 
hypothyroid patients. On the other hand, In hyperthyroid patients, thymul1n levels measured by 
the conventional assay, did not decline with age, and were clearly higher than those or 
age-mathchOO normal subjects in all age groups after the first decade. 

Correlation between circulating thymyl1n and thyroid hormones 

The correlation between pl8Sllla thymulln (as assessOO by the mooifioo assay) and serum 
concentration of T3 and T 4 is 111ustrated In Fig. 2. Significant positive correlations were found 
(r=O.80 for thymulln ~ T3, p<O.OO 1; r=O.78 for thymulln~. T 4, p<O.OO 1 ). Simllar results 
were obtaloOO when the thymulln values were assessOO by the conventional methOO (data not 
shown). 

Analysis of the data with respect to the type of hyperthyroidism and hypothyroidism showOO 
no relationship of thymulln ~Ivlty to thyroid autommune disoders. Similarly, there was no 
correlation between thymulln ~1vlty and titers of antHhyrOJ)bulin or anti-thyroid microsomal 
antibooies. 

Effect of theraoy 

The effect of therapy on thymulln levels in hypothyroid and hyperthyroid patients is shown In 
Fig. 3. Antithyroid drug treatment In hyperthyroid patients was associated with a decrease In 
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thymul1n concentratlons toward normal values. Administration of L - T 4 in 00ses able to suppress 
thyrotropin levels in thyroid C8Ilcer patients was followed by an Incr888S8 In thymul1n titers to 
normal or suprenormal values. 
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Fig. 2. Correlation between serum T3 (A) or 14 (B) and circulating thymulin by modified 
bioassay In hypothyroid (0), hyperthyroid (.) and euthyrOid (0) subjects. The 
~-dependent variations of thymulln activity are normalized for ~-matched normal 
controls (From 7, with Publisher's permission). 

PLASMA THYMULIN IN INFANTS WITH LOW-BIRTH-WEIGHT AND LOW T3 SYNDROME 

The development end maturation of the immune system Is almost compleje at birth in humans, 
and Its functions become wholly effective In the early post-natal lIfe-'F34. Alterations of 

W:!t~=~fl~~Ui~lt~r~a~~ ~/~~'fo!v~:~g~n!:~~~~~5~rc:~ ~=j~[:1~~~~t;~~ 
might be Implicated in this immunodeficiency. In keeping with this concept, low circulating levels 
ofthymul1n have been reported In premature and small for gestational ~ (SGA) infants"6. 

As discussed before, thymic endocrine activlty appears to be modulated by thyroid function 
both in experimental animals end in adult humans with hypothyroidism and hyperthyroidism. 
Several studies have shown that premature or SGA infants have reduced serum thyroid hormone 
concentrations during the first post netal weeks, when compared to healthy full term 
newborns"7-42. To answer the question of whether In premature newborns the impaired thymic 
activity end thyroid function abnormalities are related, we carried out further studies by 
performing serial and parallel measurements of thymul1n, T3 and T 4 during the first weeks of life 
In full term infants and in preterm newborns with various conditions. 

StuWgroups 

Circulating thymulin (measured by the modified bioassay described before) and serum T 4 and 
T3 concentrations were measured In 131 newborns Incudlng: 26 healthy full term, 23 full term 
small for gestational ~ (SGA), 30 preterm appropriate for gestational ~ (AGA), 22 preterm 
SGA and 30 with respiratory distress syndrome (RDS) of whom 15 were full term and 15 
preterm AGA. Blood samples were obtained 3,5, 10,20, and 40 days after delivery. 

Plasma thymulin am! thyroid hormone concetratlons during early post natal1ife 

In healthy full term newborns circulating thymulin concentrations were low during the first 
days of life end subsequently reached normal values for children aging 1 - 12 months by the tenth 
day after birth. Persistently low circulating thymulin and T3 were observed in the majority of 
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newborns with pathological conditions, the lowest values being observed in infants with RDS. A 
high significant positive correlation was present in all groups of newborns between mean 
circulating thymulin and T3, but not T 4. Short-term T3 administration in 6 selected additional 
pretermAGA newborns caused a significant increase of plasma thymulin levels when compared to 
6 untreated controls. 

~ hyperthyroid hypothyroid 

:~ 

o before during before during 

Fig. 3. Normalized plasma thymulin levels as assessed by the modified bioassay after antithyroid 
drug treatment in 9 hyperthyroid patients and after l-T 4 administration in 8 hypothyroid 
patients. (From 7, with Publisher's permission). 

DISCUSSION 

The data obtained in hyperthyroid and hypothyrOid patients prOVide, to our knowledge, the 
first evidence in humans that thymic enOOcrine function, as assessed by measurement of 
Circulating thymiJlin activity, Is influenced by thyroid status. Using a conventional bioassay. an 
age-dependent decline of thymulin activity~! found both in hypo- and hyperthyroid patients, as 
previously reported in normal subjects22• . However, comparison with age-matched normal 
controls revealed that thymulin activity was increased in hyperthyroidism and decreased in 
hypothyroidism. These changes were reversed by appropriate treatment In both groups of patients. 

These results are in agreement with previous observations in mice that circulating thymulin 
declines after thyroidectomy4.5 or antithyroid drug treatment and increases after thyroid 
hormone administration. Further support for an influence of thyroid hormones on thymic 
enOOcrine activity derives from the demonstration that exogenous T 4 administration to 
experimental animals resulted in enlargement of both cortical and medullary components of the 
thymus43•44 , while t~roidectomy was followed by a reduction of the thymiC size up to 
near-complete atrophy 5. Moreover, the occurrence of an enlarged thymus in human 
hyperthyroidism has long been recognized16,45. 

The mechanism by which thyroid status affects circulating thymulin is presently unknown. 
The possibility that it was due to an underlying autoimmune disorder is not supported by the 
finding that the changes occurring in hypo- and hyperthyroid patients were unrelated to the 
clinical and humoral evidence of thyroid autoimmunity, while there was a significant correlation 
with serum thyroid hormone concentrations. We also could rule out the possibility that thyroid 
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hormones ptlf'StI might Interfere with the bloassays used to measure thymull~ activity, since the 
ill vitro IdIltion of either T'" or T3 did not alter the sensitivity of the bloessay . 

Recent findings have shown that mllrgil'l81 zinc deficiency may lICOOunt for M'e reduced 
circulating thymul1n activity occurring In CKlvanced age and In Down's syndroma3 ; In these 
conditions FTS Is still produced, but It does not contllin zinc (Zn-FTS, thymulln) and, therefore, 
remains biologically Inactive. The Increased thymulln activity found In hyperthyroid by the 
conventional method was further emphaslzal by the modified bioassay which employed optimal 
zinc concentration In the assay mixture. In hypothyrOid patients, thymulln activity was decreased 
In both assays, thus Increasing the difference between hypothyroid and age-matched normal 
subjects. In this respect, hypothyrotd patients appeared to differ from patients with DowD's 
syndrome, In whom reduced thymulln activity Is Pllrtlally restored by /dtttlon of zinc 10fIS"'0. 
Since both in vivoforms of thymulln (I.e. zinc bound and zinc unbound) should be detected by the 
mod1f1ed bioassay, our data Indicate that the totel concentration of circulating thymulln Is 
Increased In hyperthyroidism and decreased In hypothyroidism. 

This concept Is further supported by the data obtllined In premature newborns with the low 
T3 syndrome. In these conditions plasma thymulln titers remain perSistently lower that those of 
healthy full term Infants from birth to 40 days of life. Although the precise mechanism 
responsible for such phenomenon cannot be definitively established on the basis of our results, 
this finding is In agrEl8ql.fl,kWlth the notion that the complex thyroid function abnormallt1es 
present in prematurlty'l'-' mlljlt play an Important role In the Impalrement of thymic 
enOxrlne function. In keeping with this notion, when Circulating thymulln and T3 concentrations 
of all groups of newborns were compared, a highly significant positive correlation was found 
between the two parameters. At vllrlance with T3, plasma thymul1n titers were not correlated In 
newborns with circulating T 4. This finding Is In keeping with the concept that T3 Is the 
met8bollcally active horm0fte46, but It is apparently In contrast with our data in adults showing a 
positive correlation between both serum T3 and 14 and plasma thymulin in hypothyroid and 
hyperthyroid patients. It should be noted, however, that the abnormal thyroid hormone 
concentrations in hyperthyroid and hypothyroid adults were due to Increased or reduced hormonal 
secretion by the thyroid gland leading to essentially Pllrallel changes of both serum T 4 and T3. On 
the other hand, the main alteration of the thyroid hormone met8bollsm In sick newborns Is reduced 
peripheral conversion of T 4 to T3. 

In all the above the conditions studied, changes In Circulating thymulin could be due either to 
attered synthesiS and/or release form the thymus or to alterations of Its met8bol1c cl_ance rate 
(MCR). The notion that MCRs of many subst8nces are Increased In hyperthyroidism and decreased 
In hypothyroidism lends indirect support to the concapt thatthyrJlJd hormones affect thymic 
secretion by Increasing either the number6 or the secretory ectlvlty'f' of thymic epithelial cells. 
In light of this Interpretation, the changes In thymulln level In hyperthyroid and hypothyroid 
patients could reflect an Increased or dec! eased hormonal stimulus on the thymus Itself. It Is more 
difficult to explain why hyperthyroidism prevents the age-dependent decline In thymul1n 
concentrations. 

The recent demonstration of It feedback mech8nlsm by whlch",we circulating level of thymulln 
stimulates. the rate of thymulln secretion by epithelial cells might, however, explain the 
findings In hyperthyrOid patients. In other words, the excess of thyroid hormones Induces, 
regardless of the age of the patients, increments In thymulln to the maximum compatible with the 
feedback mechanism. 

Regardless of the mechanism involved, our stlllies provide clear evidence that thyroid status 
modulates thymic endocrine function, as expressed by thymulln secretion. The question of whether 
and to what extent such modulation Is relevant to the peripheral efficiency of the Immune system 
remains to be elucidated. 
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THE BB/W RAT, A MODEL FOR "TGI-ASSOCIATED GOITRE" 

ABSTRACT 

H.A.M. Voorbij, R.D. van der Gaag, and H.A. Drexhage 

Lab. for Clinical Immunology, Dept. of Pathology 
Free University Hospital, 1007 MB Amsterdam 

The presence of circulating thyroid growth stimulating immunoglobulins 
(TGI) was determined in 12-16 weeks old BB/W rats and in control Wistar rats. 
Thyroid weights of the BB/W rats were significantly raised in comparison to 
those of Wistar controls, and on morphology BB/W thyroids showed a strong 
similarity to human colloid goitre (active high columnar epithelium, 
branching and budding, absent signs of thyrocyte destruction and organized 
lymphoid tissue in about 30-40% of animals). Of 5 tested BB/W rats all were 
positive for TGI when protein-A-sepharose purified serum IgG was used in 
Feulgen densitometry. Although 50% of BB/W rats had elevated serum TSH 
levels, it is unlikely that TSH is directly involved in the glandular weight 
increase since TSH values did not correlate with goitre size. The data show 
that the BB/W rat may serve as a model for "TGI-associated" nontoxic goitre. 
This model will have great implications for the study on the pathogenic role 
of TGI in sporadic and endemic goitre and on studies aiming on receptor 
purification. 

INTRODUCTION 

In recent years we have described that some forms of goitres (Drexhage 
and Van der Gaag, 1986), such as large Graves' goitres, the majority of 
sporadic nontoxic goitres, and T4-therapy resistant Hashimoto goitres, are 
associated with the presence in serum of immunoglobulins (Ig's) stimulating 
the DNA-synthesis of guinea-pig thyroid glands kept in organ culture. Others 
(Chiovato et al., 1983; Schatz et aI, 1983; Valente et al., 1983; McMullan 
and Smyth, 1984; Rotella et al., 1986) have now confirmed the presence of 
similar Ig's in the above listed groups of goitrous patients and found 
circulating Ig's stimulating metabolic processes related to growth, f.i. 
3H-thymidine incorporation in isolated thyroid follicles or FRTL5 cells, or 
G6-PD increase in thyroid explants kept in organ culture. The Ig's thus 
detected are generally referred to as "thyroid growth stimulating Ig' sIt 
(TGI), and it is hypothetically thought that these TGI's might be responsible 
for the glandular weight increase found in the patients. However, many 
questions still remain on a) the exact character of TGI; b) the antigen 
specificity or the receptors to which these Ig's are directed; c) the 
relationship to Ig's stimulating other metabolic processes in thyroid cells, 
f.i. the c-AMP pathway; and d) the in vivo relevance to goitre development. 
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Since an experimental animal model for "TGI-associated goitre" would 
clearly be of advantage to clarify these issues, we have looked for the 
presence of TGI in the autoimmune-prone Bio Breeding/Worcester (BB/W) rat. 

RATIONALE FOR STUDYING TGI IN THE BB/W RAT 

The Bio Breeding/Worcester (BB/W) rat is an established model for the 
study of organ-specific autoimmune disease, and has particularly been useful 
to investigate a form of insulin dependent diabetes positive for auto
antibodies against the cells of the islets of Langerhans (Seemayer et al., 
1982; Martin et al., 1984). Besides this pancreatic lesion a high proportion 
of BB/W rats develop a form of thyroid autoimmune disease; in 30-40% of 
animals the thyroid is infiltrated by lymphocytes (Sternthal et al., 1981; 
Allen et al., 1986) and autoantibodies against the colloid can be demon
strated in 70-80% of animals from the 9th week of age onwards (Like et al., 
1982, Voorbij et al., 1986). The presence and titre of these antibodies is, 
however, not related to the presence of the lymphocytic cell infiltrations 
(Like et al., 1982, Allen et al., 1986). 

The BB/W rat also shows an increase in the thyroid weight (Allen et al., 
1986); this thyroid hyperplasia was thought to be a compensatory reaction to 
the subclinical hypothyroidism caused by the lymphoid cell infiltrations. 
Puzzling remains, however, in such a concept that only a minority of animals 
show lymphocytic infiltrations with borderline low serum thyroid hormone 
levels and raised serum TSH, and this low prevalence of subclinical hypo
thyroidism can not likely account for the thyroid weight increase found in 
practically all animals. The goitre development in the BB/W rat is also 
peculiar in comparison to the lack of glandular weight increase in other 
established animal models where lymphocytic infiltration of the thyroid 
occurs and animals are found posi ti ve for a-Tg antibodi es. The Obes e strai n 
chicken for instance shows a progressive destruction and fibrosis of the 
thyroid gland despite the high levels of serum TSH found in these birds (Wick 
et al., 1985). 
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THYROID WEIGHT OF THE BB/W RAT 
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Fig. 1. The thyroid weight of BB/W rats vs. that of 
Wistar rats of the same age. All but one of 12 BB/W rats 
show higher glandular weights (p<0.05; Student's t-test) 



TGI IN THE BB/W RAT 

We have now studied the presence of TGI in the circulation of the BB/W 
rat to see whether the occurrence of an immune growth stimulator might 
coincide with the glandular enlargement of the animal. BB/W rats (both sexes, 
obtained from Organon, Oss, The Netherlands), aged 12-16 weeks, were killed 
by asphyxiation. Diabetes in the BB/W rat only develops after the 9th-16th 
week of age, whenever rats are diabetic in the breeding colony they are 
maintained on daily Protamine-Zinc-Insulin (Organon) injections. Thyroids of 
the killed animals were removed and weighed. The weights appeared signifi
cantly higher as compared to those of control Wistar rats (R-Amsterdam, 
Breeding colony Free University) of the same age and total body weight 
(fig. 1): 28.0 mg (mean, s.d. 7.5, n=12) for BB/W rat thyroids vs. 15.6 mg 
(mean, s.d. 3.5, n=9) for Wistar controls (p(0.01, Student's t-test). In 
three of the animals only a minor infiltration of the thyroid by lymphoid 
cells could be observed (histological examination, sublimate-formol fixation, 
6~ paraffin sections, haematoxylin-eosin staining). In or near these 
lymphocytic infiltrations signs of thyrocyte destruction - macrophage 
infiltration, colloidophagy, follicle cell decay - were absent. On the 
contrary the follicular epithelium of the BB/W rat was active and high 
columnar cells lined the follicles. Occasionally branching and budding of the 
epithelial cells was observed. The lymphoid cell accumulations were, in 
comparison to destructive inflammatory reactions, actually of a totally 
different character. They were highly organized, showing T cell zones with 

TGI IN THE BB/ W RAT 
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Fig. 2. The results of protein-A-sepharose purified 
serum IgG in Feulgen densitometry of BB/W rats (e) and 
Wistar controls (0). IgG's were tested for their ability 
to induce DNA-synthesis (% of cells in S-phase) in 
guinea pig thyroid explants kept in organ culture. The 
IgG's of BB/W rats stimulate DNA-synthesis in biphasic 
dose-response which pattern is a normal feature of 
Feulgen densitometry. Wistar control IgG had no such 
effect. The hatched area represents the range of 
DNA-synthesis found in non stimulated control guinea pig 
thyroid. 
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interdigitating cells and epitheloid venules, adjacent B cell follicles and 
cords of plasma cells. This architecture reflects local immune responsiveness 
and antibody production and is very similar to the architecture seen in 
mucosa-associated lymphoid tissues (Peyer's patches, bronchus-associated 
lymphoid tissue). 

Five of the twelve BB/W rats were tested for circulating TGI. IgG 
preparations were prepared by protein-A-sepharose purification from serum, 
and these were tested in dose-response in the cytochemical bioassay based on 
Feulgen densitometry (details Drexhage and Van der Gaag, 1986). All five IgG 
preparations were clearly positive for TGI, and biphasic dose-response curves 
- a well-known feature of all yet known cytochemical bioassays for 
polypeptide hormones and their mimicking Ig's - were obtained (fig. 2). 
Optimal stimulation of DNA-synthesis occurred at concerttrations ranging from 
10 to 60 ~g IgG per ml culture fluid. Two IgG preparations tested as control 
and prepared from Wistar serum were negative for immune stimulators of 
DNA-synthesis. With regard to hormonal stimulators of thyroid growth 50 
percent of animals showed an elevated level of s-TSH (fig.3, as measured with 
a RIA, >550 ng/ml; Dr. D. v.d. Heide, Leiden University); as a group the BB/W 
rats showed borderline-low normal s-T3 and T4 levels compared to the levels 
found in the Wistar control group (1.95 vs. 3.0 nmol T3/l, and 74.3 nmol vs. 
96.1 nmol T4/l respectively). When we tried to correlate the actual weight of 
the thyroid gland of a given animal with its s-TSH, significant correlations 
could not be established (fig. 3). This makes it not very likely that TSH 
plays a significant role in the goitrogenesis of the BB/W rat. Our data on 
the lack of correlation between thyroid weight and s-TSH are in accordance 
with earlier reported data on this subject (Allen et a!., 1986). 

BB/W RAT 
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Fig. 3. The lack of correlation between glandular weight 
increase in the BB/W rat and its serum TSH, as measured 
by RIA (normal <550 mg/ml). 
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FURTHER REFLECTIONS 

The data listed above imply that the BB/W rat can serve as an animal 
model for the study of "TGI-associated goitre". Employing cloning and 
hybridization techniques monoclonal TGI's can now be developed which may 
elucidate the pathogenic role - if any - of TGI in goitrogenesis, and may 
serve as tools for the purification and identification of thyrocyte membrane 
components (receptors) involved in TGI-induced DNA-synthesis. 

Two independent groups (Schatz et al., 1983; Medeiros-Neto et al., 1986) 
have recently reported that also in area's of iodine deficiency goitre 
development may be associated with the presence of circulating TGI. Moreover 
- in contrast to the prevailing concept - the Chinamora Research Team (1986) 
reported that elevated levels of s-TSH do not correlate to goitre size in 
severe iodine deficiency. Allen et al. (1986) showed that disturbances in 
iodine intake in the BB/W rat lead to alterations in the frequency of 
intrathyroidal lymphocytic infiltrations. It might be that the BB/W rat as a 
model for TGI-associated goitre will also serve to unravel the intriguing 
relationships between metabolic disturbances due to iodine intake 
abnormalities, goitrogenesis and thyroid autoimmunity. 

Another interesting aspect of the BB/W rat is its marked defect in the T 
cell system. Most noteworthy young rats show clear T-suppressor cell defects, 
particularly in total numbers (phenotypically; Woda et al., 1986). Older rats 
additionally show T-helper/effector defects (Elder et al., 1986). In the 
human disease entity "TGI-associated sporadic nontoxic goitre" we observed 
similar generalized T-suppressor cell defects (van der Gaag et aI, 1986); it 
is, however, difficult to visualize how such generalized defects lead to 
organ-specific autoimmune diseases. The rat model may also prove to be of 
value to study this problem. 
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NON-THYROIDAL COMPLICATIONS OF GRAVES' DISEASE: 

PERSPECTIVE ON PATHOGENESIS AND TREATMENT 

* * Joseph P. Kriss • I. Ross McDougall. Sarah S. 
Donaldson+, and Helena C. Kraemero 

* Departments of Diagnostic Radiology and Nuclear Medicine , 
Therapeutic Radiology+ and PsychiatryO, Stanford University 
School of Medicine. Stanford, CA 94305 USA 

A substantial number of patients with Graves' disease have 
significant and sometimes disabling abnormalities in sites anatomically 
remote from the thyroid, such as in orbital tissues (ophthalmopathy), 
pretibial skin (dermopathy), and bones of the extremities (acropachy). 

The major disorder in Graves' disease is hyperthyroidism. It is 
now generally accepted that hyperthyroidism results from an interaction 
of autoantibodies to the TSH-receptor (TSH-R) on thyroid cells, 
generating events that mimi! !SH in stimulating the cells to synthesize 
and release thyroid hormone -. Different species of anti-TSH-R have 
been described, varying in determinant specificity, ability to block 
TSH-binding, ~t~mulate thyroid hormone synthesis, or increase growth of 
thyroid cells -. On the other hand, the pathogenesis of the 
disorders affecting non-thyroidal tissues is poorly understood. The 
primary pathological events are unclear, the specific cellular targets 
have yet to be identified, and the effectors which trigger the cascade 
of abnormal cellular responses are unknown. 

Ophthalmopathy (0) has been the most widely studied of the 
non-thyroidal disorders mentioned above; two main theories of 
pathogenesis for Graves' ophthalmopathy have been proposed: 

Theory 1. Ophthalmopathy is an autoimmune disorder which bears no 
relationship to Graves' disease and is causally related to antibodies 
interacting with unique orbital antigens. 

Evidence for 
· Sera of 0 patients contain antibo~ies to a soluble human eye muscle 

(EM) antigen9 , to human EM membranes 0, or to "retro-ol~iI~l 
antigens" of guinea pig Harderian gland and porcine EM ' . 

· Sera of 0 patients inhibit competitively the binding of 
affinity-purified, non-protein a~tigens obtained from solubilized human 
EM and orbital tissue membranes l . 

· Immunoglobulins which bind to a 100,000x g pellet of porcine EM 
protein are found more often in rera of 0 patients than of patients with 
other thyroid disease or normals 4. 

· Antibody dependent cell-mediated cytotoxicity with monoclonal 
antibodies to EM antigens has been reported15 . 
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Arguments against; 
· Binding of antibodies to orbital cell antigens does not explain the 

development of the disease; it could reflect the result of prior muscle 
damage rather than its cause. 

· Reference 10 lacks non-eye muscle controls; dat~ not confirmed16 
· Small difference between 0 patients and control13 
· Relevance of non-human test systems can be questioned. 
· The observations fail to account for the strong association between 

ophthalmopathy and autoimmune thyroid disease. 

Theory 2. Ophthalmopathy is an autoimmune complication of Graves' 
disease. The thyroid gland and some orbital tissues share common 
antigenic determinants. Antibodies formed against the determinant of 
one site cross-react with that of the other site, and initiate different 
cellular events at these sites. 

Evidence for 
• An ipsilateral lymphatic thyroidal-orbital connection via the 

anterior deep cervical system in thyrotoxic subjects has been 
demonstrf~ed; cephalad flow of lymph from the thyroid occurs 
commonly . 

· Human Tg and Tg-anti-Tg compler bi~d more to human and bovine EM 
membranes than to other mem~Oanes 8, ,and also to lipid vesicles 
containing h~an EM protein . 

· Tg-anti-Tg complex may be detected in sera of p~ti~~ts with 
autoimmune thyroid disease, including those wi~~ 0 ' . 

· Ser~ Tg is high in Graves' hype2~h2foidism and rises further 
after 11 therapy or thyroidectomy , ; the~~ ~gerapies are 
sometimes followed by onset or worsening of 0 - . 

· There are Tg-like determinants in normal human EM27 ,28. 
· After removal of half of an enlarged thyroid, protrusion, which 

previously was bilater~g' disappeared on the operated side, but 
persisted on the other . 

· Monoclonal anti-Tg, and anti-Tg in patient sera react with a Tg 
determinant in human orbital connective tissue membrane~30A 

· Retro-orbital tissues contain TSH-receptors (TSH_R)31,3L 
Binding of TSH is augmented by serum/Ig from 0 patients33 , 3.4 

· Monoclonal antibodies to bovine and human TSH-R, and IgG from 0 
patients stimulate collagen synthesis in ~~an forearm fibroblasts; 
response correlates with disease severity . 

· Ig of Graves' patients binds to a 23 KD protein, which is found in 
normal thyroid ti~gue and in "retro-ocular connective tissue" obtained 
from an 0 patient . 

Arguments against~ 
· No direct evidence that thyroidal antigens or humoral or cellular 

effectors reach the orbit. via cervical l2WP~,tics. 
· Monoclonal anti-Tgs do not bind to EM ' . Tg cannot be 

demonstrated immunohistochemically in human EM28. 
· Presence and level ~f anti-Tg and Tg-anti-Tg complex in serum are 

not correlated with 02 . Incidence of 0 is low in Hashimoto's 
patients, whose sera often contain these substances. 

· Stimulat~on of collagen synthesis is observed with forearm skin 
fibroblasts 5; relevance of the observation can be questioned. 

No agreement on the autoantibodies and antigens involved. 

Analysis of these published studies reveals collectively (a) a 
multiplicity of postulated mechanisms, (b) lack of agreement or 
information on the cellular targets, (c) conflicting or nonreproducible 
results, (d) lack of distinction between cause and effect, or (e) lack 
of apparent relevance of an observation to the disease state in man. 
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Table 1. Demographic Data on Treated Patients 

Total Patients 156 (M 53; F 103) lost 8 
Median Age 52 yr 
Age <40 yr 18 (12%) 
Median duration eye signs pre-treatment 
Median duration follow-up 

11 mo 
34 mo 

Description 
Previous thyroid disease 

Hyperthyroidism 
Hypothyroidism 
Hashimoto's thyroiditis 
X-ray therapy to the neck 

Active hyperthyroidism, concomitant Rx 
Dermopathy 
Previous orbital decompression 
Eye signs started or worsened after 1311 Rx 

after thyroidectomy 
On oral prednisone 

prednisone stopped post-treatment 
Eye surgery post-treatment 

No. Pts. 
152 
119 

16 
14 

3 
14 
23 

8 
52 

6 
46 
37 
48 

! 
97 
76 
10 

9 
2 
9 

15 
5 

33 
4 

29 
80 
31 

On the premise that ophthalmopathy is an autoimmune disorder, and 
that lymphocytes infiltrating the eye muscles may be effectors, in 1968 
we began treating patients with progressive ophthalmopathy with 
supervoltage orbital radiotherapy using a 6-mev linear accelerator, 
deliver~Hg a well-collimated, high energy x-ray beam to the extraocular 
muscles . To date we have treated 270 patients. Eye muscle or 
eyelid surgery has been done after the radiotherapy in about a third of 
the patients. Since, in some of these, most of the improvement may be 
attributed to the surgery, it is important to know what may be achieved 
by supervoltage radiation alone. Thus, in this analysis of our results, 
we have excluded all observations made after surgical intervention. 

We assessed severity of disease by numerically rating each of 5 
signs: soft tissue, proptosis, eye muscle, cornea, a~g sight loss, and 
then summing the scores to derive an ophthalmic index . We present 
here the results on the first 156 patients, for whom the follow-up is 
the longest and most complete; demographic data are shown in Table 1. 

Each of our patients had progressively worsening signs over a 
period of weeks or months before receiving radiotherapy. The over-all 
results of treatment are shown in Figure 1 which compares the 
pre-treatment index with that after treatment. Note (a) the marked 
shift toward lower index scores including a substantial number at 0 and 
I, but (b) evidence of some residual abnormality in the majority. 

Analysis according to disease manifestation revealed significant 
differences in response (Fig. 2). For example, before treatment 91% of 
all patients had soft tissue signs; in 68% of these, these signs 
resolved completely, 18% improved, 13% showed no response, and 1% 
worsened. The results for eye muscle signs were not as good: 1/3 
resolved completely, but >1/3 showed no response. 

In Figure 3 the responses by sign are examined according to the 
initial severity of each sign. For example, the severer grades of soft 
tissue resolved completely in 2/3 of the cases; very few had no 
response. Grade 1 proptosis resolved completely in half the patients; 
however, higher grades resolved infrequently, although many improved to 
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OPHTHALMOPATHY INDEX 

Figure 1. Pre- and Post-Treatment Ophthalmopathy Indices 

PRE-
POST-TREATMENT " TREATMENT 

sign 
! )It DO. ~proved DO.! of worse no c<lmplete 

cases i total follow response resolution 

soft 
tissue 142 c}1 13" 1 13 t{t Eo6 

proptosis 118 7& 111 & 47 1& 31 

! 
eye muscle 147 '4 DC} 1 37 23 33 

cornell 31'1 I~ 27 4 22 74 

sigM 65 I 54 61 2 27 15 5& 
loss 

* results given as x of those involved _d followed 

Figure 2. Response to Treatment According to Manifestation 

a lower grade. About 1/3 of those with eye muscle involvement did not 
improve, regardless of initial grade; here the frequency of complete 
resolution varied inversely with the severity of involvement. Severer 
grades of sight loss responded favorably. The higher failure rate in 
those with mild visual acuity loss probably reflects the frequency of 
pre-existing cataract and/or retinal disease. 
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PRE- .. 
THERAPY POST-THERAPY 

Sip Or_II No. Wors:elre~gnse Improved COIDr,I~1I resou n 

Soft t.S1I1I 3 18 

I 
£. 38 {O5 

:a &3 :a 31 &7 
1 ftl 2 28 71 

Propiosls 3 IS 

I 
33 58 8 

2 1-1 5 51} 2S 11 
I 59 ") 46 51 

Eye muscle 3 51' 1 39 41 19 

2 58 2 I 37 31 2' 
1 32 31' &3 

Cornea 1.2 30 4 ! 22 74 
! 

SlgIlt loss 3 l' 

I 
S8 SO 

2 25 .. 1ft 31> 14 
I 53 2 

1 
36 62 

.. results given BS x of 'those involved and· foDowed 

Figure 3. Response to Treatment According to Sign and Grade 

From a step-wise linear regression analysis of our data we derived 
formulae for predicting the final post-treatment scores for any affected 
individual: 

r 

0.088 + 0.124Sinitia1 + 0.495 Hashimoto 0.33 

Pfina1 - -0.051 + 0.711Pinitia1 + 0.572 concomitant Rx 0.74 

Efina1 - -0.086 + 0.652Einitia1 - 0.370 female + 0.884 Hash. 0.62 

0.022 + 0.252Cinitia1 0.40 

Sifina1- -0.409 + 0.310Siinitia1 + 0.009 age in years 0.50 

The predicted final score is related directly to the initial score, 
but there are several other significant correlations. The presence of 
dashimoto's thyroiditis adversely affects the final score for soft 
tissue or eye muscle involvement. Proptosis response is less for 
patients receiving treatment for hyperthyroidism at the time of 
radiotherapy. Eye muscle response is better for females than for 
males. Sight loss is related to age. 

Most of the non-responses associated with decreased visual function 
were due to persistence of eye muscle signs. Most of these subsequently 
were operated on, with 96% of those patients getting a good result. We 
conclude that sequential treatment by orbital radiotherapy followed by 
eye muscle or eyelid surgery, if necessary, is a reasonable treatment 
strategy for progressive ophthalmopathy, considering our current lack of 
information concerning its pathogenesis. 
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CROSS-REACTIVITY BETWEEN ANTIBODIES TO HUMAN THYROGLOBULIN AND TORPEDO 

ACETYLCHOLINESTERASE IN PATIENTS WITH GRAVES' OPHTHALHOPATHY 

INTRODUCTION 

H. Ludgate 1 , C. Owada2 , R. Pope3 , P. Taylor2 , and G. Vassart l 

IRIBHN, ULB, Brussels1 ; Dept. PharmacoLogy, University 
of San Diego, California2 ; Dept. Hedicine, UWCH, Cardiff3 

The pathogenesis of Grave's ophthalmopathy (GO) remains an enigma 
although there is some evidence for autoimmune mechanisms and also for 
antigens shared by the thyroid and eye orbit (1,2). The extra-ocular 
muscles seem to be the primary target for the disease process, being 
heavily infiltrated by lymphocytes. To date a plausible explanation for 
this has been wanting but thyroglobulin (Tg) has been proposed as the 
"common link" (3). The recent demonstration of a significant homology 
between bovine Tg and torpedo acetylcholinesterase (TAche) (4) and subse
quently the comparison of their hydropathy profiles and conservation of 
cysteine residues involved in disulphide bonds implies that the two pro
t~ins may share common epitopes (5). This led us to propose that some 
antibodies or T lymphocytes sensitized to human Tg might recognize and 
cross-react with human Ache and the extra-ocular muscles with their 
abundant nerve supply would be more affected than skeletal muscle (6). 

To test this hypothesis we have performed enzyme linked immunosor
bent assays (ELISA) to investigate the binding of GO patients sera to 
human Tg and torpedo Ache. 

METHODS 

Subjects : - Eight patients with severe GO (at least stage 4 by the 
American Thyroid Association Classification) were studied at a time when 
they were euthyroid following various treatment regimens and also five 
patients with Hashimoto's thyrolditis (HT) receiving thyroxine and seven 
normal controls. 

Antigens : - Human thyroglobulin was prepared from thyroids of 
patients with Graves' disease. Affinity purified acetylcholinesterase was 
prepared from the electric organ of Torpedo Californica. 
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At each stage 
plates were 
washed x 3 in 
phosphate 
buffered saline 
.05 '7. nonidet 
(PBSN) • 

RESULTS 

Normals (n=7) 

GO patients (n=9) 

96 well plates coated in carbonate/bicarbonate buffer 
pH 9.6 at 4°c overnight with 10 pg/ml antigen 

~ 
Serum samples diluted 1:100 in PBSN-1 % BSA, applied for 
2 hours at room temperature 

~ 
Anti-human IgG conjugated with alkaline phosphatase 
1:7500 dilution (Promega) for 2 hours at room 
temperature 

pNPP substrate (Sigma) in diethanolamine buffer pH 9.8 
colour developed and absorbance read at 405 nm. 

HTg TAche 
x .303 SD .052 x .320 SD .062 
x .704 SD .234** x .626 SD .210* 

Haschimoto's thyroiditis (n=5)x 1.033 SD .481 x .690 SD .111 

*The difference between the response of GO patients and*lhat of normals is 
significant (p < .005) as assessed by Students "t" test (p <.001) 

Based on the mean + 2SD of the control group 6/9 and 8/9 GO patients gave 
positive responses to TAche and HTg respectively. Preincubation of sera 
with TAche before performing the ELISA significantly reduced the level of 
binding to both antigens, HTg also reduced the level of binding but was 
not significant for TAche. 

CONCLUSIONS 

The experiments, although preliminary, indicate that there is 
significant binding of GO patients sera to TAche and that this correlates 
strongly with binding to human Tg. 

However, there are many points which remain to be explained: 
(i) why do Hashimoto's thyroiditis patients whose sera bind to TAche in an 
ELISA not have eye disease ? We suggest that this may be a quantitative 
effect since serum cholinesterase levels have been shown to be increase 
during-thyrotoxicosis thus it seems plausible that acetylcholinesterase at 
nerve/muscle interfaces would also be elevated and most patients with GO 
have had an episode of hyperthyroidism before the onset of eye signs. 
(ii) not all patients with GO have detectable levels of antibody to 
thyroglobulin. It is conceivable that thyroid infiltrating lymphocytes 
include T cells sensitized to Tg even in the absence of circulating 
antibody. 

We do not propose that antibodies which recognise acetylcholines
terase are pathogenic "per se" but the demonstrated cross-reactivity 
between them and Tg supports the hypothesis that the "antigenic 
similarity" between Tg and Ache may playa role in the aetiology of GO. 
Further experiments are required to investigate the contributions made by 
humoral and/or cell mediated immune mechanisms in the disease process. 
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INTRODUCTION 

Autoantibodies directed against thyroglobulin (Tg), microsomes 
(Mic) and the TSH receptor (TSH-R) are well recognised in thyroid 
autoirrmmi ty • Both Tg and Mic antibodies are fotmd in Hashimoto's 
thyroiditis (HT) and Graves' disease (GD) while Mic antibodies are 
strongly associated with post-partum thyroiditis (PPT). However in 
subacute granulomatous thyroiditis (SAT) and subacute lymphocytic or 
"silent" thyroiditis (ST), these antibodies are infrequent, transient 
and of low ti tre (Hay, 1985). 

The lack of correlation between thyroid membrane (TMEM) binding 
antibodies and those detected by assays for Tg, Mic and TSH-R antibodies 
in Graves' disease (Gardas et al 1984) suggests the presence of 
addi tional autoantibodies in thyroiditis. We have assessed this 
possibility by qualitative irrmmoblotting. 

METHODS 

Materials 

TMEM consisted of the 2000g supernatant of an homogenate of three 
pooled Graves' thyroids. Tg and Mic were prepared as detailed elsewhere 
(Weetman et al 1984). 

Sera. Samples were obtained from 20 patients with GD, 17 with PPT, 15 
With HT, 9 with SAT and 6 with ST. These were compared with sera from 
11 heal thy laboratory staff. Serum samples from SAT and ST patients 
were obtained wi thin a month of disease onset; those from patients with 
PPT were taken between one and two months after delivery. 

Irrmmoblotting 

TMEM were run on SDS-PAGE (sodium dodecyl sulphate-polyacrylamide 
gel electrophoresis) under reducing conditions on a 5 - 15% gradient gel 
and the fractionated antigen transferred electrophoretically to 
nitrocellulose paper (Towbin et al 1979). Strips were then incubated 
with sera, 1:50 dilution, and bound antibody visualised by incubation 
with 125I-protein A and autoradiography. 
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RESULTS 

Over 50 protein bands were f'mmd on Coomassie blue staining of' 
'1M!:M a:rter SDS-PAGE. Fran experiments with purified antigens, these 
included bands at 200 - 300 kd (Tg) 'and 100 - 105 kd (Mic). However, 
irrmunoblotting of' all five groups of' thyroiditis sera onto TMEM revealed 
antibody binding to detenninants at other molecular weights (Fig 1). 

The control sera bmmd to two bands at 30 kd and 50 kd, which may 
be regarded theref'ore as non-specific in considering the disease groups. 
In the GO and HT groups, over half' the sera reacted with detenninants at 
200 - 300 kd (Tg) and 105 kd (Mic) but in addition 18 GO and 13 HT sera 
also identified at least one other detenninant in the range 15 - 160 kd. 
The binding of' the GO sera was not blocked by TSH (lu/ml) and the 
patterns did not correlate with the level of' Mic or Tg antibodies. 
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'!he other patient groups, SAT, ST and PP1', also reacted with 
determinants at 15 - 120 kd (Fig 1). It was striking that all eight of: 
the SAT patients and three of: the six ST patients, ..mose sera reated 
wi th one or more of: these determinants, did not have Tg or Mic 
antibodies detectable by haemagg1utination or EUSA. Several 
determinants were recognised by sera in all five disease groups, 
particularly those at 50, 40 and 25 kd. 

DISCUSSION 

A number of: new thyroid autoantigenic determinants in 'llo£M have 
been identified by illlllUl1Ob10tting 'hhich do not appear to be related to 
Tg, Mic or TSH-R. Our data explain the lack of: correlation between the 
results of: tests f:or autoantibodies against these established antigens 
and those obtained with a radioilllllUl1oassay employing TMEM (Gardas et al 
1984). Such a complex antigen preparation would also seem likely to 
engender a heterogenous response ..men used to stimulate 1ynphocytes .!!l 
~ (Okita et al 1981). 

The localisation of: these antigens remains to be established. 
However a recent report has confirmed the present t:1ndings in GO using 
TMEM t:rom FRTL5 cells, so that at least some of: the determinants are not 
speCies specific (Cohen and Ladenson 1985). Finally it is of: interest 
that patients with ST, PP1' and SAT, as well as GO and HT, had antibodies 
against these novel determinants, suggesting shared illlllUl1opathogenic 
mechanisms in all five types of: thyroiditis. 
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FURTHER CHARACTERIZATION OF THE THYROID MICROSOMAL ANTIGEN 

BY MONOCLONAL ANTIBODIES 

INTRODUCTION 

Luc Portmann, Noboru Hamada, 
Wilfred A. Franklin*, and Leslie J. DeGroot 

Thyroid Study Unit, Department of Medicine and *Pathology 
The University of Chicago 
Chicago, IL 60637, USA 

The thyroid microsomal antigen has been recently identified as a 107 kD 
protein (1) by Western blot and immunoprecipitation using sera of patients 
with thyroid autoimmune disease. In addition other studies have reported the 
presence of antibodies in those sera against human thyroid peroxidase (2), 
and a coelution during gel filtration of peroxidase enzymatic activity and 
microsomal antigenicity (3) suggesting an identity between microsomal anti
gen and thyroid peroxidase. We developed monoclonal antibodies against this 
107 kD antigen to better characterize its nature and relationship to thyroid 
peroxidase. 

MATERIALS AND METHODS 

Immunization protocol: The 107 kD gel-purified antigen was injected to 
Balblc female mice intraperitoneally every four weeks until the sera were 
positive for the presence of binding by Western blot to the 107 kD band. Fu
sion was done as previously described (4) and after appropriate screening, 
hybridomas were subcloned and expanded. 

Immunoprecipitation study and Western blot: Thyroid microsomes were im
munoprecipitated using a human sera with a high MCHA titer but TGHA(-) and 
TRAb(-), and addition of Pansorbin (Calbiochem, La Jolla, CA). After appro
priate washing, proteins were eluted and submitted to Sodium Dodecyl Sulfa
te-Polyacrylamide Gel Electrophoresis (SDS-PAGE) (1). After blotting, nitro
cellulose sheets were incubated with monoclonal antibodies and binding was 
visualized using peroxidase conjugated antibody. 

Proteolysis of microsomal antigen: Microsomal antigen was incubated 
with either trypsin, type 111-5, from bovine pancreas (Sigma, St.Louis, Mo) 
or VB-protease, Staphylococcus aureus (Miles Scientific, Elkhart, IN) in a 
shaking waterbath at 37 C. Reaction was stopped by addition of chromatogra
phically purified soybean trypsin inhibitor (Sigma) or/and boiling the sam
ples. After electrophoresis, the proteins were blotted into nitrocellulose 
sheets and incubated with human sera and monoclonal antibodies. 

Enzyme-Linked Immunoabsorbent Assay (ELISA). Thyroid microsomal frac
tion was coated onto ELISA-plates, and binding of antibodies (monoclonal anti-
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antibodies & human sera) was measured using peroxidase-linked second antibody 
as previously described (2). 

Binding to Thyroid Peroxidase: Binding of monoclonal antibodies and human 
sera to hog highly purified thyroid peroxidase (5) as well to human immunopu
rified thyroid peroxidase (6) was determined after Western blot. In addition 
immunoprecipitation of thyroid peroxidase enzymatic activity by human sera and 
monoclonal antibodies was determined, after incubation of-solubilized thyroid 
peroxidase with antibodies and Protein A-Sepharose 4B (2). -

Immunohistochemical Studies: Binding of monoclonal antibodies to various 
thyroid tissues (nodules, carcinomas) was studied using an alkaline phosphata
se anti-alkaline phosphatase method (7). 

RESULTS 

Microsomal Antigen: Six monoclonal antibodies were obtained after four 
fusions. They all bound to 101 and 107 kO proteins, when either total microso
mal proteins or immunopurified microsomal antigen were applied to 50S-PAGE and 
blotted. In the absence of reducing agent these antibodies were found to bind 
to higher molecular weight bands, but less strongly. Trypsinization of the mi
crosomal antigen produced a doublet of new polypeptides of 84 and 88 kO, which 
were antigenic for all monoclonal antibodies, but only a few of the human 
polyclonal antibodies tested, previously shown to bind to 101 and 107 kO 
proteins. 

TABLE 1. Binding of antibodies to microsomal antigen/thyroid peroxidase 

Microsomal antigen 
1) antigen coated on ELISA-plates 

2) antigen after Western blot 

3) + trypsin 

4) + V8-protease 

Th~roid ~eroxidase 

1) human immunopurified 

2) hog highly purified 

3) immunoprecipitation 
of peroxidase 
enzymatic activity 

Three different 
human antibodies 
MCHA(+), TGHA(-) 

a b c 

+ + + 

Monoclonal antibodies 
(anti-107 kO) 

+ 

+ + (101-107 kO) + 

+ (84-88 kO) + 

+ + (101 kO) + 

+ + + + 

NO + 

+ + NO 

presence of binding of antibodies: + 
NO : not determined 

absence of binding: -

Addition of V8-protease led to a disappearance of the 107 kO band by protein 
staining of the gel as well as by immunoreactivity after blotting using either 
monoclonal or human polyclonal antibodies; the pattern of the 101 kD band re
mained unchanged. All antibodies had a strong binding to microsomal antigen 
coated on ELISA plates, no difference was observed between monoclonal and pa
tients with MCHA (+) sera. This suggests that the thyroid microsomal fraction 
contains native as well as denatured thyroid peroxidase. 
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Thyroid Peroxidase: No immunoprecipitation of thyroid peroxidase activity 
was observed when using monoclonal antibodies. This may be because we used a 
fully denatured and reduced antigen in the immunization protocol or because 
binding of one monoclonal antibody may be insufficient to cause immunoprecipi
tation. However the monoclonal antibodies bound well to purified human (6/6 
mAb) and to hog thyroid peroxidase (5/6). The antigenic regions recognized by 
monoclonal antibodies are probably present only in a denatured thyroid peroxi
dase. 

Immunohistochemical Studies: All monoclonal antibodies demonstrated 
strong and similar binding to colloid nodule or hyperplastic thyroid tissue. 
Binding was seen only to thyroid acinar cells, not to colloid or interstitium 
in opposition to monoclonal antibodies against thyroglobulin. Binding was 
almost as strong to follicular and Huerthle cell carcinomas but was weak or 
absent to papillary carcinomas. 

CONCLUSIONS 

Monoclonal antibodies were developed against a well defined microsomal 
antigen, and demonstrate that the microsomal antigen and the thyroid peroxi
dase are identical. This antigenic molecule is constituted by two related but 
different polypeptides, having trypsin-sensitive immunoreactive domains. The 
variability of binding of patients' antibodies to trypsinized microsomal anti
gen (thyroid peroxidase) may be useful for correlating epitopes recognized by 
various autoantibodies with the natural course of autoimmune thyroid disease. 
The expression of microsomal antigenicity or thyroid peroxidase is not homoge
neous in thyroid carcinomas which may reflect a difference of carcinogenetic 
factors involved. 
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~10LECULAR CLONING OF A THYROID PEROXIDASE cDNA FRAGMENT ENCODING 

EPITOPES INVOLVED IN HASHIMOTO'S THYROIDITIS [HT]. 

INTRODUCTION 
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Pommier**. J. Dussault*, and G. Vassart 

IRIBHN, U.L.B. Bruxelles and *INSERM, Bicetre 
France and **Universite Laval, Quebec 

Measurement of "anti microsome" antibodies in patients with thyroid 
diseases is part of the routine diagnostic procedures involved in the 
evaluation of their status. These auto-antibodies may reach extremely 
high titers and are responsible for the tissue destruction observed in 
Hashimoto thyroiditis. Until very recently the "microsomal antigen" was 
defined solely as an unidentified component of thyroid microsomes, 
different from thyroglobulin. During the last year, strong indications 
have been obtained in favor of the identity between the microsomal 
antigen and thyroid peroxydase (TPOXI-2). However. standard antimicrosome 
antibody assays still use a rather crude thyroid microsome preparation 
as their antigen. While it would certainly be preferable to use 
purified TPO in such assays, the continuous preparation of purified 
enzyme is time consuming and expensive. Use of the recombinant DNA 
methodology would obviate this difficulty and provide us with unlimited 
amounts of clonally pure TPO antigens involved in the auto-immune 
process. 

Molecular cloning of antigens involved in thyroid autoimmunity. 

With the aim of identifying and cloning antigens involved in 
thyroid autoimmunity, we have exploited the power of the ~gtll cloning 
system to isolate and identify antigens involved in Hashimoto's 
thyroiditis (3). 

A cDNA library has been prepared from a normal human thyroid in 
this vector. Individual phages harbor and express as a fused protein 
segments of the whole coding information expressed in thyroid tissue. 
Recombinant phages encoding epitopes involved in autoimmune phenomena 
were identified by screening the library with serum from patients with 
Hashimoto thyroiditis. A variety of clones were identified in this 
manner. A fraction of them was found to react with antibodies directed 
against purified TPO and a subfraction of these were recognized by sera 
from 19 out of 19 patients with Hashimoto thyroiditis. This subset of 
clones thus express TPO epitope(s) commonly involved in the disease. 
Some, of the clones have also been screened using two murine monoclonal 
antibodies to the human thyroid microsome [MAHM]. 
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Isolation of human thyroid mRNA 

Synthesis of ds cDNA 

Insertion in lambda gtll vector 

~ 
Thyroid cDNA expression library (2.107 clones) 

Screening with autoantibodies and with TPO antibodies 

Identification of TPO clones bearing auto-antigens 

Preparation of the recombinant antigen 

Development of a recombinant TPO antibody assay 

Development of a recombinant TPA. autoantibody assay 

The recombinant phages described hereabove and harboring DNA 
segments which code for TPO epitopes involved in autoimmunity allow 
preparation in E.coli of large amounts of antigens uncontaminated with 
any other thyroid protein. They have been used to develop a model assay 
where the recombinant antigen is fixed onto nitrocellulose paper and 
incubated with the sera t~ be tested. Reactive autoantibodies are 
detected by a colorimetric reaction involving anti human IgG coupled to 
alkaline phosphatase. 

It is expected that other auto-antigens will be cloned in this 
manner and lead to the development of a new generation of assays 
involved in the evaluation of aut9immunity. 
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FURTHER EVIDENCE THAT THYROID PEROXIDASE AND THE "MICROSOMAL 

ANTIGEN" ARE THE SAME ENTITY 
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M. Fe~~and and P. Ca~ayon 
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INTRODUCTI ON 

The fi~st hint to the natu~e of the thy~oid mic~osomal 
antigen was p~ovided by the obse~vation that TPO was antigenically 
related to the microsomal antigen 1 • Then TPO was purified by 
monoclonal antibody (mAb) assisted affinity chromatography and shown 
to react with autoimmune antibodies (aAb) in serum of patients with 
autoimmune thy~oid diseases 2 • Tite~s of anti-TPO and 
anti-microsomal aAb in serum were found significantly cor~elated3 
which suggested that TPO effectively was the microsomal antigen. 
Other groups of investigators confirmed that anti-thyroid aAb 
reacted with TPO, but proposed that TPO was only a pa~t of a 
putative mic~osomal antigen complex 5-8. To answer the question 
whether TPO effectively was the mic~osomal antigen or only a part of 
it we undertook different expe~iments based on the use of highly 
pu~ i f i ed human TPO and mAb to it 9-11 

1 - COLOCALIZATION OF THE MICROSOMAL ANTIGEN AND TPO 

The local isation on ultrathin tissue sections and isolated 
follicles of the binding sites of 5 anti-TPO mAb correlated well 
with the distribution of endogeneous pe~oxidase i.e. apical cell 
surface labelling and intracellular localization in perinuclear 
cisternae, rough endoplasmic reticulum and vesicles. Furthermore the 
anti-microsomal aAb labelled the same regions of the cell su~face 
and the same intracellula~ organelles. Control with p~epa~ations of 
anti-mic~osomal aAb depleted in anti-TPO were negative. 

2 - COPURIFICATION OF ANTI-TPO AND ANTI-MICROSOMAL aAb 

IgG from patients with AlTO were put onto a Tg-Sepharose 
column. Anti-TPO and anti-microsomal activity were present in the 
filtrate and the washing fraction but not in the eluate. An al iquot 
of IgG depleted in anti-Tg aAb was put onto a TPO-Sepharose column. 
The filtrate and the washing fraction did not contain 
anti-microsomal and anti-TPO activities which were recovered after 

Address correspondence to Dr Pierre Carayon U 38 INSERM, Facult' de 
M.decine, ~-13385 Marseille Cedex 5, France. 
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elution with glycine-Hel buffer. The different affinity 
by Westerh blot. Typical chromatography fractions were analyzed 

scannergrams are presented Fig.1. 

A 

c 

o 

B 

D 

F 

A. aTG+, aTPO+ aABs; 

B. aTO - ,aTPO+ a ABs; 

C. aTO-, oTPO- aABs; 

D. aTO -, aTPO + aABs; 

E. aTPOmAB; 

F. aTO GABs; 

O. 1,0 narmal. 

Fig. 1. Scannergrams of anti-thyroid antibodies JgB from a pool of 
sera from patients with autoimmune thyroid diseases (~) were 
depleted in anti-Tg aAb (8) and, next, in anti-TPO aAb (C). 
Affinity-purified anti-TPO aAb (0) were recovered. The different 
preparations were incubated with microsomes transfered to 
nitrocellulose and the bound 19B were visual ized by anti-human 19B 
labelled with horse radish peroxidase. Anti-TPO mAb (E), anti-Tg aAb 
(F) and normal Ig6 (B) were used as a control. 
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3 - HETEROGENEITY OF ANTI-TPO aAb 

Preliminary mapping of the antigenic surface of TPO with mAb 
distinguished five different antigenic regions. Experiments with 
pooled or individual sera from patients with AlTO showed that 
anti-TPO aAb reacted strongly with two antigenic regions. This 
suggested that the heterogeneity of anti-TPO aAb was restricted. 
However, anti-TPO aAb at high concentration inhibited the binding to 
TPO of the whole set of 66 mAb. Furthermore, anti-TPO aAb at high 
concentration inhibited the binding of anti-TPO pAb. These results 
indicated that aAb recognized many antigenic sites on TPO. 

CONCLUSION 

Copurification of anti-TPO and anti-microsomal aAb and 
colocalization of TPO and the microsomal antigen provide further 
evidence that TPO effectively is the microsomal antigen. 
Furthermore, the heterogeneity of anti-TPO aAb, taKen together with 
the sensitivity of TPO to denaturation, may explain that the TPO 
activity and the microsomal antigen immunoactivity could appear 
dissociated. 
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INTRODUCTION 

Thyroid autoimmune disorders are associated with the presence of circulating autoantibodies 
reacting with the thyroid microsomal antigen (M-Ag), a membrane protein mainly localized In the 
apical cytoplasm and in the microvillar plasma membrane of thyroid fo111cular cel1s ( 1-4). Most 
recently, evidence has been obtained that M-Ag is actually represented by human thyroid peroxidase 
(TPO) (5,6). Accordingly, autoantibodies reacting with highly purified TPO (anti-TPO Ab) were 
detected In selected sera from patients with autoimmune thyroid diseases containing antl-M-Ag 
autoantibodies (antl-M Ab), and a significant correlation between the two antibodies was generally 
observed (5-8). However, the precise prevaletlce of antl- TPO Ab in thyroid diseases is still poorly 
known. 

Taking advantage of the availability of highly purified TPO and of a monoclonal antl- TPO 
~tibexty, In the present study we developed two radioimmmunological methods for anti-TPO 
determinations which appear particularly suitable for clinical applications. 

MATERIALS AND METHODS 

Anti(lmjc preoarations 
Human thyroid microsomes were prapared by differential centrifugation from surgical 

specimens of toxic diffuse goiter, as detailed elsewhere (9). TPO was immunopurified on anti-TPO 
monoclonal antlbOOy affinity column, as previously described (6). 

Serym semples 
Sera were obtained form 34 patients with Hashimoto's thyroiditis, 13 with idiopathic 

myxedema, 45 with Graves' disease, 10 with miscellaneous nonautoimmune thyroid disorders and 
from 29 normal control subjects. In all samples anti-M Ab were assayed by passive 
hemagglutination (PH). 

Preoaratjon and radiolodlnation of antibodies 
Human Immunoglobulins 6 (lgS) preparations and affinity chromatography purified antHgS 

antlboar were prepared and radioiodinated as previously described (9,10). Anti-TPO monoclonal 
antibexty was obtained by fusing spleens of mice immunized with human thyroid membrane 
preparations as detailed elsewhere (5,6). Anti- TPO monoclonal antiboar was labeled with 125-1 
using the chloramine T method. 

Badioassays of anti-M Ab 
In some experiment anti-M Ab were also measured by competitive binding radioassay 

(CR)( 10) and by Immunoradiometric assay (IRMA) (9), as previously described. 
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RlIli9!ffl\YS of anti-TPQ Ab 
To this purpose, we developed two rlldloossays wlthslmllar design to those used for antl-MAb. 
In the CR, antl-TPQ Ab was detected by Its ablllty to Inhibit I 25-I-antl-TPQ monrelonal 

antlbW{ binding to wells coated with thyroid mlcrosomes. Briefly, 0.5 Ul of the test sera were 
incubated within the coated wells overnight at room temperature with I 25-I-antl-TPO monoclonal 
antibW{. After removal of the unbound material by washing, the radlOllr.tlvity fixed to the wells was 
counted. Results were expressed as percent inhibition of the maximal specific radioontlbW{ binding. 
Values exceeding 11.6~ (i.e. mean + 2 SO of the results obtained In the normal controls) were 
considered as Indicative of positive anti-TPO by CR. 

IRMA was carried out by Incubating for 2 h at 45·C 1.0 Ul of the test sera within microtlter 
plates coated with purified TPO. After removal of unbound material by washing, antl-TPQ Ab were 
detected by adding overnight at room temperature 125-I-anti-l~ antlbW{. Results were expressed 
as percent of the specific radloantlbody binding obtained In each 6SS8Y with a standard (eference 
serum containing a large excess of anti-TPO Ab ("normaJ1zed 125-I-antH~ binding"). Values 
) 11.7~ (I.e. exceeding 2 SO the mean of controls) were considered as positive antl-TPQ Ab by 
IRMA. 

RESULTS 

The results obtained by CR are summarized in Fig. I. Antl-TPQ Ab were detected by both 
radioossays in most patients with Hashimoto's thyroiditis, idiopathic myxedema and Graves' disease. 
Antl-TPO Ab were In general undetectable In normal subjects and in patients with miscellaneous 
non-autoimmune thyroid diseases, with the exception of some CfIS8S showing positive antl-M Ab by 
PH. Similar results were observed by IRMA. When the results obtained in 0\1 the above 
determinations were grouped together, a .highly significant correlation between anti-TPO Ab as 
assessed by CR (r=Q.92Q. p<Q.OOOOO or IRMA (r=Q.915. p<Q.QQOOI) was found with the 
anti-M Ab titers by PH. 
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Fig. I. Anti-TPO Ab by CR in 131 subjects with or without thyroid disease. Results are expressed 
as percent inhibition of 125-I-anti-TPO monrelonal antlbW{ (mAb) binding to thyroid 
microsomes coated on microtiter wells. (.) Positive and (0) negative antl-M Ab by PH 

To assess the specificity of the radloossays, anti-TPO Ab were fISS8Y8d In several sera 
containing different organ specific and nonorgan-specific autoantibodies. Negative results were 
COtlSlstently obtained with each serum, with the exception of the samples that also contained antl-M 
Ab detected by PH or radioassays. 

The procedure previously Illustrated for antl- TPQ Ab allows only semi-Quantitative 
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estimation of the antl~ levels. Prel1mlnary experiments showed that a standard cal1bratlon curve 
could be obtaIned In both radloassays by addIng progressIve amounts of a human I~ preparatIon 
containing high tltres of antl-TPO Ab. Dllutlon curves of antl-TPO Ab positive sera were found to be 
parallel to the standard curve, Indicating the possibility to express the levels of antl-TPO Ab In 
quantitative unlts. 

CONCLUSIVE REMARKS 

In the present Investigation we developed two radloassays for detection of antl-TPO Ab In 
human sera. Both methOOs appeared to be simple, sensitive and potentially able to provide 
Quantitative data. The specificity of the assays was proved by the negative results obtained wlth sera 
containing several unrelated autoantibodies. 

Using these techniques we confirmed and extended previous l1mlted observations Indicating 
the presence of circulating antl-TPO Ab In autoimmune thyroid diseases (5-8). Antl-TPO Ab were 
strictly correlated to anti-M Ab, Irrespective of the nature of primary thyroid disease. This finding 
provides further support to the concept of the Identity of M-Ag and TPO. 

The avallabllity of simple assays for antl-TPO Ab determination will allow extensive clinical 
Investigations to clarify the role of these antibodies In thyroid autoimmunity. 
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THYROID PEROXIDASE AND THE "MICROSOMAL ANTIGEN" CANNOT BE 

DISTINGUISHED BY IMMUNOFLUORESCENCE ON CULTURED THYROID CELLS 

INTRODUCTION 

L.Chiovato, P.Vitti, C.Mammoli, G.Lopez, P.Cucchi, 
S.Battiato, P. Carayon*, G.F.Fenz~ and A.Pinchera 

Cattedra di Endocrinologia, University of Pisa, Pisa 
Italy, and* Biochimie Medicale, University of 
Aix-Marseille II, France 

Recent evidence indicates that human thyroid peroxidase (TPO) 
shares most of the characteristics of the thyroid microsomal 
autoantigen (MAg) (1, 2). The question of whether TPO accounts for 
a part or all the antigenic activity recognized by circulating 
anti-MAg autoantibody (anti-MAb) is still unsolved. Using an 
indirect immunofluorescence technique MAg can be identified in 
the cytoplasm and on the surface of human thyroid cells (3). 
More recently we have shown that in the differentiated rat 
thyroid cell strain FRTL-5 the expression of MAg is modulated by 
TSH added in the culture medium (4). In this study a four-layer 
IFL technique was applied to human thyroid cells in primary 
culture in order to obtain a simultaneous staining of the 
antigen(s) recognized by autoimmune sera containing anti-MAb and 
by a monoclonal anti-TPO antibody (1). Experiments were performed 
with cells cultured in the presence or in the absence of TSH. 

MATERIALS AND METHODS 

Human thyroid cells were obtained by collagenase digestion 
from surgical specimens of nontoxic goiters arid cultured on glass 
covers lips in Coon's medium supplemented with 5% calf serum and a 
6-hormone mixture (insulin, 10 /lg/ml; hydrocortisone, 10 pM; 
transferrin, 5 /lg/ml; l-glycyl-histidyl-Iysine, 10 ng/ml; 
somatostatin, 10 ng/ml and TSH 300 /lU/ml) .In some experiments 
cells were deprived of TSH for 7-8 days. 

Sera containing anti-MAb, but negative for anti-thyroglobulin 
antibodies as assessed by passive hemagglutination were obtained 
from Hashimoto's patients. 

In the four-layer IFL procedure, human thyroid cells were 
incubated in the sequence with: 1) an anti-TPO monoclonal Ab (100 
ng/ml); 2) a rhodaminated goat anti-mouse Ig conjugate (Kappel, 
1/30); .3) an anti-MAb positive serum (1/16); 4) a fluoresceinated 
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sheep anti-human Ig conjugate (Wellcome, 1/30). Viable cells were 
used for surface staining, while acetone fixed cells were 
employed to expose cytoplasmic antigens. After extensive washing 
covers lips were mounted in glycerol and examined by UV 
microscope. 

Single exposure and double exposure color microphotographs 
were obtained. 

RESULTS 

Both human anti-MAb and the anti-TPO monoclonal antibody 
produced a typical dotted surface staining when applied on viable 
cells cultured in medium containing TSH.The same cells were 
stained by the two antibodies and in no case a dissociation of 
the green and the red layer was observed. When thyroid cells were 
fixed before the IFL procedure, human anti-MAb sera and the 
monoclonal anti-TPO antibody gave a positive ·fluorescence of the 
cytoplasm. As in the case of the surface fluorescence both 
antibodies stained the same type of cell. Double exposure 
microphotographs revealed a complete overlap of the green and the 
red fluorescence, resulting in a yellow staining of the surface 
and of the cytoplasm of human thyroid cells (Fig.l). Cross 
reactivity between the four layers was excluded by appropriate 
control experiments. 

Fig.l 
Double indirect IFL staining of human thyroid cells cultured in 
the presence of TSH. Cells were fixed with acetone before the IFL 
procedure performed as detailed under Materials and Methods. 
Left: 
cytoplasmic staining produced by the anti-TPO monoclonal 
antibody; right:cytoplasmic fluorescence produced by a human 
anti-MAb serum. The same cells are stained with an identical 
pattern by both antibodies. (original magnification x 100) . 
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TSH withdrawal from the culture medium was followed by a 
progressive disappearance of the antigen recognized on the cell 
surface and in the cytoplasm by human anti-MAb and by the 
monoclonal anti-TPO antibody. Even in these experiments it was 
impossible to separate the green and the red fluorescence. 

DISCUSSION 

Using an indirect IFL procedure thyroid peroxidase could be 
identified in the cytoplasm and on the surface of human thyroid 
cells cultured in the presence of TSH. The distribution and the 
pattern of fluorescence obtained with the monoclonal anti-TPO 
antibody was undistinguishable from that found with human sera 
containing anti-MAb. The same cells were stained by the two 
antibodies and the red and green fluorescence obtained in the 
four-layer IFL technique were completely overlapped. TSH 
withdrawal from the culture medium was followed after 7-8 days by 
a complete disappearance of the antigen recognized in the 
cytoplasm and on the surface of human thyroid cells by human 
anti-MAb and by the monoclonal anti-TPO antibody. Therefore, our 
results provide further evidence for the identity of the so 
called microsomal antigen and thyroid peroxidase. 
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MEASUREMENT OF ANTI-a-GALACTOSYL ANTIBODIES IN THE COURSE OF VARIOUS 

THYROID DISORDERS AND ISOLATION OF AN ANTIGENIC GLYCOPEPTIDE FRACTION 

J. Etienne-Decerf, P. Mahieu, M. Malaise and R. Winand 

Universite de Liege, Institut de Patho1ogie, C.H.U., B. 23 

4000 Sart-Ti1man par Liege 1, Belgium 

INTRODUCTION 

Galili et al. l recently described the presence of a natural anti-a
galactosyl IgG antibody (a-Gal-Ab) in the serum of all normal subjects. This 
antibody specifically recognizes terminal Gal a(1~3) structures2 • In auto
immune thyroid disorders, an overall B cell activation occurs, as reflected 
by the appearance of various IgG autoantibodies. We have therefore tested 
the possibility that a-Gal-Ab titers could be enhanced in those diseases. 
Using an indirect immunofluorescence technique, we previously showed the 
binding of purified a-Gal-Ab to the surface of trypsinized thyroid cells3• 
In the present work, we purify a thyroid glycopeptidic fraction which 
recognizes the a-Gal-Ab. 

MATERIAL AND METHODS 

The titers of a-Ga1-Ab were measured by passive hemagglutination of 
rabbit red blood cells (RBC) according to a technique previously described4 
Thyroid glycopeptides were prepared from a Graves'disease thyroid gland 
after disruption of the tissue in 0.25 M sucrose, 20 mM Tris acetate pH 7.4. 
Glycopeptide fractions were obtained by digestion of the homogenate with 
pronase at 37°C during 72 h in 0.15 M Tris acetate pH 7.8, 0.1 % sodium 
azide5 • Glycopeptides were isolated by gel filtration on Sephadex G 200. 
The excluded material was divided in 2 fractions : the first (I) was stored 
at -70°C whereas the second one (II) was submitted to affinity chromatogra
phy on a column of a-Gal-Ab linked by a CNBr bridge to Sephadex G 200. Anti
Gal-Ab were purified by affinity chromatography on milibiose-agarose column4 
The presence of Gal a(l~ 3) structures in the fractions was tested by the 
inhibition of hemagglutination. 

RESULTS AND DISCUSSION 

The titers of a-Gal-Ab in 50 control sera ranged from 1/10 to 1/80. 
Elevated titers are observed in 6/6 patients with progressive exophthalmos, 
in 5/5 patients with untreated Graves'disease, in 11/12 patients with pro
gressive non toxic goitre and in 3/7 patients with autoimmune thyroiditis 
(Fig. 1). 
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Fig. 1. Titers of anti-a-galactosyl antibody in control subjects and in 
different thyroid disorders. Elevated titers are 1:80. 1. Control subjects; 
2. Progressive exophthalmos (-Prednisolone 30 mg/day); 3. Residual exoph
thalmos; 4. Untreated Graves'disease; 5. Treated Graves'disease; 6. Cured 
Graves 'disease; 7. Progressive non toxic goitre; 8. Non progressive non 
toxic goitre; 9. Primary myxoedema; 10. Autoimmune thyroiditis. 

Table 1. Inhibition of anti-galactosyla-mediated rabbit RBC 
agglutination by glycopeptidesb isolated from human 

thyroid gland. 

Glycopeptides 

I 
IIa 
IIb 

No 

Concentration 
(\lg/ml) 

20 
20 
20 
40 

Anti-gal dilution 
1:20 1:40 1:80 1:160 

+ + + 
+ 
+ + + 
+ + +/-
+ + + 

a25 \lg of anti-a-galactosyl antibody. 
bGlycopeptides are obtained by pronase digestion of human 

thyroid tissue. 

By contrast, the titers are within the normal range in primary myxoedema 
(17 cases) and in residual exophthalmos (11 cases) whereas they are only 
increased in 1/31 patients with treated or cured Graves'disease and in 
5/36 patients with non progressive non toxic goitre. The a-Gal-Ab mainly 
belong to the IgG class. The hemagglutination of rabbit RBC was decreased 
by D-galactose (100 mM) and completely inhibited by 2 \lg of pentahexosyl 
ceramide with terminal Gal a(1~3) structures. On the contrary, 20 \lg of 
trihexosyl ceramide with terminal Gal a(1~4) residues had no effect on 
the hemagglutinating titers. These data confirm the results of Galili et 
al. 2• Since thyroid tissue does not possess pentahexosyl ceramide, we have 
tested the possibility that Gal a(1~3) stuctures are present in glyco-
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peptides purified from a thyroid gland obtained after surgery in a Graves' 
disease patient. The crude glycopeptide preparation (I) did not inhibit 
the hemagglutination of rabbit RBC (Table 1). After affinity chromatography 
on a-Gal-Ab column, unadsorbed glycopeptidic fraction (lIb) (70 % of star
ting material) did not decrease the hemagglutinating titers (Table 1). 
On the contrary, the adsorbed fraction (IIa), eluted in acidic buffer and 
immediately neutralized with Tris-base, strongly inhibited the hemaggluti
nation at a concentration of 20 ~g/ml (Table 1). 

It is therefore likely that this fraction contains (a) glycopeptide(s).iWith 
terminal Gal a(1~3) residues. Kress et al. 5 did not observe glycopeptides 
with such terminal structures in normal human thyroid tissue. Since our 
starting material is a thyroid from Graves 'disease, an attractive hypothesis 
should be that normally hidden Gal a(l--4- 3) structures are "unmasked" in 
pathological conditions at the surface of thyroid cells, as has been already 
shown after a prior, very mild trypsin treatment of normal human thyroid 
cells3• It is also tempting to speculate that such exposure might be res
ponsible, at least in part, for the increase in a-Gal-Ab titers observed 
in patients with various autoimmune thyroid disorders. 
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THE IgG SUOCLASS DISTRIBUTION OF THYROID AUTOANTIBODIES 

IN GRAVES' DISEASE 

INTRODlK::TION 

Anthony P. Weetman and Shara Cohen 

Department of Medicine 
Royal Postgraduate Medical School 
LDndon W12 OHS, UK 

There have been conflicting reports on the IgG subclass 
distribution of thyroglobulin (Tg) and microsomal (Mic) autoantibodies 
in Hashimoto's thyroiditis. Early studies showing no restriction of 
subclass used polyclonal anti-subclass antibodies (1,2). Recently 
assays with monoclonal reagents have shown relative (3) or complete (4) 
subclass restriction of the response to IgGl and IgG4' The position for 
Graves' disease is not clear. We have therefore examined the IgG 
subclass distribution of Tg and Mic antibodies using monoclonal reagents 
evaluated for their binding to illlllObilised IgG. 

PATIENTS AND METHODS 

Thirty one Graves' patients were studied before and after 6 months 
treatment with carbimazole 40ng daily, supplemented with T3 2QJg qds. 
Fifteen patients were in remission one year after stopping treatment. 

Monoclonal antibodies against IgG subclasses detailed elsewhere 
(5) and obtained from Unipath or Dr. C.B. Reimer, were evaluated in an 
ELISA for binding to WID 67/97, a serum of known subclass compoSition 
(Fig. 1). These results, clearly show that, of the monoclonals used in 
other studies (3,4), HP 6009 and HP 6010 are likely to under-represent, 
and HP 6011 over-represent, the amount of IgGZ-IgG4 subclasses when 
directly compared with HP 6012 (against 12Gl.) in an ELISA. 

To assess 12Gl.-1gG4 subclasses in Tg and Mic antibodies for the 
present study, we used HP 6069, HP 6002, HP 6047 and HP 6025 as second 
antibodies in an ELISA similar to that used previously (3,4). Results 
were expressed as a percentage absorbance for each subclass of the sum 
of absorbances for IgGl-IgG4' 

RESULTS 

'!here was a relative preponderance of the IgG4 subclass in both 
antibodies (Table 1); however seven patients had no IgG4 Tg antibody and 
nine had no IgG4 Mic antibody. There were significant differences 
between Tg and Mic antibodies in distribution of the other subclasses, 
shown in Table 1. 
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Table 1. Percentage Distribution of' IgG Subclasses in Tg and 
Mic antibodies bef'ore treatment. 

Tg Ab 
MicAb 

35 
26* 

30 
57** 

IgG3 

17 
2** 

* P< 0.05, ** P < O.O()! c~ared to Tg Ab. 

15 
16 

Sixteen patients (52%) were HrA-DR3 positive, seven of' whcxn relapsed. 
For Mic antibodies, the amrnmt of' IgG4 subclass was significantly 
greater in the DRS-negative than the DR3-posi tive group (20 vs 11%, 
P < 0.01). 

Furti1ezmore there were significant changes after treatment in the 
subclass distribution. The most striking of' thE'!se (Table 2) was a rise 
in IgG2 and f'al1 in IgG4 percentage of' Mic antibodies as patients 
entered remission: this was not seen in the relapse group. 
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IgC1 SUBCLASS 

.... I 6~12 

~69 
-I 1 ___ 

6001 

IgC 3 SUBCLASS 

~47 
10 

6050 

I 
.10- 2 

I 
5xl0- 3 

I 
10-3 

IgC2 SUBCLASS 
Ie I I 

~2 
6014 

if '-3 ~6008 
6009 

10-3 10 5xl0 

IgC 4 SUBCLASS 

::::: 86011 

~ 
6020 

.6025 
6024 

10- 2 10-3 3xl0-3 

DILUTION OF MONOCLONAL 

Dilution curves of'monoc1onal antiboqy binding to WH067/97 
coated at 10-4 dilution onto an ELISA plate. WH067/97 
contains 5 g/l IgG1, 2.6g/1 IgG2' 0.4g/1 IgG3 and 
0.5 g/l IgG4. '!he rrumbers given to each monoclonal ref'er 
to the code agreed by the WHO/IUIS joint committee(5). 



Table 2. Percentage Distribution of Subclasses in Mic 
Antibodies with Remission (n = 15) 

19G1 19G2 19G3 19G4 

Untreated 22 59 2 17 
6 llX). on CBZ 16 66* 4 16 
12 llX). off 

CBZ 18 71** 2 9** 

*p <0.05, ** P<O.Ol compared to untreated values. 
CBZ = carbimazole 

DISCUSSION 

These resul ts show an excess of 19G4 in Tg and Mic antibodies in 
Graves' disease. Unlike studies on Hashimoto's thyroiditis (3,4) we 
found considerable activity in the 19G2 and 19G3, as well as 19G1, 
subclasses. This is due to the selection of monoclonals which bind llX)re 
strongly to 19G2 and 19G3 in the present study (Fig 1). We would stress 
that the percentage vruues given in this and previous studies (3,4) 
cannot be taken as exactly reflecting true serum concentration, in view 
of the differences between monoclonals in avidity. The reasons for 
these disturbances in subclass distribution are currently unknown 
al though 19G4 subclass antibodies are associated with a chronic illilnme 
response. Antithyroid drug therapy produced an alteration in the 
subclass distribution of the thyroid autoantibodies, compatible with the 
known irrnn.mological effects of this treatment, but there was no shift in 
the proportion of the non-complement fixing 19G4 subclass making up Mic 
antibodies. However, 19G2 only fixes complement weakly and fails to 
bind to monocyte Fc receptors so that the changes seen in the Mic 19G2 
subclass may have some irrnn.mological consequences. 
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THYROID HORMONE BINDING AUTOANTIBODIES ( THBA ) IN HUMANS AND 

ANIMALS 

Salvatore Benvenga~ and Jacob Robbins 

Clinical Endocrinology Branch, NIADDK 

National Institutes of Health, Bethesda, Md 20892 

INTRODUCTION 

This paper refers to the 197 cases of THBA reported up to 
now in the North American, European and Japanese literature, and 
to the relevant data on THBA in animals. 

CHARACTERISTICS OF THBA IN HUMANS 

Prevalence 

THBA are absent in newborns. In the general adult population 
THBA are found in fewer than one per thousand persons, whereas in 
tnyroid diseases the prevalence averages 14 %. TEBA are most fre
quently detected in patients with autoimmune thyroid diseases, in 
females (71/93) and are frequently associated with significant 
t.iters of thyroglobulin antibodies (Tg-Ab) (78/117). 

Specificity 

THBA may be directed against: 1. T3; 2. T.4; 3. T3+T4; 4. T4+ 
rT3; 5. T3+T4+rT3 -the former being the most commonly reported. 

Class, subclass, typing and binding constants 

THBA are immunoglobulins of the IgG class, though there are 
cases in which IgG were accompanied by IgM (n=2), IgA (n=l) or IgM + 
IgA (n=l). There is a unique instance of THBA of the IgE class. 
IgG subclasses were studied in 3 cases, with these results: G1=3/3, 
G2=1/3, G3=3/3, G4=0/3. Light chain specificity is known for 9 cases: 
A=4. k=2. A + k=3. As to the binding constants, Ka ranges 1.8 x 
108 M-1 to 8.7 x 10 10 M·-l(Ab to T4) and 1.7 x Hi8 M·-1 to 8.4 x 10 10 
M-I(Ab to T3), and the respective Bmax from 0.12 to 140'~g T4/dl 
and from 0.007 to 13 ~g T3/dl. 

* Permanent address: Istituto Pluridisciplinare di Clinica e Terapia 
Medica, University of Messina, School of Medicine, Policlinico 
Universitario, 98100 Messina, Italy. 
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Interference in the RIAs for thyroid hormones (TH) 

Given that: 1. nonspecific methods to separate bound from free 
radioactivity do not distinguish the endogenous (human) from the 
exogenous (animal) TH-Ab; 2. specific methods, instead, produce 
precipitation of the radioactivity bound to the exogenous TH-Ab; 
3. in the solid phase RIA, radioactivity is sequestred by the en
doqenous Ab coated covalently to the tube wall, the plasma level 
of TH is underestimated in case #1, and overestimated in cases #2 
and #3. Whichever the method used, no interference occurs if TH 
is/are measured in the ethanol extract of the serum. Valid methods 
to measure free TH are those in which the free TH are physically 
separated from the serum proteins before the assay procedure. It is 
obvious that the extent of interference in any method depends on 
the intrinsic features of THBA (concentration, Ka, Bmax). 
THBA having not very high binding potential for T4 do not affect 
the immunoradiometric assay for thyroxine-binding globulin (TBG) 
Preliminary data by Benvenga & Trimarchi (unpublished) indicate 
that THBA provoke underestimation of serum Tg, when assessed with 
an immunoradiometric assay, and that THBA exist which are 
capable of binding Tg but are unable to agglutinate tanned red cells 
coated with human Tg. 

Detection of THBA 

Methods include electrophoresis, gel-filtration, affinity 
chromatography, immunoprecipitation (RIA) 

Effects on thyroid status and treatment 

Unless a concomitant. disease implying thyroid failure is oper-
ating, thyroid may respond t.O the neutralization of the circulating 
TH by THBA through the temporary TSH-st.imulated secretion of TH. 
THBA per se do not call for any part.icular t.herapy _No explanation 
has been offered for the difference between THBA, which t.end to 
persist during and after therapies for the associated thyroid dis
eases, and the ot.her Ab (TGHA, MCHA, TSI) which, instead, decrease 
in response to the therapy. 

THBA IN ANIMALS 

Spont.aneously occurrl.ng THBA have been demonst.rated in the 
obese strain (OS) and t.he Cornell strain (CS) of the White Leghorn 
chickens, and recently in dogs Other subprimates such as guinea 
pigs, rabbits, mice and rat.s, and primates such as baboons and 
monkeys have been used experiment.ally to raise THBA. Taken 
together, data in animals indicate that is Tg the antigen that 
stimulates the immune syst.em to produce THBA. Tg needs t.O be asso·
ciated with Freund's adjuvant to exert this stimulus; the require·
ment in humans in not known THBA in animals are t.ransient. 

PATHOGENESIS [ MECHANISM(S) OF THBA SYNTHESIS 

Several findings point. t.o the t.hyroid as t.he source of the 
antigen responsible for t.he production of TQBA : 
1. THBA occur more frequently in subjects wit.h (aut.oimmune) thyroid 
diseases t.han in subject.s with nonthyroid diseases or healthy ; 
2. in cert.ain animals (OS and CS,vide supra) THBA are associat.ed 
with an underlying autoimmune t.hyroiditis; 3. THBA tend to decrease 
after subtotal t.hyroidect.omy; 4. THBA have been report.ed in persons 
and dogs previously treated with desiccat.ed t.hyroid , indicating 
t.hat part.ially absorbed t.hyroid fragment.s may be immunogenic. 
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Other data suggest that the responsible antigen should be Tg: 
1. Tg can serve as an iso- or hetero-antigen for elid ting THBA in 
various animals, and injected in Freund's adjuvant is the most 
potent antigen; 2. Tg naturally contains TH and it is the most im
portant iodina.ted (macro) molecule of the thyroid; "3. iodinated Tg 
is not present in the blood stream, and thus it may be a foreign 
substance for the immune competent cells; 4. THBA are associated 
frequently with TGHA, and in primates as well as in subprimates 
titers of TGBA usually correlate with levels of THBA; 5. THBA cross
react with Tg and actually THBA may be Tg-Ab capable of binding TH. 
Other theories abou.t the pathogenesis of THBA have been put for
ward: (i) the physiological TH binding proteins may serve as im
munogens; (ii) a non-immune interaction of TH with circulating im
munoglobulins could result in the synthesis of other IgG that bind 
TH; (iii)' THBA may represent an inherited disorder or a benign 
gammopathy. A disorder of the immune system do not seem to be a 
pre-requisite for the production of TEBA, since: 1. only 3 cases of 
TEBA have been. detected in patients with such disturbances. More
over, the frequence of THBA in a series of patients with various 
diseases of the lymphoretycular system was 0/32 ; 2. THBA have been 
found in entirely normal individuals; 1. THBA remained persistently 
undetectable durin.g the 3 year follow-up of a patient with diffuse 
lymphocytic lymphoma (in remission) and subsequent development of 
Hashimoto's thyroiditis. 
In conclusion, THBA represent an additional carrier for TH in 
plasma. In all probability, THBA are Tg-Ab directed against regions 
of the Tg molecule containing thyroxyl residues. At least 2 such 
residues are sufficiently exposed to interact with THBA and suf
ficiently apart to allow the binding of 2 IgG molecules simultane
ously. 
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HIGH FREQUENCY OF INTERFERON-Y'PRODUCING T CELLS IN THYROID INFILTRATES 

OF PATIENTS WITH HASHIMOTO'S THYROIDITIS 

A. Tiri, G.F. Del Prete, S. Mariotti, A. Pinchera, 
S. Romagnani and M. Ricci 

Allergology Clinical Immunology, University of Florence 
and ( ) Endocrinology, University of Pisa 
Policlinico Careggi, 50134 Florence, Italy 

In the last few years, some phenotypic and functional aspects of 
thyroid infiltrating T lymphocytes in Hashimoto's thyroiditis (HT) have 
been defined l - 5 Most thyroid T cells have the CD8+ 
cytotoxic/suppressor phenotype and a proportion of them express 
receptors for IL-2, suggesting their in vivo activation4 • In addition, 
most of T-cell clones established from HT infiltrates appeared to be 
progenies of CD8+ T cells with natural killer (NK) activity. Here we 
report an analysis at clonal level of T lymphocytes infiltrating HT 
glands in which their ability to produce interleukin-2 (IL-2) and 
interferon-gamma (IFN-y) was evaluated. 

Patients. Thyroid specimens and peripheral blood (PB) were obtained 
from four women with HT (mean age 43, range 32-48) who had subtotal 
thyroidectomy because of obstructive symptoms. Two patients with HT 
were euthyroid and two slightly hypothyroid at the time of surgery. 
Four healthy women and two subjects who underwent splenectomy after 
trauma also provided cells for clonal analysis. 
T cell cloning system. Thyroid, PB or spleen cell suspensions were 
seeded in limiting number (0.3 cells/well) in round-bottomed microwells 
containing 105 irradiated spleen feeder cells and 1% phytohemagglutinin 
(PHA) , as detailed elsewhere2 • After 48 hr and then weekly, 
microcultures were supplemented with 105 irradiated feeder cells in 0.1 
ml recombinant IL-2 (rIL-2, Biogen, Geneva) until a suitable number of 
cells for phenotypic and functional studies was available. 
Assay for natural killer (NK) activity. T blasts from each clone were 
washed, resuspended, counted and tested against the human K562 cell line 
(E/T ratio 4:1}2.~ s~r release exceeding the mean spontaneous release 
by more than 5 SD was considered positive forNK activity. 
Induction of IFN-y and IL-2 production by T-cell clones. To evaluate 
the ability of single T-cell clones to produce IFN-y and/or IL-2, T 
blasts were washed 4 times, counted and resuspended at 105 /0.2 m1 medium 
containing 1% PHA. Cultures were incubated for 40 h at 37 C and 
supernatants (SN) removed and tested for IFN-y or IL-2 content. 
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Quantitation of IFN-y. For the quantitative measurement of IFN-y in 
culture SN, the IMRX Interferon-gamma RIA (Centocor Inc., Malvern, PAl 
was used. Culture SN showing IFN-y levels 5 SD over those of control SN 
derived from irradiated feeder cells alone were regarded as positive. 
Measurement of IL-2. To evaluate the ability of T-cell clones to 
produce IL-2, 0.2 ml SN were added at different concentrations to 4 x ld 
mouse CTLL cells. SN able to induce 3H_TdR uptake in CTLL cells 3 SD 
over that of control SN derived from irradiated feeder cells alone were 
considered as positive. An estimate of IL-2 produced by single T-cell 
clones was performed with known concentrations of rIL-2. 

Results 

A total number of 623 clones was examined for their ability to 
produce IFN-y and IL-2 following PHA stimulation. The clonal analysis 
included 69 CD4+ and 104 CD8+ clones from thyroid infiltrates, 170 CD4+ 
and 61 CD8+ clones from patient PB, 108 CD4+ and 40 CD8+ clones from 
normal PB and 53 CD4+ and 18 CD8+ clones from normal spleen. As ~hown 
in Table 1, the proportion of IFN-producing (IFN-P) clones derived from 
HT infiltrates was significantly higher (p < 0.0005) than that of IFN-P 
clones established from normal spleen or PB of both patients and 
controls. In contrast, no significant difference was found in the 
proportion of IFN-P clones between patient and normal PB. Both CD4+ and 
CD8+ thyroid-derived IFN-P clones usually released higher amounts of 
IFN-y than did control clones with the same phenotype. In contrast, 
among clones established from the PB of HT patients only CD4+, but not 
CD8+, clones showed a mean IFN-y production significantly greater (p < 
0.002) than that of control clones. It is of note that, in the absence 
of previous activation with PHA, none of the clones tested showed 
detectable secretion of IFN-y. We then asked whether modulation of the 
CD3 complex could actually trigger thyroid-derived clones to an IFN-y 
production as high as that obtained with PHA. As shown in Table 2, 

Table 1. 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 IFN-y production IL-2 production 
T cells % Vlml % Vlml 

HT CD4 88 125 + 18 64 2.4 + 0.4 
Infiltrate CD8 84 117 + 15 53 2.1 + 0.5 

HT CD4 61 78 + 6 64 3.2 + 0.3 
PB CD8 67 50.± 4 59 2.7.± 0.4 

Normal CD4 60 45 + 4 53 2.3 + 0.3 -
Lymphoid tissue CD8 50 34.± 4 56 2.6 + 0.5 

Normal CD4 53 35 + 2 68 2.7 + 0.5 
PB CD8 65 33..± 2 52 2.2.± 0.4 
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Table 2. IFN-y production by T cell clones following activation with PHA 
or anti-CD3 ( OKT3) monoclonal antibody 

Clone (phenotype) IFN-y production (U/ml) 
Medium PHA OKT3 

HTln 2.2 (CD8) < 10 224 79 
HTln 2.14 (CD8) < 10 126 64 
HTln 2.31 (CD4) < 10 150 93 

HTPB 2.17 (CD4) < 10 356 84 
HTPB 2.3 (CD4) < 10 96 54 
HTPB 2.28 (CD8) < 10 <10 < 10 

NCPB 4.29 (CD4) < 10 46 28 
NCPB 4.11 (CD4) < 10 26 19 
NCPB 4.7 (CD4) < 10 < 10 <10 

IFN-y production by 9 representative clones obtained from HT thyroid 
infiltrate (HTln) and PB (HTPB) or from normal PB (NCPB). 

maximum IFN-y production was observed when clones were stimulated with 
PHA, but OKT3 MoAb, at doses optimal for for clonal proliferation, was 
also effective in triggering thyroid-derived clones to high IFN-y 
secretion. All clones were also assayed for their ability to produce 
IL-2 following PHA stimulation. As shown in Table 1, there was no 
significant difference between infiltrates or PB of HT patients and 
normal spleen or PB. 

In previous studies we showed that a considerable proportion of 
clones derived from HT thyroid T lymphocytes were the progeny of 
activated CD8 cytolytic T cells with NK activity2.~. Thus, the 
possible relationship between high IFN-y production and NK activity of 
T-cell clones from HT patients was investigated. Among clones 
established from thyroid infiltrates, the proportion of IFN-P clones 
showing NK activity (NK +) was much higher (> 70%) than that found in 
clones from normal spleens (29%) or PB (36%) (p < 0.0005). 
The percentage of IFN-P NK clones established from patient PB was also 
significantly increased, even though to a lower extent (52 % - p< 0.02). 
However, unlike thyroid-derived IFN-P NK clones, the majority of which 
(82/117) were CD8+, most patient PB-derived NK+ clones showing IFN-y 
production (42/76) were CD4+. Almost all NK+ thyroid-derived clones 
(117/131) could be triggered to high IFN-y secretion (Table 3). Among 
clones derived from patient PB, the majority of those with NK activity 
(76/107) were IFN-P and their mean IFN-y production was significantly 
higher (p <0.0005) than that of NK- clones from either patient or normal 
PB. In contrast, only a few clones from normal PB or spleen showed the 
capacity to produce high levels of IFN-y, irrespective of their 
potential to kill NK-sensitive targets, and there was no difference in 
the mean IFN-y production between control N~ or NK- clones. 

Abnormal IFN-y secretion by thyroid infiltrating T cells might play 
a role in the expression and/or maintenance of HT. IFN-y production 
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Table 3. Association between NK activity and high production of IFN-y 
in T cell clones from HT thyroid infiltrates and PB. 

Source of IFN-y production (U/ml) 

T cells CD4+NK+ CD4+NK- CD8+NK+ CD8+NK-

HT 
Infiltrate 173 ± 29 60 ± 10 125.± 16 41 + 9 

HT PB 104.± 11 47 + 4 59 + 14 24 + 2 

Normal 
Lymphoid tissue 58 + 18 44 + 4 34 + 4 31 + 7 

Normal PB 34.± 4 36 + 2 34 + 3 30 + 3 

(For underlined values p <0.0005) 

during T cell responses has been considered necessary for the maturation 
of antigen-specific T cells and concomitant with the generation of 
cytotoxic T lymphocytes S- S• Since IFN-y is a promoter of NK function 9, 

the increased NK activity shown by clones derived from HT infiltrates 
could be due to their concomitant ability to secrete high concentrations 
of IFN-y. In addition, since IFN-y may exert a B cell growth factor 
activity and act synergistically with IL-2 and other helper factors in 
B-cell differentiation 10 - 12 , the presence of activated B lymphocytes 
that easily differentiate into spontaneously autoantibody-producing 
cells 13 might be related to the high intrathyroidal potential of IFN-y 
secretion. Whether IFN-y production in thyroid infiltrates is related 
to MHC class II antigen expression on thyrocytes S ,14,lS which activate 
high IFN-P autoreactive T cells, or it is an inherent feature of a 
proportion of T cells from subjects undergoing autoimmunity remains to 
be established. 
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Many investigations have been directed to elucidate the possible patogene
thical role of T ceUs in autoinmJne thyroid diseases, namely Hash:l.!ro
to's thyroiditis (HI') and Graves' diseases (GO). Phenotypic and ftmction
al analysis of T cells at the clonal level, using high-efficiency cloning 
teclmiques ( 1), proved to be the most reliable method for characterizing 
T cell ftmctional repertoire at the level of the target organ. We thus 
anployed such a teclmique to study T cells derived fran thyroid infiltra
tes (and for canparizon, peripheral blooo) of patients with HI' or GO. The 
results c:btained dem:mstrated major differences between the two disease, 
as far as both lymphokine (namely, 0' -interferon ~ IFN) production and 
cytolytic capabilities are concerned. 
Materials and Methods: T cells were jso lated fran both thyroid tissue and 
peripheral bloOO of two patients with HT and two patients with GO, as 
previously described. ( 2 t. The cells thus obtained were cloned, accOl'!
ding to the method of Moretta et ale (1). The theoretical cell concentr~ 
tion plated ranged fran 'WO to 0,5;Tn:l.crawell. COntrol wells with feeder 
cells alone were also set up. The clonal efficiences were calculated fran 
limiting dilution analysis (3). The proliferating microcultures conta
ining 1 or less cellsjweU (operationally regarded as clones) were expan
ded for phenotypic and functional analysis. Lymphokine production was 
evaluated on 24 h supernatants after 1 % PHA st:inn.llation: IL-2 was assayed 
using the IL-2 dependent crIL line, XIFN by itmtunoradianetric assay (Cen
tocor Medical System Italy). Cytolytic activites were evaluated by 51cr 
release assay against P815 cell line in the presence of PHA (lectin-depe£ 
dent cytotOKicity, which allows to evaluate cytolytic T cells of any spe
cificity) and against the NK sensitive K562 line. T3,# T41 TB surface anti
gen expression was evaluated by irrlirect .imrunofluorescence using awro
priate monoclonal antibodies. 
Results and discussion: T cell clones were raj sed fran thyroid infiltra
ting and peripheral blood T cells of HT and GO patients. The clonal effi
ciences ranged fran 39 to 100% (peripheral blood) and fran 24 to 40% 
(infiltrates). The results of phenotypic and functional analysis of the 
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clones are shown in the table. In 00th HI' patients, a significant increa
se of T cell clones with cytolytic (IJXX:;) capability was observed in Ti
derived vs. PB-derived microcultures: in addition a significant increase 
of Ti-derived clones with NK-like activity was observed in 1 HI' patient. 
Note that, in addition to cytoytic clones expressing the thypical T3+ T4-
TS+ phenotype, a remarkable proportion (6/11 in patient HI' 1) of T3+ T4+ 
TS- cytolytic clones were observed. By contrast the proportion of cytoly
tic clones was minimal in thyroid infiltrates of GO significantly lower 
than in peripheral blood: this firill.ng strongly suggests major differen
ces between HI' and GO, as ·far as the functional repertoire of thyroid in
filtrating T cells is concerned. MoreCl\l'er, differences have been obser
ved in lymphakine production: first of all, the frequency of ~IFN produ
cer clones seans to be greater in HI' TI with respect to PS, but similar 
in TI and PB of GO. Further, in HT, a relevant proportion (the large maj9. 
rity in pt. HI' 2) of cytolytic T cell clones are also able to produce 
IL-2 (and t-IFN), i.e. they may exert 00th inducer and effector functions: 
this fenarenon is not apparent in GO: further more, in the latter disease 
a proportion of TI derived T3+ T4+ TS- non cytolytic clones are also 
inable to produce IL-2 or t-IFN under mitogenic stiImllation. 
Taken together, all this data strongly support our previous hypothesis 
based on other experimental evidences concerning major differences in the 
pathogenetical role of T cells between GO and HT (5) .In .fact, in HT in
filtrates a great number of T cells are able to display cytolytic activity 
and also to release IL-2 and t-lFN (known to be an adequate stimllus for 
MOC class II antigen expression by thyroid epithelial cells) (4): thus, 
a major role of these cells in both producing thyroid damage and perpe~ 
ting the autoimnune process is likely. In GO this is not the case, in that 
only few T cells with the cytolytic programn are detectable in the thyroid 
the other being IIr-2 producer or having no known lymphokine production. 
( possible production of B cell growth factor (s) different fran IL-2 or 
tIFN"a· 

Table I AUlOIt+t.tlE lHYOOID DISEASE 

Thyroid T cell clares 

lefereoces 

T4+ 
18+ 
LOCC 
N( 

IL-2 prod. 
g-IFN prod. 

HashiJrOto's T. 
10% 
fJfI, 

Em 
53% 
95% 
63% 

1) I>bretta, A. et al. J. Exp. Mi!d., 1983, 157, 743. 

G"aves' D. 
84% 
16% 
16% 
1~ 
35% 
53% 

2) Bagnasco et ai., Int. Arm. Alleryy Appl. Irmurol. 198) in press 
3) Tag.,ell C., J. Irmurol. 1981, 126, 1614. 
4) Todd I. et al. clin. Exp. Irmurol. 1985, 61, 265 
5) caronica G.W. et aL, Clin. Irmurol. liTrn.Jrqlat}Iol., 1985, 36, 40. 
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CIRCULATORY THYROGLOBULIN THRESHOLD IN SUPPRESSOR ACTIVATION 
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INTRODUCTION 

Murine experimental autoimmune thyroiditis (EAT) has served as a 
model for Hashimoto's thyroiditis, and mouse thyroglobulin (MTg) as a 
model for self antigen of the thyroid in genetically susceptible 
(MHC-associated) individuals l • EAT is induced readily when autoreactive 
inducer/helper T cells (TI) are stimulated by MTg given repeatedly2 or 
with an adjuvant, such as lipopolysaccharide (LPS)3. However, the pre
injection of 100-200 ~g MTg or thyroid-regulating hormones (TSH or TRH) 
activates suppressor mechanisms which interfere with EAT induction4 • 
Both regimens elevate the levels of circulating MTg for a short interval. 

We hypothesize that circulatory Tg plays an important role in main
taining self tolerance in susceptible individuals by preserving the domi
nance of suppressor T cell (TS) over TI' which otherwise would (could) 
respond to the constant stimuli of fluctuating autoantigen concentrations 
plus various environmental activators5• Moreover, this tolerance can be 
strengthened by a modest increase in circulating MTg level for a critical 
interval to withstand strong challenge in the form of MTg + potent adju
vant. 

We have tested this hypothesis by monitoring the concentration of 
MTg and duration of its increase in the blood after raising its level 
with exogenous MTg in tolerogenic doses, or with endogenous MTg released 
by TSH stimulation5 ,6. The results show that increases above normal 
limits and for at least 2-3 days are critical in activating mechanisms 
suppressive to EAT induction. Additional data are presented briefly 
here. 

MATERIALS AND METHODS 

Animals. Female CBA/J (H-2k) mice, age 6-10 weeks, were used. 

Thyroglobulin. MTg was purified by column chromatography on 
Sephadex G-200 and injected i.v. 7 For use in tolerance enhancement, it 
was ultracentrifuged ~o remove aggregates immediately before injection5• 
Ovalbumin (OVA), 100 ~g i.p., served as control immunogen. 

Adjuvant. LPS prepared from Salmonella enteritidis was injected i.v. 
for challenge in combination with MTg, and LPS prepared from Escherichia 
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coli for modification of MTg clearance rate. 

Thyrotropin. Bovine TSH (Sigma Chemicals) was given by mini
osmotic pumps (Alza Corp.) in the peritoneal cavity at a dose of 0.2S 
IU/day for 3t or 7 days. 

MTg and thyroxine assays. A sandwich ELISA, using two monoclonal 
antibodies to MTg, one labeled with alkaline phos~hatase, was performed 
in microtiter plates (sensitivity about 2S ng/ml). T4 was measured by 
RIA with a single antibody,. charcoal separation technique8• 

Assays for EAT. Autoantibody titers were measured by hemagglutina
tion with human group 0 erythrocytes coupled to MTg or OVA with chromic 
chloride7• Mice were killed 28 days after initial challenge. Serial 
thyroid sections were examined, lesions graded on a scale of 0 to 4 and 
compared by nonparametric statistics. 

RESULTS AND CONCLUSIONS 

We have injected graded doses (20-100 ~g) of exogenous MTg 7 days 
apart (day -10, -3) and then challenged the animals on day 0 with MTg + 
LPS. Doses that strengthen self tolerance, )50 ~g, sustained circulatory 
MTg levels above normal limits for >3S hS• To determine if LPS, an agent 
also known to interfere with clearance by the mononuclear phagocytic 
system, could alter the MTg levels and resistance to EAT, we injected 
20 ~g MTg 24 h after 20 ~g LPS. Clearance of circulating MTg was 
extended from a tt of 3 h to S h. Table 1 shows that both anti-MTg 
titers and severity of thyroiditis were significantly reduced. Thus, 
delayed clearance of MTg enabled a subtolerogenic dose to activate 
suppressor cells4 , which may partly explain the suppression by LPS on 
antibody response to a foreign antigen when given a day before antigen, 
as noted by others9• In contrast, antibody titers to OVA, given only at 
challenge, were comparable in all groups. 

Table 1. LPS Given 24 Hours before MTg Enhances Tolerogenicity 

Treatmenta 

US M~ 

d -11, -4 d -10, -3 

+ 

+ + 
+ 

IgG Antibodies to MTgb 

Pos./Total Log2 titer! SE 

6/6 
S/S 
6/6 
S/S 

l2.S + 0.4 
lS.4 + 0.7 
6.S + 0.6 

10.8 + 2.0 

Thyroid Pathologyb 

Pos./Total Index + SE 

6/6 
S/S 
4/6 
S/S 

0.9 + 0.06 
1.0 + 0.0 
O.S + 0.2c 
1.4 + 0.3 

aAll animals were challenged with MTg, OVA and LPS dO, 7 (see methods). 
bData from d 28 after challenge; anti-OVA titers averaged 10-12 in all 
groups. 

CSignificantly different from untreated (£ = 0.041) and MTg-pretreated 
£ = O.OlS) groups. 

Another regimen to raise circulating MTg level is by TSH stimula
tion. TSH was infused via osmotic pump for 7 days. MTg concentrations 
.increased for 2-3 days and resistance to EAT induction was significantly 
enhancedS• The presence of TSH pump after 3t days in the peritoneal 
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cavity was sufficient to increase the MTg concentration, which peaked in 
3 days; LPS given before the rise increased the MTg level even higher 
without altering the overall kinetics. The results after challenge are 
presented in Table 2. Both anti-MTg titers and thyroid damage were 
reduced, but anti-OVA titers were not affected. 

Table 2. Resistance to EAT Induction Enhanced by TSH Infusion and LPS 
Treatment 

Treatmenta IgG Antibodies to MTgD Thyroid PathologyD 
d -10 Positive/Total Log2 titer ± SE Positive/Total Index ± SE 

Sham 14/14 15.0 + 0.9 14/14 1.5 + 0.1 

TSH pump 
LPS + 6 h 12/12 10.4 + 0.8 10/12 0.8 + O.lc 

aAll animals were challenged with MTg, OVA and LPS d 0, 7 (see methods). 
bData from d 28 after challenge; anti-OVA titers averaged 11-12 in both 
groups. 

CSignificance, £ < 0.001. 

The involvement of TS has been shown after introducing tolerogenic 
doses of exogenous MTg4, but their role following TSH stimulation is 
unknown. Nevertheless, both schemes show a correlation between 
strengthened self tolerance and enhanced MTg level and duration. This 
raises an interesting role for circulating Tg in normal regulation. 

This work was supported by grants from the National Institutes of 
Health AM 30975 and AM 31827. 
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THYROGLOBULIN AUTOANTIBODY IgG SUBCLASSES; REGULATION BY T CELLS 
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Marian Atherton, PeteI H. Baylis, Fred Clark and Bernard 
Rees Smith 

Departments of Pathology and Medicine, University of 
Newcastle upon Tyne and Endocrine Immunology Unit 
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Medicine, Cardiff, U.K. 

Microsomal and thyroglobulin (Tg) antibodies in patients with auto
immune thyroid disease are usually restricted to subclasses IgGl and/or 
IgG4 (1,2) and this distribution is likely to reflect the capacity of 
these antibodies to induce thyroid damage (3). Using an in vitro system 
we have investigated the role of T cells in determining the IgG subclass 
distribution of Tg antibodies synthesised by peripheral blood lymphocytes 
from 7 Hashimoto patients with high circulating titres of Tg antibodies 
(>1:10,000 by haemagglutination tests). The IgG subclass distribution of 
Tg antibodies present in serum and synthesised in culture was analysed by 
an ELISA technique (1,4) using murine monoclonal antibodies to human IgG 
subclasses 1 to 4. 

In the presence of the T cell dependent activator Pokeweed mitogen, 
unfractionated blood lymphocytes synthesised Tg antibodies which were 87% 
IgGl in 1 patient, 57 ± 4% IgGl and 39 ± 4% IgG4 in 5 patients (mean ± SEM) 
and 90% IgG4 in 1 patient; these in vitro subclass patterns were comparable 
with the subclass distribution obtained for serum Tg antibody in each 
individual as we observed previously (4). B cells, isolated by removal of 
T lymphocytes rosetting with neuraminidase treated sheep erythrocytes (5), 
lacked the ability to secrete Tg antibodies of subclass IgGl and/or IgG4. 
However, as illustrated for patient MF (Fig 1), the response could be 
restored to the original levels and proportions of IgGl and/or IgG4 Tg 
antibody by the addition of T cells. Synthesis of Tg antibody of both 
subclasses was affected by the length of time for which unfractionated 
lymphocytes or Band T cell fractions were cultured, higher amounts of Tg 
antibody of subclasses IgGl and partic~larly IgG4 being secreted after 14 
days compared with 7 days. Further removal of suppressor T cells by pre
treatment of the T cell fraction with Mitomycin C, MMC (6) had little effect 
on the proportions of IgGl and IgG4 Tg antibody although the total amounts 
of Tg antibody of both subclasses were sometimes increased (Fig.l). 

The ability of the B cell fraction (cultured with Pokeweed mitogen) 
to synthesise Tg antibody was independent of the donor of the T cells. 
For example, B cells from a patient with 85% IgG4 antibody in serum 
secreted antibody of this subclass when cultured with autologous T cells 
or with T cells from a patient whose serum Tg antibodies were 93% IgGl. 
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Fig. 1. Synthesis of Tg antibody of subclasses IgGl and IgG4 by lymphocytes 
from patient MF cultured with Pokeweed mitogen for 7 or 14 days. Results 
are given as the Optical Density at 492 nm (OD 492 ) in the ELISA and as the 
% contribution made to total Tg antibody by subclasses IgGl and IgG4. The 
contributions made to Tg antibody by IgG2 and IgG3 were negligible. 

Conversely, Tg antibodies from another patient were over 80% IgGl whether 
the B cells were incubated with her own T cells or with T cells from a 
pormai donor without detectable serum autoantibodies. 

These studies indicate that the IgG subclass distribution of Tg 
antibodies (and probably other thyroid antibodies as well) is determined at 
the level of the B cells. However, T cells are required to elicit the 
synthesis of Tg antibody by B cells and they also regulate the overall 
autoantibody level, at least in vitro, and it seems likely that this will 
also be the case in vivo. 
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CELLULAR IMMUNITY AND SPECIFIC DEFECTS OF T-CELL SUPPRESSION 

IN PATIENTS WITH AUTOIMMUNE THYROID DISORDERS 

INTRODUCTION 

S. Vento, C.J. O'Brien, T. CundY+, C. McSorley, 
E. Macchia*, and A.L.W.F. Eddleston 

The Liver Unit and +Department of Medicine 
King's College School of Medicine & Dentistry 
London; *Cattedra di Endrocrinologia, University 
of Pisa, Pis a 

Graves' disease, Hashimoto's thyroiditis and idiopathic 
myxoedema are autoimmune thyroid diseases characterised by 
the production of autoantibodies against the microsomal/ 
microvillar antigen, thyroglobulin and/or the TSH receptor. 
Sensitisation of T lymphocytes to antigens contained within 
crude thyroid homogenates has also been demonstrated and 
cellular immunity has been proposed as an additional 
mechanism in the pathogenesis of these disorders,1 but the 
determinants to which this response is directed have not 
been identified. 

Recently, it has been shown that a functional TSH 
receptor is contained in fat cell membrane preparations. 2 

We have used an indirect T lymphocyte migration inhibitory 
factor (T-LIF) assay in agarose microdroplets, developed in 
our laborato~ies,3 and assessed both T cell sensitisation and 
specific suppressor T (Ts) lymphocyte activity to thyroid 
antigens in patients with autoimmune thyroid diseases 
employing human thyroid plasma membranes and guinea pig fat 
cell membranes as antigenic preparations (prepared according 
to Fenzi et al. 4 and Endo et al.,2 respectively). 

PATIENTS 

30 patients were studied: 14 had Graves' disease (GD) 
(1 untreated and hyperthryoid, 8 euthyroid on treatment with 
carbimazole or propylthiouracil, 5 euthyroid off-treatment), 
10 had Hashimoto's thyroiditis (HT) (2 untreated and 
hypothyroid, 6 euthyroid on treatment with thyroxine, 2 
euthyroid and untreated) and 6 had idiopathic, agoitrous, 
autoantibody-associated myxoedema (Myx) (all euthyroid on 
treatment with thyroxine). 
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METHODS 

The indirect T-LIF assay employed has been described in 
detail previously.3,5 To assess antigen-specific Ts cell 
function, a small number (ratio 1:9) of T cells to be studied 
for suppressor activity was added to sensitised T cells~ the 
mixture was then incubated with antigen and the supernatants 
tested for T-LIF activity. 

RESULTS 

25/27 patients with autoimmune thyroid disease tested 
had peripheral blood T lymphocytes sensitised to thyroid 
plasma membranes, the two exceptions being the 
only two patients studied while being pregnant. In contrast, 
only patients with Graves' disease had T cells sensitised 
to fat cell membranes~ T-LIF release from T cells 
of these patients was no longer detectable after 
preincubation of fat cell membranes with partially purified 
TSH (Thytropar, Armour) at concentrations ranging from 0.5 
to 5 mu/pg membranes, while it persisted after preincubation 
of thyroid plasma membranes with TSH. 

T-LIF release from T cells of patients with GD in 
response to fat cell membranes was no longer detectable after 
addition of T cells from normal subjects or patients with 
either HT or Myx.T-LIF release in response to 
thyroid membranes was not detectable in co-cultures (ratio 
9:1) of T lymphocytes from patients with GD and either 
normals or patients with Myx, from patients with HT and 
normals, and from patients with Myx and either normals or 
patients with GD. In contrast, it persisted in co-cultures 
of T lymphocytes from patients with GD and HT or from patients 
with HT and Myx. 

DISCUSSION 

The results of this study, showing that peripheral blood 
T lymphocytes from patients with different autoimmune thyroid 
diseases are sensitised to thyroid plasma membranes, whereas 
only T cells from patients with Graves' disease show, in 
addition, sensitisation to fat cell membranes, favour the 
hypothesis that the TSH receptor is a target of cellular 
immune reactions in subjects with Graves' disease. This is 
further supported by the results of the experiments in 
which preincubation of fat cell membranes with low 
concentrations of TSH prevented T-LIF release by T cells 
from these patients, probably interfering with antigenic 
recognition. 

The results of the T lymphocyte co-culture experiments 
support the hypothesis that circulating Ts lymphocytes 
capable of recognising thyroid autoantigens are present in 
normal subjects and defective in patients with autoimmune 
thyroid diseases. 6 In addition, they suggest that a defect 
in Ts cells specific for the TSH receptor is restricted to 
patients with Graves' disease and may determine the 
persistence of sensitised T lymphocytes specific for the 
same antigen. 
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Finally, the results of the T cell mixture experiments 
in the presence of thyroid plasma membranes suggest that at 
least two additional thyroid antigens evoke cell-mediated 
immune responses in autoimmune thyroid diseases, one being 
recognised by T cells from patients with HT and GO, the other 
by T lymphocytes from patients with HT and Myx. Further 
studies using highly purified thyrocyte antigens and cloned 
T lymphocyte populations from both peripheral blood and 
thyroid glands of patients with autoimmune thyroid diseases 
are needed before definitive conclusions can be drawn. 
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THE INFLUENCE OF INTERLEUKIN-1 ON THE FUNCI'ION OF HUMAN THYROID CELLS 

A. Krogh Rasmussen, U. Feldt-Rasmussen, K. Bech, S. Poulsen, 
and K. Bendtzen 

Med. depart. E, Frederiksberg Hospital & Lab. of Med. Intnunol. 
State University Hospital, Copenhagen, Denmark 

Interleukin 1 (IL-1) is a T- and B-Iyrrphocyte activating cytokine released 
primarily by antigen-presenting macrophages (1,2). We have recently fo1.IDd 
that IL-1 elicited functional irrpai:rment of human thyroid cells in nonolay
ers. The aim of the present study was to further elucidate the influence of 
recanbinant IL-1 p (rIL-1,B) on the secretion of thyroglobulin (Tg) and cAMP 
fram cultured human thyroid cells. 

MA'IERIAL AND ME:I'HODS 

Fresh nOIIllaI human thyroid tissue was obtained fram thyroid surgery and 
prepared as reported by Reader et al. (3) with minor nodifications. The _ 
cells were cultured in Nunclon rnultidish plates with a suspension of 2 x 10!:> 
cells per 1 ml in each well and fonned nonolayers within 3-4 days. Thyroid 
nonolayers were cultured with or without TSH (100 mU/ml) or insulin (10 
).1g/ml). Tl).e cells were incubated with human rIL-1 ~ (pI7 fo:rm) - kindly pro
vided by dr. Ch. A. Dinarello (Boston), and the activity of IL-1 was estima
ted byanouse thynocyte costimulatory assay (4). After 2 and 4 days Tg in 
the cell-free supernatants was measured by a double-antibody radioimmmoas
say (5), cyclic AMP (cAMP) was measured by a carpetitive protein binding 
assay (6) and the DNA-content of the cells by the diphenylamine method (7). 

RESULTS 

Addition of TSH and/or insulin to primary thyroid cell cultures poten
tiated the response of both Tg and cAMP. Typical examples of Tg- and cAMP
values with or without 4 days stimulation of TSH in a primary culture are 
denonstrated in table 1. 

Both primary and secondary thyroid cells secreted increased cAMP into 
the medium after TSH-stimulation, whereas only primary cultures had preser
ved the ability to increase Tg-secretion essentially during TSH-stimulation 
(table 2). Specially the cAMP-secretion was stimulated by TSH. In both pri

mary and secondary cultures rIL-1p. in concentrations between 0.01 and 100.0 
U/ml inhitibed dose-dependently the insulin- and TSH-stimulated Tg-secretion 
(up to 75%) after 4 days incubation, whereas a concentration of rIL-1~ of 
0.001 stimulated Tg production (fig. 1). This pattern was found both with 
and without addition of TSH. The insulin- and TSH-stimulated cAMP-secretion 
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TABLE 1 

INFLUENCE OF TSH AND INSULIN OF SEl:REl'ICN OF 
cAMP AND Tg FRCM CULTURED HtlM1IN THYroID CELLS 

cAMP (pool/pgONA) 

+ Ins 

+ TSH 13.6 

- TSH 2.8 

- Ins 

15.4 

o 

Tg (ng/pg OOA) $ 

+ Ins 

267 

222 

- Ins 

170 

103 

$ cAMP was ll'lVestigated after 2 days and Tg 
after 4 days TSH stimulation. 

was silnilarly dose-dependently inhibited at equal concentratiCl'lS of rIL-1F. 
The influence of rIL-1 on Tg and cAMP .secretion was IIDSt pronounced in 
secondary cultures. 

c:<:H::LUSICNS 

Addition of insulin was not necessary for a significant response to 
TSH stimulaticn of either primary or secondary cultures, but potentiated 
the responses. Thyroid cell functions lflere stimulated by rIL-1 p at very low 
.concentrations. These effects VJere shown in both primary and secondary cul
tures and VJere indeperdent of presence of· TSH or insulin. 

Il-1 producticn is usually considered a result of an inmune reaction, 
where the presence of an antigen initiates a series of cellular and hlJlOC)ral 
interactions leading to activation of specifically reactive T-lynpOOcytes by 
the antigen-presenting cell, usually a macrophage. '!his T-cell activation is 
dependent upon the production by the macrophage of IL-1. As a result, the 
T-cells elaborate macrophage-activating factors, whereafter the nonocytes 
increase the secretion of IL-1 (1). '!his study has shown that IL-1 in phar
macological levels has an inhibitory effect on cultured human thyroid cells, 
'.mile in physiological levels, it stimulated the cell function. Thus, IL-1 
might have an influence on the thyroid gland in vivo and playa role for the 
devel.oprent of autoinrmme thyroid diseases. 
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TABLE 2 

THE PERCENTAGE INCREASE OF Tg AND cAMP AFI'ER 4 DAYS TSH
STIMUIATICN IN INSULIN DEPLEI'ED CELLS 

Primary cultures: 

Secondary cultures: 

Tg 

Median (ranges) 

39% (15-89) 
(n=5) 

7% (0-22) 
(n=7) 

cAMP 

Median (ranges) 

61% (47-100) 
(n=5) 

94% (91-99) 
(n=7) 



Stimulation (0/0) 

50 

25 

o~~~~~-------------------

25 

50 

Inhibition (0/0) 

I I • 
0.001 0.01 0.1 1.0 10.0 100.0 

rlL-1 fJ (U/ml) 

Figure 1. The relative changes of TSH-stimulated Tg and cAMP 
secret~on after incubation with r~L-1J3 i~ a,secondary culture 
(a tYPl.ca1 example). The closed cl.rc1es l.ndl.cate the Tg secre
-tion in the medium after 4 days incubation, and the open 
circles indicate the cAMP secretion in the medium after 2 days 
incubation. 
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IMM!..lNEISTOCHEMICAL CHARACTERISATION OF L~ 

IN EXPERIMENTAL AUTOIMMUNE THYROIDITIS 

INTRODOCTION 

A.P. Weetman and S.B. Cohen 

Dept. of Medicine 
Royal Postgraduate Medical School 
London W12 OHS, UK 

EAT in the rat is under genetic control, and the arffalo (D.lf') rat 
appears to be an 1.IDUSUally high responder strain. Spontaneous disease 
has been reported and appears to represent the action of envirorunental 
factors on the genetic background of this strain. This would account 
for the low incidence in young rats with a maximal prevalence of 48% in 
ex-breeder females (Silverman and Rose, 1971). However a variety of 
treatments are known to increase the incidence of EAT. including trypan 
blue (TB), 3-methylcholanthrene (3-M:::). neonatal thymectcln\Y (Tx) and 
inmunisation with thyroglobulin (Tg) in a variety of adjuvants (Glover 
et al 1968, Reuber 1970, Silverman and Rose 1974, 1975). 

We have compared these four models of EAT and sought to identify 
which most resembles Hashimoto's thyroiditis, with particular reference 
to the thyroid mononuclear cell infiltrate. 

METHODS 

Induction of EAT 
Neonatal Tx was perfonned wi thin 24 hr of birth on six animals. 

At six weeks old, nine animals received 750ug TB sc weekly x 5, nine 
were given 4mg 3-M::: sc weekly x 5 and a further nine were given lmg rat 
Tg emulsified in complete Freund's adjuvant (CFA) im/sc twice, a week 
apart. The animals were all female and were compared with a control 
untreated group of six animals. All assessments were made at 12 weeks 
of age. 

Measurements 

Tg antibodies were measured by EUSA as described elsewhere 
(Rennie et al, 1983). T4 and TSH levels were measured by 
radiOilllIlUl1OasSay, for TSH using the kit and protocol of Dr. A.F. Parlow 
(NIAMDD, NIH, USA). FACS analysis of peripheral blood lymphocytes was 
perfonned using the Ox8 (suppressor/cytotoxic T cells) and W3/25 (helper 
T cells and some macrophages) from Sera-Lab. Additional monoclonal 
reagents used for imnunoperoxidase staining of thyroid frozen sections 
were Ox6 (anti-la, I-A equivalent), Ox17 (anti-la, I-E equivalent), Ox12 
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(kappa chain on B cells), Ox18 (anti-class I), Ox19 (pan T) and an 
in-house monoclonal anti-rat Tg. Severity of thyroid! tis and staining 
by immunoperoxidase were graded blind. 

RESULTS 

All Tx, CFA/Tg and TB, but no 3-M:: or control rats had Tg 
antibodies. Antibody levels were sign1f'icantly different in the three 
groups; Tx > CFA/Tg (p < 0.001), CFA/Tg > TB (p< 0.01). TSH levels are 
shown in Fig. 1; they were only increased in the Tx group (p< 0.05). 
However, free T4 levels were normal (mean + SD Tx 62 + 14 nmol/l, 
controls 63 + 19 nmol/l). Circulating T cell subsets-were not different 
from controls in the Tx, TB and CFA/Tg groups, the mean ratio of Ox 8: 
W3/25 being 1.3 - 1.8. However in the 3-M:: group there were less Ox 8 
cells (p< 0.05 compared to controls) with an Ox8: W3/25 ratio of 0.9 • 
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Fig. 1. 
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Control 3- MC TB CFA/Tg Tx 

Thyroiditis severity (graded 0 - 4) and TSH levels in 
controls and animals wi th EAT. The mean + SEM is shown 
for each group. The upper limit of normal-for TSH is 
1ug/ml. 

Thyroiditis was found in all groups except controls (Fig. 1) and 
severity was ordered Tx > TB or CFA/Tg (p < 0.01) > TB (p< 0.01). The 
immunohistochemical features are shown in Table 1. A few dendritic 
cells (Ox6, Ox17-positive) were found in control thyroids as expected, 
but were increased in the CFA/Tg and 3-M:: groups. In the TB group, the 
majority of Ox6, Ox17-positive cells were W3/25-positive, Ox19-negative, 
I.e. macrophages. In all three groups T and B cells were infrequent. 
However in the Tx group. there was extensive infil tration with Ox12. Ox8 
and W3/25 cells. In four Tx animals there was occasional Ox6 and Ox17 
expression by thyroid follicular cells. Staining with anti-Tg was seen 
in the interstitium as well as the remaining follicles in these animals. 
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Table 1. Extent of thyroid mononuclear cell infiltration in EAT 

Ox6/0x17 Ox8 W3/25 Ox12 

Control + 0 0 0 
3-M:: ++ + + .:!:. 
TB ++ ++(Ox19-) + + 
CFA/Tg ++ + + + 
Tx +++ +++ +++ ++ 

+ = present in some animals . + = mild infiltration 
++ = moderate infiltration +++ = severe infiltration. 

DISCUSSION 

These results show that EAT in the Buf is heterogenous, 
particularly in respect of the thyroid lymphocytic infiltrate. The most 
severe thyroiditis was foupd in Tx animals, which nonetheless showed no 
sign of T cell subset alteration in the peripheral blood. This model 
closely resembled Hashimoto I s thyroiditis; TSH was increased (albeit 
with normal T4 levels), the lymphocytic infiltrate resembled the human 
disease and some thyroid follicular cells were la-positive (Aichinger et 
al 1985). This latter feature was also characteristic of spontaneous 
thyroidi tis in the OS chicken (Wick et al 1984) but was not found in 
other forms of Buf EAT. Further understanding of the role of thyroid 
cell Ia expression in the development of autoillllllIDi ty should come from 
study of Tx induced EAT, although the presence of thyroiditis in two Tx 
animals without detectable follicular cell Ia expression suggests that 
this role may not be crucial to disease initiation. 
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A LIGHT CHAIN RESTRICTION IN THE DIFFUSE THYROID LYMPHOID INFILTRATE IN 

UNTREATED GRAVES' DISEASE 

INTRODUCTION 

Claire A. Smith, Bharat Jasani, and E. Dillwyn Williams 

Department of Pathology 
University of Wales College of Medicine 
Heath Park 
Cardiff 
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It has recently been shown that the pathogenically important TSH 
receptor antibodies found in Graves' disease are mainly synthesised by 
lymphocytes closely associated with thyroid follicles. 1 It has also been 
shown that these antibodies are almost exclusively restricted to the A light 
chain type. 2 In this study we have used an immunoperoxidase technique to 
analyse, in situ, the distribution of the light chain isotypes of plasma 
cells found within Graves' disease thyroids. 

MATERIALS AND METHODS 

Patients 

Specimens from 7 patients with no pre-operative antithyroid treatment 
were obtained from archive material (1910-1914) and compared with tissue 
from 14 patients treated with carbimazole. All tissue used was formalin 
fixed and paraffin embedded. Sections from one randomly selected block 
from each patient were analysed. 

Antibodies 

The antibodies used in this study were a series of monospecific 
polyclonal antibodies directed against the different light and heavy chain 
isotypes (BDS Biological Ltd.). Anti-A, K were used at 1: 1000, anti-IS at 
1 :2000 and anti-"',j.l at 1 :3200. 

Staining Procedure 

Sections were cut and endogenous peroxidase blocked by incubation with 
methanol/H ~ 2. These were trypsinised and subjected to a previously 
described immunoperoxidase staining procedure. 3 

Counting Procedure 

As in previous studies 4 ,5 the plasma cell population was divided into 
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3 categories; diffusely scattered (DS), loosely aggregated (LA) and 
germinal centre associated (G.C.). The D.S. cells were counted in a 
minimum of 20 non-overlapping high power fields distributed over the entire 
section and the mean number of cells/field calculated. For the loose 
aggregates and the germinal centre plasma cell counts the total number of 
positive cells present were counted and expressed as means for each 
category. 

RESULTS 

The immunoperoxidase procedure was validated for specificity and 
accuracy by comparing the sum of the If, fA, DC. counts with that of the), , K 
counts. These showed a concordance rate of 98.2%. Table 1 shows the 
percentage of ~ light chain expression (mean + S.E.) for each category of 
cells. The diffusely scattered cells in the untreated glands showed a 
significant increase in the proportion of cells expressing A light chain 
when compared to the L.A. or G.C. cells, or when compared to an equal 
division of cells (p<O.OOS) or the expected (40%) ratio in simple 
inflammatory infiltrates (p<O.OOl). There was no significant difference 
between any of the 3 cell categories in the carbimazole treated thyroids. 

COMMENT 

These results show that in Graves' disease the diffusely scattered 
plasma cells are the only group of intra thyroid plasma cells showing a A 
chain predominance. The extent of this predominance is significantly 
different from both random and expected distribution of light chain 
subclasses of plasma cells. Carbimazole treatment reduces the numbers of A 
cells to a greater extent than it reduces the numbers of K cells. It has 

been shown by others that the cells that produc.e TSH receptor antibodies 
are almost exclusively of A light chain isotype,2 and that they are 
synthesised by 'cells associated with thyroid follicles. 1 We therefore 
suggest that the diffusely scattered plasma cells are of much more 
importance in the pathogenesis of Graves' disease than the more obvious 
germinal centres and lymphoid aggregates, and that carbimazole has a 
selective effect on the group of plasma cells that includes the TSH 
antibody producing cells. This study also demonstrates the importance of 
not regarding the lymphoid infiltrate in Graves' disease as composed of a 
homogenous population of cells. 
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Table 1. Mean percentage of A positive plasma cells in 
various categories of cell infiltrates 

Patient Group Category of Cell Infiltrate 

DS LA GC 

Untreated 63.5.!. 2.9 50.8 .!. 8.0 45.7 .!. 1.0 
Carbimazole 
treated 54.2 + 5.S 39.8 + 13.7 48.9 .!. 14.6 -
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Natur.al killer (NK) cells are functionally identified by their ability to 
lyse a variety of target cells; morphologically they are identified as large 
granular. lymphocytes (LGq .. N.K cells are. augmented by interferon (IF), 
Interleukln 2 (11-2) and inhibited by various agents Including certain 
prostaglandins (PG), e.g. ~G~1, PGE2, PG~1 and PGA? NK cells are thought to 
play an Important role In Immune surveillance against cancer and certain 
Infections. Evidence for a role of NK cells in autoimmune disorders is 
fort~coming: Significan.tly reduced NK cell activity. has been described in 
patients with systemiC lupus erythematosus, Sjogren's syndrome and 
multiple sclerosis. In the present study we have characterized the quality 
and quantity of NK cells In patients with Hashimoto, Graves' disease and 
euthyroid exophthalmos. 

PATIENTS AND METHODS 

A total of 43 patients with various thyroid diseases and 22 controls 
were studied. Patients characteristics are given in Table 1. The diagnosis of 
Hashimoto's thyroiditis was based on presence of a characteristic goitre, 
positive antithyrol;llobulin and/or antimicrosomal antibodies and evidence of 
thyroid failure with low thyroid hormones and high TSH. All patients -
except 3 studied at diagnosis - were euthyroid on L-thyroxine. The patients 
with Graves' disease all had diffuse uptake on 99mTc-scintigraphy and both 
clinical and biochemical evidence of hyperthyroidism. Eight of the patients 
were studied at the time of dial;lnosis while still untreated. The remaining 8 
were studied after 12 months In average (range: 4-36) of treatment with 
antithyroid drugs (thiamazole 5 to 10 mg daily). The patients with non-toxic 
goitre were all euthyroid with a diffuse or multinodular sCintigram, and all 
were untreated. The patients with euthyroid Graves' exophthalmos all had 
unilateral exophthalmos and evidence of eyemuscle enlargement on a 
CT-scan of the orbit. The duration of disease was more than 7 years except 
for one studied 6 months after diagnosis. NK cell activity of mononuclear 
cells was measured against K 562 targer cells in a 4 h 51Cr release assay, 
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Table 1. Characteristics of patients with thyroid disease. Median and range 
are given. 

Patients group n 0/0 --p;ge Free T4 Index Free T3 Index TSH 
(years) (units) (units) mUll 

Hashimoto's 11 1011 60 5.9 84 3.7 
thyroiditis (26-90) (1.4-14.7) (60-141) «3 - >80) 

Graves' disease 8 7/1 61 25.1 780 <3 
(untreated) (20-79) (7.4-31.0) (98-934) «3 - <3) 

Graves' disease 8 6/2 63 7.0 124 <3 
(during treatment) (27-70) (5.1-S.S) (70-219) «3 - 7.5) 

Non-toxic goitre 9 9/0 53 7.3 105 <3 
(35-7S) (5.5-10.1) (73-140) «3 - 5.0) 

Euth~roid 7 512 59 9.4 176 3.0 
exop thalmos (35-7S) (6.2-11.9) (72-193) «3 - 3.9) 

Table 2. NK cell activity of patients with thyroid diseases and controls. 

""Nl< NK+II-2 ~ %LGL 

Controls 34.7 41.2 56.5 37.5 4.3 
(11 .9-61.1) (16.2-65.5) (2S.9-67.9) (15.S-65.0) (1.5-S.5) 

Hashimoto's 25.1 34.1 49.7 32.4 3.0 
disease (14.7-44.7) (11.6-49.7) (20.2-59.6) (9.9-50.4) (1.5-10.5) 

Graves' disease 34.4 50.0 5S.6 37.5 4.1 
(untreated) (5.7-51.4) (10.S-62.9) (27.3-65.7) (15.S-65.0) (2.3-8.7) 

Graves' disease 21.S 27.9 47.0 2S.0 3.S 
(treated) (12.4-32.4) (19.2-44.5) (31.3-60.7) (17.9-42.1 ) (2.1-10.1) 

Non-toxic gOitre 37.1 45.3 57.9 42.6 3.9 
(23.9-60.6) (37.0-69.2) (47.S-68.7) (30.S-64.5) (2.0-S.6) 

Euthyroid 11.7 20.6 35.3 15.3 3.5 
exophthalmos (1.0-23.9) (0-43.4) (3.3-53.7) (0-36.S) (2.5-5) 

EIT ratio=SO/1. In vitro incubation of NK cells with -IF, 11-2 and 
indomethacin (indo) 1 uglml was performed. LGLs were identified and 
enumerated in cytocentrifuge preparations stained with May-Grunwald; all 
methods have previously been described in detail (2). 

RESULTS 

The NK cell activity in the different ~roups of patients with thyroid 
diseases was compared with the NK cell activity in normal healthy controls. 
Only patients with euthyroid exophthalmos had significantly suppressed NK 
cell activity. IF, 11-2 as well as mdo significantly enhanced NK cell activity 
in all groups tested, but neither of these agents full}, restored the 
suppressed NK cell of patients with euthyroid exophthalmos. The quantity of 
NK cells, estimated as %LGLs. did not differ significantly from that of 
controls. 
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DISCUSSION 

There are several, but conflicting, studies on NK cell activity in 
autoimmune thyroiditis (reviewed by Burman and Baker) (3). Both reduced, 
elevated and n()rmal Nt< cell activity has been demonstrated in patients with 
Hashimoto and Graves' disease, but in euthyroid patients or patients in 
remission NK cell activity seems to be normal. In our study the NK cell 
activity of patients with Hashimoto or Graves' disease was lower than that 
of normal healthy' controls or atoxic struma, but these differences were not 
statistically significant. Otherwise the NK cell activity of 7 patients with 
euthyroid exophthalmos was severely suppressed. The finding that the NK 
cell activity of patients with euthyroid exophthalmos could not be fully 
restored by addition of IF, 11-2 or indomethacin indicates that the NK cell 
activity was not suppressed because of low production of IF or 11-2 or high 
PG production. The finding of normal %LGLs Indicates that the NK cell defect 
in patients with euthyroid exophthalmos is functional. 
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INTERACTION OF PURIFIED GRAVES' IMMUNOGLOBULINS 

WITH THE TSH-RECEPTOR 

INTRODUCTION 

P.G.H. Byfield and Jane Worthington 
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We have previously demonstrated directly, by chromatographic separa
tion, the coexistence of mUltiple immunoglobulin activities against the 
TSH-receptor (GIg) in sera from patients with Graves' disease (Worthington 
et al. 1986). Biological properties of these GIg varied from blocking to 
stimulating with the mix present in an individual being unpredictable. 
These components were all detected initially using a radioreceptor assay 
which employs the inhibition of 125I-TSH from binding to solubilised 
receptors. We have therefore, examined the interaction of mixtures of TSH 
and the purified GIg with the TSH-receptor in order to clarify the 
relationship between structure and function for these antibodies. 

METHODS 

Chromatography: Ammonium sulphate precipitates from serum were eluted 
from columns of Remazol yellow GGL-Sepharose 4B using gradients of pH 
(5.0-7.4) and sodium chloride (0-0.3M). 
Radioreceptor assay: Solubilised porcine TSH-receptors were used as a 
binding reagent (Southgate et al., 1984) with reduction in 125I-bTSH 
(RSR Ltd) binding as the response due to active ligands. 
Biological assay: Stimulation of uptake, or inhibition of TSH-stimulated 
uptake, of iodide-125 by FRTL5 cells was used to characterise stimulating 
or blocking Graves' immunoglobulins respectively. 

RESULTS 

Several purified GIg were selected for their different characteris
tics. LC was the single peak of binding activity obtained from an 
hypothyroid patient. The protein had no stimulating activity in the 
bioassay. AR1 and AR2 were the two peaks obtained from a thyrotoxic 
subject (AR); each had a similar, high stimulating potency in the 
bioassay. DC2 was one of two peaks present in another subject (DC) with 
Graves' disease, both had a similar stimulating activity but were less 
potent than those from AR. 
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Constant amounts of each of these immunoglobulin activities were 
mixed with increasing amounts of bTSH and assessed for biological 
activity and for the response in the binding assay. The results are 
shown in Fig. 1A as the resultant activity in TSH" equivalents plotted 
against TSH added. In all cases, whether the immunoglobulin tested was a 
blocker or stimulator, the bioactivity of TSH plus immunoglobulin was 
less than the sum of the two components. As the quantity of TSH rose this 
effect became more pronounced and at 100 ~U/m1 added TSH all tested 
immunoglobulins acted as apparent blockers of TSH stimulation; AR1 and 
DC2 even appeared more effective than the blocker LC. This, however, may 
only be an effect of the different (and unknown) mass of antibody used in 
each case. 
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Fig. 1. A. The resultant biological activity of mixtures of bTSH and 
purified Graves' immunoglobulins. Constant amounts of 
antibody were mixed with increasing amounts of bTSH. 
B. The apparent ana1yte concentration of mixtures of bTSH and 
purified Graves' immunoglobulins. Constant amounts of 
antibody were mixed with increasing amounts of bTSH. 
Key. LC l::. _._- l::. AR1 0 -- 0 

AR2 • - • DC2 0 - - - - 0 

These results are consistent with the hypothesis that all the 
antibodies studied interacted with the receptor at the same site and that 
this is the TSH binding site. Moreover an increasing mass of TSH does 
not result in the displacement of GIg that would be expected in a simple 
equilibrium system and indicates that these antibodies bind irreversibly. 
Thus the resultant biological activity is the sum of intrinsic (but low 
or absent) biological activity of GIg plus the activity of TSH acting at 
a reduced number of binding sites. 
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These ideas are supported by the results from the radioreceptor 
assay. In this experiment tracer binding was lower than expected and 
hence the apparent measured concentration of (TSH + GIg) was greater than 
the sum of the two components (Fig. lB) for both the blocker and the 
stimulators. Again both types of GIg must bind at the TSH binding site. 
This is probably irreversible and thus restricts TSH and tracer l25I-TSH 
to fewer binding sites than expected. The consequent lower tracer 
binding (in a radioreceptor assay) appears to show a high analyte 
concentration. 

CONCLUSION 

These results show that both blocking and stimulating immunoglobulin 
act directly at the TSH binding site. The biological activity of a GIg 
must therefore be related to its structure and to the precise way in 
which it binds at the hormone-binding site. Thyroid stimulation in a 
patient with a mixture of GIg with different properties will be 
determined by the aggregate activity of the particular mixture. 
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THYROID STIMULATION IN SOME NON-THYROID AUTOIMMUNE DISEASES 

K.Bech, U.Feldt-Rasmussen, H.Bliddal, C.Bregengaard, 
B.Danneskiold-Sams¢e, S.Husby, K.Johansen, C.Kirke
gaard, T.Friis, K.Siersb~-Nielsen, and H.Nielsen 

Frederiksberg Hosp, Hvid¢re Hosp, Gentofte Univ Hosp, 
Municip Hosp, Steno Memorial Hosp, State Hosp, 
Odense Univ Hosp, Denmark 

INTRODUCTION 

Thyroid stimulating immunoglobulins(TSI) are widely accep
ted to be responsible for the hypersecretion of thyroid hor
mones in Graves' disease. TSI have also been demonstrated in 
patients with non-thyroid autoimmune diseases;. The aim of the 
present study was to evaluate if presence of TSI has an influ
ence on thyroid function in vivo in these patients. 

MATERIALS AND METHODS 

Three different groups of consecutive euthyroid patients 
were studied. Twenty-five patients (4 men, 21 women) with clas
sical or definite rheumatoid arthritis(RA) (median age: 64 years, 
range 37-79 years). Rheumatoid factor(RF) was detected in 18 
subject. Nineteen of the patients were treated with myocrisine 
and 2 with penicillamine, whereas none received steroids. Thir
ty-four patients with insulin dependent diabetes mellitus 
(IDDM) (19 men, 15 women). Median blood glucose level was 8.9 
mmol/l (range 1.8-20.6 mmol/l) and median age 40 years (range 
16-72 years). Nine patients with primary biliary cirrhosis(PBC) 
(2 men, 7 women) aged 65 years (range 52-77 years). Finally, 
ninety-eight controls (52 men, 46 women) without previous or 
present evidence of thyroid disease. Median age was 42 years 
(range 19-83 years). None of them received any medication known 
to interfere with thyroid function or thyroid hormone assays. 
Serum TSH levels were measured using an ultr~sensitive immuno
radiometric assay (sucrosep, Boots Celltech) • TSI were measured 
both by activation of human thyroid adenylate cyclase(AC) in 
thyroid membranes (TS~), and as thyrotropin binding inhibiting 
immunoglobulins (TBII) • Serum thyroglobulin(Tg) and its auto
antibody (TgAb) were quantified as described previously3, and 
presence of RF was evidenced by Latex-RF-reagens (BehringWerke). 
Sera from 3 patients with RA containing both RF and TSAb were 
fractionated by size chromatography using Sepharose CL6B3 • 
The fractions thus obtained were tested for TSAb and RF activi
ty, as well as IgG and IgM by radial immunodifusion. TgAb was 
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Table 1. Serum TSH, Tg and thyroid autoantibodies in non-
thyroid autoimmune disease (medians and ranges). 

N TSH Tg TgAb TBII TSAb 
>25i >108i level 

mull J!iL! No (i)l22s No (i)l22s No (i)l22s _i-

RA 25 1.3 21 4 (16) 2 (8) 17 (68) 121 
(0:2'=r.9) (11-55) (87-196) 

IDDM 34 2.3* 31* 8 (24) 3 (9) 8 (24) 98 
(0.4-7.3) (16-110) (72-152) 

9 1.3 19 3 (30) 0 (0) 4 105 PBC (07r=12.7) (16-56) (44) (l00=rm 

Contr. 98 1.3 23 7 (8) 0 (0) 0 (0) (O-:'r-J. 2) ('1-'71') (73-108) 

* P < 0.001 compared to normal persons (Mann Whitney) 

affinity purified4 from 3 different sera from patients with 
Graves' or Hashimoto's diseases, and tested for its ability to 
stimulate cAMP in thyroid membranes (n=16). 

RESULTS 

Serum TSH and Tg were not Significantly different from 
controls in RA and PBC, but slightly elevated in IDDM (Table 1), 
and with a significantly positive association (r=0.69, P < 0.02). 
Thyroid autoantibodies were present at increased frequency in 
both RA, IDDM, and PBC (Table 1). There was no significant as
sociation between presence of TSAb and sex, age, thyroid func
tion or presence of the other autoantibodies. Serum TSH was 
not Significantly different in patients with or without TSAb 
(Fig 1). In vitro experiments could not exclude an interference 
from RF in the TSAb assay as RF and TSAb activities were detec
ted in the same fractions by size chromatography (Fig 2). Pu
rified TgAb did not elicit any AC stimulation .in vitro in human 
thyroid membranes neither when added alone nor together with 
TSH, TSI or fluoride. On the contrary, in some cases an inhi
bition of TSH, TSI or fluoride stimulated AC activity was seen 
by addition of TgAb. However, this inhibition could not account 
for the lack of in vivo thyroid ~timulation by TSAb. 

DISCUSSION 

The development of ultrasensitive methods for measure
ment of serum TSH has enabled a complete distinction between 
hyperthyroid patients and normal contro12• In the present 
study TSAb in non-thyroid autoimmune diseases (RA, IDDM, and 
PBC) was not associated with in vivo thyroid stimulation, as
suming that biologically active TSI would release thyroid 
hormones and Tg, and thereby reduce serum levels of TSH. There 
was a discrepancy between the frequency of TBII and TSAb in 
all patient groups. The lack of TBII in RA was in agreement 
with previous findings S• Some of the patients with IDDM showed 
evidence of incipient thyroid failure despite the presence of 

348 



,.,.... MIIEIITS HEALTHY CONTROL 
_lSMt wI_lSAb 10 n ... 

5 . ,. .. • 
!~ I. t 1.0 :.: - ' . .. 

r 
o.s I 

0.10 

ClOI"I.-_______________ _ 

Fig,l Serum TSH in patients 
(RA e, 100M 0, PBC 11) with 
or without presence of TSAb. 
No significant differences 
were noted. 

160 1do 1.:0 1:" 1aio ~ zlo aJo 
FIacIian IU'I1ber 

2001 
t 

11iO f 
100 ~ 

Fig,2 Fractionation of serum 
from a patient with RA and both 
RF (e) and TSAb (0) (% of buffer). 
Similar fractionation of normal 
human serum was negative. 

TSAb. There was a statistically insignit1~dn~ ~~ndency towards 
a slightly higher TSAb level in RF positive sera, indicating 
that RF might stimulate thyroid AC in vitro. This was in agree
ment with the chromatography studies. The presence of TSAb in 
non-thyroid autoimmune disease might thus be an in vitro phe
nomenon, the reason for which is unclear. Probably TgAb, RF, 
or other autoantibodies stimulate the formation of AC through 
a pathway which is inaccessible in vivo. This might be due to 
the use of disrupted thyroid membranes rather than intact cells. 
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Thyroid stimulating immunoglobulins (TSI) are believed to act by 
interacting with TSH receptor as indicated by the ability of TSI to inhibit 
radiolabeled TSH binding to its receptor. 1 However a good correlation 
between the inhibition of TSH binding and TSI biological activity is not 
always demonstrable. 2 Moreover, other antibodies interact with the TSH 
receptor and block TSH activity but do not have any agonist activity.3 The 
possibility remains, therefore, that TSI binds to the TSH receptor on a site 
different from the TSH-binding site, or alternatively that TSI may influence 
the TSH receptor via an allosteric mechanism. 

The continuous thyrotropin stimulation of thyroid cells induce 
desensitization of the thyroid adenylate cyclase complex (homologous 
desensitization). This process is related to an "uncoupling" of the TSH 
receptor and the stimulatory N protein (Ns).4 

Little information is available on the desensitization of thyroid 
tissue by TSI. If TSI primarily interacts with the TSH receptor: 
1) it should be able to induce an homologous desensitization in respect to 
TSH stimulation; 2) thyroid desensitization to TSI stimulation should be 
similar to that observed for TSH. 

The present study compares the thyroid desensitization by TSI and TSH. 
Since their actions are very similar, these observations provide indirect 
evidence that both agents are acting at a close related site and with a 
similar mechanism. 

METHODS 
Human thyroid cells in monolayer culture were obtained by a collagenase 

digestion procedure from normal thyroid tissue as previously described. s 

IgGs were purified from sera of Graves' patients by DEAE affy-gel column 
chromatography. Thyroid cell stimulation was performed as previously 
described and cellular cAMP was measured by radioimmunoassay.s 

RESULTS AND DISCUSSION 

a) TSH- and TSI-induced desensitization is homologous, 
Preexposure of human thyroid cells to TSI for 8 hours 

subsequent cAMP response to both TSI and TSH (Figure 1). 
reduced the 

In parallel 
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FIG. 1. Desensitization of the thyroid cell cAMP response induced by TSH 

and TSI. Human thyroid cells were incubated (8 h) in control 
medium or in medium supplemented with TSH (100 vU/ml) or TSI 
(10 mg/ml). Then, a second incubation was performed in fresh 
medium containing 1 mM MIX plus TSH (100 vU/ml) or TSI (10 mg/ml) 
for the indicated times. Cellular cAMP content was then determined 
Each bar represents the mean ± SD of values. 

experiments, preincubation with TSH for 8 hours was also associated with 
a reduced cell response to either stimulators. These results indicate that 
TSH and TSI can substitute for each other in inducing an homologous 
desensitization. Similarly to human cells, also in FRTL-5 cells, TSH and 
TSI cross-desensitized each other. 6 Recovery from desensitization to either 
agent occurred at the same rate, suggesting that TSH and TSI induced 
desensitization by the same mechanism. 

Cholera toxin stimulates cellular cAMP generation by interacting with 
a specific cell surface receptor and then permanently activating the 
stimulatory (Ns) regulatory protein of adenylate cyclase. Forskolin, on the 
contrary, is believed to predominantly activate the adenylate cyclase 
catalytic unit. The cAMP response to both these agents was equally effective 
in thyroid cells preexposed to TSH or to TSI, confirming the homologous 
nature of the desensitization (data not shown). 

b) Cycloheximide prevents both TSH- and TSI-induced desensitization 
Inhibitors of protein synthe~is prevent TSH desensitization in cultured 

human,dog and rat thyroid cells.",7 Similarly , in human thyroid cells the 
presence of cycloheximide (10-~ M) for 8 h, together with TSI was able to 
prevent the development of TSI-induced desensitization of adenylate cyclase' 
and greatly enhanced the thyroid cAMP response to TSI stimulation (Figure 2). 

c) Ni activation inhibits both TSH and TSI cAMP stimulation 
When thyroid cells are preexposed to epinephrine in the presence of 

propranolol (n 2 -adrenergic effect) an inhibition of the cAMP response to 
TSH occurs and it is due to the Ni activation. s As shown in figure 3, the 
activation of Ni also inhibits TSI induced cAMP stimulation, supporting 
the idea that TSH and TSI follow similar pathways in stimulating thyroid 
adenylate cyclase. 

d) Iodide inhibits the cAMP activation by both TSH and TSI 
When thyroid tissue is preexposed to iodide a form of desensitization 

different from that induced by TSH occurs. The iodide-induced 
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FIG. 2. Cycloheximide prevents TSH and TSI desensitization. 
Human thyroid cells were incubated with (0) or without (e) 
cycloheximide 10- 4 M for 30 min. Then TSI (10 mg/ml) (panel a) or 
TSH (100 ~U/ml) (panel b) were added in the presence of 1 roM MIX. 
At the indicated times cAMP content was determined. Each point 
represents the mean ± SD of the values obtained in triplicate dishes. 

desensitization involves an alteration in the functional activity of the 
catalytic subunit of adenylate cyclase. s Preexposure of freshly dispersed 

human thyroid cells to increasing concentrations of iodide led to a 
progressive decline in the cAMP response to both TSH and TSI stimulation 
(Figure 4). The dose response for iodide-induced inhibition was almost 
superimposable for both TSH and TSI stimulation, once again illustrating 
the remarkable similarities between the stimulations by these two agonists. 

CONCLUSIONS 
In conclusion, our data demonstrate remarkable similarities between 

the desensitization induced in human thyroid cells by TSH and TSI. These 
similarities provide indirect evidence that TSI interacts with the binding 
site of the TSH receptor, and not through an allosteric mechanism . 

• TSH 

100 r o TSI 

I 75 ~ i I 't5 50 ,. 
f. I I I 

0 10" 10" 10'" 

Epinephrine (MI 

FIG. 3. Effect of Ni activation. Human thyroid cells were incubated in 
medium plus propranolol (10- 4 M) and epinephrine at the indicated 
concentrations. Then TSH (100 uU/ml) or TSI (10 mg/ml) were added 
in presence of MIX (1 roM). After 30 min (TSH) or 2 hours (TSI) the 
cAMP content was determined. Each point represents the mean ± SD 
of values obtained in triplicate dishes of cells. 
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FIG. 4. Iodine effect. Inhibition by iodide of TSH (e) and TSI (0) cAMP 
stimulation in cultured human thyroid cells. Thyroid cells were 
pre incubated for 4 hour in medium containing the indicating 
concentrations of iodide. Subsequently, the cells were incubated 
with TSH (100 ~U/ml, 30 min) or TSI (10 mg/ml, 120 min) in presence 
of 1 mM MIX, and the intracellular content of cAMP was then 
determined. Each point represents the mean ± SD of values obtained 
in triplicate dishes of cells. 
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PROLIFERATION IN CULTIVATED FOLLICLES OF GRAVES' THYROIDS: 

IMMUNOHISTOCHEMICAL STUDIES WITH ANTIBODY KI-67 

INTRODUCTION 

Michael Derwahl, Christian Sellschopp, 
Heinrich M. Schulte, and Edgar E. Ohnhaus 

I. Medizinische Klinik 
Christian-Albrechts-Universitat 
Kiel, W.-Germany 

Widely varying growth rates in follicles of human multinodular goiters 
have been demonstrated (1). It has been suggested that vigorous stimuli 
such as thyroid growth stimulating immunoglobulins in Graves' disease may 
bring most of the follicular cells into mitotic cycle. To further investi
gate this issue, we studied the proliferation rates of cultivated thyroid 
follicles from tissue of patients with Graves' disease. Growth fractions 
were determined by immunostaining of tissue with the monoclonal antibody 
KI-67, which reacts with a human nuclear antigen, present in proliferating 
cells (Gl,S,G2 and M phase of cycling cells) and absent in quiescent cells 
(2) • 

MATERIAL AND METHODS 

Collagenase was obtained from Boehringer Mannheim (W-Germany). 
Eagle's minimum essential medium (HEM) with Earle's salt was obtained from 
Gibco Laboratories (DetrOit, Michigan, USA) Insulin, bovine TSH and epi
dermal growth factor were obtained from Sigma Chemical Company (Munich, 
W-Germany). Fetal calf serum (FCS) was obtained from Seromed (Berlin, 
Germany) • 
Monoclonal antibodies were obtained as follow: antibody KI-67 and peroxi
dase~conjugated rabbit anti-mouse immunoglobulins from Dakopats (Copen
hagen, Danmark), peroxidase-conjugated goat anti-rabbit IgG serum from 
Dianova (Hamburg, W.-Germany). 
Tissue specimen were collected at surgery from enlarged thyroids (size 
II-III/WHO) of patients with Graves' disease (n=3) ,treated preoperatively 
with thiamazole, and from patients with multinodular goiters (size III, 
n=4). Thyroid follicles were prepared by technique of Herzog and Miller 
(3), using collagenase (10 mg/ml) for enzymatic digestion. Isolated folli
cular cells were cultivated in MEM supplemented with insulin (10 ~g/ml) 
and 10 % FCS forming closed follicular structures within 24 h. Follicles 
were then kept in medium with different doses of TSH (0.01, 0.1, 1.0, 10 
mU/ml) and/or epidermal growth factor (EGF 5 ng/ml) for further 72 h. 
Afterwards, cultivated follicles were cytocentrifuged and stained by in
direct immunoperoxidase method using KI-67 as primary, peroxidase-conju
gated rabbit anti-mouse IgG as secondary and peroxidase-conjugated goat 
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anti-rabbit IgG as tertiary antibody (6). Peroxidase was visualized by 
method of Graham and Karnowsky (5). Last, cytocentrifuge slides were 
counter stained with haemalum and mounted. 
Unstimulated follicles incubated in vehicle medium were used as controls. 
Percentage of KI-67 positive cells were estimated at x 400 magnification 
by counting 500 cells. 

The viability of cultivated follicles were assesed by trypan blue 
staining. 

RESULTS 

In unstimulated follicular cells derived from Graves' thyroids less 
than 10 % of nuclei were stained by KI-67 antibody (Table 1). Widely vary
ing rates of KI-67 positive cells were found in unstimulated follicular 
cells of multinodular goiters. Incubation of follicles from Graves' thy
roids with TSH concentrations (0.1 - 10 mU/ml) resulted in increasing 
numbers of KI-67 stained cells with a maximum at 1 mU/ml of TSH (Table 1). 
Adding TSH (1 mU/ml) and EGF (5 ng/ml) to culture dishes further increases 
of cycling cells were determined in Graves' thyroids (up to 45.1 %) and 
in follicles of multinodular goiters (up to 55.3 %). 

Table 1: KI-67 positive cells in cultivated follicles of 
Graves' thyroids and multinodular goiters 
(percent of total) 

unstimulated 
TSH 0.01 
(mU/ml) 0.1 

TSH 
(mU/ml) 

+ 

1.0 
10. 
1.0 

:EGF 5.0 
(ng/ml) 

DISCUSSION 

Graves' thyroids 
(n 3) 

5.2 - 9.6 
5.0 - 10.5 
8.3 - 15.8 

16.2 - 30.8 
11.8 - 17.3 

20.2 - 45.1 

Multinodular goiters 
(n 4) 

0 - 25 

18.1 - 34.2 

18.2 - 55.3 

The monoclonal antibody KI-67 was developed for immunohistological 
estimation of the growth fractions in malignant tumours (6). 
We applied this technique to determine the rates in cultivated follicles 
of Graves' disease comparing with growth rates in multinodular goiters. 

Intense stimuli such as thyroid growth stimulating immunoglobulins were 
suggested to induce high proliferation rates in Graves' disease. In con
trast, we determined low proliferation rates in unstimulated Graves' 
thyroids. 
In multinodular goiters a wide variation of growth fractions were found as 
it is well known by autoradiographic studies of human goiter transplants 
(7) • 

Numbers of KI-67 labelled cells in Graves' disease and multinodular goiters 
were markedly increased by stimulation with TSH potentiated by addition of 
EGF. This potentiating effect suggest that both TSH and EGF are stimulators 
of thyroid cell growth. 
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The wide variance of growth rates in stimulated and less in unstimulated 
follicles of Graves' disease were surprising. However, the same phenomenom 
has been observed in other tissue cultures (8). Further investigations are 
needed to clarify this issue. 
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THE SIGNIFICANCE OF IMMUNOGLOBULINS RELATED TO STIMULATION OF 

THYROID GROWTH IN PATIENTS WITH ENDEMIC GOITER 

Alfredo Halpern and Geraldo Medeiros-Neti 

Thyroid Laboratory, Division of Endocrinology 
Hospital das C11nicas, Univ S~o Paulo Medical School 
05403. S~o Paulo, Brazi 1 

The most prevalent and complicated form of thyroid disease 
is ironically named "simple goiter" and synonyms include euthy' 
roid goiter, nontoxic, diffuse or multinodular goiter. Most of 
these goiters are due to absolute or relative iodine deficiency 
or goitrogens in the diet or water supply. However, even in 
areas with plenty of iodine, the prevalence of simple or multino' 
dular goiter still ranges from 5-10%. The etiopatogeny of simple 
or multinodular goiter is related to stimuli to new follicle ge' 
neration induced by TSH (Iodine deficiency, inborn errors), local 
tissue growth factors or a controversial immunogenic growth fac' 
tor (TGI). Other factors leading to structural or functional he' 
terogeinity can also induce continuous pathological growth (1). 
Although thyroid autoimmunity has been studied intensively since 
1956, the possibility that simple or endemic goiters may also 
arise from disturbances in the immunological system (Table 1) 
was raised only in the past f~fteen years (2-14): 

TABLE 1. IMMUNOGLOBULINS AFFECTING THYROID GROWTH IN GOITER. 

AUTHOR(YEAR) 

BROWN (1978) 
DREXHAGE (1980) 
CHIOVATO (1983) 
SCHATZ (1983) 
WIENER U985) 
VAN DER GAAG (1985) 
ROTELLA (1985) 
KNOBEL (1986) 

SOURCE 

Porcine membranes 
Guinea pig 
Rat follicles 
Porcine follicles 
Guinea pig 
Guinea pig 
FRTL-5 
Porcine membranes 
Guinea pig S MY TH ( 19 86 ) 

MEDEIROS-NETO 
SCHATZ (1986) 

(1986) FRTL-5 

1 Endemic 
Porcine follicles 

2 Plummer 

METHOD RESULTS 
(POSITIVE) 

Inhibit TSH binding 42% 
Cytochemical bioassay 67% 
3-H Thymidine incorp. 30% 
3-H Thymidine incorp. 38% 
Cytochemical bioassay 77%2 
Cytochemical bioassay 67%1 
3-H Thymidine uptake 53%1 
Inhibit TSH binding 39% 
G6PD increase 63% 
3-H Thymidine uptake 63%1 
3-H Thymidine uptake 27-38%1 

As shown in this Table the diversity of the methods used by 
different investigators and laboratories made it difficult to as' 
certain if these results are comparable. Moreover Valente et al 
(5) could not detect any growth-promoting antibodies in simple 
goiter (sporadic) nor could find any correlation between goiter 
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size and "in vitro" TGI activity. Later, Rotella et al(9), how' 
ever, was able to demonstrate in a serie of sera obtained from 
endemic areas of Tuscany (Italy) that IgG samples from 16 of 30 
patients with nontoxic multinodular goiter (53%) and 13 of 21 
with nontoxic simple goiter (62%) had growth promoting activity. 
More recently Van der Gaag et al (8) studying 62 consecutive ca' 
ses of sporadic simple euthyroid goiter (15 as diffuse, 39 as 
multinodular and 8 as single nodules) observed that 43 (67%) we' 
re positive for TGI by the Feulgen cytochemical assay, using Gui' 
nea pig cells in culture. Negative results were obtained in 20 
normal subjects. It was claimed that defects in T supressor cell 
function in such patients may underlie the exaggerated response 
of TGI-specific autoimmune B-cell clones. None of the positive 
TGI sera studied showed cAMP stimulation. Some were weakly posi' 
tive for TBII (blocking) but the responses failed to correlate 
with the presence of TGI. This lack of correlation may imply 
that TGls are either not TSH receptor antibodies or, if they are 
recognized antigenic determinants on the receptor differently 
from the TSH-binding size, probably with a strong affinity for 
the ganglioside receptor component (12). 

Smith and co-workens (11) using a different method, in 
which TGI was measured by its effect on glucose-6-phosphate dehy' 
drogenase (GGPP) and thyroid stimulating antibody is measured by 
its effect on lysosomal naphthylamidase (L Nase) activity in Gui' 
nea pig thyroid follicular cells, demonstrated that 50% of pati' 
ents with Plummer's disease and 62% of subJects with simple goi' 
ter had a positive TGI activity. Schatz and co-workers (13) 
using the stimulation of 3H thymidine incorporation into isola' 
ted porcine thyroid follicles and IgG from goitrous patients Ii' 
ving in an iodine-deficient region indicated that the sera of 20 
out of 72 patients (27%) with euthyroid goiter and of 10 out of 
26 patients (38%) with recurrent euthyroid goiter contained IgGs 
stimulating thyroid growth (TGI). There was no corr.lation of 
TGI with other thyroid antibodies (TSAb or TBII).No clear-cut re' 
lationship could be demonstrated between TGI and goiter size. 
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Finally Medeiros-Neto et a1 (14) using FRTL-5 system and 
3-H thymidine uptake were able to demonstrate that 63% of the en' 
demic multinodular goitrous patients living in iodine deficLency 
areas had a positive test for TGI. Only four of the positive TGI 
patien~s had a concomitant increase in cAMP following introduc' 
tion of IgG. All patients, except 1 had no IgG stimulation 
«120%) of growth prom~ting activity 1 year after an im injec' 
tion of iodized oil, that also induced a remarkable shrinkage of 
the glands. 

There was a significant positive correlation between thyroid 
g~owth promoting activity and serum Tg concentration (r= .58, 
p<O.Ol). It was concluded that growth promoting IgGs lacking 
ability to stimulate cAMP production may play a role in the 1ar' 
ge multinodular goiter due to chronic iodine deficiency. In or' 
der to test that the growth promoting activity was present in 
the IgG fraction, anti-human, anti-rat, and anti-goat immunog10' 
bu1ins coupled with sepharose were incubated with IgG prepara' 
tions from patients from endemic goiter areas (14). 

Only with anti-human IgG there was a significant reduction 
in the growth promoting activity, not obtained with anti-rat or 
anti-goat. Similarly anti-human TSH was unable to block the 
growth promoting ability of the IgG preparations for these pa' 
tients. Thus the activity could not be explained by TSH contami' 
nation. The increase in thymidine uptake was confirmed by stu' 
dies measuring cell number, in culture, for 14 days. The IgGs 
from endemic goiter patients were able to increase the cell num' 
ber in a fashion similar of IgG's from patients with Graves' di' 
sease. 

In general, in all the studies that were mentioned here, TGI 
in sporadic and simple goiter was approximately 10 times less po' 
tent than that in goit~ous hyperthyroid Graves' disease. As the 
thyroid gland is composed of follicular cells which differ in 
their ability to synthetize thyroid hormones, to respond to TSH 
and to replicate, it is possible that a mild stimuli as brought 
by TGI will act upon a normal heterogeneous gland and cause en' 
1argement with both hyperthrophy and hyperplasia. Within this 
same concept growth promoting activity, arising from disorders 
of immune regulation, could increase the size and nodu1arity of 
the goiter in patients already under chronic iodine deficiency, 
Further studies are needed, however, to support this concept. 

References 

1. H.Studer & F.Rame11i, Endocrine Rev 3:40-61 (1982). 
2. R.S.Brown, I.M.D.Jackson, S.C.Poh1 & S.Reich1in, Lancet i: 

904-906: (1978) • 
3. H.A.Drexhage, G.F.Botazzo, D.Doniach, Bitensky & J.Chayen, 

Lancet i:287-292 (1980). 
4. L.Chiovato, L.J.Hammond, T.Hanafusa, R.Pujo1-Borre1, D.Do' 

niach & G.F.Botazzo, C1in Endocrino1 19:581-590 (1983). 
5. W.A.Va1ente,P.Vitti, C.M.Rote11a, M.M.Vaughan, S.M.A10j, 

E.F.Gro11man, F.S.H.Ambesi-Impiombato & L.D.Kohn, N Eng1 J 
Med 309:1028-1034 (1983). 

6."H.Schatz, F.H.Beckman & M.F1oren, Horm Metab Res 15:627-628 
(1983) • 

7. J.D.Wiener,& R.D.Van der Gaag, C1in Endocr (Oxf) 23:635-642 
(1986) • 

361 



8. R.D.Van der Gaag, H.A.Drexhage, W.M.Wiersinga, R.S.Brown, R. 
Dolter, G.F.Botazzo & D.Doniach, J Clin Endocr Metab 60:972 
979 (1985). 

9. C.M.Rotella, R.Toccafondi, W.Hoffman, W.A.Valente, G.A.Medei' 
ros-Neto & L.D.Kohn, American Thyroid Association, New York, 
Abstract n9 17 (1984). 

10. M.Knobel & G.A.Medeiros-Neto, IRCS Med Sci (Endocrine) 14: 
366-367 (1986). 

11. P~P.A.Smith, Giubeck-Loebeinstem & N.M.McMullan, In: Medeiros 
-Neto GA & Gaitan E(eds) "Frontiers in THyroidology". Plenum 
Press. New York (1986). 

12. S.M.Aloj, G.Mariocci, M.De Luca, S.Shifrin, E.Grollman, W. 
Valente & L.A.Kohn, In: Peptide Hormones, Biomembranes and 
Cell Growth, L.Bolis, E.Verna, L.Frati (eds), Plenum Press, 
New York, 169-195 (1984). 

13. H.Schatz, K.Pschierer-Berg, J.A.Nickel~ R.Bar, F.Muller, R. 
G.Bretzel, H.Muller & H.Stracke, Acta Endocrinol 112:523-
530 (1986). 

14. G.A.Medeiros-Neto, A.Halpern, Z.S.Cozzi, N.Lima & L.D.Kohn. 
J Clin Endocrinol Metab 6Y:644-650 (1986). 

362 



REGULATION OF GROWTH OF THYROID CELLS IN CULTURE BY TSH RECEPTOR 

ANTIBODIES AND OTHER HUMORAL FACTORS 

Donatella Tramontano. Gary W. Cushing. Masanobu Mine. 
Alan C. Moses. Francesco Beguinot and Sidney H. Ingbar 

Beth Israel Hospital and Joslin Diabetes Center 
Harvard Medical School. Boston. MA. USA 

Highly differentiated target endocrine epithelia provide a valuable 
model for studies of cell replication. since their growth is regulated 
by their specific trophic hormone and since they may possibly respond 
as well to those growth factors that interact with a variety of cell 
types. Hence. studies of the independent and conjoint effects of trophic 
hormones and growth factors in target endocrine cells have the potential 
to elucidate both general mechanisms for the regulation of cell growth 
and abnormalities in endocrine cell growth that occur in disease. 

As a part of studies on the regulation of thyroid cell growth. both 
normally and in disease states. we have examined growth regulation in 
FRTLS cells. a line of non-transformed rat thyroid follicular cells. 
that over many years in culture have retained most of the differentiated 
functions of thyroid tissue (1). Most importantly. growth of FRTLS cells 
is largely dependent on the presence of TSH. Even in the presence of 
high concentration of serum. FRTLS cell remain quiscent and fail to grow 
in the absence of TSH. but resume their growth upon the readdition of 
the hormone (2.3). This effect of TSH is mimicked by TSH receptor anti
bodies (TRAb) of Graves' disease. which. like TSH. promptly stimulate 
adenylate-cyclase activity in FRTLS cells (4). The growth promoting 
activity of TSH and TRAb is mimicked by various agents which increase 
intracellular levels cAMP in FRTLS cells. suggesting that the mitogenic 
effect of TSH receptor agonists is. at least in part. cAMP mediated. 

The particular objective in these studies has been to examine the 
effects on the growth of FRTLS cells of well known classical growth 
factors. whose effects are not tissue specific. and their possible 
interaction with specific thyroid growth-stimulating factors. such as 
TSH and TRAb. Our attention has focused mainly on the effects of 
insulin-like growth factor I (IGF-I) and interleukin-l (IL-l). IGF-I has 
been shown to stimulate growth and metabolic functions in various 
tissues. principally those of mesenchimal origin. IL-l. on the other 
hand has been thought to stimulate proliferation only of lymphocytes and 
some cells of mesenchymal origin. 

Contrary to the expectation that growth of FRTLS cells is absolutely 
dependent on the action of TSH receptor agonists. our results show that 
both IGF-I (S) and IL-l alone can stimulate growth of FRTLS cells. When 
added to quiesce~ FRTLS cells. IGF-I and IL-l produced a dose-dependent 
stimulation of H-thymidine incorporation into DNA. In some system 
growth factors do not promote cell replication although they stimulate 
DNA synthesis (6); therefore to ascertain that DNA synthesis stimulated 
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Table 1. Independent effects of growth factors on FRTLS cells 

Functions TSH TRAb IGF-I ILl 

DNA synthesis -++ -++ -++ + 

Increase in 
cell number -++ -++ + + 

by IGF-I and IL-1 refl~cted actual cell proliferation. we have examined 
growth curves on cells treated with each growth factor. As expected 
quiescent FRTLS. in the absence of TSH failed to grow, while those 
treated with IGF-I or IL-1 showed a significant increase in cell number 
(Table 1). 

Of greatest interest is the finding that. with respect to DNA syn
thesis. IGF-I and IL-1 strongly potentiate the mitogenic effects of TSH 
receptor agonists. When quiescent FRTLS were treated with I~F-I or IL-1 
in the presence of TSH or TRAb. a dramatic enhacement of H-thymidine 
incorporation into DNA was observed. The extent of these effects was 
dependent upon tfe concentration of each agent and it was far greater 
than the sum of H-thymidine incorporation stimulated in the presence of 
each agent alone. When cell numbers were measured in the same condition 
an additive, rather than synergistic effect. was observed (Table 2). 

The mechanism through which IGF-I and IL 1 stimulate cell prolifera
tion is not clear. but it is apparently not cAMP mediated, since the two 
peptides have failed to stimulate adenylate-cyclase in many systems of 
cells in culture. As expected. when tested in FRTLS cells, IGF-I and IL 
1 neither increased adenylate-cyclase activity directly nor increased 
the stimulation thereof produced by TSH and TRAb (Table 2). Thus. there 
exist in FRTLS cells at least ,two separate pathways for growth stimula
tion: one cAMP-dependent. that is stimulated by TSH receptor agonists. 
and one (or more) cAMP-independent that can be stimulated by IGF-I and 
IL-1. When these pathways are concomitantly activated their interaction 
results in a pronounced enhancement of growth. 

The interaction of IGF-I and IL-l with Graves' -IgG mimics almost 
perfectly their interaction with TSH, suggesting that the diverse 
effects of Graves'-IgG in FRTLS cells, including their ability to stimu
late thyroid cell growth. are mediated at the same receptor and by the 
same mechanism as those which mediate the response to TSH. 
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The results obtained with cell in cultures should be extrapolated to 

IGF-I 
IL 1 

Table 2. Modification of TSH and TRAb effects 

DNA synthesis 

potentiates 
potentiates 

Cell number 

additive 
additive 

cAMP generation 

no effect 
no effect 



Table 3. Factors that influence thyroid cell growth and 
their interactions. 

TSH~ 

THYROID CELL 

TRA~~ 

~Growth factors 

GROWTHIt 

~ter1ukin 1 

the in vivo situation· only with great caution. Nonthe1ess. the indepen
dent stimulatory effect of IGF-I on thyroid cell growth may relate to 
the inordinate frequency of goiter in patients with acromegaly. In 
addition. the effect of IL-l on FRTLS cells raises the possibility that 
1L-l generated locally in the thyroid beset by autoimmune diseases can 
act directly on the thyroid by a short-loop mechanism. both to stimulate 
follicular cell growth and to synergize the goitrogenic effects of TSH 
and TRAb. 

The findings that we have described are summarized in Table 3. The 
schema indicates that control of thyroid cell replication is the result 
of complex interactions among various hormones. nutrients and growth 
factors. In FRTLS cells. factors other than TSH receptor agonists are 
capable of stimulating growth. in some cases. as with IGF-I and IL 1. 
acting through pathways that differ from those utilized by the trophic 
hormone. As shown by the connecting arrows. these pathways may interact 
with one another to produce an amplified growth response. 

Despite its complexity. this schema undoubtedly represents a gross 
oversimplification of the mechanism of regulation of thyroid cell 
growth. Other interactions between these classes of growth regulators 
have not yet been studied and remain possible. Surely. the pursuit of a 
full understanding of the regulation of thyroid cell growth will diffi
cult and time consuming. but will be worth the effort for the under
standing. not only of thyroid growth in health and disease. but also for 
the regulation of cell growth in general. 
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GRAVFS'IgG IN GtlINEA PIG AND HtJM1.\N THYROID 

INl'IOJUCTIOO 

P.P.A. Sn!fI:.h and A.E. Corroran 

Lepart:nent of ~ci.ne 
University College, Dub1:in, Ireland 

'!he ubiquitous naturally occurring po1yamines have been inp1icated 
as intracellular nessengers in a variety of tissues. An early aonsequenoe 
of TSH stimulaticn of thyroid follicular cells is the inductiQ'l of omi
thine decarboxylase (OOC) activity leading to increased productiQ'l of 
po1yamilles. It is the alln of this study to investigate if Graves I IgG 
exert their stimulatory actiQ'l Q'l the thyroid via the polyamine pathway 
both in the established guinea pig thyroid system used in cytod1.emi.ca1 
bjpassay(CBA.) for thyroid stimulators or in organ cultures of h\lltil11 
thyroid. 

MATERIALS AND ME."lH()OO 

Segnents of guinea pig thyroid or blocks of h\lltil11 tissue fran 
surgical spec:inens with a histologically demJnstrated rich supply of 
follicles were incubated for 5 hours with test substances. '!be 
tissues were snap frozen and changes in gluoose-6~pate dehydrogenase 
(GGPD) activity within thyroid follicular cells fran frozen sectioos 
of tissue were studied c:yt:odlem:i.ca11y. The OOC inhibitor difluoranethy
lomithine (DFM:» was a gift fran Merrell J:lc:M, Strasbourg, France. 

RESULTS 

As sh.c:Mn in Fig.1 incubatiQ'l of ~ pig or h\lltil11 thyroid with 
:individual po1yamines spennidine (10- - 10-3 M) or putrescine 
(10-7 - 10-3 M) resulted:in the :increases :in GGPD activity over cootro1 
values :in both tissue types. 'ilie respcnses to both po1yam:ines were 
greater in human than :in gu:inea pig thyroid thissue. 
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Fig .. l In vitro effects of individual po1yamines on G6PD activity in 
guinea pig or buman tbyroid. 

Incubating segtOOnts of buman thyroid for 5 brs witb bovine TSH(5rnu/1) 
or Graves'IgG(l00ug/ml)produced significant increases in G6PD activity in 
thyroid follicular cells as shown in Fig,2. Inclusion in the incubation 
mediun of the me inhibitor IlFW which inhibits polyamine production re
sulted in bigh1y significant reductions of both TSH and Graves' IgG 
stimulated G6PD activity. 
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Fig.2 inhibitory effects of IlFW on TSH and Graves' IgG stimulated G6PD 
activity in buman thyroid. 
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Fig.3 shows the effect on G6PD activity of incubating thyroid tissue fran 
another patient with Graves' IgG. Addition of DEH) (10-3 14) to the 
incubation uediun significantly inhibited the increase in G6PD activity 
although in this case did not rem:>ve it. llaivever, inclusion of the 
po1yamines spe:nn:i.dine (10-6 14) or putrescine (10-3 14)restored the 
initial stimllatory response observed with Graves' IgG alone. 
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Activity 

30 

20 
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I77l GrQves'IgG 
L:::::::Ll + DFMO 163M 

Fig.3 Reversal by po1yamines of DEH) inhibited Graves' IgG induced 
G6PD activity in humn thyroid. . 

'!be results suggest that Graves'IgG in vitro exert their trophic action 
on guinea pig or humn thyroid via <DC induced polyamine biosynthesis. 
'!be findings while detmnstrating a critical role for po1yamines in uediat
ing thyroid stimulation also support the concept of OOOIIDn trophic pathway 
for 'ISH and Graves' IgG. 
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EVIDENCE FOR INTRATHYROIDAL PRODUCTION OF 

THYROID GROWTH-STIMULATING IMMUNOGLOBULINS 

INTRODUCTION 

H. Schatz, I. Ludwig, F. Wiss and P.E. Goretzki+ 

Center of Internal Medicine, University of Giessen and 
+surgical Department, University of Dusseldorf 

Thyroid stimulating antibodies appear to be produced predominantly by 
intrathyroidal lymphocytes (1). In this study it shIDuld be tested whether 
thyroid growth-stimulating immunoglobulins (TGI) are also mainly produced 
within the thyroid gland. 

PATIENTS AND METHODS 

During thyroid surgery blood was drawn simultaneously from a thyroid 
vein (vena thyreoidea media) and from a peripheral vessel (the arteria 
brachialis in Graves' disease having been hyperthyroid prior to preopera
tive treatment, n=lo , or a cubital vein in goitrous Graves' disease being 
euthyroid since longer time, n=3 , and in nontoxic goitre, n=7 ) in a first 
series of altogether 20 patients. The immunoglobulins were fractionated by 
ammonium sulphate precipitation followed by dialysis and all an~ibody deter
minations were carried out with these fractionated immunoglobulins. TGI 
were estimated by measuring H-3-thymidine incorporation into FRTL-S-cells 
(2) kindly donated by Dr. L. Kohn, Bethesda, and thyrotropin binding in
hibiting antibodies (TBIAb) by a commercial kit (TRAK-Assay, Henning). Anti
bodies against thyroglobulin and thyroid microsomes were also determined 
(Thymune T and M, Wellcome). 

In a second series of patients mostly operated for nontoxic goitre 
total thyroxine and total triiodothyronine were estimated in serum samples 
of thyroid venous and peripheral blood using a coated tube - assay com
mercially avaible from Diagnostic Products Corporation. (The antibody 
determinations will also be performed for this second series within the 
next time). 

RESULTS 

From figure 1 it can be seen that TGI were , altogether, higher in 
venous blood compared to peripheral blood. Similar data were obtained for 
TBIAb (figure 1, right part) whereas there was not much difference for 
anti-thyroglobulin and anti-microsomal antibodies (figure 2). 
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Fig. 1. Thyroid growth-stimulating immunoglobulins (TGI, left part), and 
TSH-binding inhibiting antibodies (TBIAb), right part) in thyroid 
venous and peripheral blood taken simultaneously during thyroid 
surgery. 
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Fig. 2, Antibodies against thyroglobulin (Thymune T) and thyroid micro
somes (Thymune M) in thyroid venous and peripheral blood (see 
legend to fig. 1). 
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In the second series of (mostly euthyroid) patients triiodothyronine 
was significantly higher in the 'thyroid vein compared to peripheral blood 
whereas thyroxine showed hardly any difference (table 1). 

Table 1. Triiodothyronine and thyroxine levels in serum simultaneously 
drawn from thyroid venous and peripheral blood during surgery of 
25 patients with mostly euthyroid goitre. MEAN ± SEM 

triiodothyronine 
ng/dl 

thyroxine 
I1g/dl 

DISCUSSION 

thyroid vein 

131 + 9.8 

11.2 + 0.76 

periphery 

105 + 7.96 
p 0.05 

10.7 + 0.59 
n.s. 

TGI appear to be produced mainly within the thyroid gland thus re
sembling TBIAb(l). The highest (thyroid venous) TGI and TBIAb levels were 
observed in goitrous patients with Graves' disease as it was to expect from 
the literature. In nontoxic goitre, TGI were much lower or negative, and 
TBIAb values in thyroid venous blood were only in the low positive range 
in 2 out of 7 cases, and in peripheral blood borderline positive in 1 case. 
The findings for TGI aggree with previous reports about a lower incidence of 
TGI in iodine-deficient areas with endemic goitre compared to sporadic goitre 
regions (cf.4). In the second series of (mostly euthyroid) patients triiodo
thyronine levels were significantly higher in the thyroid vein compared to 
peripheral blood, however not too much. No significant difference was calcu
lated for thyroxine. Considering the relatively long halflife of immunoglo
bulins one is wondering why the differences for TGI and TBIAb were numeri
cally so high. This may be explained by the test systems for TGI and TBIAb 
giving non-arithmetically distributed results. It may also be speculated that 
both TGI and TBIAb are bound (and degraded) on peripheral receptor sites too, 
e.g.on fat cells. A preferential production within the thyroid gland. of anti
bodies against thyroglobulin and thyroid micro somes is not apparent from our 
study. 
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PRESENCE OF THYROID GROWTH PROMOTING ANTIBODY IN PATIENTS WITH GRAVES' 
DISEASE IN REMISSION: MEDICAL versus SURGICAL THERAPY 

* Carlo M. Rotella, Carmelo Mavilia, Enrico Vallin , Andrea 
Lopponi and Roberto Toccafondi 

Clinica Medica III 
Universita' di Firenze 
Firenze, Italy 

* Surgery Section 
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INTRODUCTION 

thyroid 
in the 
these 
Graves' 

FRTL-5 rat thyroid cells are a stable line of cultured rat 
cells whose growth and function exhibit a requirement for TSH 
culture medium (1). We have already reported on the value of 

cells for detecting thyroid stimulating antibody (TSAb) in 
patients by measuring the effect on cAMP levels (2). We have 

also reported on 
promoting antibody 

the ability of these cells to measure thyroid growth 
(TGPAb) using (3H)-thymidine incorporation into DNA 

as an assay tool (3). When these systems were used, the incidence of 
TSAb and TGPAb in untreated Graves' disease patients is very high (95% 
and 83% respectively) and a good correlation between the two assays 
esixts (3). It has already been demonstrated that Graves' disease 
patients in remission maintain detectable TSAb values in a limited 
number of cases (0-20%)(4-6), but no data are available about the 
persistence of TGPAb after therapy. In the present report we have 
studied the presence of both TSAb and TGPAb in 85 patients previously 
affected by Graves' disease, but at present in phase of remission after 
surgical (40 patients) or pharmacological (45 patients) treatment. 

PATIENTS AND METHODS 

The diagnosis of hyperthyroidism due to Graves' disease was 
based on clinical findings, including diffuse goiter, elevated serum 
levels of thyroid hormones, and absent response to TRH, high thyroid 
radioiodide uptake values and diffuse isoptope uptake on thyroid scan. 
40 of these patients underwent subtotal thyroidectomy when first 
diagnosed, while the other 45 were treated with methymazole (MMI). The 
group of 40 surgically treated patients ranged in age from 19 to 75 
years, 36 of them were women. Surgical treatment was undertaken at the 
utmost after two months the diagnosis of Graves' disease was placed; 
surgery, as a treatment of choice, was determined by the dimension of 
goiter, or the presence of compression symptoms. All patients were 
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euthyroid at the time of the present study, but six of them were 
treated with thyroxine (150-200 pg/day). The phase of remission lasted 
12 to 141 months. The 45 patients treated with MMI had an age ranging 
from 12 to 74 years, 35 of them were women. The pharmacological 
treatment lasted 10 to 18 months, in order to obtain a complete 
remission; at the time of the present study all patients were euthyroid 
in the absence of any therapy, except two, who were treated with 
thyroxine (150 pg/day). Time elapsed from the remission of Graves' 
disease and this study varied from 6 to 12 months. The functional state 
of 85 Graves' patients in remission was evaluated on the basis of the 
clinical findings, of serum levels of thyroid hormones and of the 
normality of TSH response to TRH stimulation. 

The immunoglobulins obtained from sera of patients with HT were 
tested using the FRTL-5 thyroid cell system to detect both TSAb and 
TGPAb. TSAb activity was measured by cAMP cellular levels in 24 well 
plastic plates, after two hour incubation with the IgG preparations 
(2). The intracellular cAMP was measured by a protein binding assay 
and the amount of cAMP was corrected by the DNA content of each well, 
as assesed by the ethidium bromide fluorescence method. The TGPAb 
activity was evaluated by measuring the tritiated thymidine 
incorporation into FRTL-5 cell DNA, measured by the diphenylamine 
method (3). 

RESULTS AND CONCLUSIONS 

We have compared TSAb, measured cAMP accumulation in FRTL-5 
cells, and TGPAb, measured as tritiated thymidine incorporation in 
FRTL-5 cell DNA, in 40 Graves' patients in remmission after surgical 
therapy. When the responsiveness in the individual tests was 
considered, 8 patients (20%) were TSAb(+)ve and 27 patients (67.5%) 
were TGPAb(+)ve. When combined assays were considered in the 40 
surgically treated patients, the following results were obtained: 12 
(30%) were TSAb(-)ve/TGPAb(-)ve; 1 (2.5%) was TSAb(+)ve/TGPAb(-)ve; 20 
(50%) were TSAb(-)ve/TGPAb(+)ve; and 7 (17.5%) were TSAb(+)ve 
/TGPAb(+)ve. 

We have also compared TSAb, measured as cAMP accumulation in 
FRTL-5 cells, and TGPAb, measured as tritiated thymidine incorporation 
in FRTL-5 cell DNA, in 45 Graves' patients in remmission after therapy 
with MMI. When the responsiveness in the individual tests was 
considered, 9 patients (20%) were TSAb(+)ve and 18 patients (40%) were 
TGPAb(+)ve. When combined assays were considered in the 45 MMI treated 
patients, the following results were obtained: 22 (48.9%) were 
TSAb(-)ve/TGPAb(-)ve; 5 (11.1%) were TSAb(+)ve/TGPAb(-)ve; 14 (31.1%) 
were TSAb(-)ve/TGPAb(+)ve; and 4 (8.9%) were TSAb(+)ve/TGPAb(+)ve. 

When the incidence of TGPAb in surgically treated Graves' 
disease patients was correlated to the time elapsed after surgery, no 
correlation between the number of months elapsed after surgery and the 
percent (3H)-thymidine incorporation in the growth assay exists. On the 
other hand, if the patients studied between 12 and 36 months alone were 
considered, the incidence of TGPAb(+)ve cases is 10 out of 12 (83.3%), 
which is similar to that of untreated patients. In the patients studied 
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between 37 and 132 months a~ter surgery, the incidence o~ TGPAb(+)ve 
cases is 17 out o~ 28 (60.7%). 

TSAb and TGPAb values o~ MMI treated Graves' patients were 
compared to those o~ same patients studied be~ore the onset o~ 

treatment. Mean ( + SD) TSAb value o~ these patients be~ore therapy was 
289.5 ~ 179.0 % ~d 111.2 ~ 84.7 % a~ter therapy (p < 0.01). Mean ( ~ 
SD) TGPAb value in the same patients was 260.8 + 135.1 % be~ore therapy 
and 139.2 ~ 72.5 % a~ter therapy. ~SAb(+)ve Graves' patients were 37 
(82.2%) be~ore therapy and 18 (40.0%) a~ter therapy. 

Present data indicate that in treated Graves' disease patients 
there is not such a good correlation between TSAb and TGPAB, as be~ore 
the onset o~ therapy; that a considerable number o~ TGPAb(+)ve 
/TSAb(-)ve cases appear; and that the incidence o~ TGPAb is higher than 
that o~ TSAb, this incidence being signi~icantly higher in patients 
treated surgically, with respect to those treated with MMI (67.5 ~ 
40.0 %). Considering that treated Graves' patients were in a phase o~ 
clinical remission, and that no recurrence o~ goiter was present in 
surgically treated patients, we can conclude that the presence o~ TGPAb 
is o~ poor prognostic value in the ~ollow-up o~ Graves' disease 
patients. 
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THYROTROPHIN AND GROWTH PROMOTING IMMUNOGLOBULIN(TGI) OF 

FRTL-5 CELLS HAVE NO GROWTH STIMULATING ACTIVITY ON HUMAN 

THYROID EPITHELIAL CELL CULTURES 
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INTRODUCTION 

When growth promoting activity on thyroid cells was dis
covered in immunoglobulin fractions (TGI) from patients with 
goitrous Graves' disease (GD), an intriguing concept to ex
plain goitre formation was created (1). Indeed, TGI-like 
activity. subsequently was described in patients with non
toxic (NTG) or recurrent goitres (2,3,4). Recently however, 
some doubts were cast on this concept for goitre formation, 
since TGI activity could not be found in highly purified IgG 
fractions and growth promoting activity in IgG fractions 
prepared by ammonsulfate precipitation was attributed to 
contaminations with epidermal growth factor (EGF) (5). More
over, TGI has not yet been conv~ncingly detected with assay 
systems using human thyroid epithial cells (TEC). 

Our own interest to reassess TGI activities was triggered 
by the inability to find TGI in serum from patients with 
euthyroid or recurrent goitres (not shown). We therefore 
investigated the growth promoting activities of TGI samples, 
TSH and EGF on human TEC and on rat FRTL-5 cells. In both 
assay systems tritriated thymi din (3 HTdR ) uptake, glucose-6-
phosphate dehydrogenase (G-6-PD) and adenylcyclase (cAMP) 
were measured. 

METHODS 

TECs were established from thyroid tissue obtained at 
operation of patients with GD or NTG. After separating TECs 
from debris and erythrocytes by density centrifugarion cells 
were plated in Iscove medium supplemented with insulin, 
transferrin, hydrocortisone, somastatin, and gly-his-lys 
tripeptide in 0.5% FCS (SH medium) (6). 20 x 103 cells 1 per 
well of 96 well Microtiter flat bottom plates were growing in 
semi follicle-like structures (domes) displaying "right side 
out" polarity. The differentiated function of TECs in 
cultures was verified by their ability to secrete thyroglo-
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bulin and to express microsomal(M) antigen on TSH 
stimulation. 

The rat FRTL-5 cells were grown in Coon's 5H medium plus 1 
mU bTSH/ml. Before these cells were used for TGI assays TSH 
was withdrawn for 5 days. Both TECs and FRTL-5 cells were 
used for 3 HTdR uptake in 96 well plates after cultures 
reached 2/3 confluency. The supernatants of cultures were 
used for measuring cAMP stimulation (7) of cells. Cell cul
tures 4were preincubated for 48 h with IgGs (O.lmg/ml ),TSH 
(10-10 pU!ml) or EGF (0.1- 5 ng/ml). In order to measure the 
24h .3HTdR uptake cells were washed, detached from plastic 
bottoms by trypsin digestion and harvested on cellulose ace
tate filter with a cell harvester using 10% tri- chlor-acetic 
acid, and 96% cold ethanol. Results were calculated as stimu
lation indices(8). The G-6-PD was measured kinetically (9) 
using cells grown and preincubated in 16 well Costar plates. 
The G-6-PD activity was expressed as % over control cultures. 
Three IgGs from patients with GD were used for the study. 
They were positive for thyroid stimulating antibodies (TSab) 
and showed growth promoting activity in the 3HTdR uptake 
assay of FRTL-5 cells. As a normal control a pool of IgGs 
from healthy individuals of the laboratory staff was used. 
All IgGs were prepared from serum by ionexchangechromoto
graphie on Affi-Gel- Blue and concentrated by Minicon- ultra
filtration chambers. All IgG samples were adjusted to 1mg/ml 
and stored in liquid nitrogen until use. 

MATERIALS 

Collagenase (Dispase II) was from Boehringer, Mannheim, 
FRG. Fetal calf serum (FCS), Iscove medium and additives were 
from Biochrom, West Berlin. Coon's modified medium was from 
GIBCO, Europe, Karlsruhe, FRG. TSH (Thyrostimulin) was from 
Organon, Munich, FRG. EGF and all hormone additives were from 
Sigma Chemie, Deisenhofen, FRG. Tritiated thymidin and the 
cAMP binding-protein assay were from NEN, Dreieich, FRG. 
Affi-Gel- Blue was from BioRad Lab., Munich, FRG. The FRTL-5 
rat cells were kindly provided by Dr. L. Kohn, Bethesda, USA. 

RESULTS 

By stimulating FRTL-5 rat cells with TSH (Fig.1a) the growth 
promoting activity is apparently mediated by adenylcyclase 
activation. In addition, the 3HTdR uptake is paralleled by 
the activation of G-6-PD. Human TECs display a different 
pattern of TSH stimulation (Fig.1b). Although TSH is stimula
ting the adenyl-cyclase, HTdR uptake as well as G-6-PD stay 
flat. 

A similar result is obtained with IgG preparations from 
GD-patients (n=3): With FRTL-5 cells the 3HTdR uptake in
creases by 2.8 - 5.9 times accompanied by an cAMP increase of 
200-600% (Fig. 2). In contrast, human TECs after incubation 
with IgGs (GD) do not incorporate significantly more thymi din 
than control IgGs, although cAMP increases by 120-400% com
pared to pooled normal IgG.EGF served as a control for the 
proliferation assay with human TECs. Thymidin uptake was 
increased by 2.5-7.1 fold (n=4), while FRTL-5 cells of course 
could not be stimulated by EGF. 
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FIGURE 1. 
GrCMth and cAMP 
stimulation by bTSH 

Various experimental assay systems (1,2,3,4) using 
thyroid cells from different species (1,3,4) have been em
ployed to demonstrate thyroid growth stimulators in IgG pre
parations from patients with auto-immune and non-immune goit
rous thyroid disorders (1,2,4). Both, the assay systems and 
the origin of thyroid cells have rather contributed to confu
sion than to clarify thyroid cell growth in vitro and goitre 
formation in vivo. This is particularly true for the human 
thyroid, where the mechanisms of proliferation control are 
not yet understood. 

While TSH mediates growth stimulation through a cAMP 
signal in dog and rat cells (10,11), no such effect is obser
ved in pig and sheep thyroid cells (12,13). We here confirm 
that TSH does not induce proliferation in human TECs, al
though it activates adenylcyclase (Fig. 1b)(14,15,16). In 
contrast, FRTL5 cells stimulated with TSH showed increased 
cAMP thymidine uptake and G-6-PD activation, which is indire
ctly linked to DNA-synthesis (Fig.1a) (17). Since in FRTL-5 
cells growth is mediated by adenyl cyclase activation , it 
makes FRTL-5 cells a dubious tool to measure TGI activities 
from hyperthyroid GD-patients. Characteristically, these 
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patients mostly have cAMP stimulating Tsab. Thus,with TSab 
positive GD-IgGs, the FRTL-S cell system should always detect 
growth stimulation. But even the FRTL-S cell system has been 
reported to detect selectively TGI in IgGs of goitrous GD
patients (3).This might be due to the insensitivity of assay 
systems employed. It does, however, still allow an adenyl
cyclase independent growth stimulator acting on FRTL-S cells. 

These growth promoting IgGs derive from humans and sup
posedly stimulate goitre formation in vivo. One should there
fore assume that these stimulators would promote growth of 
human TEes in vitro, if they do react directly on the thyroid 
cells and if TEes still have differentiated characteristics 
in vitro. TEes in our hands, were almost free of fibroblasts 
(SH medium). They displayed M-antigen on TSH and TSab stimu
lation and they synthesized thyroglobulin. With our, 
admittedly, small number of IgGs from goitrous, hyperthyroid 
GD-patients, we could not detect growth promoting activity 
(Fig. 2), although the same IgGs stimulated 3HTdR uptake in 
FRTL-S cells. 
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The situation in euthyroid and recurrent goiters appears 
even more conflicting, since growth promoting activity in IgG 
prepared by ammoniumsulfate precipitation was attributed to 
EGF contaminations. We were not able so far to demonstrate 
stimulation of cell growth with IgGs prepared by ionexchange-
chromatography using the HdR uptake of human TEes: .. 

In conclusion future work on growth promot1ng act1v1-
ties in human IgGs : should not only define better the actipg 
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agent but also the mechanism by which cell proliferation is 
modulated. 
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AUTOANTIBODIES STIMULATING THYROID GROWTH AND ADENYLATE CYCLASE 
CANNOT BE SEPARATED IN IgGs FROM PATIENTS WITH ACTIVE GRAVES' 
DISEASE 
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Mammoli, Luca Chiovato, Gianfranco Fenzi, and 

Aldo Pinchera 

Cattedra di Endocrinologia e Medicina Costituzionale, 
Universita di pisa, Viale del Tirreno 64, 56018 
Tirrenia (pisa), Italy 

INTRODUCTION 

Previous studies have shown that immunoglobulin G (IgG) able to 
stimulate thyroid adenyl ate cyclase (TSAb) or growth (TGSAb) are 
present in sera of patients with active Graves' disease. The 
question of whether these two effects are produced by the same or 
di fferent IgG is still under investigation. Valente et al. (1) 
reported that the stimulation of adenyl ate cyclase and growth were 
two separate bioeffects of TSH, and that TGSAb and TSAb could be 
independently found in patients with thyroid autoimmune disorders 
(2). Moreover, in patients with nontoxic goiter, other authors 
reported that TGSAb could be detected by a cytochemical assay in the 
absence of any adenylate cyclase stimulatory activity (3) .It is 
worth noting that in all these studies TGSAb and TSAb were measured 
in separate assays, under different assay conditions. 

To further investigate the relationship between TSAb and TGSAb 
we have developed an assay for simultaneous measure of TSAb and 
TGSAb using FRTL-5 cells.TSAb were detected by their ability to 
stimulate 1- uptake, a direct consequence of cAMP stimulation; TGSAb 
were measured by a 3H-thymidine incorporation assay.In the present 
study we report the results obtained in patients with active Graves' 
disease. 

MATERIALS AND METHODS 

~. FRTL-5 cells were cultured in 96-well plates under standard 
conditions in 6H medium and deprived of TSH (5H medium) for 7 days 
before use (4). 

~. IgG was prepared by the DEAE-Sephadex method from sera of 34 
patients with active Graves' disease and from 10 normal subjects. 

Simultaneous assay of 1- uptake and 3H-thymidine incorporation. The 
procedure was a modification of the I uptake assay previouslly 
described (5). Experiments were initiated by adding to cells 100 ~l 
of 5H medium containing 5 ~ IBMX, 0.2 ~Ci 3H-thymidine, and either 
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TSH or IgG (1 mg/ml). After 48-60 h the inedium was removed and 
washed cells were pulsed with 1251- for 40 min at .37C. Incubations 
were terminated by aspirating the medium and washing' the cells with 
ice-cold buffer. TCA (5%) was added and the supernatant, containing 
the 1251- released, was collected and counted. Cells were then 
solubilized with the dyphenylamine reagent for 12-18 hand aliquots 
were counted for 3H-thymidine. Results were expressed as % of 
control (incubations without TSH or IgG). 

RESULTS. AND DISCUS$ION 

The results of 1- uptake and 3H-thymidine incorporation assays 
simultaneously performed in the same well were not significantly 
different from those obtained when the two assays were performed 
separately (data not shown). 

IgG from 10 normal subjects slightly affected basal activities 
in both'assays: 104±12 % and 101±19 % (mean ± SD) for 1- uptake and 
3H-thymidine incorporation assays, respectively. Results were 
considered positive when higher than the mean + 2SD of those of 
normal subjects. 

As shown in Fig. 1, 24/34 (71%) patients were positive in the 
1- uptake assay and 20/34 (59%) in the 3H-thymidine incorporation 
assay. The analysis of individual data showed that the results of 
the two assays were generally concordant. However few IgGs had 
different potency in the two assays. 
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Fig. 1. Correlation between the results of TGSAb and· TSAb (measured by 
stimulation of r- uptake) in 34 patients with active Graves' disease. The 
vertical and horizontal lines represent the upper limit of normal range. 

Recent studies have shown that TSH stimulation of FRTL-5 cell 
growth is largely (6), but not completely (7), mediated by the 
adenylate cyclase-cAMP system. Therefore it can be hypothesized that 
in Graves' patients a single IgG able to stimulate the adenylate 
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cyclase can also promote cell replication. The finding of IgG with 
different potency in the two assays may be explained by the fact 
that the two activities measured, i.e. 1- uptake and 3H-thymidine 
incorporation, although initiated by the same mechanism, represent 
the end result of a complex series of events that are highly 
regulated in an independent way. 

Two IgGs were clearly TGSAb+ve, but showed only borderline 
positive results in the TSAb assay. In these cases it can be 
hypothesized that, as for TSH, other pathways of growth 
stimulation, in addition to the adenylate cyclase-cAMP system, are 
also operating (7). The finding of four TSAb+ve and TGSAb-ve IgGs 
may be attributed to the lower sensitivity of the growth assay. 

CONCLUSIONS 

The results of the present study indicate that in patients with 
Graves' disease TGSAbs are generally detected only in TSAb+ve IgGs. 
This finding is consistent with the observation that the adenylate 
cyclase-cAMP system mediates cell replication in FRTL-5 cells. 
However, since additional pathways are involved in the growth of 
these cells, it cannot be excluded that in other thyroid autoimmune 
disorders TGSAb+ve but TSAb-ve IgGs can occur. 
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ANTIIDIOTYPIC BLOCKING OF GRAVES' DISEASE BIOLOGIC ACTIVITY WITH 
AUTOLOGOUS SERA BUT NOT CONSISTENTLY WITH HOMOLOGOUS SERA: EVI
DENCE FOR POLYCLONALITY OF THYROID RECEPTOR ANTIBODIES (TRAb) 

R. Paschke, J. Teuber, U. Schwedes, and K.H. Usadel 
II. Medical Dept., Klinikum Mannheim der Universitat 
Heidelberg, Theodor-Kutzer-Ufer, 6800 Mannheim 1, FRG 

INTRODUCTION 

Although there is multiple evidence for the functional 
heterogeneity and polyclonality of TRAb (1 - 3) both state
ments are questioned by some investigators (4, 5). Further
more there is growing evidence for an idiotypic-antiidiotypic 
regulation of Graves disease and other autoimmune diseases 
(6,7). 

The nude mouse bioassay permits to study the behaviour 
of intact human thyroid tissue and the simultaneous determi
nation of several biologic parameters. This way the biologic 
profile of a patients TRAb (determined by radio ligand assay) 
can be analysed. Therefore we tried to further elucidate the 
question of TRAb clonality and functional heterogeneity by 
the use of the nude mouse bioassay. 

MATERIAL AND METHODS 

Thyroid tissue of 3 patients with Graves disease under
going subtotal thyroidectomy was transplanted to 28 thymus
dysplastic nude mice. Each animal received 2 transplants. 4 
weeks after transplantation the animals received an injection 
of 0.5 ml serum intraperitonally. The serum samples which 
were used for the autologous experiments were obtained from 
2 patients with Graves disease during active disease and 
during remission. In these patients disease activity and TRAb 
values happened to correlate (i.e. high titer = active disea
se, low titer = remission or low activity). 

For the autologous experiments 2 groups of animals recei
ved serum samples of patient 1 with TRAb 197 mU/ml, TRAb 
48 mU/ml and the 1:1 mixture of these serum samples. Controls 
received TRAb negative serum (Fig. 1). This experiment was 
repeated by using serum samples from patient 2 with TRAb 
700 mU/ml, TRAb 279 mU/ml and the 1:1 mixture of these sera. 
Again controls received TRAb negative serum (Fig. 1). 

For the study of the homologous serum samples, serum samp-
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les of 3 different Graves' disease patients with different 
TRAb values were used. 2 of these patients had goiter class 
I - II (TRAb 5.0 mU/ml = patient 3 and 16.3 mU/ml = patient 
4). The serum sample with TRAb 17.3 mU/ml was obtained from 
a 79 year old thyrotoxic patient without thyroid enlarge
ment (= patient 5). Groups of nude mice were injected with 
theseserum samples and their 1:1 mixtures. Controls received 
TRAb negative, serum. 

4 days after injection the animals received 20 ~Ci of 3H
thymidine intraperitonally and were killed in anaesthesia 
1 hr later. The transplants were fixed in Boin~ solution and 
embedded in parafine.Nuclear volume was determined histome
trically (V = !1t" xab 2 ) for 100 nuclei of epithelial cells. 
The fraction of 3H-thymidine labeled cells (FLC) was deter
mined for 1 000 thyroid epithelial cells in 2 sections per 
transplant. 

RESULTS 

The results are shown in figure 1 and 2. Controls showed 
the following data: autologous experiments, serum donor 1 : 
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nuclear volume 58 ~m3, serum donor 2: nuclear volume 39 ~m3, 
FLC 9.4%. Homologous experiment, serum donor 3 - 5 : nuclear 
volume 64.9 ~m3, FLC 9.4%. 

DISCUSSION 

Different autologous thyroid receptor antibody (TRAb) ti
ters determined by radioligand assay (RLA) show a correspon
ding but not proportional increase of 3H-thymidine incorpo
ration and likewise nuclear volume of transplants. 
Homologous serum samples with different TRAb titers and with 
different patient characteristics (i.e. goiter size) do not 
show a consistent relation between TRAb titers determined by 
RLA and the biologic parameters 3H-thymidine incorporation 
and nuclear volume. 

The biologic parameters 3H-thymidine incorporation and 
nuclear volume may not neccessarily represent or discriminate 
between stimulation of thyroid growth (TGI) or thyroid func
tion (TSI) but they do seem to represent different qualities 
of stimulation. The corresponding relation of TRAb and both 
biologic parameters in the autologous comparison together with 
the lack of correlation between TRAb titer combined with cli
nical characteristics and biologic parameters in the compari
son of homologous serum samples are evidence for polyclona
lity of TRAb. 

This hypothesis is further substantiated by the results 
of the blocking studies. Mixture qf autologous sera shows 
blocking of both biologic parameters (i.e. nuclear volume 
and FLC) when compared with the calculated mean values of the 
biologic parameters. This kind of antiidiotypic response in 
the homologous system, taylored to the individual polyclona
lity of TRAb could not be expected in the homologous system. 
Since patient 1 and 2 both had progressive growth of their 
thyroids and hence probably a prominent clone of thyroid 
growth stimulating immunoglobulins (TGI) the antiidiotypic 
blocking response can be demonstrated best by the blocking 
of the FLC. This theory is confirmed by the "protective" 
antiidiotypic antibodies of patient No 5 without thyroid en
largement which shows a prominent blocking of the FLC but 
not nuclear volume. This antigen specific blocking effect 
presupposes a polyclonal TRAb which produces a corresponding 
antiidiotypic response. 
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AUTOANTIBODIES BLOCKING THE TSH-INDUCED ADENYLATE CYCLASE 

STIMULATION IN IDIOPATHIC MYXEDEMA AND HASHIMOTO'S THYROIDITIS 

Vitti P., Chiovato L., Lombardi A., Lopez G., Santini F., 
Ceccarelli P., Mammoli C., Giusti l.F., Battiato S., Fenzi G.F., 
and Pinchera A. 

Cattedra di Endocrinologia, University of Pisa, Italy 

INTRODUCTION 

Adult idiopathic myxedema (1M) is believed to be the end sta~e of a 
lymphocytic thyroiditis in which humoral and cellular autoimmune 
processes lead to failure of the thyroid function (1). Recent data indicate 
that this disease may be associated with the presence of autoantibodies 
which block the effect of TSH on thyroid aden'y'late cyclase (2, 3) and cell 
growth (4). In the present report we describe a new method for the 
detection of blocking autoantibodies (TBkAb) by determining their blocking 
effect on the TSH-induced thyroid cAMP accumulation· in FRTL-5 cells (5, 6). 

MATERIALS AND METHODS 

FRTL-5 cells was cultured as previously described (5, 6) and maintained 
for 4 days in medium without TSH before the assay. 

IgGs were prepared by DEAE Sephadex separation from sera of 38 
consecutive patients with 1M (23 untreated, and 15 already under 
I-thyroxine when first observed). from 44 patients with Hashimoto's 
thyroiditis (23 hypothyroid and 21 euthyroid). Sera from 33 normal subjects 
matched for sex and age, and from 10 patients with nonautoimmune 
untreated hypothyroidism following total thyroidectomy for thyroid 
carcinoma were used as controls. 

FRTL-5 cells were incubated for 1 h at 37 C with TSH (40 IlU/ml), IgG (1 
mg/ml), or IgG plus TSH. All assays were performed in NaCI-free medium 
containing 0.5 mM isobutyl-methyl-xantine (IBMX) and the production of 
cAMP was measured in the extracellular medium by RIA. Results were 
calculated according to the following formula: 

1 - cAMP (TSH+sample IgG~ - cAMP (Sam~le IgG) 
cAMP (TSH) - cA P (control buf er) 

X 100 

For the preabsorption experiment human thyroid membrane or rat testis 
membrane were prepared by differential ultracentrifugation. 
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RESULTS AND DISCUSSION 

None of the IgG preparations obtained from patients and controls was 
found to significantly alter basal cAMP production (i.e. in the absence of 
TSH) . Normal IgGs did not significantly modify the stimulation of adenylate 
cyclase produced by TSH (mean ± SO = -2±16) . Fifteen out of 23 (65%) IgGs 
from patients with untreated 1M elicited a significant inhibition of the 
TSH-stimulated cAMP production (> 2 SO of the mean of normal IgG). Only a 
minority (2/15) of IgG preparations from patients with 1M under treatment 
were positive for TBkAb. In the group of Hashimoto's thyroiditis, antibodies 
blocking the TSH-induced adenylate cyclase stimulation were found in 
10/23 (43%) hypothyroid patients and only in 2/21 (9%) untreated euthyroid 
cases. No IgG from patients with nonautolmmune hypothyroidism caused any 
significant effect. It is interesting to note that only a minority of patients 
with long standing and treated Idiopathic myxedema gave pos itive results 
for TBkAb. This phenomenon could be ascribed to a spontaneous 
disappearance of these autoantibodies during the natural course of the 
disease or to an effect of I-thyroxine therapy (7). Longitudinal studies are 
needed to clarify this point. To exclude the possibility that the inh ibition of 
the TSH-stimulated adenylate cyclase was due to anti-TSH antibodies, a 
preabsorption experiment was performed incubating 1M IgG (30 ~g) with 
human thyroid or rat testis membranes (3 mg) for 3 h at 37 C. After 
preabsorption with human thyro id membrane the Inhibiting activity of 1M IgG 
was reduced by 50% with respect to control (Fig. 1). 

o 
None 1M IgG (testis) 1M IgG (thyroid) 

Fig. 1. Effect of preabsorption with thyroid tissue on the adenylate cyclase inhibiting activity of an 
1M IgG. On the ordinate is reported the cAMP produced per each well of FRTL-5 cells under the 
stimulation of TSH. The three sets of columns represent the results obtained adding to the assay 
mixture the pre absorbed 1M IgG. None = preabsorption buffer. 1M IgG (testis) = 1M IgG 
preabsorbed on rat testis. 1M IgG (thyroid) = 1M IgG pre absorbed on thyroid membrane. 

In conclusion, the results of our study indicate that: i) using FRTL-5 
cells autoantibodies blocking the stimulating effect of rSH on thyroid 
adenylate cyclase can be found in 65% of patients with untreated idiopathic 
myxedema, in 43% of patients with hypothyroid Hashimoto's thyroiditis and 
are undetectable in p'atients with nonautoimmune hypothyroid following 
total thyroidectomy; il) positive results for inhibiting antibodies were 
found. ~!1ly !r! a small mi.nority of pati.ents with euthyroid Hashimoto's 
thyroidit is ; III) these antibodies are directed to thyroid membrane 
component~, possibly the TSH receptor, and could play a role in the 
pathogeneSIs of thyroid failure in autoimmune thyroiditis. 
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RELEVANCE OF MATERNAL THYROID AUTOANTIBODIES ON THE DEVELOPMENT OF 

CONGENITAL HYPOTHYROIDISM 

INTRODUCTION 

Lia Giusti, Claudio Marcocci, Luca Chiovato, 
Mariella Ciampi, Ferruccio Santini, Paolo Vitti, Nunzio 
Formica, and Gianfranco Fenzi 

Cattedra di Enocrinologia e Medicina Costituzionale, 
Universita di Pisa, Viale del Tirreno 64, 56018 
Tirrenia (Pisa) 

Previous studies have suggested a potential role of maternal thyroid 
autoantibodies in the prediction and the development of congenital 
hypothyroidsm. Maternal antibodies able to inhibit thyroid adenylate 
cyclase1 or cell growth2 have been described in selected cases of 
congenital hypothyroidism. More recently it has been suggested that 
the presence of immmunoglobulin G (IgG) capable to increase 
TSH-stimulated 1- uptake in FRTL-5 rat thyroid cells could predict 
the occurrence of congenital hypothyroidism3 . To investigate this 
problem we have studied the effect of IgGs from mothers of children 
with congenital hypothyroidism (MHC) on several biological function 
of FRTL-5 cells. 

MATERIALS AND METHODS 

~ Sera were obtained from 16 MHC detected during a screening 
program. Sera from 7 mothers of newborns with normal thyroid 
function (MNC) were used as controls. Circulating thyroglobulin 
(TgAb) and thyroid microsomal (MAb) autoantibodies were found in 4 

MHC, with titers ranging between 1: 6,400 and> 1: 102,400. One MHC 
had hypothyroid Hashimoto' thyroiditis and was under I-thyroxine 
replacement therapy at delivery. IgG was prepared by the 
DEAE-Sephadex method and used at concentrations of 0.5-1.0 mg/ml. 
The effect of these IgGs on TSH-stimulated cAMP production, 1-
uptake and 3H-thymidime incorporation by FRTL-5 cells was studied. 

Cells, FRTL-5 cells were cultured in 24- or 96-well plates under 
standard conditions in 6H medium and deprived of TSH (5H medium) for 
7 days before use4 • 

Simultaneous assay of r- uptake and 3H-thymidine incorporation. 
Experiments were initiated by adding to cells 100 III 5H medium 
containing 5 11M IBMX, 0.2 I1Ci 3H-thymidine, TSH (1 mU/ml) and IgG 
(0.5 mg/ml). After 48-60 h the medium was removed and washed cells 
were pulsed with 1251- for 40 min at 37C. Incubation was terminated 

397 



by aspirating the medium and cells were rapidly washed with ice-cold 
HBSS. TCA (5%) was added and 1251- released in the supernatant was 
counted. Cells were treated with the dyphenylamine reagent for 12-18 
hand aliquots were counted for 3H-thymidine. Results were expressed 
as % of control (incubations without IgG). 

cAMP production assay Cells were incubated for 60 min with IgG 
alone (1 mg/ml), TSH alone (40 ~U/ml) or TSH+lgG. cAMP was measured 
in the extracellular medium as previously described5 • Results were 
expressed as follows: 

1- cAMP (TSH+IgG) - cAMP (IgG) x 100 
cAMP (TSH) - cAMP (control buffer) 

RESULTS AND DISCUSSION 

IgG from MNC or MHC, without humoral signs of thyroid autoimmunity, 
did not affect TSH-stimulated cAMP production when compared to 
normal controls. At contrary, 2 of the 4 IgGs from MHC with 
circulating thyroid autoantibodies significantly inhibited 
TSH':'stimulated cAMP production (Fig. 1). The more potent IgG was 
obtained from the MHC with hypothyroid Hashimoto's thyroiditis, who 
delivered a newborn with transient hypothyroidism. Similar findings. 
have been recently reported by other authors l . 
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Fig. 1. Effect of IgG preparations on TSH-stimu1ated cAMP production by FRTL-5 
cells.The higher horizontal line represents the upper limit of normal range. 

The effects of IgGs on TSH-stimulated 1- uptake and 3H-thymidine 
incorporation are reported in Figure 2. All but one MHC and all MNC 
IgGs did not significantly affect these TSH-stimulated activities. 
The remaining MHC IgG produced a profound inhibition in both assays. 
This IgG was the same that completely inhibited TSH-stimulated cAMP 
production (see above) . 
At variance with the study of Dussault and Bernier3, we found no 
evidence that IgG from MHC increase TSH-stimulated 1- uptake in 
FRTL-5 cells 6 • We have no explanation for such discrepancy. The 
importance of regional and ethnic differences cannot be excluded. 
We also failed to confirm the observation of van der Gaag et al. 2 

that IgG able to inhibit TSH-induced thyroid growth are present in 
about half serum samples from MHC 
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Fig. 2. Effect of IgG preparations on TSH-stimulated I- uptake and 3H-thymidine 
incorporation by FRTL-5 cells. 

CONCLUSIONS 

The results of the present study indicate that autoantibodies able 
to inhibit TSH-stimulated functions in FRTL-5 cells can be detected 
in MHC only when clinical, or at least humoral signs of thyroid 
autoimmunity are present. Furthermore, we found that IgG from MHC 
are not able to increase TSH-stimulated I- uptake by FRTL-5 cells. 
Therefore this assay cannot be used as a screening to predict the 
delivery of a hypothyroid baby. 
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ABILITY OF IMMUNOGLOBULINS FROM PATIENTS WITH THYROID DISEASE TO 

STIMULATE SKIN FIBROBLASTS 

P. Wadeleux and R. Winand 

Universite de Liege, Institut de Pathologie, C.H.U., B. 23 

4000 Sart-Tilman par Liege I, Belgium, 

INTRODUCTION 

Thyroid cells in culture are widely used to detect antibodies present 
in thyroid disease and particularly the anti-TSH receptor antibodies. 
However, TSH also binds specifically to membranes from several extrathyroi
dal tissues (fat, leukocytes, testis, adrenal tissue, retro orbital tissue). 
In this study, we have investigated the action of TSH on fibroblasts from 
calf reticular dermis; we have tested these cells as target for the detec
tion of antibodies in sera of patients with simple goitre or with Graves' 
disease goitre; we have estimated the possible correlation of the detected 
antibodies with other thyroid anti-TSH receptor antibodies. 

MATERIALS AND METHODS 

Serum samples were obtained from patients on the basis of clinical his
tory and examination. Patients referred to as simple goitre were euthyroid; 
they were subdivided as patients with diffuse non toxic goitre and patients 
with colloid nodular goitre. Patients with Graves'disease were hyperthyroid. 
Ig fractions were precipitated from sera with 1.6 M ammonium sulphate. 

Calf skin fibroblasts were isolated from reticular dermis and subcul
tured as described by Delvoye et al. l • Primary cultures of porcine thyroid 
cells were prepared as previously described2• Cellular cAMP level was· 
determined afte2 incubating the cells in the presence of TSH or Ig frac
tions (2 mg/ml) • Incorporation of (35804) into glycosaminoglycans was 
performed by incubating the cells in the presence of (35S04)3. Collagen 
synthesis was measured after labelling with (3H) proline and determination 
of the formation of the radioactive hydroxyproline in the medium3• 

Thyroid Growth Stimulating Immunoglobulin (TGI) was determined by (3H) 
thymidine incorporation.by porcine thyroid follicles after addition of gamma 
globulin4• TSH Binding Inhibiting Immunoglobulin (TBII) was tested by using 
a commercial kit and porcine thyroid membrane as target. Thyroid Stimulating 
Immunoglobulin (TSI) !as determined by the stimulation of cellular cAMP on 
porcine thyroid cells • 
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RESULTS AND DISCUSSION 

A. Action of T~H 

When calf fibroblasts were cultured in the presence of increasing 
amounts of TSH (0.005 to 1 mU/ml), a bell-shaped dose response curve was 
observed for the cellular cAMP level (Fig. 1). This phenomenon was identical 
to that obtained with human or porcine thyroid cells (Fig. 1). In this last 
case, elevation of cAMP level was correlated positively with stimulation 
by TSH of iodide incorporation3 • In fibroblast~ TSH (100 ~U/ml) also increa
sed the radioactivity associated with the glycosaminoglycans isolated from 
the culture medium and from the cell layer of the cells incubated in the 
presence of (35S04) (Data not illustrated). 
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Fig. 1. Action of TSH 
on the cAMP level of 
fibroblasts (I I) 
or porcine thyroid 
cells (0-----0). 
Identical results were 
obtained with different 
TSH preparations (0.5 
U/mg to 30 U/mg). 

B. Action of tue gamma globulins 
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Fig. 2. Action of gamma-globulins 
on the cAMP level of fibroblasts. 
Fibroblasts were cultured for 48 h 
in the presence of gamma-globulins 
(2 mg/ml) from control subjects (1) 
or from patients with diffuse non 
toxic goitre (2), colloid nodular 
goitre (3) or Graves'disease (4). 



When fibroblasts were incubated with immunoglobulins from patients 
with Graves'disease, an increase in cAMP level was obtained when compared 
to immunoglobulins from control subjects; stimulation of the cAMP level 
was also observed in a significant proportion of immunoglobulins from 
patients with simple non toxic goitre. 
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Fig. 3. Action of gamma-globulins on 
the collagen synthesis by fibroblasts. 
Fibroblasts were cultured for 24 h in 
the presence of gamma-globulins (2 mg/ 
ml) from control subjects (1) or from 
patients with diffuse non toxic goitre 
(2), colloid nodular joitre (3) or 
Graves'disease (4). ( H) proline was 
then added and incubation was continued 
for 24 h. 

Graves'disease immunoglobulins stimulated the collagen synthesis by 
the skin fibroblasts. An increase in collagen synthesis was also observed 
in a significant proportion of immunoglobulins from patients with simple 
non toxic goitre. By contrast, no effect could be obtained by incubating 
fibroblasts with immunoglobulins from patients with primary hypothyroidism 
(data nocshown). 

TSI2, TGI4 and TBII (data not shown) were evidenced in a high propor
tion of patients with Graves'disease. In patients with simple non toxic 
goitre, TGI was present in a significant proportion (16/58)4 but these 
patients were negative for TSI2 and for TBII (data not shown). 
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SOME EVIDENCES THAT THYROTROPIN AND AUTOANTIBODIES BINDING SITES 

ARE LOCATED ON DIFFERENT POLIPEPTIDE CHAINS OF THYROID PLASMA 

MEMBRANE PROTEINS 

INTRODUCTION 

Andrzej Gardas, and Hanna Domek 

Biochemistry Department 
Medical Center of Postgraduate Education 
Marymoncka 99, Warsaw 01-813, Poland 

It is generally assumed that autoantibodies present in the sera of 
Graves' patients react with thyroid cell plasma membrane at the thyro
tropin /TSH/ receptor level /1 - 3/. A structure for the TSH receptor has 
been proposed as a protein built from two different subunits linked by 
a disulphide bridge /3/. The relative resistance of the TSH binding sites 
to disulphide bridges reducing agents is well known and dithiothreitol has 
been used to dissociate the TSH binding peptides from thyroid plasma 
membranes /3/. We report the high sensitivity of autoantibodies binding 
sites to dithiothreitol pretreatment in solubilized thyroid plasma membrane 
protein in contrast to relative stability of TSH binding sites. The data 
presented suggest a different localization of the TSH and autoantibodies 
binding sites and location of the autoantibodies binding sites on two 
polipeptide chains linked by a disulfide bridge or bridges. 

MATERIAL AND METHODS 

Preparation of thyroid plasma membrane, solubilized thyroid plasma 
membrane and microsomal membrane antigesn, solubilized TSH binding pro
teins, ELISA assay of autoantibodies in the sera of Gravesn patients, 
and autoantibodies binding to thyroid plasma membrane were estimated as 
described previously /4/. The reaction of soluble thyroid plasma membrane 
proteins with autoantibodies have been estimated by their ability to inhibit 
autoantibodies binding to a solid phase bound thyroid plasma membrane 
proteins in the ELISA assay as follows; solubilized thyroid plasma membrane 
proteins with or without pretreatment with the designated compound were 
incubated with pooled serum obtained from 20 untreated hyperthyroid Graves' 
patients at 1:1000 di lution in PBS containing 0.05% Tween 20 and ovoalbu
min 2 mg/ml to 16 hours at 4°C. The solution was then added in triplicate 
to wells of polistyren plates coated with thyroid plasma membrane antigens 
and the ELISA carried out as described previously /4/. Thyroid plasma 
membrane and solubilized thyroid plasma and microsomal membrane proteins 
were treated with dithiothreitol /DIT/ or other designated compound for 
60 minutes at 20 0 C at 2mg/ml protein concentration and after dialysis 
to PBS for 18 hours used in inhibition experiments. In some experiments, 
solubilized thyroid plasma membrane proteins were treated with 0.1% glu
tardialdehyde for 30 minutes at 20 0 C and after dialysis to PBS, used for 
further experiments. Dot-immunoblotting experiments with soluble thyroid 
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plasma membrane proteins were carried out as described by Towbin and 
Gordon /5/. 

RESULTS 

The reaction of soluble thyroid plasma membrane proteins with auto
antibodies from sera of Graves' patients is abolished by low concentration 
of dithiothreitol /DIT/, and 50% of inhibition of autoantibodies binding 
is obtained at 0.03mM. The inactivation curve is steep and complete inacti
vation achived at O.lmM DIT. TSH binding to solubilized thyroid plasma 
membrane proteins was not significantly reduced by lmM DIT pretreatment. 
Inactivation of autoantibodies binding sites in soluble preparation of 
thyroid plasma membrane was not reversed by dialysis to PBS or to alkaline 
buffer /tarbonate-bicarbonate pH 9.6/ or by low concentrations of hydrogen 
peroxide /0.01%/. Thyroid plasma membrane proteins bound to polistyren 
plates are 20 times as much resistant to DIT inactivation. The inactiva
tion curve of solid phase bound antigens is shallow, 50% of inactivation 
is obtained at 0.6mM DIT and even after 10mM DIT pretreatment, 20% of 
the antibodies binding capacity is still detectable, table 1. Binding of 
autoantibodies to particulate thyroid plasma membrane before solubilization 
is not affected by 10mM DIT pretreatment. Other disulphide reducing agents 
such as cystein and mercaptoethanol have a similar effect to that of DIT, 
on the binding of antibodies by soluble thyroid plasma membrane proteins. 
Preincubation of soluble thyroid plasma membrane proteins with 0.1% glu
tadialdehyde did not affect their ability to bind autoantibodies but 
protected them from the subsequent inactivation by DIT. Soluble thyroid 
plasma membrane proteins after 0.1% glutardialdehyde pretreatment retained 
100% of the autoantibodies binding capacity even after 10mM OIT incubation 
for 16 hours at 4°c and they reacted with autoantibodies even in the pre
sence of 10mM DIT. 
Soluble thyroid plasma membrane antigens can be easily detected by immuno
blotting on nitrocellulose paper and the detection limit is 0.05f9 of 
protein per spot at 20 000 serum dilution. However, after 10mM DIT or mer
captoethanol pretreatment no specific reaction with autoantibodies from 
Graves' patients can be detected at 1:500 dilution of the same serum. 
The abi lity to bind autoantibodies by soluble microsomal antigens is dimi
nished by 40% by O.lmM DIT pretreatment, the remaining 60% is not abolished 
after lmM of DIT. 

DISCUSSION 

Thyrotropin binding sites on thyroid plasma membranes are sensitive 
to disulphide bridges reducing agents /6/ but they can be reactivated by 
dialysis or oxidation and DIT was used to dissociate the TSH binding pep
tited from plasma membranes /3/. The high sensitivity of autoantibodies 
binding sites on soluble thyroid plasma membrane proteins to disulphide 
bridges reducing compunds show that they are highly conformation dependent 
and different from the TSH binding sites. The disulphide bridge is not 
directly involved in the autoantibodies binding site as the glutardial
dehyde linked proteins retain their ability to bind antibodies in the 
presence of DIT. The resistance of glutardialdehyde linked thyroid antigens 
to DIT in contrast to the soluble preparation point to the localisation 
of the binding sites on two lor morel polipeptide chains, kept together 
in a proper conformation by an -S-S- bridge. The localisation of TSH bin
ding sites on a single polipeptide chain has been demonstrated by Kajita 
et al /3/. The conformation of autoantibodies binding sites in particulate 
plasma membrane and in solid phase bound antigens is preserved also by other 
forces /hydrophobic interactions/ as they are resistant to disulphide 
bridges reducing compounds. Particulate thyroid plasma membranes bind 
autoantibodies even in the presence of 10mM OIT. Our data allow us to put 
forward a hypothesis that the autoantibodies epitopes are made up of two 
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pollpeptide chaIns linked by dlsulphlde bridge and both chains are involved 
in making of the epitope. 

In solution, after reduction of the disulphlde bridges the polipeptides 
chains dissociate and reactivation in a complex protein mixture Is impro
bable. By contrast, when the polipeptide chains can not seperate because 
they are fixed on polistyren plates or in the plasma membrane, reactiva
tion is easily obtained. The antigenic deterimnants for Graves' autoanti
bodies can be classified as discontinuous 17/ concisting of residues from 
different parts of aminoacids sequence, brought together by the folding 
of the protein molecule. By analogy to antigenic determinants TSH binding 
sites can be regarded as continuous and composed of residues which are 
local in the polipeptide sequence. 
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The development of new procedures to detect the presence of 
circulating autoantibodies capable of promoting thyroid cell growth 
(TGPAb) has opened new ways to explore the pathogenesis of goitrous 
diseases (1-6). Methods to detect these autoantibodies include a 
cytochemical bioassay (CBA) based on DNA cytophotometry or pentose 
shunt analysis or the (3H)-thymidine incorporation into DNA of thyroid 
follicles, or thyroid cells in culture. The FRTL-5 thyroid cell 
thymidine incorporation assay appears to be more simple than the CBA, 
enables direct interassay comparisons and has an incidence of positive 
cases not so different from the more sensitive CBA (6); in addition the 
same cells can be also used to detect the presence of thyroid 
stimulating antibodi~s (TSAbs) (7). 

The FRTL-5 cell growth assay has been shown to be positive in 
most patients with Graves' disease and in some with nontoxic goiter 
(3,6). The aim of the present report was to evaluate if the FRTL-5 
tritiated thymidine incorporation assay is able to measure TGPAbs in 
untreated patients with Hashimoto's thyroiditis, and if it is to 
correlate their presence with goiter size, and to study the effect of 
therapy with thyroxine. 

PATIENTS AND METHODS 

Sera were obtained from 36 patients affected by Hashimoto's 
thyroiditis (HT), attending the Florence University Clinic. There were 
29 women and 7 men, aged 18-77 yrs. The diagnosis of HT was based on: 
(a) diffuse enlargement of the thyroid gland, (b) clinical and 
laboratory finding of thyroid disfunction, (c) high tatres of 
circulating antithyroid antibodies. Laboratory measurements included 
total T3 and T4 levels, as well as TSH measurements in all cases. Among 
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the 36 patients, 25 (19 women and 6 men, ages 26-61 yrs) were studied 
before the start of any therapy; 12 of these, all TGPAb positive, were 
also studied after 13-22 months of treatment with thyroxine (150-200 
~g/day). The remaining 11 patients were first studied after having been 
treated with thyroxine (150-200 pg/day) for several months. 

Of the 25 untreated patients, 10, all hypothyroid, exhibited a 
moderate enlargement of thyroid glan1. 25 had higher degrees of thyroid 
enlargement; 12 out of 15 were hypothyroid and 3 were hyperthyroid, 
i.e. had "Hashitoxicosis". The 12 patients also studied after 13-22 
months of therapy with thyroxine were all euthyroid. Five of these had 
a small goiter, 7 a larger one. 

At the time of onset of disease, all the 11 patients (10 women 
and 1 men, ages 18-77 yrs) affected by HT and treated for 12-22 months 
with exogenous thyroxine (150-200 pg/day) prior the study presented the 
same clinical and laboratory characteristics as the untreated patients, 
but TGPAbs were not studied before the onset of treatment since the 
test was no~ operational. At the time of these study all patients were 
euthyroid; 6 of them had a small goiter and 5 a larger one. 

The immunoglobulins obtained (3,7) from sera of patients with 
HT were tested using the FRTL-5 thyroid cell system to detect both TSAb 
and TGPAb. TSAb activity (7) was measured by cAMP cellular levels in 24 
well plastic plates, after two hour incubation with the IgG 
preparations. The intracellular cAMP was measured by a radioreceptor 
assay, correcting cAMP values by the DNA content of each well, as 
assesed by the ethidium bromide fluorescence method. The TGPAb 
activity (3) was evaluated by measuring the tritiated thymidine 
incorporation into FRTL-5 cell DNA, measured by the diphenylamine 
method. 

RESULTS AND CONCLUSIONS 

IgG preparations (3,7) did not contain other Ig classes as 
evaluated by immunoelectrophoresis, and exhibited 88 ~ 10% purity based 
on differences between IgG RIA analyses and total protein content. The 
growth activity could be ascribed to the IgG itself since stimulatory 
activity was lost after preincubation of IgG with rabbit anti-human IgG 
coupled to Sepharose 4B. IgG preparations from HT patients did not 
contain TSH, as assessed by IRMA Sucrosep, even if tested at high IgG 
concentrations. 

When the IgG of untreated HT patients were tested in the FRTL-5 
growth assay, 17 out of 25 were positive (68.0%). The increase in 
tritiated thymidine incorporation into FRTL-5 cell DNA of TGPAb 
positive cases was variable, reaching in some instances 4 to 5 times 
the basal levels. Out of the 17 TGPAb positive patients only 3 were 
also TSAb positive in the cAMP assay using FRTL-5 cells; these patients 
were those affected by "Hashitoxicosis". For that concerns the goiter 
volume, among the 10 untreated HT patients with a small goiter, only 4 
were TGPAb positive (40.0%). Of the 15 patients with larger goiters, 13 
were positive in the FRTL-5 growth assay (86.7%). 
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In 12 of the 17 TGPAb positive patients it was possible to 
study the growth promoting activity in FRTL-5 cells after 13 to 22 
months of treatment with adequate doses of T4. Only in 2 of these 
patients was TGPAb activity still detectable, and these patients were 
also the only ones in which therapy failed to reduce the goiter size. 
When TGPAb was studied in the 11 HT patients, who underwent T4 
treatment prior to their TGPAb assay, only one had detectable thyroid 
growth promoting activity, and was also the only one in which therapy 
failed to reduce the size of goiter. All 11 treated Hashimoto's 
patients of this series were TSAb negative. 

The TGPAb activity of the IgG of 4 untreated hypothyroid HT 
patients was also studied with respect to TSH effect on growth. The 
addition of a fixed amount of TGPAb (2 mg/ml) to increasing amounts of 
TSH (from 0.01 to 10 nM) in each case resulted in the same value that 
of TSH alone, in none of the cases studied was there an addictive 
effect as might be anticipated if the antibodies were modulating a 
receptor as signal much different from TSH. 

In conclusion, also if the existence of TGPAb activity 
independent from TSAb activity has been questioned (see Zakarija 
elsewhere in this book), our data bring evidence for the polyvalent 
antibody production during an autoimmune mechanism, and TGPAb can be 
considered, along with TSH, as responsible for goiter formation in 
thyroid disorders. 

REFERENCES 

1. H. A. Drexhage, G. F. Bottazzo, D. Doniach, L. Bitensky, and J. 
Chayen, Evidence for Thyroid growth stimulating immunoglobulins 
in some goitous diseases, Lancet ii:287 (1980). 

2. L. Chiovato, L. J. Hammond, T. Hanafusa, B. Pujol-Borel, D. 
Doniach, and G. F. Bottazzo, Detection of thyroid growth 
promoting immunoglobulins (TGI) by 3H-thymidine incorporation 
in cultured rat thyroid follicles, Clin. Endocrinol. 
19:581 (1983). 

3. W. A. Valente, P. Vitti, C. M. Rotella, M. M. Vaughan, S. M. Aloj, 
E. F. Grollman, F. S. Ambesi-Impiombato, and L. D. Kohn, 
Antibodies that promote thyroid growth: a distinct population of 
thyroid promoting antibodies. ~ Engl. ~ Med. 309:1028 (1983) 

4. N. M. McMullan, and P. P. A. Smyth, "In vitro" generation of NADPH 
as an index of thyroid stimulating immunoglobulins (TGI) in 
goitrous disease, Clin. Endocrinol. 20:269 (1984). 

5. R. D. van der Gaag, H. A. Drexhage, W. M. Wiersinga, R. S. Brown, 
R. Docter, G. F. Bottazzo, and D. Doniach, Further studies on 
thyroid growth stimulating immunoglobulins in euthyroid 
nonendemic goiter, ~ Clin. Endocrinol. ~ 60:972 (1985). 

6. C. M. Rotella, C. Mavilia, L. D. Kohn, and R. Toccafondi, Thyroid 
growth promoting antibody in patients with non toxic goiter, 
in: "The thyroid and autoimmunity", H. A. Drexahage and W. M. 
Wiersinga, eds, Elsevier Science Publisher, Amsterdam, p.198, 
(1986) • 

7. P. Vitti, C. M. Rotella, W. A. Valente, J. Cohen, S. M. Aloj, P. 
Laccetti, F. S. Ambesi-Impiombato, E. F. Grollman, A. Pinchera, 

411 



412 

R. Toccafondi, and L. D. Kohn, Characterization of the optimal 
stimulatory effects of Graves' monoclonal and serum immuno
globulin G on adenosine 3', 5' monophosphate production in 
FRTL-5 thyroid cells: a potential clinical assay, ~ Clin. 
Endocrinol. Metab. 57:782 (1983). 



LIMITED CLINICAL VALUE OF TBII AND TSAB FOR PREDICTION OF 
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According to the interim results of a German multicenter 
study the clinical value of TSH binding inhibiting 
immunoglobulin (TBII) determinations as a prognostic 
parameter in Graves' disease is questionable. Usually 
employed radioreceptorassays are measuring a heterogeneous 
population of functionally different antibodies, such as 
stimulating, binding and even inhibiting antibodies. 
Currently, the significance of stimulating antibodies is not 
well defined. 
The aim of the present study was to compare the results of a 
radioreceptorassay with that obtained by a bioassay 
determining the stimulation of T3 release from porcine 
thyroid slices and to evaluate the clinical and prognostic 
implications of both assay systems. 

PATIENTS 

The study group consisted of 70 patients with active 
untreated GO (46 ± 14 years mean age). Diagnosis was 
confirmed by clinical observation, 99m technetium 
scintigraphy, hormone analysis and presence of signs of 
endocrine orbitopathy (stage III-IV) and/or elevated titres 
for microsomal and/or thyroglobulin antibodies. 
25 patients were selected for a longitudinal study according 
to the following criteria: positive TSAb and TBII titres 
before therapy, standardized drug treatment (12 months, 
thiamazole: 10-30mg/day according to serum hormone levels), 
antibody determinations at 1-3 month intervals during 
therapy and a m1n1mum time of 24 months of surveillance 
after drug withdrawal) • 

METHODS 

TSH binding inhibiting immunoglobulins (TBII) were 
determined by a radioreceptorassay (TRAK-Assay, Fa. Henning, 
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Berlin). TBII activities >15% were regarded as positive (1). 
Thyroid stimulating antibodies (TSAb) were evaluated by an 
in vitro bioassay which determines the T3 release from 
porcine thyroid slices (2). The assay procedure has been 
described in detail previously (3). Briefly, thyroid slices 
(0.5x1x1 mm) were incubated with 100ul of serum (5h, 37° C, 
95% 01 /5% COa) in the upper part of a bipartite teflon pot 
with a dialysis membrane. After equilibrium dialysis (24h, 
30·C, shaking water bath) free T3 was determined by a 
sensitive RIA in aliquots of the lower compartment 
containing 5ml of buffer. TSAb activities >30% were regarded 
as positive. 

RESULTS 

The incidence of TBII / TSAb in 70 patients with untreated, 
active GO was 90% / 91%. There was no correlation between 
TSAb and TBII activities in these patients (r=0.20, p=n.s.). 
41 (59%) showed s1gns of endocrine orbitopathy (stage 
III-IV), 49 (70%) had elevated titres of microsomal and 21 
(30%) of thyroglobulin antibodies. Neither TBII nor TSAb 
activities were correlated to the titres of microsomal or 
thyroglobulin antibodies or the presence of endocrine 
orbitopathy. 
During antithyroid treatment TBII decreased into the normal 
range in 14 out of 25 selected patients, TSAb in 19 
patients. Relapse after drug withdrawal (13/25 patients) was 
seen in 5/5 patients with positive TSAb activities at the 
end of therapy and in 8/20 TSAb negative patients. Out of 
the patients with positive TBII titres 7/11, with negative 
TBII 6/14 patients relapsed. Relapsing disease was always 
associated with reappearance of TSAb and TBII. 
Thus, TSAb determination with the T3 bioassay at the end of 
therapy showed a higher specificity for prediction of 
relapse after antithyroid drug treatment than TBII 
radioreceptorassay. However, the sensitivity and predictive 
value were poor for both methods (table 1). 

Table 1 •. sensitivity, specificity and predictive value of 
TBI~ r~d10receptorassay and TSAb bioassay for relapse or 
rem1SS1on of Graves' hyperthyroidism after 12 months of 
antithyroid drug treatment. 

sensitivity 

specificity 

predictive value 

for remission 
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RRA (TBII) 

54 % 

67 % 

60 % 

Bioassay (TSAb) 

38 % 

100 % 

57 % 



CONCLUSION 

Our results show a high and comparable incidence of TSAb and 
TBII in patients with untreated hyperthyroid Graves' 
disease. Persistence of TSAb during antithyroid drug 
treatment could specifically indicate an early relapse of 
hyperthyroidism after drug withdrawal. However, TSAb 
bioassay as well as TBII radioreceptorassay lack sufficient 
sensitivity and predictive value for relapse or remission 
after antithyroid drug treatment to have a decisive impact 
on therapeutic considerations. 
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The hyperthyroidism in Graves' disease is caused by circulating 
autoantibodies which stimulate the thyroid gland (Burman and Baker, 
1985). If these antibodies are present in a pregnant woman, they may 
cross the placenta and cause transient neonatal hyperthyroidism (Munro 
et al., 1978). Delays in treatment or failure to detect neonatal 
hyperthyroidism may lead to chronic complications such as mental 
impairment or craniosynostosis (Daneman and Howard, 1980). A method to 
predict and diagnose neonatal hyperthyroidism would be valuable. 
Historically, methods to detect Graves' autoantibodies involved 
laborious and difficult bioassay (Hensen et al., 1984). We report here 
the use of a simple, commercially available radioimmunoassay to detect 
Graves' autoantibodies in four cases of neonatal hyperthyroidism. 

Materials and Methods 

Thyroxine (T4) levels were determined using a standard competitive 
radioimmunoassay. Antibodies to the thyroid stimulating hormone (TSH) 
receptor were detected by the ability of the patient's serum to block 
the binding of radioiodinated TSH to solubilized TSH receptors from 
porcine thyroids. This activity is called TSH binding inhibit on (TBI). 
The TSH receptor antibody assay kit was obtained from Clinetics 
Corporation (Tustin, CA, USA), and was performed as previously described 
by Southgate et al., 1984. The TSH binding inhibition index (TBII) was 
calculated using this formula. 

TBII= 

( 1 - % receptor bound I-125 TSH is patient assay ) X100 
% receptor bound I-125 TSH in negative control 

The mean TBII observed in 18 normal individuals was 3.4% and the upper 
limit of normal was 15%. 

Results 

In maternal infant pair 1, a 20 year woman with a history of Graves' 
disease gave birth to a 2.33 kg infant at 35 weeks gestation. A 
diagnosis of neonatal Graves' disease was made at 6 days of age after 
the baby presented with irritability, tachycardia, vomiting, and 
increased stooling. As shown in the table, both mother and infant had 
TBII elevated above the normal range. 
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Maternal infant pair 2 represents a 30 year old woman who was 
diagnosed with Graves' disease during the 2nd trimester of her 
pregnancy. She was treated with PTU and delivered a 3.15 kg infant at 
term. The baby was diagnosed with Graves' disease at 12 days of age 
after presenting with diarrhea and hyperalertness. The table shows the 
presence of TBI in the mother and infant. TBI gradually disappeared in 
the infant over time. 

In maternal infant pair 3, a 21 year old woman was diagnosed with 
Graves' disease during the third trimester of her preganancy. She was 
treated with PTU and a beta blocker, and ga~e birth to a 2.96 kg infant 
at term. The baby was diagnosed with Graves' disease at 15 days of age 
after presenting with a possible apneic episode. TBII measurements were 
made in the mother before, on the day of, and after delivery (see Table) 
and were consistently elevated. The infant showed an elevated TBII 
which diminished over time and was undetectable by 85 days of age. 

Maternal infant pair 4 represents a 26 year old woman who was 
diagnosed with Graves' disease and treated with radioactive iodine and 
PTU. Shortly afterward she became pregnant and delivered a 3.35 kg 
infant at term. The baby was diagnosed with Graves' disease at 6 days 
of age after presenting with diarrhea. The table demonstrates elevated 
maternal and infant TBII. 

zaII4 in Maternal Infant Pairs 

Mothers Infants 

time 
time (days) TBII (%) (days of age) 

Pair 1 31 posp.b 67.8 25 
29 

Pair 2 13 postp. 60.6 13 
18 
68 
103 

Pair 3 1 
48 prepc 72 7 

21 
day of 
delivery 70.7 29 
113 postp. 52.1 85 

Pair 4 1 postp. 85 1 
6 

a 
b 

TSH binding inhibition index; upper limit of normal - 15% 

post partum 
c pre partum 
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TEll (%) 

26.7 
20.5 

49.5 
44.9 
27.0 
18 

61. 9 
54.4 
25.0 

20.3 
0 

77 
86 



Conclusions 

TBII was shown to be elevated in each of the four mothers studied and 
in their offspring. The TBII decreased over time in two infants in 
which serial samples were taken over several months. 

Our results suggest that this commercially available test is of value 
in the diagnosis of neonatal hyperthyroidism and may be useful in 
identifying mothers at risk of delivering affected infants. 
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THYROID AUTOIMMUNITY AS A MAJOR ~USE FOR CONGENITAL HYPOTHYROIDISM 

INTRODUCTION 
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A causal relationship between maternal autoimmune thyroid disease and 
congenital hypothyroidisn (CH) of the infant has been suggested as early 
as 1960. 1 ,2 Subsequent observations in single families with maternal 
autoimlJllne thyroid disease am repeatei occurrence of congenital 
hypothyroidi SID in the children were reported. 3 Wi til the establishment 
of a TSH-screening program for CH a large mJmber of newborns wLth CH Wi!re 
tested for microsomal (Mab) and thyroglobulin (Tab) antibodies in the 
neonatal period, which did not show an increased frequency of these 
antibodies in affected children compared to normal newborns. Z. However, 
since during the last years, other types of antibodies than Mab and ntb 
could be measured in those newborns, increasing evidence for supporting 
the hypothesis of maternal autoimmune thyroid disease as a pathogenetic 
mechanism of CH was raised. 5,6 Therefore Wi! determined the frequency of 
different types of thyroid antibodies in newborns wi th CH and their 
mothers in correlation to the type of congenital hypothyroidism. 

PATIENTS AND METHODS 

In 46 newborns with permanent CH and 8 newborns with transient aI, 
detected by the newborn TSH-screening program in Berlin, and in 15 of 
their mothers, the following types of antibodies were determined: 1) 
Microsomal (Me b) and thyroglobulin (Tab) antibodies were measured ~ 
passi ve hemagglutination using a commercial kit. 2) TSH-binding 
inhibitory-immunoglobulins (TBII) were determined by a radio receptor 
binding assay using membrane fractions. 7 3) Antibody-dependent 
cell-mediated cytotoxicity (ADCC) was measured using a 
5lchromium-re1ease assay against hunan thyroid cells. 8 4) Thyroid-
growth-b1ocking-antibodies (TGBAb) were measured by the inhibition of the 
TSH-induced 3H-thymidine uptake into human thyroid cells by serum of 
affected infants and their mothers. 9 

This work was supported by Deutsche Forschungsgemeinschaft 
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Table 1. Clinical data of newborns wi th CH (median and range) 

TSH T4 Tg Scan Results 
n mU/ml /ug/dl ng/ml n 

Athyreosis 18 200 2.6 0 8 
(].50-380) (1. &-7.3) (0-1.8) 

Dysgenesis 28 120 7.2 78 15 
(50-200) (2.5-10.1) (25-400) 

transient CH 8 50 7.7 113 
(40-200) (2.5-10.5) (80-250) 

RESULTS 

Table 1 gives the clinical data of the newborns with CR. The 
diagnosis of athyreosis was made by a negative l23I-thyroid scan at the 
age of 1;wo years or by absent thyroglobulin (Tg) levels at the tl.me of 
diagnosis. Ectopic or hypoplastic glands (dysgenesis) were detected by 
l23I-thyroid scan or the diagnosis was based Ql normal thyroglobulin 
levels in the newbom period. Transient hypothyroidi!ll1 normalized within 
four weeks without replacement therapy. The three groups of patients 
differed also in the levels of TSI! and thyroxin (T4) at the time of 
diagnosis, with those newborns with athyreosis presenting significantly 
higher TSH and lower '14 levels. 

A significant percentage of positive antibodies could be found in 
newborns with permanent <H but they were absent in transient 
hypothyroidism (Tab. 2). The highest frequency 1I!lS observed for '!UBAb. 
In five cases, positive TGBAb aDd ADOC were accompanied by positive TBII. 

Fig. 1 shows the corresponding values of positive thyroid antibodies 
(TBII, TGBAb, ADCC) in infants aDd their mothers. All mothers posi ti ve 
for TGBAb and TBI! transmitted their antibodies to their infants. 

Table 2. Incidence of positive thyroid autoantibodies in 
newborns 'WI. th permanent CH and the! r mothers 

Type of Ab n pos. infants n pos. mothers 
(%) (%) 

Mab 46 9 12 8 
Mab 46 4 12 8 
TBI! 43 9 12 33 
ADCC 24 20 9 11 
'!UBAb 14 57 9 55 

422 



ADCC TBII TGBAb 

>peC.k ~ -tllym.d," 
ly". TBII-Irde. 4Jlake 
(%l (%l (%l 
20 • 30 l • 225 

• • 
25 200 

15 

~ 20 75 

10 15 '50 

• 10 125 

lOa 

0 0 7S 

rnotI.!<. • rJom rnotI.!< • ,n/om mothe!. 

Fig. 1. TBIl, ADCC and TGBAb in infants wi th athyreosis ( 0 ), dysgenesis 
( ~) and transient hypothyroidisn (.) and their mothers 
( 0 L!J. ). Norm1 values of TBII (52 infants with permanent or 
transient Cli and 12 mothers) and ADCC (19 infants and 8 mothers) 
are included in the shaded area, which indicates the normal range. 

DISCUSSICN 

The high frequency of TGBAb we found in newborns wi th congenital 
hypothyroidism ani their mothers is in keeping with results presented by 
van der Gaag et al. 6 Additionally, we were able to demonstrate 
TSH-binding inhibiting and cytotoxic antibodies in tre sera of some of 
these children, rut Tab and l-Bb only in a 10w frequency. Although TIHI 
ani TGBAb did not show a posi ti ve corre1atien ani seem to be antibodies 
wi th different properties, they are both directed against structures of 
the TSH-receptor or binding sites closely related to tre receptor, whereas 
cytotoxic anti bodies are thought to bind to a different antigen en the 
cell surface, Le. to the microsomal antigen. Altogether, our data show 
that various types of antibodies are present in sera of infants with Cli 
ani their mothers, supporting t be hypothesis that autoimmune reactien 
might be responsible for the inhi bi ti on of the regular development of the 
fetal glani and subsequently permanent congenital hypothyroidism. 

Since it is possible to measure TBII, TGRAb and cytotoxic antibodies 
in small amounts of serum, in tre future, 1ar~ serles will probably 
clarify the pathogenetic role of maternal autoimmune thyroid disease for 
congenital hypothyroidism. Additionally, the determina tien of these 
anti bodies might be helpful in the genetic counseling of mothers wi th 
autoimmune thyroid disease. 
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THYROID GROWTH BLOCKING ANTIBODIES IN CONGENItAL HYPOTHYROIDISM 

INTRODUCTION 
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of the Free University of Berlin, FRG 

lhe causes of tranSient and permanent congenital hypothyroidism (CH) 
have not been entirely clarified, although them is increasing evidence 
that these diseases might be the result of an immunological disonier. 
Thyroid growth blocking antibodies (TGBAb), detected in the sera of 
affected infants and their mothers, mf.ght suggest that the development and 
maturation of the fetal thyroid glam might be suppressed by these 
antibodies. Recently, Drexhage et al. l described TGBAb in patients with 
primary myxedema. Applying tbe BaIlE! technique, van der Gaag et al. 2 
detected thyroid growth blocking antibodies in about 50% of infants with 
congenital hypothyroidism. 

In order to evaluate the frequency of thyroid growth blocking 
antibodies in newborns, foum 1:D be hypothyroid in the Berlin 
TSH-screening program, we developed a new IlE!thod of measuring the 
inhibition of TSH-induced 3H-thymidine incorporation into human thyraLd 
cells in serUII instead of IgG fractions fran affected infants. 

METHOD 

Human thyraLd tissue, obtained by surgery, 16S mf.nced and digested by 
collagenase am cultured in Iscove's medium. The mediUII containEd O. st 
FCS, 5 ;Ug/ml. transferrin, 1D ;Ug/ml somatostatin, 10-8mol/l hydro
cortisone, 10 lug/ml insulin and 10 lug/ml iodide. After 2 days of 
incubation at 37°C in st CO2 in air, the cells were transferred in sus
pension by trypsinization. 10 4 cells/well were incubated in mLcrotiter 
plates with increasing concentrations of T!RI (0 - 100 mU/ml), 100 lul 
1 :10 diluted serum, and 1 IUC! 3H-methyl-thymidine. After 2 days of 
incubation, the supernatant 16S decanted and each well washed bfice. 
Thyroid cells were detached fran tie plastic wall by addition of 1.50 lul 
trypsin-EDTA solution (0.5%/0.2%) am precipitated by addition of 50 lul 
trichloroacetic acid solution (20%). The precipitate was then harvested 
by a cell harvester and the radioactivity was determined in all-counter. 
The basal thymidine uptake in the absence of TSH was called the 100% value. 

lhis work was supported by Deutsche Forschungsgemeinschaft 
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Fig. 1. 

RESULTS 
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Dose response curve of increasing concentrations of TSH and 
3H-thymidine uptake into human thyroid cells. 

.3ti-thymidine uptake was stimulated by increasing concentrations of 
TSH (0 - 100 mU/ml) (Fig. 1). Additioo. of 1 mU/ml TSH resulted in a steep 
increase of thymidine incorporation, whereas no further increase could be 
seen at TSH values of 50 - 100 mU/ml. TIe thymidiIE uptake blocking 
activity of sera was measured at a TSH concentration of 10 mu/ml. 
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Fig. 2. TBGAb in infants and their mothers in permanent (athyreosis, 
dysgenesis) and transient congenital ~pothyroidism. Shaded area 
indicates tIe normal range. Light symbols = mothers, dark symbols 
.. infants. 
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The thymidine uptake was 185 + 15% in the presence of serum from 
normal infants (n = 8). Sem exhibiting blocking activity were called 
positive when being below the mean value - 2 SD «150%) of normal sera. 
Thirteen infants with permanent CH (athyreosis and dysgenesis), 9 of their 
mothers and 3 infants with transient CH were investigated. In 8 infants 
and 4 of their mothers, TGBAb was positive. TGBAb could be detected in 4 
children with athyreosis as well as in 4 children with dysgenesis (ectopic 
or hypoplastic gland), whereas in transient hypothyroidiEIII blocking 
acti vi ty was always nega t! ve (Fig. 2). 

DISCUSSION 

In seveml case reports 3-5, the influence of maternal autoimmune 
thyroid disease on the development of the fetal thyroid gland were 
described. Antibodies directed against the TSH-receptor seem to be of 
more importance in inducing fetal hypothyroidiEIII than thyroglobulin and 
microsomal ant! bodies. 5 TSH-binding inhi bi ting anti bodies as well as 
antibodies, which inhibit TSH-induced cAMP increase in thyroid cells, were 
reported to be increased in infants with CH and their mothers. 6 Very 
recently, van der Gaag et al.2descr!bed thyroid growth blocking 
antibodies in about 50% of newborns with CH, a finding confirmed by our 
results applying a different technique. Our assay system rns the 
advanta~ of measuring TGBAb in human thyroid cells, excluding any 
problems of species specificity. Furthermore, the use of serum instead of 
IgG makes the assay suitable for determination of TGBAb in newborns fran 
whom, in general, only limited amounts of serum are available. 
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INCIDENCE OF TSH RECEPTOR ANTIBODIES IN PATIENTS WITH TOXIC DIFFUSE 
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Graves' disease is considered to be an autoimmune disorder characterized by hyperfunction 
and diffuse enlargement of the thyroid gland. frequently associated with ophthalmopathy and 
sometimes with pretibial myxedema. The hyperthyroidism of Graves' disease is attributed to the 
stimulation of the thyrotropin receptor by an antibody directed against this structure (1-3). 
Moreover changes in the number and the function of T-Iynphocytes has been observed in patients 
with Graves' disease (4). The TSH receptor antibodies are detected by two different systems: a 
truly stimulatory assay and a binding assay. The aut9antibodies detected by the former assay are 
commonly known as "thyroid stimulating antibodies"(TSAb). those detected by the latter 
"thyrotropin-binding inhibiting antibodies· (TBIAb). A variety of other autoantibodies directed 
towards different constituents of the thyroid cell. such as thyroglobulin antibody (TgAb) and 
thyroid microsomal antibody (MAb). have been detected in patients with autoimmune thyroid 
diseases. TgAb and MAb are widely used in the diagnosis of Graves' disease as an index of humoral 
autoimmunity. However. some patients with toxic diffuse goiter do not show circulating TgAb or 
MAb. or other clinical signs of thyroid autoimmunity. such as ophthalmopathy or pretibial 
myxedema. 

The aim of this study was to evaluate the prevalence of TSH receptor antibodies (TRAb) in 
patients with toxic diffuse gOiter without humoral features of autoimmunity and In those patients 
with active ophthalmopathy or pretibial myxedema. 

MATERIALS AND METHODS 

patients : the study· group Included 128 hyperthyroid patients with Graves' disease of 
whom 99 untreated and 29 relapsed after withdrawal of antithyroid drug therapy. The presence of 
active ophthalmopathy. pretibial myxedema. TgAb • MAb and TSH receptor antibodies was 
evaluated; 

preparation of IgG: IgG fraction was prepared by a modification (5) of the Baumstark 
method. Protein concentration was determined by the Lowry method (6). In the adenylate cyclase 
(AC) stimulation assay the IgG were used at a final concentration of 1 mg/ml. 

preparation of human thyroid plasma membranes for AC assay: thyroid tissue from 
patients with non toxic goiter was obtained at surgery and immediately processed at 4°C. Human 
thyroid homogenate was centrifuged at 300xg; the 30.000xg pellet of the supernatant was 
resuspended in an isotonic medium and stored in liquid nitrogen until used. 

Adenylate cyclase activity assay: the crude thyroid plasma membrane preparation (60 
ll9/tube) was incubated with normal or Graves' immunoglobulins. The incubation took place at 
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34°C in 50 mM Tris HCI buffer, pH 7.9, 0.1% BSA, with 1 mM ATP, 4 mM Mg++, a 
phosphodiesterase inhibitor and an ATP regenerating system, and was stopp'ed after 60 min. by 
the addition of a cold methanol/ethanol mixture. A 50 ILl aliquot of the supernatant was dried and 
its cAMP content was measured by a specific radioimmunoassay. 

TSH-bjndjng inhjbition assay: TBIAb was measured by a radioreceptor assay. Briefly, 
solubilized porcine thyroid plasma membranes were incubated for 20 min. at 22°C with 
125,_TSH and normal serum or patient serum. The inhibitory effect of patients' sera on the 
binding of 125,_TSH to porcine thyroid plasma membranes was expressed as TBIAb index: 

cpm unknown sample 
TBIAb - ( 1 - ) x 100 

cpm normal serum 
Values exceeding 2 SD from the mean value obtained with normal patients' sera were 

considered positive. 
Mjscellaneous: serum TgAb and MAb were measured by the standard haemagglutination 

technique. 

RESULTS 
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.EiQ...1: TBIAb and TSAb incidence in the various groups of patients. 

Active ophthalmopathy was present in 221128 patients and pretibial myxedema in 
7/128. 54/128 patients had no sign of Graves' ophthalmopathy. TBIAb was positive in 60.1% 
and TSAb in 68.7% of patients. TBIAb and TSAb were found positive In 72.7% and 63.6%, 
respectively, of patients with active Graves' ophthalmopathy and in 57.4% and 70.4%, 
respectively, of patients without ophthalmopathy. Subjects with pretibial myxedema showed a 
TBIAb and TSAb prevalence of 71.4% and 85.7%2 respectively, compared with 59.5% and 67.8% 
in the patients without this clinical sign. The X analysis of these results did not show any 

significant difference in the incidence of TSH receptor antibodies in the various groups of 
patients. In patients with toxic diffuse goiter 15/128 did not have circulating TgAb and MAb. 
None of them had pretibial myxedema and only 3 had active ophthalmopathy; TBIAb and/or TSAb 
were positive in 13 of these subjects. No correlation was observed between TBIAb and TSAb 
activities. 
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DlSCUSSI(X\J 

Several authors have demonstrated the presence of TBIAb and/or TSAb in the majority of 
patients with active Graves' disease (1; 7-9). Schleusener et al. (10) found a higher prevalence 

of TBIAb in patients with ophthalmopathy, compared with those without this symptom. Our study 
confirmed this. observation, although the difference between the two groups of patients did not 
reach the level of statistical significance. As far as TSAb is concerned, we did not see any 
noticeable difference. 

We extended our investigation to study the prevalence of TSH receptor antibodies in 
another typical, even though infrequent, sign of Graves' disease, i.e. pretibial myxedema. An 
elevated Incidence of TBIAb and TSAb was observed, but, again,the difference in prevalence 
compared to those subjects without this symptom was not significant. 

A minority of patients with toxic diffuse goiter do not present either TgAb and/or MAb in 
their sera or clear clinical signs of thyroid autoimmunity, so that the autoimmune origin of the 
disease could be challenged. In order to understand the problem better, we looked for thyroid 
receptor antibodies in those patients without humoral and clinical stigmata of thyroid 
autoimmunity: only 2 out of 15 subjects did not show the presence of TBIAb and/or TSAb in their 
sera. This observation supported the concept that the presence of thyroid receptor antibodies is 
the most specific marker of Graves' disease; MAb, even if present in the majority of cases and 
sometimes correlated with TRAb (5), can be considered merely as an index of an autoimmune 
attack to the thyroid gland, but not as having any pathogenetic role in the hyperthyroidism of 
Graves' disease, which is actually due to antibodies directed against the TSH-receptor and able to 
stimulate thyroid function. 
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Over the last ten years a radioreceptor assay for thyrotropin has been developed to detect 
immunoglobulins able to inhibit the binding of ISH to its receptor in patients with Graves' disease 
(1). These immunoglobulins were originally called thyroid stimulating immunoglobulins (2), but 
later on they were more appropriately termed TSH-binding inhibiting antibodies (TBIAb). In fact 
subsequent methods directly measuring the thyroid stimulating activity of Graves' IgG, have not 
shown any clear correlation with TBIAb, whereas the existence of TBIAb without any stimulatory 
activity was demonstrated(3, 4). Immunoglobulins able to inhibit TSH binding to its receptor 
were also found in other autoimmune thyroid diseases such as Hashimoto's thyroiditis and idipathic 
myxedema (5). TBIAb, which not only lacked thyroid stimulating activity but also blocked the 
action of TSH in vitro, were found in several patients with idiopathic myxedema and hypothyroid 
Hashimoto's thyroiditis (6). Blocking antibodies have also been reported in some patients with 
Graves' disease after treatment (7). 

In this study we investigated the presence of these blocking antobodies in the sera of 
patients with active Graves' disease. We then compared this blocking activity with that of an IgG 
preparation, showing a potent blocking activity, from an idiopathic myxedema patient. 

MATERIALS AND METHODS 

fa1iinlI.: Blood samples were obtained from 135 hyperthyroid Graves' patients and from 1 
patient with idiopathic myxedema. The thyroid stimulating and TSH-bindlng inhibiting activities 
were evaluated. 

preparatjon of immunoglobylins: 3 ml of patients' serum were submitted to ion-exchange 
chromatography with DEAE-Sephadex A-50. Immunoglobulins were then precipitated with 
ammonium sulphate and extensively dialyzed against 10 mM Trls HCI buffer, pH 7.4 (8). The 
final concentration of laG in the adenylate cyclase activity assay was 1 ma/ml. 

preparation of hyman thyroid plasma membranes for adenylate cyclase assay: thyroid 
tissue from patients with non-toxic goiter was obtained at surgery and Immediately processed at 
4°C. Human thyroid homogenate was centrifuged at 300xg; the 30,OOOxg pellet of the. supernatant 
was resuspended in an isotonic medium and stored in liquid nitrogen until used. 

Adenylate cyclase activity assay: the crude thyroid plasma membrane preparation (60 
Ilgltube)was Incubated with normal or Graves' immunoglobulins. The incubation took place at 
34°C in 50 mM Tris HCI buffer, pH 7.9, 0.1% BSA, with 1 mM ATP, 4 mM Ma++, a 
phosphodiesterase Inhibitor and an ATP regenerating system, and was stopped after 60 min. by the 
addition of a cold methanoVethanol mixture. A 50 III aliquot of the supernatant was dried and its 
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cAMP content was measured by a specific radioimmunoassay. 
When the IgG blocking activity was evaluated. the thyroid membrane preparation was 

incubated with b-TSH or with a potent TSAb in the absence. or in the presence. of different 
concentrations of Graves' or I.M. immunoglobulins. 

TSH-binding inhibition assay: TSH-binding inhibiting antibodies were measured by a 
radioreceptor assay. Briefly. solubilized porcine plasma membranes were incubated for 20 min. 
at 22°C with 1251_TSH and normal immunoglobulins or patients' immunoglobulins. The inhibitory 
effect of patients' immunoglobulins on the binding of 125 1_ TSH to porcine thyroid plasma 
membranes was expressed as TBIAb index: 

TBIAb = ( 1-cpm unknown sample/cpm normal immunoglobulin ) x 100 
Values exceeding 2 SO from the mean value obtained with normal patients' immunoglobulins were 
considered positive. 

RESULTS 

Nineteen out of 135 Graves' patients were found positive for TBIAb assay and negative for 
TSAb assay. The IgG of 15 of these patients inhibited significantly (> 20%) TSH-stimulated 
adenylate cyclase activity. In this latter group 2 IgG preparations were strong inhibitors of the 
adenylate cyclase activity stimulated by TSH. In conditions of submaximal adenylate cyclase 
stimulation by TSH (6.6 mU/ml).the two Graves' TBIAb produced a dose-dependent inhibition of 
TSH-stimulated adenylate cyclase activity up to 75% and 82% respectively; the IgG from I.M. 
showed a similar effect up to 79%. The adenylate cyclase stimulation produced by a potent TSAb 
preparation with weak TBIAb activity was also inhibited in a dose-dependent way by the two 
Graves' TBIAb up to 77% and 90% respectively, and by I.M. TBIAb up to 89%. 

DISCUSSION 
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Fig. 1. inhibition of TSH- or TSAb·stimulated AC activity by I.M. and 
Graves' IgG with TBIAb activity. 

In this study we examined the IgG preparations from a group of 135 patients with active 
Graves' disease and observed a significant inhibition of the thyroid adenylate cyclase activity 
stimulated by TSH in 15 out of 19 patients positive for TBIAb but lacking thyroid stimulating 
activity. Of these 15 IgG preparations 2 showed a strong inhibitory effect on TSH binding and 
greatly inhibited the adenylate cyclase activity stimulated by a submaximal dose of b-TSH and by a 
potent TSAb in a dose-dependent way. The effect of these 2 IgG was similar to that observed with an 
IgG derived from a patient with idiopathic myxedema. Several studies demontrated the presence of 
blocking antibodies directed against the thyrotropin receptor in patients with idiopathic myxedema 
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and hypothyroid Hashimoto's thyroiditis (6). These antibodies were able to inhibit TSH binding to 
its receptor and also to inhibit TSH-stimulated adenylate cyclase activity. Blocking antibodies have 
also been reported in some patients with Graves' disease after radioiodine administration (7). 

Our finding of blocking antibodies in 15 patients with hyperthyroid Graves' disease, both 
untreated and relapsed, apparently without any thyroid stimulating activity, is rather surprising. 
However the the existence of at least two types of TSH receptor antibodies in the sera of patients 
with Graves' disease has been suggested by the lack of correlation between TSH -binding inhibiting 
and thyroid stimulating activities (3). Thus, it should not seem such a paradox that the sera from 
some Graves' patients appear to contain blocking activity only. At least two hypotheses can be made 
to explain the thyroid hyperfunction in these patients: the first one is that the possible stimulating 
effect of these Graves' immunoglobulins is present at concentrations higher than those we can use 
with our method. The second one is that the sera of these 15 Graves' patients do in fact contain 
thyroid stimulating antibodies, but their action is masked ~ by the blocking 
immunoglobulins, which bind with high affinity to our membrane system, while these stimulators 
can exert their action on the patients' thyroid. 

In conclusion we can postulate that the activity of the Graves' immunoglobulins on, the TSH 
receptor-adenylate cyclase system could be attributed to different antibodies varying with regard 
to their concentration, binding affinity and intrinsic biological activity. 
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INCREASED FREQUENCY OF HLA-DR5 IN METRO TORONTO PATIENTS WITH GOITROUS 

AUTOIMMUNE THYROIDITIS AND POST-PARTUM THYROIDITIS 

INTRODUCTION 

Paul G. Walfish, Maria T. Vargas, and Daphne Gladman 

Depts. of Medicine, Mount Sinai, Wellesley and Women's College 
Hospitals, University of Toronto, and Thyroid Lab. Mount Sinai 
Hospital Research Insititute, 
Toronto, Ontario, Canada 

Previous human leukocyte antigen (HLA) typing studies of Caucasian 
patients with goitrous autoimmune thyroiditis (GAT) had demonstrated 
an increased association with DR5 (1,2) or Dw5 (3) while no Significant 
associations were noted in another study (4); whereas, studies of Caucasian 
patients with post-partum thyroiditis (PPT) from Canada had observed an 
increased association with DR5 (5) while a study from Sweden reported an 
increase in DR4 but not DR5 (6) and that from the United States had no 
significant HLA associations (7). However, subsequent studies from 
Newfoundland, Canada have reported the association of both GAT and PPT with 
DR4 (8,9). In order to further assess the possibility that the differences 
in HLA association between these various studies were related to variations 
in antisera, and/or patient selection, we performed repeat studies in 
Toronto, Canada using a new series of patients in comparison to regional 
control subjects and utilized new antisera which had been standardized 
according to the 9th International W.H.O. Workshop. 

MATERIAL AND METHODS 

HLA typing results for 98 Caucasian control subjects in our region were 
compared to 60 Caucasian females with GAT diagnosed by the presence of a 
palpable goiter with hypothyroidism and a positive antimicrosomal 
antithyroid antibody (AMA) titre equal or greater than 1:400 and/or 
cyto/histopathology compatible with chronic lymphocytic thyroiditis, as well 
as 38 Caucasian females with PPT, all of whom had transient hyperthyroidism 
with low « 2%) 1311 thyroid uptake results and/or subsequent 
hypothyroidism. HLA typing was performed using Canadian Red Cross trays 
standardized according to the 9th International W.H.O. Workshop for: 44-A, 
B, C, and 10-DR antigens as well as DQwl,2,3 and DRw52,53 antigens, using 
routine microdroplet cytotoxicity tests. Chi-square tests (x2) with 
appropriate corrections for the number of antigens tested as well as Yates' 
correction for continuity (x2correct) were used to analyze the frequency 
of HLA associations. Relative risk was calculated using Woolf's method 
(10). Fisher's exact and x2correct tests were used for comparison between 
groups when appropriate. Two tailed P values < 0.05 were considered to be 
significant. 
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RESULTS 

In comparison to our regional control subjects, no significant 
associations were obtained within A,B,C antigens. The results of DR typing 
are illustrated in Table 1. Note that DRS occurred in 12/98 controls: vs. 
22/60 GAT (x2correct = 11; P = < 0.001; Pc = < 0.01) with a relative risk 
(RR) = 4.2: vs. 11/38 PPT, (x2correct = 4.5, P = < 0.05) with a RR = 2.9. 
Also, the mean frequency of DR4 and DRw53 (data not shown) were increased in 
both GAT and PPT compared to controls but these increases did not reach 
statistical significance. 

Table 1- Summary of HLA-DR Typing Results for Patients with PPT and GAT in 
Comparison to 98 Regional Caucasian Controls. 

HLA-DR Controls PPT RR GAT RR 
Antigen (n = 98) (n = 38) Values (n - 60) Values 

1 19 
2 19 
3 22 
4 28 
5 12 
6 9 
7 30 
8 5 

10 2 

* x2c = 4.5; 
** x2c =11.0; 

(19.3%) 4 (10.5%) 
(19.3%) 7 (18.4%) 
(22.4%) 4 (10.5%) 
(28.1%) 16 (42.1%) 
(12.2%) 11 (28.9%) 
( 9.1%) 2 ( 5.2%) 
(30.6%) 12 (31.5%) 
( 5.1%) 2 ( 5.2%) 
( 2.0%) 2 ( 5.2%) 

P = < 0.05 
P = < 0.001; Pc = < 0.01 

0.49 9 (15.0%) 0.73 
0.94 13 ( 21.6%) 1.2 
0.29 12 (20.0%) 1.6 
1.8 22 (36.6%) 1.4 
2.9 * 22 (36.6%) 4.2 ** 
0.55 8 (13.3%) 1.5 
1.1 14 (23.3%) 0.69 
1.0 5 ( 8.3%) 1.6 
2.6 2 ( 3.3%) 1.7 

Additional HLA typing studies also revealed that DQw3 antigen 
positivity occurred in 53% of PPT (RR = 1.8) and 57% of GAT (RR = 1.9), 
representing mean percentage increases in comparison to the 38% prevalence 
in controls, but these increases did not reach statistical significance (P = 
> 0.05). Also, there was an interesting reduction in the percentage of 
positivity for the occurrence of DQwl in PPT and GAT with values of 42% (RR 
= 0.55) and 36% (RR = 0.4) respectively compared to 56% in controls, but 
these changes also did not reach statistical significance. Although AMA 
positivity occurred in 100% of DRS PPT subjects vs. 75% of non-DRS PPT, no 
significant association (P = > 0.05) was observed in PPT patients between 
AMA positivity and any DR antigen. 

DISCUSSION 

Our HLA results confirm previous reports (1-3) of a strong association 
for GAT with DRS or Dw5, and the RR value of 4.2, (Pc = < 0.01) represent 
on~of the highest associations reported to date. Also, the present, report 
has again confirmed the association of PPT with DRS for patients studied 
within our Toronto, Canada region using local Caucasian control subjects and 
W.H.O. HLA-antisera standardized according to the 9th International 
Workshop. The previous HLA study of PPT from Toronto had been performed 
using regional controls and additional PPT patients from Ne~foundland, 

Canada (5). In the present study, the association of DRS with PPT at an RR 
= 2.9 (P = < 0.05) is weaker than its association with GAT RR = 4.2, (Pc = 
< 0.01). In comparison to our results, the report from Sweden which observed 
a DR4 association (6), had possible differences in diagnostic clinical 
criteria for PPT by selecting hypothyroid patients with milder increases in 
serum TSH and not routinely confirming the occurrence of a prior transient 
thyrotoxic phase in all PPT patients. Also, there were possible differences 
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in the HLA-DR4 antisera used and the prevalence of DR5 in controls had to be 
estimated (6). Workers in Newfoundland, Canada who recently reported an 
increased association of DR4 for GAT and PPT also observed a reciprocal 
reduction in the frequency of DR5 in these patients (8,9). However, the 
increase in DR5 in our GAT and PPT patients was accompanied by an increase 
rather than a reduction in DR4 prevalence relative to controls, but this 
change did not reach statistical significance. Such observations were 
further supported by a parallel mean percentage increase of DQw3 (which 
frequently correlates with the presence of HLA-DR4.5.8.9 antigen positivity) 
in both GAT and PPT without reaching statistical significance. Hence, our 
observations are entirely consistent with an increased association of DR5 
and possibly DR4 with both GAT and PPT. Since DR4 and DRS remain less 
well-defined HLA antigens, distinguishing between these two antigens could 
depend upon the antisera employed as well as typing differences in regional 
control groups and other local environmental factors such as dietary iodine 
which may mediate the clinical expression of PPT and GAT and could thereby 
account for the variations of HLA associations reported. Nevertheless, our 
overall results for DR and DQ typing are consistent with an increased DR5 
and possibly DR4 prevalence in GAT as well as PPT. The relative decrease of 
association for DQwl in both GAT and PPT is of interest and suggests that 
its presence may have a protective role, which resembles its postulated 
influence on the occurrence of certain complications within Type I diabetes 
mellitus patients (11). 

In summary, using a new series of patients and regional controls, we 
have documented in our region a strong HLA association of DRS with GAT and 
demonstrated again a Significant but lesser association of DR5 with PPT. 
The association of DR5 with GAT as well as PPT, is in agreement with the 
current evidence favouring the view that PPT is likely a subclinical variant 
of GAT (12) which becomes activated post-partum by autoimmune pathogenic 
mechanisms in those mothers with the appropriate immunogenetic 
predisposition (13). 
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POST-PARIUM THYROID DYS.F'lJOCTION AND HLA STATUS 

MOnire ~OIO~IUl, Hedy FUng~, C. Darke2 , C.J. Richards 3 , 
R. Hall and A.M. McGregor 

Department of Medicine, University of l Wales College of 
Medicine, Heath Park, Cardiff CF4 4XN , Tissue Typin~ Lab. 
Blood Transfusion Centre, Rhydlafar, Cardiff CF5 6XF and 
Department of Obstetrics and Gynaec~logy, Caerphilly District 
Miners Hospital, Caerphilly CF8 2WW 

INTRODUCTION 

Syndromes of post-partum thyroid dysfunction (P-PTD) haie2b3e~ described 
in women not previously recognised as having thyroid disease ' , , • The 
classical syndrome has been defined as transient (or permanent) hypothyroid
ism, which is sometimes preceded by transient hyperthyroidism, occurring 
8-12 weeks after delivery and resolving spontaneously at 6-8 months post
partum. The severity of thyroid dysfunction has been reported to be 
associated with the presence of nigh anti-microsomal antibodies (AMA) during 
the first trimester of pregnancy • 

. Previou~ studies have reported an increased frequency of HLA-DR3 and 
DR55 and DR4 in groups of 25 and 13 women respectively with P-PTD. A 
further study of a group of 507women with positive AMA has also reported an 
increased frequency of HLA-DR4. This study, without being biased by retro
spective definition of patient groups, prospectively examines the relation
ship between P-PTD and HLA antigens in an unselected large group of Caucasian 
women with no known previous history of autoimmune thyroid disease (AITD). 

PATIENTS AND METHODS 

Nine hundred and one women, at around the 16th week of pregnancy, were 
screened for the presence of anti-thyroglobulin antibodies (ATGA) and AMA by 
ELISA. FT3, FT4 and TSH were assessed using commercially available kits. 
P-PTD was defined as abnormal thyroid function (the normal range for 
pregnancy and the post-partum period (P-PP) was established in 120 normal 
anti-thyroid antibody negative pregnant women) on at least 2 occasions during 
the P-PP. Three hundred women were selected for the study. Sixty-eight 
were lost to follow-up, 7 were excluded from analysis (4 = known AITD, 
3 = non-Caucasian) and the remaining women were followed up throughout 
pregnancy and for at least 12 months post-partum. 

Two hundred and twenty-one women were HLA typed, 113 being anti-thyroid 
antibody negative (AB-ve) and 108 being anti-thyroid antibody positive 
(AB+ve) during pregnancy or the P-PP. HLA typing for 12 HLA-A and 19 HLA-B 
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antigens was performed using the standard lymphocytotoxicity test and 8 HLA
DR antigens, HLA-DQw1 and DQw3 were typed using the 7th Histocompatibility 
Workshop technique. HLA-DQw2 was not included in typing. 

HLA antigen frequencies were compared with 600 local Caucasoid subjects 
for HLA-A and B antigens and with 3~2 of these subjects for HLA-DR antigen. 
Statistical analysis was based on x test with Yates' correction. 
Correction for the number of antigens being compared was performed using the 
method of Edwards. The distribution of p values for the frequency co~-
pari sons of the antigens at each locus was performed by summing the x 
values being described as "multiplex analysis". 

RESULTS 

Of the 221 women (Table 1) that were HLA typed, 113 were AB-ve and 108 
were AB+ve at some time during pregnancy or·during the P-PP. Of 108 women, 
79 had anti-thyroid antibodies at screening whereas 29 women developed AMA 
and/or ATGA during pregnancy or in the P-PP. 

When all 45 women developing P-PTD, irrespective of the presence of 
anti-thyroid antibodies were analysed, there was an increase in the 
frequency of HLA-Al antigen (55.6%; p<0.02) and HLA-B8 antigen (48.9%; 
p<O.Ol) compared with the controls (36.0% and 30.2% respectively). However, 
the p values were not significant after correction. An increase in the 
frequency of HLA-DR3 (46.7%; p < 0.01) and a decrease in the frequency of 
HLA-DR2 (6.7%; p<O.Ol) was found when compared with the control population 
(27.5% and 27.7% respectively). These differences were not significant ~fter 
correction but multiplex analysis of the DR antigen comparisons showed x = 
19.3, p<0.02. No association of HLA-DR4 antigen wi"th the development of 
P-PTD was observed. 

Since there is strong linkage disequilibrium between the HLA-B8 and DR3 
alleles, we further analysed our study group. Compared with the normal 
population (22.5%) the HLA-B8, DR3 combination was significantly increased 
in women with P-PTD without antibodies (55.6%; p<0.05) and in women with 
P-PTD irrespective of the presence of antibodies (40.0%; p<0.02). Analysis 
of the HLA-A1, B8, DR3 combination compared with normals (18.6%) again 
showed a significant increase in women with P-PTD without antibodies (55.6%; 
p<0.02) and in women with P-PTD irrespective of the presence of antibodies 
(35.6%; p<O.Ol). 

When the HLA-DQw3 antigen frequency was compared between the AB+ve 
group (52.8%) and AB-ve group (33.6%), the difference was found to be sig
nificant by multiplex analysis (p<0.02). 

DISCUSSION 

Within the total group (n = 221) 45 women, 36 in the AB+ve group and 9 
in the AB-ve group developed P-PTD. The combinations HLA-B8, DR3 and HLA-A1, 
B8, DR3 were both significantly more frequently observed in those women 
developing P-PTD (irrespective of their anti-thyroid antibody status) as was 
HLA-DR3 alone when compared with a large local control population. We could 
show no significant association between HLA-DR4 and either the presence of6 7 
antibody activity or the development of P-PTD in contrast to other authors ' 

The well recognised association of HLA-Al, B8, DR3 haplotype with other 
organ-specific autoimmune diseases provides further support for autoimmune 
events being implicated in the development of P-PTD. 
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Table 1. The occurrence of anti-thyroid antibodies 
and P-PTD in the 221 pregnant women 

Group Number with anti- Number 
thyroid antibodies developing P-PTD 

AB+ve (n=1q8) AMA 38 <35.2%) 4 3.7%) 
ATGA 15 (13.9%) 3 2.8%) 
AMA and 
ATGA 55 (50.9%) 29 (26.9%) 

AB-ve (n=113) 9 ( 7.9%) 
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METHIMAZOLE, 'Y - INTERFERON AND GRAVES' DISEASE 
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Ehdocrinologia & Sareiotica M:rlica III 
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'iN N. 6 - 16132 Genova, Italy 

The ability of antithyroid (namely, thionamide) therapy to directly in
fluence the imnunological course of Graves' disease (GO) has been stres
sed on the basis of a ntmlber of "in vitro" and "in vivo" experimental 
evidence. However such evidences are mainly concerning the effect of Ire

thimazole (MMI) on the function of B cells and or accessory cells: 
only a few data are available about possible effect (s) of MMI on T cell 
function. In the present study we evaluated 1) the effect of MMI on T 
cell proliferation in rulk culture induced through different activation 
pathways (namely by FHA-acting on T3 T cell receptor cmplex, and by a 
stilmllatory canbination of different anti-cD2 Mabs) 2) the effect of MMI 
on mitogen induced lymphokine release (namely IL-2 and'Y IFN) by mass 
cultures of PMNC 3) the effect of the drug on the proliferation and 
lymphokine production of T cell clones. The modification of sane of these 
pararreters during MMI therapy were also evaluated in patients with 
Graves' disease. The results obtained showed that MMI does not affect T 
cell proliferation, rut seems to be able to modulate the release of'Y IFN. 
Materials and Methods: Previously described methods have been used for 
isolation for peripheral mononuclear cells and evaluations of prolifera
tive response of T cells to different stimulation. The following 

T11 (CD2) mabs were used: CD2. 1 and CD2. 9 (kindly provided by Dr. D. Oli
ve. INSERM, Marseille). 
IL-2 and "( IFN were evaluated on 24 h supernatants of 1 % PHA-stinulated 
cultures as previously described ( 1). For the fonner, the method of Gil
lis et al. ( 2 ) based on the IIr2 dependent CI'LL cell line proliferation, 
was errployed: for the latter a specific :intnunoradiCll'etric assay (lMRX 
Centccor Medical System Italy) was used. T cell clones were raised fran 
the peripheral blood of nonna 1 subjects and Graves' disease patients 
using the method of Maretta A. et al. ( 3 ). Clonal microcultures were 
maintained in U b:Jttorned microwells in culture medium. (RPMI 1640 + 10% 
FCS) containing the appropriate amount of IL-2-enriched supernatants, or 
recanbinant IL-2. For evaluating,,(IFN and IL-2 production, the microcul
tures were washed several times, then resuspended at approx.25.000 cells/ 
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well in culture rneditun and stirculated with 1% PHA (or Ca-ionoph.-TPA) for 
24 h. Then the supernatants were collected and 11.-2 and -YIFN concentra
tion measured as described above. 

Results and discussion: The addition of MMI even at high concentrations 
(up to 100 u MJl) had no detectable effect on T cell proliferation in 
our systems (see table 1). Similarly no effect of the drug was apparent 
on IL-2 release in mass culture after mitogen stmulation (see table I) • 

Due to the well-known effect of 'Y-IFN on "aberrant" MHC class II antigen 
espression on thyroid cells (hypothesized as a crucial step in the deve
lopnent of autoirmnme injury ( 4 ), our attention was expecially focused 
on the possible influence of ~ on 'Y-IFN release. Surprisingly, MMI in
creased in a dose-dependent manner PHA-stimulated 'Y-IFN release by IMNC 
isolated fran 6 out of 7 nonnal subjects, as well as 6 out of 7 GD pati
ents (P 0.02 by the Wilcoxon test at 100 u Mol MMI concentration) . After 
15 day MMI treatment (30 reg daily) a slight decrease of PHA-induced "in 
vitro" 'Y-IFN release was observed: rroreover, no significant "enhancing" 
effect was observed by adding ~. In 3 patients, after ~S' further rronths 
of therapy (15 mg daily), MMI did inhibit (30 to 70%) PHA-stimulated 'YIFN 
release (Table II). These experiroontal evidences, obtained in bulk cul
ture experimmts, prarpted us to directly evaluate the effect of MMI on 
lynphokine production by cloned T cells. Preliminary results obtained 
using 9 clones allowed us to confinn that !+II has no effect both m IL-2 pro
duction, and on T cell proliferation (in response to exogeneous IL-2) 
(not shown). As far as 'YIFN is concerned, MMI (30 u Mol) inhibited 'YIFN 
release by T cell clones. (Table III) . 
Thus, MMI "in vitro" may trodulate 'YIFN production: it seems to exert an 
inhibitory action at the T cell level, although the mechanism and the 
site (s) of action are probably multiple (as shown by the initial "enhan
cing" effect in mass culture). MJreover, the "in vitro" effect of MMI on 
'YIFN release is different under MMI treatment: thus, it is likely that 
such a therapy may affect 'YIFN production. Although the phenanenon requi
res further investigation, it is of potential interest the fact that MMI 
may affect a f.undamental step in the pathogenesis of autoinm..tne thyroid 
disease. 

TABLE I . Effect of MMI (100 u Mol concentr.) on T cell proliferation in
duced by PHA and T11 mabs, and, on IL-2 production induced by PHA. The 
data, herein reported deal with 5 nonnal individuals (M + SE). Similar 
results were obtained in patients with GD (not shown) . 
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TABLE II. Effect of MMI on PHA-stimulated 'Y IFN release by PMNC in 7 nor
mal subjects and patients with Graves' disease before and during MMI tr~ 
atrrent. For rrore details see text. 

'YIFNu/ml (M:I: SEM) 

0 PHA 1% MMI 0.1 rrM PHA 1 %+rllU 0.1 rrM 

Normal subjects 0.5 19.6±6.9 0.5 37.3±12.4 

Untreated GO 0.5 15.3±7.5 0.5 24.4±11.6 

15--day 0.5 11.0±5.0 0.5 13.7±S.6 
treatrrent 

3.5-nonth 0.5 12.1±2.1 0.5 5.0±1.8 
treatrrent -

- ; 3 patients only 

Table III. Effect of MvlI on -IFN prodJction of PHA stirrulated T ljfJphocyte clones. 

References 

Clone 
1 
2 
3 

PHA 
8 U 
5 U 
7 U 

PHA 1% + MMI 30u Mol 
n. ct=tect 

1) Bagnasco M. et al., Inv. Arch. Allergy Appl. Imruml. 1986 in press. 
2) Gillis et al. J. Imrunol. 1978, 120, em7. 
3) MJretta A. et al. J. Exp. ~. 1983, 158, 571. 
4) Bottazzo G.F. et aI., Larret. 1983, 2, 1115. 
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THE PROGNOSTIC VALUE OF COMBINED MEASUREMENT OF THYROID-STIMULATING 
ANTIBODY AND SERUM THYROGLOBULIN LEVELS DURING GRAVES' DISEASE LONG 
TERM THIONAMIDE TREATMENT 

INTRODUCTION 

J.H. Romaldini, R.S. Werner, N. Bromberg, I.D. Pereira, 
R.P. Dall'Antonia Jr. and C.S. Farah 

Department Endocrinology HSPE-IAMSPE, Sao Paulo, Brasil 

Several authors reports a decrease of thyroid-stimulating antibody 
(TSAb) and serum thyroglobulin (Tg) levels during thionamide therapy (I, 
2) and used them as index of outcome of Graves'disease (3,4). However, 
their significance remains a matter of controversy (5,6). The aim of the 
present study was to compare the TSAb activity and serum Tg concentration 
as prognostic indexes of outcome of thionamide drug therapy in Graves' 
disease patients. 

HATE RIAL AND METHODS 

We evaluated the clinical results of 80 Graves'hyperthyroid patients 
without autoantibodies to Tg. The mean age was 42 yr (range: 18 to 56 yr). 
Forty-four patients received high doses of either methimazole (40 to 90 
mg daily) or propylthiouracil (500 to 800 mg daily) and 36 patients were 
treated with conventional doses regimen (5 to 20 mg and 100 to 300 mg 
daily, respectively of methimazole and propylthiouracil). T3 (50 to 75 
ug daily) was administered to the high doses and some of the conventional 
doses patients. 

Remission group comprised 40 patients treated for 15 to 30 months who 
remained euthyroid for 15 to 96 months (mean + S.D. : 45 + 28). Relapsed 
group consisted of 40 patients treated for IS-to 25 months and relapsed 
after a euthyroid period of 2 to 96 months (12 + 6). 

TSAb activity was determined as cyclic AMP-increase in human thyroid 
slices as previously described (7). Serum Tg was measured by an IRMA 
method (Cis-Sorin). The sensitivity of the assay was 1.25 ng/ml and in 
normal subjects the range was: 3 to 30 ng/ml. The data were analyzed by 
Student't-test,Spearman correlation and chi-square test. 

RESULTS 

Serum Tg values in remission (66 + 120 ng/ml) were lower (P <0 .001) 
than in relapsed patients (272 + 301 ng/ml) (Fig. 1). 

The table 1 summarizes the-findings obtained in this study. 
He observed a correlation betweell TSAb activity and serum Tg levels 

before treatment (r = 0.45, P<O.OI).However this relationship was not 
found at the end of thionamide drug therapy (Fig. 2 ). 
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Table 1. Remission-rate of Graves'disease patients:corre1ation 
with TSAb activity and serum Tg concentration 

Parameters Remission (No) Relapse (No) 

Positive-TSAb 7 (27%) 19 (57.5%) 
Negative-TSAb 19 (73%) 14 (42.57.)* 
Elevated Tg§ 17 (42.5%) 34 (85%) 
Normal Tg 23 (57.5%) 6 (15%)** 
Positive-TSAb 
and Elevated Tg 4 (19%) 11 (84.6%) 
Negative-TSAb 
and Normal Tg 17 (81%) 2 (15.4%)** 

§, Serum Tg levels higher than the upper normal value (30 ng/m1) 
*, P<0.05 **, P<O.OOl 

Fig. 1. Serum Tg values at the 
end of thionamide therapy. 

DISCUSSION 

Our findings confirm previous data that correlate the presence of 
TSAb with relapse (1,5) . Patients negative for TSAb activity did not allow 
us to predict the individual remission of Graves 'disease (5,8). 

The normalization of serum Tg concentration at the end of treatment was 
associated with remission of the disease (4). However, elevated serum Tg 
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concentration did not predict the clinical course of Graves'disease 
after thionamide drug therapy. 

The combined use of TSAb and Tg levels appears to be more accurate 
as predictive value compared with the measurement of either parameter alone. 

The high concentration of serum Tg observed in relapsed patients (Fig. 
1 ) may be thought to be an effect of the presence of TSAb stimulation. As 
clearly shown in Fig. 2 serum Tg values correlated with TSAb activity at 
the beginning but not at the end of thionamide drug therapy. These data 
indicate that thionamide drugs interfere with Tg secretion, which provokes 
the decrease in the iodine content of Tg (6). "\nother possible explanation 
is that Tg secretion became normal following the thyroidal and immu
nological homeostasis. 
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INTRODUCTION 

Graves' disease is an autoimmune thyropathy. Therefore, 
assessment of the course of the disease and recognition of 
a remission should essentially be based on immunological 
phenomena. In a prospective study we dealt with the 
following questions: 
- Are antibody titres indicative for the course of the 

disease? 
- Which relations exist between the thyroid suppressibility, 

the height of antibody titres and the relapse rates? 
- Is a highly dosed methimazole treatment more effective 

than a low dosed therapy? 

MATERIAL AND METHODS 

In patients with Graves' disease thyroglobulin 
antibodies (TAb), microsomal antibodies (MAb) and TSH
receptor antibodies (TBIAb) were determined during a 
methimazole (M!-lI) therapy for 1 - 2 years. We used the test 
kits Thymune T, Thymune M (Wellcome corp.) and TRAK-assayR 
(Henning). The thyroid suppression test was performed at the 
end of the therapy period (80 - 100 ~g T3/day, 10 days, 
positive: 24-h-uptake <35 %). The patients were followed-up 
for a period of 2 - 5 years(l). 

18 patients were treated with 40 mg (initial 60 mg) 
MMI/day and 19 patients with 5 - 10 mg (initial 20 - 30 mg) 
MMIjday for one year. After 3 / 6 and 12 months we examined 
MAb and the thyroid suppressibility. Furthermore we measured 
MAb 4 - 6 weeks after withdrawal of MMI. Up to now the 
patients of this group were followed-up only for 6 - 36 
months (2). 
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Table 1. TAb and MAb at the end of treatment and 
relapse rates 

TAb Patients Relapses MAb Patients Relapses 
en) (%) en) (%) 

Negative 134 38.1 Negative 41 24.4 
Positive 70 61.4 Positive 83 61.5 
2' 1 :250 30 83.3 ~ 1:1600 56 76.8 
a 1:2500 20 90.0 ~ 1:6400 37 83.8 
Total 204 46.1 Total 124 49.2 

Table 2. FredUency of positive thyroid autoantibody 
fin ings (%) in Graves' disease before and after 
treatment of at least 1 year 

Graves • disease n TBIAb MAb TAb 
Untreated 50 96 86 32 
Unproblematic course 24 17 29 25 
Problematic course 30 60 70 27 
Valuation: TBIAb >10 Ujl, MAb > 1:400, TAb >1:20 

Table 3. Preliminary results of highly (n = 18) and 
low dosed (n = 19) methimazole treatment 

Months t1ethimazole 
high low 

Suppression test 3 16.7 15.8 
positive (%) 6 55.5 26.3 

12 55.5 42.1 
MAb 3 50.0 10.5 

negative (%) 6 55.6 47.4 
12 50.0 31.6 

1 (post th.) 50.0 0.0 
MAb 3 66.7 31.6 

lowering (%) 6 88.9 52.6 
12 66.7 42.1 

increasing (%) 1 (post th.) 16.7 57.9 
Relapses (%) 6 - 36 38.9 63.2 

% of patients 

RESULTS 

Antibody titres before therapy were not indicative of 
the post therapeutic course of disease. But at the end of the 
treatment the antibody titres showed a significantly positive 
correlation with the persistence and relapse rates of 
hyperthyroidism (Table 1, Fig. 1). MAb allow a better 
prognostic statement than TAb but only by reason of their 
higher sensibility and frequency. But if TAb are measurable, 
then the predictive value appears to be not lesser (Fig. 1). 
There exists a significantly negative correlation between 
the intensity of thyroid suppressibility and the height of 
antibody titres (t-test: p<0.001). 
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Whereas patients with complicated course of disease 
(prolonged, persistence, early and repeated relapse) at the 
end of therapy showed high TBIAb-titres still in 60 %, titres 
in patients with uncomplicated course (good remission 
tendency, remissions) were in the positive range with 17 %' 
only. There is a correlation between MAb and TBlAb. But TBlAb 
can not be substituted by MAb because of their low sensibility 
(Table 2). 

During therapy with high Mt'lI doses the decrease of 
antibody titres were more rapid and more continuous after 
therapy in comparison with patients who had a low dose 
treatment. But these changes are only slight and do not give 
permission for reliable information about the clinical 
behavior (Table 3). The relapse rates are also different 
(high: 39.9 %; low: 63.2 %). But the results are influenced 
by the small number of patients and the inhomogeneous 
follow-up periods. 

CONCLUSIONS 

At the end of the tvll'n treatment high antibody titres 
indicate a continuation of the underlying immunological 
processes and thus a high risk of a persistence or an early 
relapse of hyperthyroidism (Ab titres high + euthyroidism: 
·pseudoremission·). By reason of the pathogenetical and 
pathophysiological processes it can not be expected that 
antibody findings give absolutly sure prognostic indications. 
But antibodies are helpful for giving a short time prognosis 
(F ig. 2). 
There exists a close correlation between results of 
suppression test and antibody titres. 
Up to now our results do not offer safe clinical advantages 
of a highly dosed drug treatment. 
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THE EFFECT OF HIGH DOSES OF CARBIMAZOLE IN PATIENTS WITH GRAVES'DISEASE 

AND IN SUBJECTS WITH THYROID ANTIBODIES 
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U. Di Mario, D.Andreani 

INTRODUCTION 
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00161 Roma Italy 

Several studies have pointed out that Carbimazole (CBZ) may have both 
in vivo and in vitro an immunosoppressive effect on the immune response 
towards the thyroid (1-4). In this study we have evaluated the immunologi
cal change induced by therapy with high doses of CBZ on two different groups 
of patients: Group A= patients with Graves' disease; Group B= patients with 
normal T3, T4, TSH values but with antithyroid antibodies. 

PATIENTS AND METHODS 

Patients 

Group A. Thirty-three newly diagnosed Graves' patients, age range 
14-73 years, were studied at diagnosis. All patients were treated with 60 
mg CBZ for 45 days and with 20 mg CBZ and 100-150 pg L-thyroxine for 13.5 
months. . 

Twelve of these patients were followed at regular distances thereafter 
(0.5, 1, 3, 6, 9, 12 and 15 months) . 

Two groups of age comparable control subjects were used: 35 for the 
study of TSH-receptors antibodies (TRAb), 26 for the study of the T-cells 
subsets. 

Group B. Seventeen patients, age range 20-60 years, with normal T3,T4 
and TSH, but showing anti-thyroglobulin (TGHA) and anti-thyroid microsomal 
(MCHA) antibodies and presenting a palpable thyroid, were followed up for 
one year. 

Eleven of these patients were treated with high doses of CBZ (60 mg 
daily initially; 20 mg daily maintaining dose for one year + L-thyroxine 
according to individual need). 

Six of these patients acted as controls for the study of humoral im
munity, were treated with L-thyroxine only. 
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Blood samples were taken at diagnosis and 1, 3, 6 and 12 months fol
lowing CBZ therapy. 

Methods 

TSH-receptors antibodies (TRAb) were evaluated using a RIA-kit (RIA 
Ltd., Tyne and Wear UK) based on the capacity of TRAb to inhibit the binding 
of I-125-labelled TSH to solubilized TSH-receptors. The results of the assay 
are expressed as a TSH binding inhibitory index (TRAb index) ;values of TRAb 
higher than 10 were considered positive. 

TGHA were studied using a radio-immune assay; MCHA were assessed using 
an indirect immunofluorescence technique on thyroid sections. 

Total T-cell subpopulations, helper/inducer and suppressor/cytotoxic 
T-cell subsets were studied with an indirect immunofluorescence technique 
using mAb OKT3, OKT4, OKT8 (Ortho Diagnostic) respectively. 

K/NK cells and activated T-cell subsets were determinated using an 
indirect immunofluorescence technique with mAb H366. 

RESULTS 

Group A 

91% of these patients showed high values of TRAb at diagnosis versus 
normal controls with a high statistical significance (p,O.OOl). The percen
tage of positivity in the follow up were 100, 89, 82, 80, 66, 60 and 55% 
after 0.5, 1, 3, 6, 9, 12 and 15 months of treatment respectively. 

A significant decrease in the suppressor/cytotoxic T-cell subset in 
Graves' patients was observed at diagnosis (p~0.02 vs normal controls). 
On the contrary, the decrease of total T-cells did not reach statistical 
significance. 

29% of Graves' patients at diagnosis were found to have increased le
vels of K and NK cells. 

No correlation was found between the proportion of CD8 positive cells 
and TRAb values at diagnosis and in the follow up. 

Finally, the incidence of relapse within 6 months of therapy with high 
doses of CBZ was 42%. 

Group B 

After one year of therapy with high doses of CBZ no differences in 
T-cell subsets were observed. Activated T-cell subsets were decreased after 
CBZ therapy (5.0! 2.0 before, compared to 0.4 + 0.3 after treatment. 

Disappearance of MCHA and TGHA was observed in 86% of patients treated 
with CBZ+ L-thyroxine compared to 25% of patients who received L-thyroxine 
only. 

DISCUSSION 

The results of this study suggest that CBZ at high doses can be used 
in the therapy of autoimmune thyroid disease as it can modify the parameters 
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of immune activation which are recognized to play an important role in the 

pathogenesis of this condition. 

Thus, as far as data obtained in group A, both the percentage of Graves' 

patients who showed high levels of TRAb at the end of treatment and the 
incidence of relapse within six months of therapy were low compared to 

data reported elsewhere (5,6). 

In group B, patients with thyroid autoantibodies but without hyperthy

roidism showed a reduction of the humoral immune resposne towards the thy

roid which may have clinical implications in the management of this disor

der. 

Therefore, treatment with high doses of CBZ could be a useful tool in 

two different clinical autoimmune thyroid diseases: a) Graves'disease, 

characterized by immune activation and high T3 and T4 values and b) pa

tients with T3,T4 and TSH within the normal range but with the presence 

of TGHA and MCHA antibodies. 

However, it is still unclear whether the effect of CBZ is due to a 

direct immunosuppressive action on lymphocytes infiltrating the thyroid 

or to a reuced thyroid antigen availability to the immune system induced 

by this therapy (7). 
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Several immunological abnormalities have been reported during the 
first week of life in premature and/or low-weight newborns. Impaired 
thymic function and particularly reduced capacity of the thymus to pro
duce thymic hormones might be implicated in this i.mmunodeficiency 1 • 
Experimental and clinical data suggest that thymic endocrine activity is 
regulated by the neuroendocrine system 2 , in particular by the thyroid 
statu~,4. We have previously reported that in human adults the circula
ting level of one of the most known thymic hormones. Le. thymuliri',5, is 
decreased in hypothyroidism and increased in hyperthyroidism and these 
changes are reversed by restoration of the euthyroid state with appro
priate therapy. Premature or SGA infants have reduced serum thyroid 
hormone concentrations during the first post-natal week/J _ In order to 
investigate whether impaired thymic endocrine activity and thyroid 
function abnormalities are related, we carried out several and parallel 
measurements of thymulin, T3 and T4 during the first weeks of life in 
full-term and in preterm newborns with various conditions. 

PATIENTS AND METHODS 

Subjects. The study was carried out in 131 newborns including: 26 
healthy full-term, 23 full-term small for gestational age (SGA), 30 
preterm appropriate for gestational age (AGA) and 22 preterm SGA and 30 
with respiratory distress syndrome (RDS) of whom 15 were full-term and 15 
preterm AGA. Blood samples were obtained 3, 5, 10, 20 and 40 days after 
delivery. 

Thymulin Determination. Plasma thymulin activity was measured by the 
method of Bach et al. , with minor modification, as previously describedR 

Thyroid Hormone Assay. Serum T4 and T3 concetration were determined 
by radioimmunoassay using comercial kits (T4 RIA and T3 RIA kits, ARIA 
II, Becton Dickinson, Spa, Milan, Italy). 461 



Table I. Plasma thymulin activity, T3 and T4 concentrations in all 
groups of newborns at the tenth day after birth 

Groups of Healtly 
newborns full-term 

Thymulin 

AGA 
pret. 

SGA 
pret. 

SGA AGA pret. 
full-term + RDS 

Full-term 
+ RDS 

activity 4.20tO.12 2.83tO.3* 2.77tO.2* 2.25tO.16* 1.41tO.17* 1.61±0.2* 
(log ) 

T3 167±6.64 127.6±6.43 131±17 142±14 73±3.27* 109.27±4.7** 
(ng/dl) 

T4 9.80±2.7 9.52±1.1l 9.0±0.9 9.27±1.48 7.95±1.65 
(~g/dl) 

*p<O.Ol and **p<0.05 when compared to healthy full-term newborns 
a: Mean±SEM 

RESULTS 

8.63±0.48 

In healthy full-term newborns circulating thymulin concentrations 
were low during the first days of life and subsequently increased 
reaching normal values for children aged 1-12 months7 by the tenth day 
after birth. Persistently low circulating thymulin and T3 were observed in 
the majority of newborns with pathological conditions, the lowest values 
of both hormones being observed in infants with RDS. (Table I) 

A highly significant positive correlation was present in all groups 
of newborns between mean circulating thymulin and T3 (r=O,80, p(0.001) 
but not T4 (r-O,29, p=n.s.). Short-term T3 administration in 6 selected 
additional preterm AGA newborns caused a significant increase of plasma 
thymulin titers when compared with 6 untreated controls. 

DISCUSSION 

The results of the present investigation provide the first evidence 
that plasma thymulin levels are low during the first days of life and 
reach the normal values reported for children aged 1-12 months7 about 
ten days after birth. Furthermore, our data indicate that in full-term 
and preterm SGA, preterm AGA and full-term or preterm AGA newborns with 
RDS, plasma thymulin titers remain persistently lower than those of 
healthy full-term infants from birth to 40 days of life. These findings 
confirm the previous observation of reduced plasma thymulin in full-term 
SGA newborns and show that this also occurs in preterm newborns. In 
agreement with previous report6 , low circulating T3 and, to a lesser 
degree, T4 concentrations were also observed during the first weeks of 
life in all the pathological conditions, the lowest values being observed 
in preterm SGA and in RDS affected infants. Although the precise 
mechanism(s) responsable for thymulin deficiency observed by us in 
premature newborns is (are) still unknown the observation of a highly 
significant positive correlation between plasma thymulin and T3 
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concentrations in all groups of our newborns strongly suggests that 
abnormal thyroid function might playa role in this phenomenon. This 
concept is in keeping with several adult studies carried out both in 
animals and in humans showing a direct relationship of thymic endocrine 
activity and thyroid status 3,~ 

Furthermore, the relevance of thyroid hormone in modulating plasma 
thymulin in sick newborns was further stressed by the observation that 
short-term T3 administration increased plasma thymulin activity in a 
small group of preterm AGA newborns. The mechanism by which thyroid 
hormones influence thymic endocrine activity is still unknown. Although 
other explanation are possible, the concept that thyroid hormones affect 
thymic secretion is in agreement with previous experimental data showing 
that T3 increases either the number or the secretory activity of thymic 
epithelial cells, which are believed to produce thymuli~. In conclusion, 
the data of the present investigation provide evidence that circulating 
thymulin is decreased in premature newborns with low T3 syndrome and that 
this abnormality may be reversed by administration of T3. These findings 
indicate that thymic endocrine activity is modulated by thyroid function 
in the early post-natal life. 
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INTRODUCTION 

HLA Class II molecules are not constitutively expressed in epithelial 
cells but they have been found to be 'inappropriately' expressed in human 
thyrocytes (1) and in other epithelia affected by autoimmune diseases (2). 
Thus it has been postulated that Class II positive thyrocytes could present 
autoantigens and trigger and/or maintain the autoimmune process (3). 
The disappearance of Class II positivity when thyrocytes are kept in culture, 
sug~ests the possibility that this inappropriate in vivo expression is induced 
and/or maintained by soluble factors (i.e. lymphokines) (4, 5). In fact these 
substances are able to induce expression of Class II molecules by human 
thyrocytes (6) and other epithelial cells in vitro. However, the little 
knowledge about the real mechanism(s) operating in vivo prompted us to explore 
the possibility that an oncogenic virus (SV-40) could modulate HLA molecule 
expression in human thyrocytes. 

MATERIALS AND METHODS 

Cell culture and transfection procedure 

Thyroid cell mono layers were obtained from a thyroid of a patient 
operated from Graves' disease by ~ol1agenase digestion (Wortinghton, type IV). 
Cells plated in 90 mm Petri dishes were transfected with a modified PBR 322 
vector containing the SV-40 early region (6) using the calcium phospate 
precipitation technique (7). Culture medium was changed once a week and the 
cells were periodically checked for the emergence of colonies. Cell colonies 
were detached by a fine bored Pasteur and cultured separately. 

Cell characterization and HLA expression 

Indirect immunofluorescence technique (IFL) was employed to check the 
effectiveness of the transfection, to identify the transfected cells and to 
detect HLA product expression. Cells were cultured on glass coverslips and 
stained with monoclonal antibodies (moAbs) prior or after fixation with 50% 
v/v methanol/acetone for the detection of membrane and cytoplasmic antigens. 
The moAb 3C3 anti SV-40 Large T antigen (Dr. D. Lane) was used to detect the 
presence of Large T antigen in the nuclei of the transfected cells and moAb 
LE-6I (Dr. B. Lane) to stain the cytokeratin network (characteristic of 
epithelial cells (8). Class I antigens were detected by moAb W6/32 (Drs. J. 
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and W. Bodmer) and Class II antigens by moAbs MID3 (Drs. G. Guarnotta and 
P; Lydyard) and RFDR 1 (Prof. G. Janossy). 

RESULTS 

Six weeks after the transfection, numerous foci were detected in the 
transfected monolayer and were individually cultured. The bulk culture was 
also subcultured. At 16 weeks fast growth of both colonies and bulk culture 
was observed. At 4 and 6 months cells from the bulk culture were cloned by 
limiting dilution and 34 clones were obtained. 

Cell characterization 

All the transfected cells showed a nuclear IFL staining with the moAb 
anti SV-40 Large T antigen and a cytoplasmic network of cytokeratin. When 
examined by electron microscope, the transfected cells showed microvilli and 
junctions reminescent of "tight junctions" providing evidence to be thyrocytes. 
Thyroglobulin (up to 400 ng/106 cells) was detected by radioimmunoassay 
(Sorin) in the cytosol preparation of most cell population. 

HLA molecules expression 

HLA Class I and Class II molecules have been periodically determined by 
IFL. Class I staining was more intense in the transfected cells than in the 
non transfected parental culture. Surprisingly, Class II products, 
undetectable in the non transfected cells,started to be expressed at 4 months 
from the transfection in 5-10% of the cells from the bulk culture. At the 
same time a similar percentage of cells was also positive in 4 out of 17 
colonies examined. This was concomitant with the acquisition of a faster cell 
growth probably indicating a stable integration of the viral DNA into the 
host genome. In addition, when clones derived from the bulk culture were 
analyzed 2 out of 34 were Class II positive in a higher percentage of cells 
(30-40%), whereas 14 expressed Class II at a lower level and 18 were 
consistently negative. Individual clones maintained the same percentage of 
Class II positive cells over a period of several months in culture. The 
supernatants of Class II positive clones were unable to induce any change in 
HLA product expression either in negative clones or in normal thyroid cells. 

DISCUSSION 

SV-40 virus has been extensively used to immortalize cultured mammalian 
cells (9). Although the mechanism involved is unclear this function is 
dependent by the presence of the Large T antigen, a protein able to bind the 
DNA of the host cell and to regulate gene transcription (10). After SV-40 
transfection, human thyroid mono layers acquired an extended life span and, 
interestingly, were found to express "spontaneously" HLA Class II molecules. 
The fact that the conditioned medium from these cells is unable to induce 
Class II expression by normal thyrocytes suggests that this characteristic is 
constitutive to the transfected cells (probabyvirus induced) and not mediated 
by soluble mediators. Thus the possibility exists that a similar mechanism 
could be responsible for the "aberrant" HLA Class II expression observed 
in vivo. 
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SPECIFIC DNA POLYMORPH ISMS IN THE DQ ALPHA REGION OF PATIENTS WITH 

GRAVES' DISEASE AND HASHIMOro'S THYROIDITIS 

INTOODUcrION 

K.Badenhoop, V.Lewis, V.DrllIlll'Ond, V.Algar, G.Schwarz, 
and G.F.Bottazzo 

St.Bartholomews and Middlesex Hospitals 
London, UK 

Amongst other organ-specific autoimmune diseases Graves' disease 
and Hashimoto's thyroiditis are generally associated with certain 
serological liLA DR specificities (DR3 and DR4 and/or 5 respectively). 
However the associations shown so far have not been as clear as with 
other autoimmune diseases and the relative risks have been calculated 
to be around 3-4. Therefore the actual disease susceptibility gene(s) 
are thought to be in linkage disequilibrium with genes in the liLA 0 
region and might lie in the DQ subregion on the short arm of chrOIOOSome 
6. To investigate this association further at the genomic level we 
studied the structure of the liLA class II genes in patients with 
Graves' disease and Hashimoto's thyroiditis using RFLP (restriction 
fragment length polymorphism) analysis. Patients and controls were also 
studied with serological methods. 

METHODS 

High molecular weight DNA from patients with Graves' disease (G), 
Hashimoto's thyroiditis (H), and controls (C) was extracted and 
digested with the restriction endonucleases PvuII(24G,2lH,lSC), 
PstI(17G,7H,15C) and TaqI(2lG,23H,11C). DNA was size separated on 0.8% 
agarose gels and transferred to Nylon filters. Filters were then 
hybridised to a eDNA probe of the DQ alpha chain (provided by 
Dr.J • Trowsdale ICRF, London), which had been labelled to a specific 
activity of 10~cpmVUg by oligonucleotide labelling. After stringent 
washes the filters were subjected to autoradiography for 2 to 10 days. 
Bands were compared to serology and to recently published polymorphisms 
in homozygous typing cell lines (1,4). 

RESULTS 

Amongst the 28 Graves'disease patients no DR3 excess was found. 
However the 23 Hashimoto's thyroiditis had an increased DR4 (11,48%), 
giving a weak RR=1.8l(NS). RFLP analysis with PvuII showed a 4.8+o.2kb 
band in 42% of Graves, 33% of Hashimoto's but 6.7% of controls. The 
difference between the Graves' and the controls reached a level of 
significance of p<0.05. 
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PstI digestion resulted in a 4.4+O.2kb band more common in both 
Graves'(82%) and Hashimoto's (86%) than in controls(47%), although not 
reaching significant levels. TaqI digestion showed a band of 6+0.2kb in 
48% of Graves', 52% of Hashimoto's but 9% of controls.This was
significant for the Hashimoto's group (p<0.05).(Table 1). 

The DX alpha polYlOOrphism (2.4/2.2kb) was similarly distributed in 
Graves' and Hashimoto's(52%/65%) but differently in the controls, where 
91% had the 2.4kb band and 36.4% the 2.2kb band. As differences in 
these polYlOOrphisms could be attributed to the differing HLA serology, 
three groups were examined which recently showed a common DQ alpha RFLP 
analysis: DRl,2,w6 - DR3,5,8 - DR4,7 ,9. When corrected for these 
serological data, differences still occurred in the DR4,7,9 group for 
the PstI 4.4kb band : 3/5 Graves' vs 5/6 Hashimoto's but 2/SControls. 
The TaqI 6kb band was more common in both Graves' and Hashimoto's for 
all the haplotypes tested: DRl,2,w6: 5/11 Graves' vs 4/8 Hashimoto's 
vsl/4 Controls i DR3,5,8: 4/11 Graves', 6/10 Hashimoto's, 0/3 Controlsi 
DR4,7,9: 4/6 Graves', 11/16 Hashimoto's, 0/6 Controls. (Table 2). When 
looking at DR4 Hashimoto's thyroiditis vs DR4 controls the 6kb band was 
found in 5/10 Hashimoto's but 0/4 controls. The PvuII 4.8kb 
polYlOOrphism is present in 5/9 DR4 Hashimoto's patients but 0/4 DR4 
controls. (Table 3). We then tested whether the PstI4.4kb and the 
TagI6kb bands are related: 7/l3G had both,4 only the PstI band, 2 only 
the TaqI band, none had neither. 5/7H had both bands, 1 the PstI, 1 
the TaqI band only, none had neither. In the controls 1/11 had both 
bands, 4 only the Pst! band and 6 had neither. The two bands seem 
therefore to be related in the disease groups only. (Table 4). 

PvuII 4.8+O.2kb 

Graves' 
Controls 
Hashimoto's 

10/24 (42%)* 
1/15 ( 7%) 
7/21 (33%) 

* p<0.05, x2>3.78(Yates c.) 

DQ alpha RFLP - DR serology 

DRl,2,6: TaqI 6±<>.2kb 

Graves' 
Controls 
Hashimoto's 

5/11 (45%) 
1/4 (25%) 
4/8 (50%) 

DR4 only TaqI 6kb 

Hashimoto's 5/10 (50%) 
Controls 0/4 
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Table 1 

Pst! 4.4+0.2kb 

14/17 (82%) 
7/15 (47%) 
6/ 7 (86%) 

Table 2 

TagI 6+O.2kb 

10/21 (48.%) 
1/11 ( 9%) 

12/23 (52%)+ 

+ p<0.05, x2>4.l7(Yates c.) 

DR3,5,8: TaqI 6±<>.2kb DR4,7,9: TaqI 6±0.2kb 

4/11(36%) 
0/3 
6/10(60%) 

Table 3 

PvuII 4.8kb 

5/9 (56%) 
0/4 

4/6 (67%) 
0/6 

11/16(69%)* 
*x2>5.72(Yates c.), 
p<0.025 



Combined DQ alpha polyIOOrphisms: 

Hashinoto's: 

TaqI 6kb + 

DISCUSSIOO 

+ 
5 
1 

PstI 4.4kb 

1 
a 

Table 4 

Controls: 

TaqI 6kb + 
+ 
1 
4 

PstI 4.4kb 

o 
6 

Recent data suggest that genetic analysis at the HLA DQ subregion 
should consider individual alpha and beta polyIOOrphisms (I). This type 
of analysis will increase our understanding of the existing 
relationships between serology for DR and DQ. As linkage in both 
Graves' disease and Hashinoto's thyroiditis with DR serology is not as 
striking as in e.g. type I diabetes mellitus, disease susceptibility 
markers might be in the DQ subregion. The DQ alpha polyIOOrphism was 
recently found to be also in the different lengths of mRNA relating to 
DQwl, DRw53 and DR3+5 (3) .These are specificities, which show the DQ 
alpha RFLP at the genomic level (1,4). As DRw53 (DR4,7,9) and DRw52 
(DR3,5) are DR beta chain related, this seems to be in linkage with the 

DQ alpha chain. Our findings of the PvuII 4.8kb band in the Graves' 
patients and the TaqI6kb band in Hashimoto's patients were significant. 
When corrected for the serological background (by subdividing into DQ 
alpha RFLP associated haplotype groups) the PstI 4.4kb band was still 
more common in the DR4,7,9 Hashimoto's compared to controls. The TaqI 
6kb polyIOOrphism remained increased in both Graves' and Hashinoto's 
using the same method. The fact that the two bands seem to be related 
in the disease groups and that in DR4 Hashinoto's the difference 
remains compared to DR4 controls indicates that there might be 
restriction enzyme sites in the DQ alpha non-coding region of 
Hashinoto's and Graves' patients which differ from controls and others 
which differ amongst the two disease groups. We have not considered the 
classical DQ associations, because only DQwl seems to be correlated 
with DQ alpha polyIOOrphisms and DQw2 and 3 with DQ beta polyIOOrphisms. 
Analysis of DQ beta polyIOOrphisms is in progress as well as the 
enlargement of our patients' and control groups to confirm and extend 
our preliminary findings. 

SUMMARY 

RFLP{restriction fragment length polyIOOrphsm) analysis of the DQ 
alpha subregion with PvuII, PstI and TaqI revealed a PvuII4.8kb, a 
PstI4.4kb and a TaqI6kb band more common in both Graves' and 
Hashimoto's patients. These differences persisted when corrected for the 
HLA serology background and were significant for the PvuII 4.8kb band 
in the Graves' group and the TaqI 6kb polymorphism in the Hashimoto's 
group. These observations indicate that markers for the disease 
susceptibility genes in both Graves' disease and Hashimoto's 
thyroiditis might lie in the DQ region on the short arm of chromosome 
6. 
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SURVEY OF POST-PARTUM THYROID ANTIMICROSOMAL AUTOANTIBODY AS A MARKER FOR 

THYROID DYSFUNCTION 

INTRODUCTION 
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The association of post-partum thyroid dysfunction (PPTD) with positive 
serum antimicrosomal antibody (AMA) has been increasingly recognized (1-5). 
However, few detailed prospective systematic surveys have been performed on 
large numbers of patients and controls to determine the precise prevalence 
of AMA positivity from delivery to one year post-partum (PP) in a series of 
mothers proven to have developed PPTD compared to those mothers who were 
also documented to have normal thyroid function (NTF), to evaluate not only 
the possible utility of a serum AMA test as a marker for the detection of 
PPTD but also whether such evidence could support an underlying autoimmune 
etiology for most PPTD patients. 

METHODS 

261 mothers who were euthyroid at delivery without any previous past 
history of thyroid dysfunction or nodular goiter were followed at intervals 
of approximately 2 months from delivery to one year PP to determine the 
prevalence of positive AMA within those mothers documented to have either 
PPTD (hyperthyroidism or hypothyroidism) vs. those mothers with normal 
thyroid function (NTF). Thyroid dysfunction was assessed by routine 
measurements of serum free thyroxine using a commercial method (Clinical 
Assays 2-step test, Cambridge, Mass.) and serum total triiodothyronine and 
pituitary thyroid-stimulating hormone assays as performed by standard 
double-antibody radioisotopic methods (6). Serum AMA tests were performed 
using a standard commercial hemagglutination method (Sera-Tek Test, Ames, 
Division of Miles Laboratory Ltd., Rexdale, Ont.) with a positive titre = > 
1:80 (6). Chi square (x2) and Fisher's exact tests (both with Yates' 
correction for continuity), i.e. x2correct, were used for comparison 
between groups. Relative Risk (RR) was calculated using odd ratios and the 
validity of the AMA test in its sensitivity and specificity for PPTD was 
calculated by standard methods. Two tailed P values < 0.05 were considered 
to be significant. 
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RESULTS 

Among the 261 mothers surveyed, the overall prevalence of AMA 
positive was 15% at delivery; 21% at 2-4 months PP; and 26% at 5-7 months 
PP. However, a comparison of changes in titer from delivery to 5-7 months 
PP, revealed that AMA positive NTF mothers had no further increase in mean 
titer whereas, AMA positive PPTD mothers had a mean 3-fold increase in 
titer. A retrospective analysis 011 the of AMA+ results at delivery in 
predicting PPTD revealed that it had no significant (P - > 0.05) predictive 
value for the occurrence of PPTD since AMA+ at delivery was only 25/55 
(43%) for those mothers developed PPTD vs. 15/206 (7%) of those mothers who 
had NTF. At 2-4 months PP, AMA+ results were present in 35/46 (76%) of 
mothers with PPTD vs. 19/215 (9%) for those with NTF, resulting in a 
x2correct = 100.5 (p < 0.0001), RR for PPTD = 32.8 with a sensitivity of 
0.76, and a specificity of 0.92. At 5-7 months PP, AMA+ results occurred 
in 47/55 (86%) for mothers with PPTD vs. 22/206 (11%) for those mothers 
with NTF resulting in a x2correct = 121, (p = < 0.0001), RR for PPTD = 49; 
with a sensitivity 0.86, and a specificity of 0.90. 

DISCUSSION 

The experimental design employed in our study which assessed not only 
those mothers who developed PPTD, but also those documented to have NTF has 
permitted the appropriate calculations of the relative sensitivity and 
specificity values as well as predictive estimates for AMA positivity as a 
marker for PPTD. Such studies have demonstrated that patients who developed 
PPTD had a 3-fold rise in mean AMA positive titer from delivery to 5-7 
months PP and that the sensitivity and specificity of AMA positive results 
was optimal at 5-7 months post-partum at 0.86 and 0.9 respectively, when 
most patients were in the hypothyroid phase of PPTD. AMA positivity at 2-4 
months PP was also a good predictor of PPTD at 0.76 and 0.92 respectively, 
when most patients were in the thyrotoxic phase of PPTD. Such observations 
are in agreement with the theory that there is a suppression of immune 
mechanisms during pregnancy which rebounds post-partum to activate 
autoimmune diseases, as well as previous studies on a smaller number of 
patients with PPTD due to painless thyroiditis (1-5, 7-10) which have been 
reviewed in detail elsewhere (11-13). Serial observations of AMA+ in the 
first trimester of pregnancy and post-partum in mothers with known 
Hashimoto's thyroiditis (11,12) has observed a similar post-partum rebound 
rise in AMA positive titers. However, the recommendation of a recent report 
(10) regarding screening for PPTD at delivery is at variance with our 
observations, since only 43% of those mothers who developed PPTD had a 
positive AMA titer at delivery, thereby indicating that AMA+ at delivery 
had a lesser predictive value for the development of post-partum thyroid 
dysfunction than AMA+ at 2-7 months PP when it achieves optimal diagnostic 
value as a marker for the detection of PPTD. 

Moreover, these studies indicate that most PPTD detected in our region 
likely arises as a result of post-partum activation of anti-thyroidal 
autoimmune mechanisms and supports recent reviews on the current clinical 
and experimental evidence favouring post-partum activation of autoimmune 
mechanisms in the pathogenesis and onset of PPTD from painless thyroiditis 
(11-13). PPTD occurs at an approximate prevalence of 4-5% for the PP 
mothers screened in our region (13), being similar to the results of several 
other surveys (4,5,9,10). While routine screening of post-partum mothers 
for PPTD is controversial and probably not justified, particularly at 
delivery, our results indicate that the assessment of thyroid function and 
autoimmunity should be performed in those mothers who have the post-par tum 
onset of new symptoms, and that a positive AHA titer at 2-7 months PP could 
be a very useful marker for detecting PPTD. 
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HLA REGION GENE INVOLVEMENT IN CONGENITAL HYPOTHYROIDISM 

INTRODUCTION 
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Congenital hypothyroidism is commonly due to developmental abnorma
lities of thyroid resulting in ectopic or hypoplastic thyroid gland as 
well as in total thyroid agenesis. The etiology of these abnormalities 
has not been yet clarified. Moreover, a less common cause of congenital 
hypothyroidism is thyroid dyshormonogenesis,due to several hereditary de
fects in thyroid hormone synthesis or metabolism1 • An association among 
the human hystocompatibility system and autoimmune thyroid diseases2 and 

~:: :~:~i;:~:;t:~g~c;~:ea~!s:;s::es~~:s::tC:~~:;i::~ ::r:::~u:~~e:~~a:~: 
involvement and immune response modulation in congenital hypothyroidism. 

MATERIALS AND METHODS 

We studied 48 Italian patients with congenital hypothyroidism (9 
boys and 39 girls), aged 1.3-24.7 years; 22 patients were affected by 
thyroid agenesis, 22 by tnyroid ectopia and/or hypoplasia and 4 by dysho~ 
monogenesis. The diagnosis was made on the basis of laboratory findings 
(including determinations of serum thyroid hormones and TSH) and thyroid 
scintigram. All were on appropriate replacement therapy. HLA class I and 
II molecules (65 specificities) typing was performed by NIH microlympho
cytotoxicity test on T and B enriched lymphocyte suspensions from peri
pheral blood samples. Fisher's exact test was used for comparisons with 
a large sample (226) of healthy blood donors from Northern Italy. Autoan
tibodies (ANA, MA, SMA, RA, LKM, antiribosoma, PCA, IECA, ICA-IgG, CF-ICA, 
TgA, MsA, anti adrenal , antigonads) were detected by indirect immunofluo
rescence or passive haemoagglutination both in 44 patients and in 131 age 
and sex-matched normal subjects. 

RESULTS 

An increased frequency of A31 and DR5 was found in the entire group 
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Table 1. Significant deviations in HLA phenotype frequencies in 
patients with congenital hypothyroidism versus controls 

HLA antigens 

A31 

DR5 

Patients 
(n=48) 

% 

12 

52 

(n) 

(6)* 

(25)** 

* unc. Fisher's P 0.0110 

** " " P 0.0077 

Controls 
(n=226) 

% 

3 

31 

(n) 

(7)* 

(69)** 

Relative risk 

4.47 

2.47 

Values are percentages. Values in parentheses are numbers of subjects 

of patients compared to the controls (Tab. 1). When a distinct comparison 
was made between various subgroups of thyroid disorders and controls, an 
increased frequency of A24, A31, B18, CW6 resulted in the group of patients 
with thyroid agenesis; A1 and DR5 frequency was significantly increased 
in patients with ectopic and/or hypoplastic thyroid gland (Tab. 2). Com
paring HLA phenotypic frequency of patients with thyroid agenesis versus 
patients with thyroid ectopia and/or hypoplasia, a significant increase 
of A24 and CW6 antigens resulted in athyreotic patients as well as A1 in 
patients with ectopia and/or hypoplasia (Tab. 3). HLA phenotype was dif
ferent in the 4 patients (two of them were siblings) with dysormonogene
sis. No statistical analysis was performed on these patients. Autoantibo
dies were present in 35% of the patients and in 24% of the controls (p= 
n.s.). No patients had antithyroid antibodies (TgA/MsA). We found no si
gnificative difference inHLA antigen frequencies in patients positive 
and negative for autoantibodies. 

Table 2. Differences in HLA frequencies in patients with thyroid 
agenesis and with thyroid ectopia and/or hypoplasia com
pared with controls 

HLA antia_ Thyroi4 ... n .. 1. Thyroid ectopia Heal th7 control. Uncorrected Relative l"1ek 
( .... 22) and/or h,ypop1_1. (no22tI) rleber'. P val •• 

( ... 22) 

" (n) " (n) " (n) 

A1 5 (1) 311" (8) 19" (~) "0.039 2.38 

A24 41" (9) 14 (3) 21" (48) "0.028 2.57 

A31 14" (3) 9 (2) 3" (7) ·o.on 4.94 

818 32" (7) 18 (4) 18" (37) "0.047 2.38 

aNI 27" (Ii) 0 (0) 12" (27) "0.038 2.78 

DR5 45 (10) 55" (12) 31" (H) "0.023 2.72 

478 



Table 3. Statistically different HLA antigen distribution in 
patients with thyroid agenesis and with thyroid ectopia 
and/or hypoplasia 

HLA 
antigens 

Thyroid agenesis 
(n=22) 

Thyroid ectopia 
and/or hypoplasia 

(n=22) 

Uncorrected 
Fisher's P value 

Al 

A24 

CW6 

DISCUSSION 

% 

5 

41 

27 

(n) 

(1) 

(9) 

(6) 

% 

36 

14 

o 

(n) 

(8) 

(3) 

(0) 

0.0359 

0.0100 

Our study, involving HLA class I and II molecules, demonstrates a 
higher frequency of A3l and DR5 antigens in our Italian patients with con
genital hypothyroidism. A higher frequency of A24 and CW6 antigens was 
found in athyreotic patients compared to both controls and patients with 
ectopia and/or hypoplasia; a higher frequency of Al was found in patients 
with ectopia and/or hypoplasia compared to both controls and athyr§otic 
patients. Concerning only HLA class I molecules, Miyai and Cimino sug
gested an association between congenital hypothyroidism and HLA-A24 in 
Japgnese population and HLA-B18 in white American patients, while Jacob
sen didn't find any HLA association in Danish patients. Concerning HLA 
class II molecules, an involvement of DR5 antigen has been described onl, 
in autoimmune thyroid diseases (i.e. Hashimoto's thyroiditis with gpitre ). 
On the basis of literature's data and our study, HLA region seems to be 
probably involved in susceptibility to congenital hypothyroidism. 
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PROBABILITY OF A BENEFICIAL, DOSE-DEPENDENT, IMMUNOSUPPRESSIVE ACTION 

OF CARBIMAZOLE IN GRAVES' DISEASE 

INTRODUCTION 

Jacques Duprey, Marie-Francoise Louis*, Maggy Sultan 
and Elisabeth Lifchitz 

Policlinique and *Laboratoire de Biochimie 
H6pital Ambroise-Pare, 92100 Boulogne, France 

It is known that the mean titre of the serum anti-TSH receptor autoan
tibodies (ATRA) progressively decreases in patients with Graves' disease 
treated with carbimazole.f,~ It has been suggested that this decrease may 
be due to the lowering by carbimazole of thyroid hormones synthesis.l,~ In 
order to test whether there is also a direct, dose-dependent, immunosuppres
sive action of carbimazole, we have compared the evolution of ATRA levels 
between two groups of patients with Graves' disease at first attack. The pa
tients of the two groups differed by the daily dosage of carbimazole, but 
were maintained at similar levels of serum T3. 

PATIENTS AND METHODS 

Patients of group 1 (32 cases) received a "quickly degressive treat
ment" (QDT): carbimazole 60 mg!day at first, and then rapidly reduced to 
maintaine an euthyroid state without adding thyroid hormones. Patients of 
group 2 (32 cases) received a "prolonged high dosage treatment" (PHDT): car
bimazole 60 mg!day, maintained during 6 months, and then reduced monthly 
(50-40-30-20-10-0 mg!day), with adding of substitutive hormonotherapywith L
T3 (25-50 pg!day) to maintain an euthyroid clinical state. Clinical and bi
ological tests were performed before treatment and at different times after 
starting therapy. Only 23 cases in QDT group and 5 in PHDT group had a sur
vey of 24 months or more. ATRA were measured by the TRAK-Assay (Behring~ 
and expressed as percentages of inhibition of radiolabeled TSH binding to 
thyroid membranes. 

RESULTS 

The mean daily dosages of carbimazole in the PHDT group vs the QDT group 
were respectively, at 0-0.5-1-2-3-4-6-9-12-15-18-21 and 24 months (mean ± 
sem): 58 ± 1 vs 58 ± 1; 58 ± 1 vs 56 ± 1; 58 ± 1 vs 46 ± 2; 59 ± 1 vs 27 ± 3; 
60 ± 0 vs 15 ~ 3; 60 t 0 vs 19 ±4; 59 ± 1 vs 13 t 2; 35 t 3 vs 13 ± 3; 10 
± 4 vs 11 ± 2; 5 ± 4 vs 9 ± 2; 4 ± 4 vs 10 ± 3; 0 ± 0 vs 8 ± 3; 0 ± 0 vs 7 
± 3. The differences are highly significant (P<O.OOI) from 1 to 9 months 
(Fig.l). 
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longed high dos~ge 
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Fig. 2. Titres of anti-TSH receptor 
antibodies. QDT: quickly 
degressive treatment. PHDT: 
prolonged high dosage 
treatment. * P<0.05. Anti
TSH receptor antibodies 
measured by the TRAK-Assay 
(Behring) . 

The mean values of serum T3 decreased quickly in the two groups and 
remained in the normal range from 0.5 to 24 months. They did not differ 
significantly between the two groups at any time except 3 months. 

The mean ATRA levels decreased in the two groups, but more quickly in 
the PHDT than in the QDT group, respectively (mean ± sem): 36 ± 5 vs 41 ± 4; 
33 ! 6 vs 42 ! 5; 32 ± 5 vs 41 ± 5; 29 ± 5 vs 38 ± 5; 26 ± 4 VB 34 ± 5; 22 
± 4 vs 29 ± 5; 17 ± 4 VB 28 ± 4; 12 ± 3 vs 21 ± 4; 9 ± 4 vs 19 ± 4; 4 ± 2 vs 
18 ± 5; 4 ± 2 vs 21 ± 5; 6 ± 2 VB 19 ± 5; 5 ± 3 vs 18 ± 4. The differences 
are statistically significant at 15 and 18 months (P<:O.5) (Fig. 2). 

We have calculated at every time the ratio R/E, i.e. number of cases 
relapsing or having relapsed before/number of cases with persistent euthyroid 
state. R/E in PHDT vs QDT group was: 6 months. 0/27 vs 7/23 (P<O.05); 9 
months, 0/22 vs 8/19 (P<0.05); 12 months, 1/19 vs 8/18 (NS); 18 months, 
1/13 vs 10/15 (NS); 24 months, 0/5 vs 11/12 (NS) (X2. test ) (Fig. 3). 

The actuarial curves of the cases without relapse, according to the 
Kaplan-Meier method, show a high significant difference between the two 
groups (log rank test: P< 0.01) (Fig. 4). 

DISCUSSION 

The immunosuppressive effects of antithyroid drugs have been discussed~ 
They might be due to the lowering by these drugs of the thyroid hormones se
cretion, as these hormones may contribute to the synthesis of the antibo
dies~ Our results, obtained when comparing the action of very different dos
ages of carbimazole in patients maintained at similar levels of serum T3, 
seem in favour of a direct, dose-dependent, immunosuppressive action of car
bimazole in Graves' disease. They agree with the experimental results of Mc
Lachlan.6 This immunosuppressive action is accom~anied by a beneficial, clin
ical effect : the relapses of thyrotoxicosis are less frequent in patients 
treated with high dosages than in patients treated with low dosages of anti
thyroid drugs. 7,8 
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EVIDENCE FOR DR-AG-EXPRESSION BY RHS-CELLS AND NOT BY THYROID 
EPITHELIAL CELLS 

J. Teuber, R. Paschke, U. Schwedes, M. Knoll, 
J. Cristophel, and R.H. Usadel 

II. Medical Department, Klinikum Mannheim, 
University of Heidelberg, Theodor-Kutzer-Ufer 
6800 Mannheim, FRG 

INTRODUCTION 

The class II or MHC II antigens (Ag) play an essential ro
le for the Ag-recognition by macrophages and the interaction 
between immunologic regulatory- and effectorsystems. 

The susceptibility ~9 diseases and the strength of the 
immune response to certain Ag are aenetically controlled by 
these HLA-DR-Ag and are varying depending on the individual 
pattern of these MHC II-Ag. DR-Ag expressed on B-Iymphocytes 
(Ly)and activated T-Ly as well as on cells of RHS. Hanafusa 
et al. (1) demonstrated the occurence of these Ag on thyroid 
membranes first in native tissue in patients with autoimmune 
thyroid diseases. They could also induce DR-Ag in cultivated 
thyrocytes which are cocultivated with lectins. Later Bottaz
zo et al. (2) described DR-Ag on islet cells in the pancreas 
of a newly detected diabetes type I. The authors suppose that 
the membrane expression of DR-Ag is important for the induc
tion of the autoimmune process. In contrast to this asumption 
Weetman et al. (3) as well as our group (4) could demonstrate 
that DR expression on thyroid cells does not have any effect 
as trigger mechanism for the T-cells. We interpreted the 
appearance of DR-Ag on thyroid epithelial cell membranes as 
an epiphenomenon caused by lymphokinins which are released 
during the immune reactions. Up to now IL-l or IL-2 produc
tion by epithelial cells could not be shown. Since on the 
other hand interleukins are necessary for mediating the 
immune process we looked for other cell types which would be 
able to produce these substances. 

MATERIAL AND METHODS 

Tissue sections of thyroids from patients undergoing sub
total thyroidectomy were screened for the occurrence of DR-Ag, 
fibronectin, dentritic cells and specific Ag of endothelial 
cells. Patients were suffering from Graves disease (GD,n=3) 
and thyroid carcinoma (TC,n=6). The immunohistochemical in
vestigations were performed by indirect immunofluorescence 
(FITC and rhodamine) and immunoperoxidase-technique using 
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highly specific monoclonal antibodies as follows: 
BMA 020, anti human fibronectin, BMA 340, BMA 120. 

RESULTS 

DR-Ag staining was found in all tissue sections with dif
ferent intensity. In TC DR-Ag expression was confined to hi
stologically identify malignant cell areas. In GD DR mole
.cules were distributea over the whole section. The staining 
was found to be homogeneous. There was a week local preva
lence in regions where lymphatic infiltration was present. 

The percentage of DR-Ag positive malignant cells varied over 
a broad range in the different specimens. In the same areas 
in which DR-Ag was expressed a positive staining could also 
be detected for fibronectin, reticulum cells and endothelial 
cells. Routine HE staining could only demonstrate thyroid 
epithelial cells. in the corresponding areas. By low power 
magnification it was not possible to discriminate whether DR
staining was localised on cell membranes or between the 
cells as it can be shown by higher magnification. 

DISCUSSION 

The occurence of DR-Ag in Graves'disease tissue is well 
documented. In TC the appearance of these molecules is not 
jet sufficiently investigated whereas this phenomenon is 
well known in other malignant neoplasias. Their localisation 
in areas with malignantly altered cells is discussed as a 
prognostic marker. 

The simultaneous detection of DR-Ag combined with antigens 
of RHS like fibronectin, dendritic antigen and endothelium in 
identical areas suggests that characterization of these ceils 
as RHS cells is more likely than epithelial cells. The common 
occurence of all these antigens for RHS in the same areas 
makes this assumption more probable. 

Since RHS cells are antigen presenting cells (APC) they 
are able to produce interleukines and other mediators. This 
capability is a necessary condition for the induction and 
perpetuation of immune processes. In case of this adequate 
antigen presentation autoimmune reactions against thyroid 
epithelial cells in Graves'disease as well as a possible pro
tective effect in TC may be well explained. 

During the course of immunologic interactions mediators 
like interferones and interleukines are released. So far se
cretion of these substances by epithelial cells has not been 
described. But earlier investigations (5) could well document 
the induction of DR-Ag on thyroid epithelial cells by these 
kiriins. In this context an eventual DR-Ag expression on thy
roid epithelial cell membranes is a secondary phenomenon in
duced by an ongoing local autoimmune reaction. We belive that 
this phenomenon initiated in this way is very unlikely to be 
of any functional immunological significance. 
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Graves' disease is a HLA-linked autoimmune disease as
sociated ~ith certain HLA antigens, mainly ~ith the HLA class 
II antigen HLA-DR 3 (7). Aberrant expression or HLA class II 
antigens on thyroidal cells ~as reported recently and ~as 
suggested to mediate the autoimmune response by presentation 
or autoantigens (2). The aim or our study ~as to determine 
HLA-DR~ genes in HLA matched patients surrering rrom Graves' 
disease and Type I (insulin-dependent) diabetics and in 
addition in non HLA typed normal controls. 

MATERIAL AND METHODS 

Sub1ects. All subjects studied ~ere unrelated Caucasians 
selected rrom the same local area. Graves' and Type I pa
tients ~ere all HLA-DR3 positive. T~o HLA-DR3 homozygous ty
ping lymphoblastoid cell lines ~ere kindly donated by Dr.K. 
Welte, Ne~ York. Controls (rree or personal and ramily histo
ry or autoimmune diseases) ~ere age and sex matched to the 
patients. We studied 20 Graves' and 20 Type I patients as 
~ell as ~S normal controls. 
HLA typing ~as perrormed according to standard techniques. 

DN~:prepa~9tion, DNA digests, electropboresis, Southern-
1;:.I:J~~.i.);!.!;: .• All these techniques ~ere perrormed according to 
standard protocols (S). 

D~-=a..rq.!;l..§ ... The D~ speciric recombinant ~as kindly pro
vided by Dr. E.O.Long, Bethesda (~). An insert spanning the 
t~o extracellular domains, the transmembrane region and the 
cytoplasmatic tail, ~as labelled to a very high speciric 
activity (1). 

DNA-DNA-h~idisation. Filters ~ere hybridised ~ith the 
32P labelled insert ror ~e hrs at 6S·C. Final ~ash included 
0.2xSSC-O.l% SDS at 6S-C ror 1 hr. Filters ~ere then exposed 
to Kodak XAR-S rilm ~ith intensirying screens ror 2 to 3 days 
at -eo"'c. 
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RESULTS 

Hybridisation of genomic DNA restricted with Taq1 re
vealed about 6 to 8 restriction fragments per individual blot 
as well as several faint hybridisation signals (Fig. 1). The 
restriction pattern observed with Taq1 restricted genomic DNA 
was closely related to serologically defined HLA-DR types. A 
restriction fragment of 10.0kb was markedly increased in Gra
ves' patients (1~ out of 20) and Type I diabetics (12 out of 
20). This fragment was found to correlate with the HLA
A1,88,DR3 haplotype. A restriction fragment of 8.0kb not ob
served on the blots of the two HLA-DR3 homozygous typing lym
phoblastoid cell lines was increased in Graves' patients (po
sitive in 75%) and markedly reduced in the HLA-DR3 positive 
Type I diabetics (only 15% positive). In the control group, 
this band was detected in 9 out of ~5 individuals studied 
(20%). A doublet of 10.0' kb and 1~.5 kb was indicative in 
Type I diabetics of HLA-DR3/HLA-DR~ heterozygosity (Fig. 1). 

2 3 4 5 6 

¢ 

Fig.1. Hybridisation of DR~ cDNA probe to Taq1 restricted ge
nomic DNA.Lane l:normal control, positive for the 8.0 
kb fragment.Lane 2:Type I diabetic. 1~.5 and 10.0kb 
doublet and the 8.0kb restriction fragment are visi
ble, also several faint .hybridisation signals, illu
strating the complexity of the hybridisation pattern 
obtained with the DRfo full length cDNA probe. Lane 3 : 
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HLA-DR3/-DR~ heterozygous Type I diabetic with a doub
let at 8.0 and 7.7kb (arrows). Lane ~: HLA-DR3 positi
ve Graves ' patient lacking the 8.0kb fragment. Lane 5: 
HLA-818,DR3 positive Graves' patient with a 12.0kb 
fragment indicative for the HLA-818,DR3 haplotype and 
the 8.0kb fragment. Lane 6: HLA-DR3/-DR6 positive Gra
ves' patient with the 8.0kb fragment. At the the left 
margin molecular weights in kb. Arrow at the right 
margin marks the 8.0 kb fragments. 



DISCUSSION 

Over the past decade the ability to analyze MHC genes by 
use of molecular genetics has expanded greatly (6). It was 
shown that the polymorphism of HLA-DR genes and their pro
ducts resides almost exclusively in the!3 -chain of the mem
brane spanning heterodimer (6). Since Graves' disease is lin
ked to HLA-DR3, we wanted to study by use of a DR~ specific 
cDNA probe HLA genotypes in two HLA-DR3 matched groups 
Graves' patients and Type I diabetics- in comparison with 
normal controls. 
Data from TaqI restricted genomic DNA reveal a pattern close
ly related to the DR types defined by standard HLA-typing 
(3). This is illustrated by the high prevalence of the 10.0kb 
Taq1 fragments which is associated with the HLA-A1,B8,DR3 ha
plotype, as well as the 10.0kb and 1~.5kb doublet in HLA-DR3/ 
DR~ heterozygous individuals. 
Data concerning the 8.0kb Taq1 fragment show a different pre
valence in the two HLA-DR3 matched populations. This fragment 
was not found to correlate to another DR specificity sugge
sted to be more prevalent in Graves' disease or Type I diabe
tes. Recently it has been reported that a 7.7kb and a 8.0kb 
TaqI fragment correspond to a DR~a2 and a DRfta1 chain, re
spectively. These bands describe therefore a split of the 
HLA-DR3 haplotype (8). 
It remains to be clarified on an extended HLA-matched popula
tion if there is any difference in the prevalence of HLA
DR~a1 and DRfo a2 chain in the HLA-DR3 haplotype in different 
disease groups. 
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Much evidence has accumulated proving that the endocrine system can 
effectively IiDdulate irmune functions. Recently, we described a disturbed 
glucocorticoid honnone tonus in the Obese strain (OS) of chickens 1, which 
is afflicted with a Hashimoto-like autoimmune disease (spontaneous 
autoimmune thyroiditis, SAT) 2. OS chickens exhibit normal serum· levels of 
total corticosterone (CN) (Table I), but significantly elevated serum 
concentrations of corticosteroid binding globulin (CBG) as carpared to 
normal controls, indicating that free, honronally active CN is deficient 
in this strain. Furthenrore, in vivo substitution of OS animals with 
hydrocortisone led to both normalization of the i~ vitro T-cell 
hyperfunction (ConA-hyperreactivity, IL-2 hypersecretion) and prevention 
of SAT. 

In the present study, we examined the influence of irmune stinuli on 
the glucocorticoid system: Recent findings have derocmstrated the existence 
of a pathway in which the immune system controls neuroendocrine functions. 
It has been shown by several groups 4,5 that antigenic challenge or 
injection of conditioned lredium (CM) fran COnA activated lymphocytes lead 
to a transient increase of glucocorticoid serum levels, which, in turn, 
regulate the LlrnUne response in qualitative terms. 

Five nonth old OS and nomal white Leghorn (NWL) chickens were either 
immunized with a single dose of sheep red blood cells (SRBC) or injected 
intravenously (Lv.) with different doses of CM fran CarlA stinulated 
spleen lymphocytes of NWL chickens, and the CN serum levels were nonitored 
radioimmunologically. NWL chickens showed a transient increase of CN blood 
levels following immunization with SRi:3C (Schauenstein et al., subnitted 
for publication) as well as i. v. application of CM (Table 1) • OS 
chickens, however, displayed a significantly diminished CN response 
against these imrune stinuli. CM derived fran COnA stinulated lymphocytes 
fran OS and NWL chickens were equally effective in inducing an elevation 
of CN in NWL animals (Fig.l), clearly excluding an abnormal production of 
this "corticosterone increasing factor (CIF)" by OS 1 ymphocytes. In a 
further experiment we could show that the adrenal glands, i.e. the CN 
secreting organ, respond with a similar CN increase to i.v. ACl'H in both 
OS and control chickens. This normal "CIF" production by OS lymphocytes as 
well as the unaltered responsiveness of the adrenal gland in OS chickens 
suggest that the defect underlying the diminished CN response is located 
in the hypothalamo-hypophyseal system. The discrepancy between normal 
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Table 1. CN blood levels and ConA response of PBI. after Lv. injection 
of 01 fran ConA activated M'J[. lymphocytes a 

os 
CB 

(n=4) 
(n=4) 

Q\l plasma levels (ug/l; x ± SEM) 
naive 2 hours after "ClF" 

2 . 1 ± 0.2 
2.0 ± 0.3 

6.6 ± 0. 5 C 

12.8 ± 0.9 

% suppression of the b 
ConA response Ix ± SEM) 

48 ± 9 . 0 c 
77 ± 6.5 

a Four month old OS and CB (M"L inbred line) chickens were injected with 
3 ml of a 10-fold concentrated 01 (Amiconnenbrane filter PH 10, cut 
off = 10 kD). Q\l plasma levels and the ConA response of PBI.. from both 
strains were determined before and two hours after OM administration. 

b lOO% of the ConA response before (}! application refer to 6759 ± 1772 
cpn ex ± SEM) in CB and 15439 ± 1562 cpn in OS chickens (uptake of 5-
( 125J)-2-deoxyuridine), respectively. 

CStatistically significant different (p<0 . 01 for the Q\l increase, p<0.05 
for the % suppression of the ConA response) fran CB animals as 
detennined by Student-t-tests. 

N-IL recipients were injected Lv. with 01 fran either OS or NWL ConA 
activated spleen lymphocytes. Q\l plasma levels (ug/l; x .± SEM) were 
determined 2 hours after eM administration (open bars). The IL 2 content 
of 01 was determined by proliferation assays with lL 2 dependent 
lymphoblasts (full bars). 
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Figure 1. Canparison of CN inducing capacity and IL 2 content of (}1 from · 
ConA activated lymphocytes fran OS and NWL chickens 
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"CIF" but constantly enhanced IL-2 production by OS lymphocytes (Fig. /1) 
clearly indicates that IL-2 is not involved in eliciting a eN response. 
This defect of the limnune-neuroendocrine l~) is not of merely theoretical 
interset but actually has in vivo relevance for the T-cell responsiveness 
in the os. Concomitantly with the eN rise in plasma the ConA response of 
PBL derived fram OM treated normal animals is drastically suppressed 
('l'able 1) •. In contrast, lymphocytes of autoim:nune OS chickens are much 
less inhibited by in vivo administration of "CIF" containing OM. 

These aata are the first indication.. that the developrrent of 
autoimmune disease is not only associated with an intrinsic dysregulation 
of the immune response6 , but also with a disturbed dialogue between the 
irrmune and neuroendocrine system. It was shown by Besedovsky et al.7 that 
this immunologically induced ON response plays an important role in the 
surveillance of the specificity of an immune response against a certain 
antigen. Since the eN peak occurs several days after immunization and 
glucocorticoids are only able to exert their suppressive effects during 
the inductive phase of lymphocyte activation, the eN rise seems not to 
quantitatively influence the imnune response to this antigen. Taking into 
account that autoimmune reactions may be the result of cross-reactoins to 
external antigens, defects in this immune-neuroendocrine loop could allow 
for proliferation of "forbidden" lymphocyte clones, when the autologous 
structures are antigenically related to foreign antigens. 
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INAPPROPRIATE HLA CLASS II EXPRESSION IN A 

WIDE VARIETY OF THYROID DISEASES 
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I. Todd, and G.F. Bottazzo 

Department of Immunology, Middlesex Hospital Medical 
School, London Wl. *Hospital Germans Trias i Pujol 
badalona (Barcelona), Spain 

Thyroid follicular cells from glands afflicte4 by autoimmune 
disease often express HLA Class II molecules 0-5). The mechanism(s) by 
which this 'inappropriate' Class II expression arises in vivo and 
whether it is restricted to thyroid autoimmune disease remains 
uncertain. To gain insights into this phenomenon we have studied Class 
II expression in all the thyrodectomy specimens collected during one 
year from a major teaching hospital (Hospital General Valle de Hebron, 
Universidad Autonoma de Barcelona, Barcelona, Spain). Class I and Class 
II expression were correlated with the clinical diagnosis, with 
lymphocytic infiltration and with thyroid autoantibodies. 

PATIENTS AND METHODS 

Summary of patient's data and thyroid antibody results 

Diagnosis Age M/F no. no. TMAb( " TgAb( " 
cases sera 

Multinodular goitre 49+12 3/51 54 50 12(24) 10(20) 
Benign nodules: 

Hyperplastic 38+12 3/14 17 15 4(27) 1 (6) 
Colloid Cyst 13- 0/2 2 1 n 0 
Follicular adenoma 37+11 0/13 13 8 2(25) 1(12) 

Malignant nodules: 
Papillary 36+1.5 3/5 8 5 1(20) 1(20) 
Follicular 57- 2/0 2 2 0 0 
Anaplastic 79 0/1 2 2 0 0 
Medullary 36 2/1 3 3 0 1 

Graves' disease 32+11 2/12 14 13 10(76) 3(23) 
Laryngeal Carcinoma 60+ 8 0/12 12 12 2( 17) 2(17) 

TOTALS 126 110 19( 17) 8(14) 

TMABS: thyroid microsomal antibodies, TgAbs: Thyroglobulin antibodies. 
Thyroid antibodies detected by indirect hemagglutination (Wellcome). 
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Immunofluorescence staining 

Serial sections were stained with MoAbs to HLA Class I, beta-2-
microglobulin, HLA Class II, CD3 or CDS followed by biotinylated horse 
anti-mouse Ig and by FITC-avidin. The next two sections were stained for 
microsomal antigen and Ig deposition respectively. Selected glands were 
stained for CD4, CD8, ~1 and M1 (results not reported here). 

Scoring system 

The intensity and extension of the staining for HLA Class I and 
Class II in the thyroid follicular cells and of the lymphocytic 
infiltration was assessed semiquantitatively and given a score ranging 
from negative to +++++. 

Statistical analysis 

Multiple correlations between Class I, Class II, Lymphocytic 
infiltration and thyroid antibodies were calculated by contingency and 
regre ssion analysis. 

RESULTS 

TABLE 1. HLA EXPRESSION AND LYMPHOCYTIC INFILTRATION IN THE DIFFERENT 
DIAGNOSIS GROUPS 

Thyrocytes 
Lymphocytic 

DIAGNOSIS Class I Class II Infiltration 

Multinodular goitre: 34 (63) 24 (44) 28 (52) 

Benign Nodules: 

Hyperplastic nodule 9 (53) 9 (53) 10 (58) 
Colloid cyst 2 2 2 
Follicular adenoma 7 (54) 2 (15) 4 (31) 

'l1lyroid Carcinoma: 

Papillary 8 (100) 3 (38) 2 (25) 
Follicular 1 1 0 
Anaplastic 1* 0 1 
Medullary 1 1 1 

Graves' disease 12 (86) 10 (71) 13 (92) 

Laryngeal Carcinoma 2 (17) 2 (17) 3 (25) 

% in brackets 

* Class I expression was increased in the C cells which constitute 
medullary carcinomas. 
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TABLE 2 MULTIPLE ANALYSIS OF CORRELATION AND ASSOCIATION BETWEEN 
IMMUNE FEATURES IN THE DIFFERENT DIAGNOSIS GROUPS 

.. ~ ,,!I 

I I I 
~ I ~ 
~ ~ I ~ 4' ... Ci 

~ ~ 'r ... Ci I cY " ~ :t ~ tJ ~ I I I ~ -l' ll. ~ ~ !O(jj 

~ I ~ ..0 
.l> ~ ~ 

;§ § .#-lI.0 ... '" J ~ 
~ ~ I.;. () 'r 

Lymph Infiltr Class I **** ** *** * ** •• .*** 0000 0000 0 0 0000 

Lymph Infiltr Class II **** **** ** *.** **** 0000 00 0 0000 

Lymph Infiltr TMAb * '*** 000 

Lymph Infiltr TgAb *** * 000 uo 

Class I Class II **** **** *** .* * • *. .** • 
0000 000 00 0000 

Class I I TMAb *** 
Class I I TgAb 

Class II I TMAb •••• 00 

Class II I TgAb ** 0 

No of cases studied 5" 17 13 1" 11& 12 126 

No of sera tested 50 15 8 11 13 12 110 

* P values by regression analysis, 0 p values by Chi square 
* 0 p<0,05 **,00 p<0,02 ***,000 p<O,Ol ****,0000 p<o, 001 , 

CONCLUSIONS 

1. Inappropriate Clas II expression and Class I hyperexpression occurs 
in non-autoimmune thyroid disorders in two conditions: Focal 
Thyroidits, and Thyroid neoplasia. 

2. Inappropriate Class II expression, Class I hyperexpression and 
Lymphocytic infiltration tend to be related to each other. 

3. Lymphocytic infiltration, Class II and Class I expression were all 
correlated to TMAb but only lymphocytic infiltration was related to 
TgAb. 

4. The weaker correlation and association between lymphocytic 
infiltration and liLA expression in Graves' disease and thyroid 
carcinoma may be indicative of different factors inducing liLA 
expression in these two conditions. 
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ADVERSE REACTIONS RELATED TO METHIMAZOLE AND PROPYLTHIOURACIL 

DOSES 

M.C.Werner, J.H.Romaldini, N. Bromberg , M.T.A.Boesso 

and R.S.Werner 

Dept. Endocrinology, HSPE-IAMSPE, Sao Paulo, Brasil 

INTRODUCTION 

Graves' hyperthyroidism management with thionamide drugs 
has been outwarded because of the risk of toxic reactions (1) 
that were related to the patients' age and to the administered 
daily dosage (2). Thus, we correlated thionamide side effects, 
retrospectively, with methimazole (MMI) or propylthiouracil 
(PTU) administration, thionamide dosage, patients' age and sex, 
their thyroid status and thyroid microsomal autoantibodies serum 
titers (MAb) at the onset of toxic reactions in 360 Graves' 
hyperthyroid patients. 

PATIENTS AND METHODS 

Side effects, classified as major (agranulocytosis and 
hepatotoxicity) and minor (arthralgia, gastric intolerance and 
skin hypersensitivity), were studied in group I patients (n:261) 
who received either MMI (60.6 ± 17.1 mg/daily, mean ± SD) or 
PTU (706.7 ± 202.7 mg/daily) high dosage and compared with 99 
patients in group II, treated with more conventional dosages 
(MMI: 17.7 ± 8.4 or PTU: 210.5 ± 68.9 mg/daily). T3, T4 and 
TSH were measured by commercial RIA kits and MAb by passive 
haemagglutination technique. 

RESULTS 

The incidence of side effects in both groups are summarized 
in table I. Arthralgia (3.6%: 13/360) was related to MMI (n:10) 
and to high dosage regimen (n:11). Its onset varied from the 2nd 
to the 25th month of therapy, usually after the 1st semester, 
and it was more frequent in euthyroid patients. No pattern of 
rheumathologic disease was found in those patients. 
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TABLE I: Thionamide side effects in Graves' disease patients. 

-------------------------------------------------------------
Drug n Dose (mean :!: SD) Side effects 

GROUP I MMI 171 60.0 ± 17.2 mg/day 28 (16.7%) 

PTU 90 706.7 + 202.7 mg/day 16 (17.7%) -
GROUP II MMI 61 17.7 + 8.4 mg/day 7 (11. 5%) ..,. 

PTU 38 210.5--:!: 68.9 mg/day 2 (5.3%) 
-------------------------------------------------------------

Gastric intolerance (3.6%: 13/360) was related to high 
dose regimen (n:11) but not to MMI or PTU or to the thyroid 
status. It occurred after the 6th month of treatment.in 69.2%. 

Urticaria, pruritus and skin rash (4.4%: 16/360) was not 
related to MMI or PTU, to their dose regimen or to thyroid 
status. Its onset was usual in the 1st semester of therapy but 
it varied widely (1st to 32th month).This group of patients 
presented the highest MAb titers when compared with other side 
effects (agranulocytosis, gastric intolerance and hepatotoxi
city p<O.Olj arthralgia p<t0.05), as shows figure 1. 

Hepatotoxicity occurred in 1.1% (4/360) patients, all of 
them receiving high PTU doses (600-1500 mg/day) and after the 
3rd month of therapy. It was not correlated with thyroid func
tion. Hepatic damage observed were hepatic cholestasis (n:2) 
and toxic hepatitis (n:2). 

Agranulocytosis was observed in 1.7% (6/360) pa~ients, 5 
out of them still. hyperthyroid, in the early (1st to 3rd) months 
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Fig.1 Relationship between MAb and side effects. 
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of therapy. Patients' age was 35.5 : 9.8 yr (25 to 49 yr).It 
was related to high dose regimen (n:5) and to MMI therapy (n:5). 

There was no correlation between patients' age and specific 
side effects. Minor side effects were restricted to female 
patients. 

DISCUSSION 

Our data showed that thionamide side effects were related 
to high doses. No difference was observed between MMI and PTU. 
However, the incidence of major side effects (hepatotoxicity, 
1.1%; agranulocytosis, 1.7%) was low and no cases of thrombo
cytopenia and vasculitis were observed (3). Hepatotoxicity was 
related both to PTU and to the duration of therapy. Recovery 
following drug withdrawal was observed in 3 out of 4 patients. 
We found no relationship between hepatic damage and MAb titers 
or thyroid function. 

The relationship between agranulocytosis and hyperthy
roidism suggests a facilitating role of thyroid disfunction on 
the formation of antineutrophilic antibodies (4) induced by 
drug. The one of our patients who was euthyroid at the onset 
of agranulocytosis had a previous diagnosis of systemic lupus 
erythematosus, a condition related to abnormal immunological 
tolerance. In contrast with Cooper et al (2), there was not a 
relationship with patients' age. Recovery was achieved in all 
cases following drug withdrawal. 

Minor side effects did not require drug discontinuing. 
They were related to female patients and did not correlate with 
thyroid status or patients' age. The relationship between high 
MAb titers and skin rash/pruritus/urticaria suggests that these 
patients are prone to cutaneous hypersensibility. 

The relatively low risk for major side effects and the high 
remission rate associated with high dose thionamide therapy 
(3,5) allow us to indicate this type of treatment for Graves' 
hyperthyroidism, when careful~y managed. 
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THYROID SUPPRESSIBILITY IN GRAVES' DISEASE: RELATIONSHIP WITH 
THYROID STIMULATING ANTIBODY AND SERUM THYROGLOBULIN LEVELS 

INTRODUCTION 

R.S. Werner, J.H. Romaldini, N. Bromberg, C.S. Farah, 
I.D. Pereira, and R.P. Dall'Antonia Jr. 

Department Endocrinology, HSPE-IAMSPE, Sao Paulo, Brasil 

The elevated serum thyroid stimulating antibody (TSAb), thyroglobulin 
(Tg) levels and the T3 nonsuppressibility of the 24h-radioactive iodine 
uptake (RAIU) have been used to predict the relapse of antithyroid drug 
treated Graves'disease patients (1-4). In disagreement with others (3-6) , 
Isozaki et al.,(7) showed a correlation between TSAb and Tg or RAIU during 
medical treatment. Thus,we studied the correlation among TSAb activity, 
serum Tg levels, 24h-RAIU, thyroid antimicrosomal antibody (MAb) titers and 
serum T4 concentration during the T3-associated methimazole (MMI) therapy 
for Graves 'disease. 

MATERIAL AND METHODS 

Graves'disease patients were randomly distributed into two groups: 
21 patients using high MMI doses (50 to 80 mg daily) and 19 patients 
treated with low MMI doses (10 to 20 mg daily) both associated with ~3 
(50 to 75 ug daily) during 11 to 18 months (mean + S.D.: 15 + 4.5). Tlie 
normal value of T3 suppressed 24h-RAIU was up to 12%. TSAb activity was 
measured using the increase of cyclic AMP generation in human thyroid 
plasma membrane (10,000 g fraction). The thyroid membranes (50 ug) were 
incubated with either TSH or IgG preparation at 349C for 60 min in 30 roM 
Tris-Hcl-EDTA buffer pH 7.8 containing 2.5 roM ATP,_~ roM MgCl , 10 roM 
creatine phosphate, 0.35 mg/ml creatine kinase, 10 M Gnpp(&H)p, 10 roM 

theopJ!.yllille. The sensi ti vi ty to bovine TSH was 0.1 mU/ml. Graves' IgG 
values above 130% of normal IgG were considered positive for TSAb activity. 
Serum TSH and Tg were determined by IRMA methods (Cis-Sorin) and normal 
values were 0.08 to 0.6 uU/ml and 3 to 30 ng/ml, respectively. Serum T4 
was measured by RIA. MAb was measured by passive hemagglutination. The 
data were analyzed by Student't-test and Spearman correlation. 

RESULTS 

The mean age, sex and thyroid weight did not differ between the two 
groups. No difference was observed between TSAb activity (157 ~ 59 vs 146 
~ 66% ), serum Tg (265 ~ 345 vs 162 ~ 225 ng/ml), T4 (3.8 ~ 3.4 vs 3.8 ~ 
2.6 ug/dl), TSH (1.5 + 2.4 vs 1.8 + 4.2 uU/ml), MAb titers (1:7720 + 9589 
vs 1:6382 + 9502) and-24h-RAIU (14:8 + 17 vs 21. 7 + 18% ) for high and 
low doses ; respectively. - -
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There was a correlation between serum T4 concentration with either 
TSAb activity (r= 0.572, P<O.Ol) or 24h-RAIU (r= 0.513, P<O.Ol). The re
lationship between TSAb activity and thyroid suppressibi1ity is shown in 
Fig. 1 and in Fig. 2. Serum Tg levels were normal in 40% (8/20) nons up
pressib1e and in 33% (6/18) suppressible patients and also in 29% (5/17) 
positive TSAb and in 40% (6/15) negative TSAb patients. No relationship 
was noted neither between MAb titers and others parameters nor serum Tg 
levels and T3 suppressed 24h-RAIU. 
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Fig. 1. TSAb activities in Graves' 
disease patients during MMI 
therapy.---,The upper limit 
of IgG from normal subjects. 
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Fig. 2. Correlation between TSAb and T3 
suppressed 24h-RAIU in Graves' 
disease patients during MMI therapy 
(r= 0.48, P<0.01; r= 0.51, F<0.05 
for high MMI dose group).---,The 
upper limits in normal subjects. 

The correlation of thyroid suppressibility with TSAb activity in 
Graves'disease patients during treatment with MMI was in accordance with 
Isozaki et al.,(7) but other authors have not noted such association (3-5). 

The MMI associated with T3 throughout therapy regimen utilised in this 
study or the differences in the sensitivities of the TSAb assays used(5-7) 
may be accounted for such discrepancies. With this regimen of treatment we 
are able to obtain both the blocking of thyroid function and a prolonged 
T3 suppression test (6,8). In contrast to low MMI dose group the high MMI 
dose group showed a correlation between TSAb activity and the T3 suppressed 
24h-RAIU. 

Our results indicate that 1) Tg secretion, during antithyroid drug 
treatment, is independent of either thyroid suppressibility or TSAb stimu
lation (3,4). 2) high MMI doses might decrease the iodine thyroid content 
and also affect the TSAb levels. 3) the correlation between T3 suppressed 
24h-RAIU and TSAb activity suggest that antithyroid drug associated with 
T3 (8) may act both on thyroid gland blocking and on the immunological 
d1s turbance. 
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INFLUENCE OF LYMPHOKlNES AND THYROID HORMONES ON NATURAL KILLER ACTIVITY 
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DEVELOPMENT AND FUNCTION OF NK CELLS 

Natural Killer (NK) cells are a subpopulation of lymphocytes which 
have spontaneous cytotoxic activity against tumor cells, virus-infected 
cells, and some normal cells (Herberman, 1982). NK cells arise from bone 
marrow and depend on it for their proliferation and/or differentiation. 
During their maturation to a functionally active form, NK cells acquire 
the ability to bind to target cells prior to the acquisition of lytic 
activity. The mechanisms by which NK cells can interact and destroy 
tumor cells, are largely unknown. Studies have shown that NK cytotoxicity 
can be resolved into several stages including NK target cell binding, 
triggering, programming, and killer cell independent lysis. All these 
stages can be influenced by some humoral factors produced by various 
lymphoid cells. 

LYMPHOKlNE-MEDIATED REGULATION OF NK CELLS 

The cytotoxicity of NK cells can be strongly augmented by lympho
kines. Interferon (IFN), IFN-inducing agents and Interleukin-2 (IL-2) are 
the main agents that have been correlated with a stimulating action on NK 
cells (Djeu et al., 1979; Henney et al., 1981). Interferon affects NK 
cell activity in several different ways including differentiation of NK 
precursors, proliferation of mature NK cells and enhancement of NK cyto
toxic activity. IL-2, a lymphokine first described because of its ability 
to induce proliferation of activated T cells, has been subsequently shown 
to modulate the functional activity of other cytotoxic lymphocyte popula
tion such as NK cells (Henney et al., 1981). There are at least two 
mechanisms of IL-2 action: the first one is a direct stimulation of NK 
cells, the second one is the induction of the synthesis of gamma-IFN from 
T cells or large granular lymphocytes (LGL) which in turn stimulates NK 
activity. This assumption is supported by the fact that the simultaneous 
administration of IFN and IL-2 led to a synergistic effect on NK cytotoxi 
city (Henney et al., 1981). The basal NK activity in mice is usually low 
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at birth,increases reaching a peak in the 5-8th week of life and 
finally declines to very low levels during the old age (Muzzioli et ~l., 
1986). With regard to the age-related pattern of IFN or IL-2 stimulation, 
it has been pointed out that "in vitro" administration of IL-2 causes a 
relevant increment of NK activity in spleen cells from baby, young-middle 
aged and old mice, while IFN boosts NK activity only in young-middle aged 
mice. The additive effect of the combination of IFN plus IL-2 on spleen 
cells from young-middle aged mice is also present in spleen cells from 
baby but not in those from old mice (Muzzioli et al., 1986; Muzzioli et 
al. in preparation). This suggest that IL-2 is able, at least partially, 
to recover the IFN-insensitivity of spleen cells from baby but not old 
mice. 

NEUROENDOCRINE-MEDIATED REGULATION OF NK CELLS 

Much of recent evidence clearly indicates that hormones as well as 
neuropeptides are able to modulate the expression of NK cell function 
determining either enhancement or inhibition of NK activity (Table 1) 

(Fabris, 1986). From a functional point of view, neurohormonal factors 
such as endorphins, enkephalins and thyroid hormones, may increase 
whereas others including glucocorticoids, oestrogens and prolactin, 
depress the NK activity (Table 1). With regard to the mechanisms of 
action of hormones and neuropeptides, a crucial point is represented by 
the activation of the cyclic nucleotide messengers (cAMP and cGMP). A 
second mechanism of action of hormones and neuropeptides on NK activity 
may involve the activation or inhibition of the synthesis and/or release 
of those 1vmphokines which, in turn, modulate NK activity. 

THYROXINE-MEDIATED REGULATION OF NK CELLS 

Several studies have pointed out that thyroid hormones modulate 
different immunological functions. The influence of thyroxine is exerted 
during the whole life-span since thyroxine administration influences the 
ontogenetic development and maturation of lymphoid cells and reverses 
many age-related immunological disturbances occuring in old mice. 

With regard to the NK cell activity, injection of thyroxine in young
-middle aged mice provokes an enhancement of NK spleen cell act1vity 
(Sharma et a1.. 1982). 

Experiments performed in our lab. have shown that "in vitro" 
administration of thyroxine does not directly determine an increase in NK 
cytotoxicity, but it acts on the NK cell sensitivity to the boosting 
effect of IFN. Incubation of spleen cells with thyroxine and IFN provokes 
a very high increase of NK activity when compared with IFN alone. No 
effect of thyroxine i~ exerted on the boosting action of IL-2 (Provincia
Ii et al., 1986). This observation suggests that thyroxine exerts his 
action on specific functional stage of NK cells. 

The effect of thyroid hormones on IFN-sensitivity is exerted during 
the whole life-span of mice. The "in vitro" administration of thyroxine 
can restore the IFN sensitivity of spleen cells from both baby and old 
mice (Provinciali et al., in preparation). The reactivation of spleen 
cell sensitivity to IFN by incubation with thyroid hormone clearly 
demonstrates that the IFN insensitivity of spleen cells from baby and old 
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TABLE 1. EFFECT OF NEUROHORMONAL FACTORS ON NK ACTIVITY 

Endorphins 
Enkephalins 
VIP 
GH 
PRL 
LH 

t 
t 
U 
t 
~ 
~ 

t: enhancement; ~ : inhibition; " 
depending on experimental design. 

Thyroxine 
Glucocorticoids 
Oestrogens 
Catecholamine 

enhancement or inhibition 

mice does not rely on the absence of potentially IFN-sensitive cells, but 
it is the expression of a functional and reversible alteration of "baby" 
and "old" cells. 
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RESULTS OF THYROSTATIC DRUG TREATMENT IN HYPERTHYROIDISM 

A CLINICAL LONG-TERI'1 STUDY 

Wieland Meng, Sabine Meng, Rainer Hampel, 
Manfred Ventz, Ewald Mannchen, and Bernd Streckenbachx 

Klinik fur Innere Medizin and Radiologische KlinikX 
University of Greifswald, Greifswald, GDR 

INTRODUCTION 

In a prospective study we examined: 
- The efficiency of therapy with methimazole (n = 400). 
- The influence of the duration of the drug treatment on the 

results (n = 400). 
- The value of the thyroid suppression test (n = 344) and the 

TRH test (n = 152) at the end of drug treatment concerning 
the detection' of remission and the prognosis. 

- The relapse rates dependingl on the type of hyperthyroidism 
(n = 265). 

- The value of the thyroid suppression test and TRH test 
depending on the type of hyperthyroidism (n = 100). 

MATERIAL AND METHODS 

Patients: n = 400, Graves' disease 70 %, disseminated 
autonoay 30 %, goitre class 0 - 2. Drugs: Methimazole, with 
or without T4-supplementation. Treatment duration: 1 - 5 years. 
Suppression test: BO - 100 ~g T3/day, 10 days, durin~ 
methimazole therapy at the end ~f treatment period, 31t : 
24~h-uptake, positive: <35 %, 9 mTc: 20-min-uptake, positive: 
<10 %. TRH-Test: 200 ~g TRH (Berlin Chemie) i.v., 6 weeks 
after Withdrawal of drug treatment. positive 6TSH >2.0 mUll. 
Follow-up: 2 - 10 years(l). 

Table 1. Influence of treatment duration on recurrence 
rates 

Treatment Patients Relaeses (ail 
duration n Follow-up 1 year 2 years 2-10 years 

1 year 151 27.8 32.5 43.1 
2 years 163 26.4 30.7 46.0 

~3 years 86 26.7 32.6 47.7 
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Table 2. Regulation tests and relapse rates (%) 

Methods n Relapses Test pOSe neg. 
SupprosSion test 344 total 32.5 % 64.5 % 

early 31.3 % 71.9 % 
TRH test 152 total 36.7 % 85.1 % 

early 21.4 % 75.0 % 

RESULTS AND CONCLUSIONS 

We observed a relapse rate of 27.0 % after 1 year, 
31.8 % after 2 years and a total relapse rate of 45.3 %. 
Up to now the treatment results are unsatisfying. . 

The results of a different treatment duration indicated 
that relapse rates after 1 and 2 years of follow-up were 
26.4 - 27.8 % and 30.7 - 32.6 %. respectively. When patients 
were followed for 2 - 10 years relapse rates were 43.1 - 4h7 % 
(Table 1). The time of treatment of more than 1 - 2 years did 
not decrease the occurence of relapses. 

Table 3. Relapse rates dependent on the type of 
hyperthyroidism 

Type Patients Relaeses ~%l 
n Follow-up 1 year 2 years 

Graves' disease 165 26.7 37.6 
Dissem. autonomy 100 17.0 23.0 

5 years 

54.6 
37.0 

Table 4. Regulation tests and relapse rates (%) in Graves' 
disease (n = 42) and disseminated autonomy (n = 58) 

Graves' disease Dissem. autonomy 
Test pOSe neg. Test pas. neg. 

Suppression test 
Total relapses 21.4 78.6 25.0 63.6 
Early relapses 16.7 63.6 11.1 92.9 

TRH test 
Total relapses 16.0 71.4 27.7 70.6 
Early relapses 25.0 70.0 20.0 83.3 

This fact underlines the importance of methods which are 
helpful for the detection of remission. For that with good 
results we used the suppression test as well as the TRH test 
(Table 2). A disturbed regulation is indicative of a 
persistence of the disease or an early relapse. In cases with 
normal regulation the relapse rate is lower and the relapses 
which occure are mainly late relapses. 
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The relapse rates after 1 / 2 and 5 years of follow-up 
were distinctly higher in Graves' disease than in cases with 
disseminated autonomy (Table 3)(2). 

The suppression test and TRH test give the same indications 
concerning the outcome in cases with Graves' disease and 
disseminated autonomy (Table 4). 
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PREDICTIVE USE OF TSH·RECEPTOR ANTIBODIES ASSAY AS A PROGNOSTIC INDEX IN 

GRAVES' PATIENTS TREATED WITH ANTITHYROID DRUGS OR RADIOACTIVE·IODINE 

INTRODUCTION 

Roberto Concelli, Enrico Macchia, Lucia Gasperini, Giovanni Carone, Flavia 
Borgoni, Gianfranco Fenzi, and Aldo Pinchera 

Cattedra di Endocrinologia e Medicina Costituzionale, Universita di Pisa; Pisa, 
Italy 

Thyrotropin receptor antibodies (TRAb) have been implicated in the pathogenesis of 
Graves' disease and have been found in the majority of patients with active Graves' disease (1). 
Earlier studies suggested that the disappearance of these antibodies during the course of treatment 
with antithyroid drugs (ATD) was an index of remission of the underlying autoimmune proces~/(2, 
3). More recent reports (4), however, have not confirmed the significance of TRAb measwement 
as a prognostic index. Methodological differences for the measurement of these antibodies could 
play an important role, because, on the whole, there is no correlation between the antibody's 
activity estimated by radioreceptor assay and that tested by a cAMP assay (5, 6). Moreover, it has 
been postulated that the presence of TSH-binding inhibiting antibodies (TBIAb) in the sera of 
Graves' patients undergoing radioactive-iodine therapy might be responsible for increasing the 
therapeutic efficacy of radioactive-iodine (131 1), perhaps by directing the 131 1 towards 
particularly responsive thyroid cells (7). 

In this study we evaluated the usefulness of TSH receptor antibodies, measured either as 
TSH·binding inhibiting activity or thyroid Stimulatin~ activity, as a prognostic index in Graves' 
disease patients, who were submitted to medical or 1 11 therapy. 

MATERIALS AND METHODS 

~: we studied 103 patients with hyperthyroid Graves' disease of whom 40 were 
submitted to long term therapy with ATD (18 months) and 63 were treated with a dose of 131 1, 
calculated on the basis of the estimated weight of the gland and the 24th hour 131 1 uptake. In all 
patients TBIAb and thyroid stimulating antibodies (TSAb) were measured before treatment. 
TSH-receptor antibodies were also measured at the end of treatment in the 40 patients treated 
with ATD. 

Preparation of IgG: IgG fraction was prepared by a modification (8) of the Baumstark 
method: protein concentration was determined by the Lowry method (9). In the adenylate cyclase 
stimulation assay the IgG were used at a final concentration of 1 mg/m/. 

preparation of human thyroid plasma membranes for adenylate cyclase assay: thyroid 
tissue from patients with non-toxic goiter was obtained at surgery and immediately processed at 
4°C. Human thyroid homogenate was centrifuged at 300xg; the 30,000xg pellet of the supernatant 
was resuspended in an isotonic medium and stored in liquid nitrogen until used. 

Adenylate cyclase activity assay: the crude thyroid plasma membrane preparation (60 
/lg/tube) was incubated with normal or Graves' immunoglobulins. The incubation took place at 
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34°C in 50 mM TRIS HCI buffer, pH 7.9, 0.1 % BSA, with 1 mM ATP, 4 mM Mg++ , a 
phosphodiesterase inhibitor and an ATP regenerating system, and was stopped after 60 min. by the 
addition of a cold methanol/ethanol mixture. A 50 III aliquot of the supernatant was dried and its 
cAMP content was measured by a specific radioimmunoassay. 

TSH binding inhibjtjon assay: TSH binding inhibiting antibodies were measured by a 
radioreceptor assay. Briefly, SOlubilized~rcine thyroid plasma membranes were incubated with 
normal serum or patient serum and 12 I-TSH. Afer centrifugation the precipitate was counted. 
The inhibitory effect of patients' sera was expressed as TBIAb index: (1- cpm sample/cpm normal 
serum) x 100. Values exceeding 2 SO from the mean value obtained with normal patients' sera 
were considered positive. 

RESULTS 

Before treatment, 80% of the 40 patients treated with ATD were TBIAb positive and 67.5% 
were TSAb positive; 23 were still in remission one year aiter drug withdrawal; 17 relapsed. At 
the end of the medical therapy, none of the patients in remission were positive for TBIAb, while 
52.9% of the relapsed patients were found to be positive. TSAb was positive in 21 .7% of patients 
in remission and in 41.1% of those relapsed. The x2 analysis of the results showed that, at the end 

of therapy, TBIAb was significantly more frequent in the relapsed patients than in those still in 
remission; whereas, TSAb assay had no clear statistical prognostic usefulness. Ten months after 
131 1 therapy, 28.1% of the TBIAb positive patients compared with 19.3% of the TBIAb negative, 
and 23.7% of the TSAb positive compared with 24% of the TSAb negative, remained hyperthyroid. 
28.1% of the TBIAb positive patients compared with 29.0% of the TBIAb negative, and 34.2% of 
the TSAb positive compared with 20.0% of the TSAb negative, were hypothyroid ten months after 
131 1 therapy; the remaining patients were euthyroid. 

REMISSION RELAPSE 

40 • 
• 30 
•• 

20 •• · • 
10 : :.~.: : : ... • .. ... . 
0 

. ~ ...... . ~ ...... .• 0.: • .. .. :.~ .. . 
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-20 ... 
EiQ....1.... TBIAb value at the end of therapy 
with ATD in patients in remission and in 
those relapsed. 
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0 

TB IAb + TBIAb - TSAb + TSAb-

fjg..,2.,. Thyroid status 10 months after 131 t 
therapy in Graves' patients in relation to the 
presence or the absence of TRAb: the areas in each 
column represent hypo-, eu- and hyperthyroid 
status from top to bottom, respectively. 

Our results, obtained from a group of 103 patients with hyperthyroid Graves' disease 
treated with ATD or 131 1, highlight the potential prognostic Significance of TBIAb and TSAb in this 
disease. A positive result for the TBIAb assay at the end of ATD treatment preceded, in all cases, 
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(9/9) a relapse. On the other hand. negative values did not exclude the possibility of a relapse 
(8/31 TBIAb negative patients relapsed). As far as TSAb was concerned. this assay did not provide 
a useful tool for predicting post-treatment outcome and only high post-therapy TSAb levels can be 
considered to precede a relapse. These data confirm previous reports showing that TBIAb assay 
could be used as a prognostic index for relapse in Graves' patients treated with A TO (10. 11). On 
the other hand. only high end-treatment TSAb levels may be useful markers of relapse (4). 
Moreover our data indicate. once again. the lack of correlation between TBIAb and TSAb (5. 6). 

Davies et al. (7) measured TBIAb in a series of hyperthyroid Graves' patients prior to the 
administration of a fixed dose of 131 1 and concluded that TBIAb could be a predictor of the 
therapeutic response to 1311. Based on our data. we cannot confirm this observation in fact no 
significant difference in the subsequent clinical course was found between the patients positive. 
and those negative. for TBIAb or TSAb. The discrepancy between Davies' results and ours could be 
due to a difference in the method used to calculate the 131 1 therapeutic dose. However. our 
research shows that TRAb do not seem to be relevant in order to predict the therapeutic response 
to 1311. 
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AFFINITY PURIFICATION OF ORBITAL ANTIGENS USING HUMAN 

MONOCLONAL ANTIBODIES IN GRAVES' OPHTHALMOPATHY 

M. Salvi and J.R. Wall 

McGill University, Montreal General Hospital 

Montreal, Quebec, Canada 

INTRODUCTION 

Several authors 1,2,3,4 have reported antibodies against various soluble 
and membrane eye muscle antigens using different techniques. Although these 
antibodies may be useful as clinical markers for the disease, only those 
antibodies directed against eye muscle cell surface or membrane antigens are 
likely to be pathogenetic. There is good evidence that eye muscle cell sur
face directed antibodies are cytotoxic, in antibody-dependent cell mediated 
Cytotoxicity5. Unfortunately, ELISA assay for the detection of antibodies 
against crude membrane antigens in the serum of patients with Graves' oph
thalmopathy (GO) has proved to be unsuitable6 • The production of monoclonal 
antibodies (MCAB) reactive against orbital components and their use to affi
nity purify membrane autoantigens appear a logical approach for the study 
of humoral immune mechanisms in GO. 

METHODS 

Monoclonal Antibodies Production 

MCAB were produced by fusion of peripheral blood lymphocytes from 13 
GO patients with a human myeloma cell line (GM4572B NIGMS, Camden, NJ) using 
the method of Kohler and Milstein7 and previous Epstein-Barr virus infection 
in order to non-specifically enhance antibody-producing B cells. Twenty out 
of 312 hybrids were cloned. Twentytwo of the clones showed a high reactivity 
in ELISA against orbital antigens and have been characterized and used in 
this study. 

Monoclonal Antibodies Characterization 

Reactivity. Indirect ELISA has been used to test the various tissue 
reactivities of the MCAB. Antigens were coated on a 96-well plate and resi
dual sites blocked with 3% BSA. Supernatants from clones were applied and 
incubated overnight at 4°C. Alkaline phosphatase labelled anti-human IgG+IgM+ 
IgA was then added and, after a 2 h incubation at 37°C, p-nitrophenol was 
used as substrate. Tests were read as optical density (OD) at 410 nM. 

Ig class determination. "Sandwich" ELISA: fab2 specific anti-human IgG+ 
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IgM+IgA was coated on the plastic and blocking of sites carried out as before. 
MCAB were then applied and, after overnight incubation, alkaline phosphatase 
conjugated goat anti-human IgM or IgG were added. Substrate was p-nitrophenol 
and reading was performed as before. 

Antigen Preparation 

Cytosol (soluble), membrane and solubilized membrane fractions of fresh 
normal human eye muscle (HEM), orbital connective tissue (OCT), thyroid (THY), 
skeletal muscle (SM) and liver (LIV) were prepared as described previously6. 

Affinity Chromatography 

Columns were prepared by binding MCAB-Ig (prepared by DEAE-Sephacell 
chromatography) to sepharose CNBr and loading with crude antigen fractions. 
MCAB were chosen according to their reactivity with soluble and CHAPSO or 2% 
SDS solubilized HEM, OCT and THY membranes. All eluted fractions were tested 
for reactivity with the same MCAB. Peak fractions were pooled; their protein 
content was determined and subsequently they were used as antigens in ELISA 
tests with patients sera. 

RESULTS 

MCAB reactivity. Reactivities of the 22 MCAB against different crude 
preparations of orbital and non-orbital antigens are summarized in Table 1. 

Ig class determination. All MCAB were tested for their IgG and IgM class. 
Results are shown in Table 2. Six out of 22 clones proved to be IgM secreting, 
3 IgG secreting and 10 showed a positive reaction in both the IgM and IgG 
assays. Finally, 3 clones seemed not to be secreting either IgM or IgG. 

Affinity purification of antigens. We obtained 7 purified antigens from 
HEM cytosol, 1 from OCT and 2 from THY cytosol, all of which were proteIns. 
Subsequently, we applied solubilized HEM and OCT crude membranes. We obtained 

Table 1. Reactivity*of human MCAB against orbital and extra-orbital tissues. 

TISSUE rRACTIOH 

CLOHI ... ... ... OCT OCT OCT LAC LAC TlIY TlIY ~. SOl SOl LIV 

110. C,t .... Chap.o C,t M •• Chapso M ... Chapao Cyt Me. - Ch.p80 CIt 

39CIOR4 · + 
39CI085 · · + 
39CI0810 + · · + + + 
391:10811 · + + + 
39CIOF9 · + + + 
39Cl00_ · + + + 
39011R8 + · + 
39011B9 · + + + + + 
3901105 • · + + 
3911607 + + + · + + + 
39111114 + + . + 
391111Ell · + + 
391111F10 + 
39111105 • + 
_2BI0 • + + + . · • 
40£2811 + • · · • • 
_2C2 · · • • 
_2C8 · · · . 
_203 · + · + · 40£205 · · · 391111F10A9 • • • · . • · + 
391111FlOOll · · · + 

*Determined using ELISA. (+) indicates a positive test. Negative reactions 
are not indicated. 
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ANTI_ 

11-2 
E2-2 
E3-1 
13-2 
E3-3A 
E3-3B 
E4-1 
14-2 
16-1 
16-2 
E7-1 
£7-2 
17_3 
EII-1 
11I-2A 
111-28 
217-1 
217-2 
217-3 
E5-1 
219-2 
2E9-3 
2£9-4 
15-2 
£10-1 
£10-2 
111-1 
111-2 
111-3 
£12-1 
112-2 

®= no 

Table 2. IgG class of 
human MCAB~ 

Monoclonal Ab. laG laM 

39C10B4 
39C10BS 
39C10B10 
39C10B11 
39C10FS 
39C10G4 
39C11BB 
39CllB9 + 
39G11GS + + 
39H6G7 
39H11£4 
39H11£11 
39HllFlO 
39H11G!5 + 
4OE2B10 + 
40£2911 + + 
40E2C2 + 
40£2C8 + 
40£21)3 + 
40£2G!5 + 
39H11F10A9 + 
3\IH11FlODl1 

*Measured using 
ELISA 

Table 3. Characteristics of affinity puri
fied orbital antigens. 

CRUDE ANTIGEN 

HEll Cytosol 
OCT 
HEll 
HEN 
HEll 
HEll 
HEM 
HEM 
THY 
THY 
Hli CHAPSQ-Sol. memo 
lIEN 
HEll 
lIEN 
IlEM 
lIEN 
HEll 
HEll 
lIEN 
OCT 
HEll 
IlEM 
lIEN 
OCT 
OCT 
OCT 
HIlI SDS-Sol.melll. 
IlEII 
HEll 
IlEII 
HEll 

detectable protein 

PROTEIN CONC (pg/ml) 

30 
15 
9.5 
6.7 

100 
18 

4 
27 
7.3 

22 
2.1 
3.2 

11.8 
3.2 

12.0 
11.0 

-0 
6.0 
8.0 

-0 
n.t. 
n.t. 
n.t. 
n.t. 
-0 
9.3 
4.0 
4.8 

10.3 

-0 
6.5 

(non-protein an-

ELISA ACTIVITY 
(vo IICABl 

n.t. 
n.t. 

tigen) • n.t.= not tested. 
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17 purified antigens from HEM and 4 from OCT. Two OCT and 2 HEM pure antigens 
were not protein. Concentrations and ELISA reactivity of purified antigens 
are summarized in Table 3. 

DISCUSSION 

We have produced and characterized 22 human MCAB from blood lymphocytes 
of GO patients. The multiple reactivity of such MCAB suggests that cross-reac
tive antibodies may be one mechanism for the association of organ-specific 
autoimmune disorder4 .Our preliminary experiments show that purified antigens 
may be either protein or non-profit and are highly reactive in ELISA with 
the MCAB used for their preparation and with pooled patients sera, as well. 
The possibility that, in some cases, putative autoantigens involved in the 
immune reactions in GO may be other than proteins was already reportedl • In 
conclusion, we believe that the use of MCAB-affinity purified antigens is an 
appropriate approach for the study of the humoral mechanisms associated with 
GO,since it should allow us to identify relevant autoantigenic targets. 
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THE EXOPHTHALMOS-RELATED EYE MUSCLE ANTIGENS ARE NOT RELATED 

TO THYROID ANTIGENS: LACK OF BINDING INHIBITION USING THYROID 

MICROSOXES AND THYREOGLOBULIN 

Roy Moncayo, Ullrich Bemetz, and Ernst Friedrich Pfeiffer 

Department of Internal Medicine, 
7900 Ulm, West Germany 

INTRODUCTION 

University of Ulm, 

Endocrine exophthalmos with eye muscle involvement is 
most frequently seen in patients with Graves' hyperthyroidism 
(1) but also in cases of Hashimoto thyroiditis (2) and even 
in euthyroid patients. Autoantibodies directed either against 
thyroid microsomes or thyreoglobulin or both can been found 
in patients with Graves' disease and Hashimoto thyroiditis 
The concurrent detection of such autoantibodies in these 
groups of patients would imply that thyroid antigens could be 
related in the pathogenesis of eye muscle involvement. In the 
last years we have succesfully established an Enzyme Linked 
Immunosorbent Assay (ELISA) for the detection of 
autoantibodies directed against a soluble eye muscle antigen 
(3). In this study we have investigated whether a 
preincubation step with thyroid antigen preparations can lead 
to a decreased binding of eye muscle specific autoantibodies 
in our routine ELISA method. 

XATERIALS AND METHODS 

ThyrOid antigen preparations: human thyroids were 
courteously provided by the Department of Sugery of the 
University of Ulm. The tissue was subjected to homogenization 
and centrifugation in order to obtain both the fraction 
containing thyroid microsomes and that corresponding to 
thyreoglobulin. Commercially available porcine thyreoglobulin 
(Sigma) was also used as an inhibitor. 
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Eye muscle preparations: eye muscle was homogenized 
in 20mH Tris HCl buffer using a mechanical device (Ultra 
Turrax). After centrifuging at 500 x g and 50000 x g the 
final supernant obtained af~er centrifuging at 80000 x g was 
used as the soluble antigen. Protein concentration was 
measured using the Bradford method (4). The ELISA test was 
done as previously described (3). 

Patients: fifteen patients with endocrine ophthalmopathy 
and three normal controls were investigated. The sera of the 
patients with exophthalmos had been previously found to be 
positive in the routine assay for eye muscle antibodies. 

Inhibition studies: the sera were pre-incubated with 0, 
1, 10 and 100 ug/ml of each inhibitor. For this, microtiter 
plates (Dynatech M129B) were coated with the corresponding 
substance: thyroid microsomes, human thyreoglobulin fraction, 
porcine thyreoglobulin and the soluble eye muscle antigen. 
Incubation was carried out at room temperature for 1 hour. 
The pre-absorbed sera were then transferred to the plates 
with the eye muscle antigen and tested again. Binding of the 
autoantibodies to eye muscle in the absence of inhibitors was 
taken as 100%. 

RESULTS 

Only eye muscle ant1gen was effective as an inhibitor in 
this set-up. A 50% inhibition was achieved with an antigen 
concentration ranging from 8 to 16 ug/ml. Human thyroid 
microsomes and human thyreoglobulin as well as porcine 
thyreoglobulin were not effective in inhibiting the binding 
of eye muscle autoantibodies even at a concentration of 
100ug/ml. 

DISCUSSIO:N 

Although endocrine exphthalmos and thyroid autoimmune 
disease can coexist in many patients, eye muscle antigens and 
thyroid antigens do not appear to be related since there was 
a lack of inhibition when thyroid microsomes and 
thyreoglobulin were used in pre-absorption assays.. Differe,nt 
autoantigens. specific for each organ, seem to be involved. 
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HGDRAL IMKJN.['IY IN GRAVES OPH'IHAIM)PA'lHY 

Grazyna l\dler, Martha Faryna, Aleksandra I.ewart.owska 
Janusz Naunan, Andrzej Gardas, and Hanna Danek 

Department of Biochemistry 
Medical Center of Postgraduate Fducation 
Miuynoncka 99, warsaw, Poland 

There is a growing evidence that several autoantibodies might be generated 
in Graves ophthalnopathy (1 - 7) and result in diversifonn clinical picture 
and course of the disease. 

To further elucidated this canplex hurroral ilTImunity we atterrpted to esti
mate and to correlate the presence of anti e.!e muscle plasma membrane auto
antibodies /M1!fA/ ,autoantibodies against eye muscle microsanal antigens /MIf't/ 
of both IgG and IgM classes and autoantibodies against thyrod!d plasma membrane 
antigens /A'IHA/in sera of Graves ohpthalmopathy patients. 

MATERIAL AND ME'IHOIlS 

Serun samples were obtained fran either untreated or previously treated 
58 patients with class II to class VI Graves OFhthalmopathy according to Am 
classification. 

'!he presence of AEMA was estimated with use of hunan eye muscle antigen 
and Protein A-125 I as previously described3 and results expressed as AEMA 
index.Values of the index above 1.55 were a prgof for presence of this type 
of autoantibodies. 1\MM were estimated by ELISA6 with use of pig eye muscle 
antigen and anti human IgG or anti human ICfM antibodies .Optical density index 
above 1.17 and above .1.29 were prcofs for preserx:e of either M'M-IgG or AM-l' 
IgM.A'IHA were detennined by ELISA8 and results expressed as :i.Irrmm::lglobulin 
titer. 

Linear correlation betlNeen AEMA,both M·1M-IgG,AMM-IgM and A~ were evalu
ated at p=0.05 by rooans of Neptun 2000 cCIlplter. 

RESUIJIS 

Autoantibodies reacting with eye muscle plasma membrane and microsanal. 
antigens were present in sera of 24 Graves oJ;hthalmopathy patients /41%/ 
6 patients have AEMA and MoM of both IgG and Ig!1 classes,S patients have 
AEMA and 1\MM of IgG class while in 13 cases AEMA and M1M of IqM class were 
present .Autoantibodies reacting only with plasma membrane antigens were 
found in 7 patients and autoantibodies selectively reacting with eye muscle 
mic:rosanal antigens were present in sera of 8 patients .In 19 patients ,repre
senting mainly these previously treated, mne of autoantibodies investiqated 
were present. 
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Table 1. The presence of AMM of IgG class,AMM 
of IgM class and AEMA in Graves 
opthalIropathy patients 

autoantibody number of patients 
present absent 

~IgG,~IgM,AEMA 

AMM-IgG,AEMA 
AMM-IgM,AEMA 
AEMA 

6 
5 

13 
7 

19 
4 
3 
1 

Statistical analysis of the results shCMIl ro correlation betlYeen 1'»% 
and M1M of IgG class. COntrary to that, weak but significant correlation 
was fourd betlYeen values of AEMA index and values of Ar.tJJ of 19M class index 
/=0.41 p=0,05/. None of anti e'.le muscle autoantibodies correiated with 
anti thyroid plasma nanbrane autoantibodies. 

DISCUSSION 

'Ihe present study ShCMIl that serun of sane p:!.tients with Graves qilthal
mopathy contain autoantibodies against different canponent of eye muscle 
cells.'Ihese findings confinndata presented by others1 • As our p3.tients 
were randanly selected :iror:ortance of the presence of particular antibody, 
tlYo or even all autoantibodies examined for developnent, clinical picture 
and course of the disease can rot be at present established. Althouqh we 
attempted to correlate presence and titre of different antibodies/results 
obtaii1ed should be carefully evaluated.lt has to be taken into account 
that human muscle were used to obtain plasma membrane antigens while porcine 
eye muscle served as source of microsanal antigens.ln addition the quantio.! 
of antigens used to est:iroate AEMA and AMJl was different.However, we found 
rather a high accordance of the presence of anti manbrane and anti microsanal 
antibodies in p:!.tients sera.As in previous study there was ro correlation 
betlYeen A'IMA titer and titer of any antibodies directed aaainst eye muscle 
cells canponents. This however, is not a proof that Graves orhthalrnop3.thy 
represents a distinct autolirrnune disease. 
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AuroANTIBOOIES OF IgM AND IgG c::LASS AGAIN3T EYE MUSCLE 

ANl'IGEliS IN PATIENIS WI'lH GRAVES OPH'!HAIM)PA'IHY 

Grazyna Adler, Martha Faryna, Aleksandra Iewartowska 
Janusz Nauman, Andrzej Gardas, and Harma Dc:.trek 

Depart:nent of Biochemistry 
Medical Center of Postgraduate Education 
Maryrroncka 99, warsaw, Poland 

'!he preserx::e of autoantibodies /aab/ reactin,J with rnic:rosanal roanbrane1 
or plasma nerbrane /AFJ!Aj2 eye IIUlScle antigens have been recently reported 
in Graves c¥lthalm:>If1athy /00/. '!he significarx::e of huooral mediated 
imrunity in 00 was further suWOrted by studies in which correlation 
between preserx::e am developIellt of oIhtl]al,rropathy and titer of anti 
membrane autoantibodies were established~,4 

'!he aim of present work was to modify the method of estimation of anti 
eye muscle antibodies in attempt to increase its Sensitivity am to improve 
its reproductibility. We also have tried to find whether these aab but of 
IgM class are not more significant than those of IgG class for developrent 
am clinical course of 00. 

MA'lERIAL AND MEIHOOO 

Serum samples were obtaired fran 76 untreated or previously treated 
patients with 00 /class II to VI aocordin,J to ATA/serun samples from 106 
healthy individuals natchin,J similar age ran:Je served as controls. 

Pig eye muscle plasma nenbranes am rnicrosanes were separated by 'br.u 
steps centrifugations and microsanal membrane proteins were solubilised 
by 0,2% CHAPSO and sonication. Skeletal muscle and liver microsanes were 
obtaired by the same methods. 

ELISA test was perfol:med on polistyrene microtitre plates coated with 
6.6 ug/ml of solubilised antigen. Free sites were saturated by 10% pig 
serum in Ihosr,hosaline and the 1 hour reaction at 3-,0 withl;ested serum 
at 1 :20 to 1 :80 dilution were studied.Antilxxlies of G and M class bound 
to rnicrosanes were detected with peroxidase conjugated anti human IgG or 
IgM antilxxlies lJ.\mersham am Capt:el USA!. Optical density 1001 at 492 rou 
were read after reaction with o-phenylenediamine. Results are expressed as: 

CD of testedserun 
OD irrex =----------

00 of pool nonnal serum 

In the above conditions the 00 in absence of any serum was up to 10% of 
value obtaired at the presence of nonna! serum, however the nonspecific 
absorption of serum was high am only 50% of patients inmunoglobulines were 
displaced by excess of antigen in suspension 
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RESUL'lS 

Fig .1. The distribution of autoantibodies against eye 
muscle microsanes of IgG am IgM class in sera 
of CD p3.tients am in control sera. 

. : 

'!he mean 00 index in p3.tients with (',0 was 1.17 ± 0.63 for IgG class and 
1.29 ± 0.64 for I~ class versus 0.81 ± 0.35 for IgG and 1.02:1: 0.49 for 
IgM in controls /figure 1/ .Both IgG am IgM I!leaIl values in CD were 
Significantly higher then those in controls /p < 0 .01/. Values above 1.17 
am 1.29 respectively were considered as p:>sitive. 

Aab reactim with eye muscle microsanal antigens were present in 59% 
of CD p3.tients .AIroIl3" them 17% had both aab 22% only of IgM am 20% only of 
IgG class.Falsely positive results for both 19G am/or 19M were seen in 
30% of controls. 

In ramanly selected samples of serun fran CD patients am controls 
reaction of aab with micros anal antigens fran skeletal muscle and liver 
were also investigated am presence of respective anti IgG or anti Ig~i 
aab confinned in sore cases /Table 1/. 

DISCUSSION 

The present results clearly shaN that aab of both 1qG and IgM class are 
present in p3.tients with CD. In randanly selected treaUErl and untreated 
adult p3.tients both classes of aab appeared with same fr~emy. '!herefore 
IgM aab can not be representative for juvenile patients as previously 
suggested. 5 
AlthoUjhELISA might be expected to be more specific than previously 
estimated lIEMA, the fr~emy of falsely poSitive results fourrl in controls 
ranain relatively high. '!he presence of aab reactim with antigens fran 
skeletal muscle and fran liver both in p3.tients in healthy controls 
bUggest that either sllnilarity of sane antigens or crossreactivity of aab 
with different antigens remain an oostacle in the investigation of huroral 
mediated imnunity of Graves ophthalmopathy 
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Table 1. '!he presence of anti pig eye muscle /ID/ 
sceleta1 muscle /lIS/ am liver /L/ micro
sana1 antibodies in representative sera. 
Results expressed as OD imex. 

serum 

pool 00 
patient ro 65 
patient ro 75 
patientLro 86 
control ro 76 
control ro 80 

190 
reaction with: 
MJ ~t3 L 
1.6 1.6 1.6 
2.2 1.0 0.9 
1.2 1.1 0.5 
0.6 0.3 0.4 
1.5 0.9 0.8 
0.7 1.0 0.8 

IgM 
reaction with: 
ID lIS L 
2.1 2.5 2.4 
1.4 1.1 0.6 
0.5 1.1 0.7 
3.1 1.9 1.1 
1. 7 2.5 2.1 
0.7 0.9 1.0 

1. P.Kerrlal1-Tay1or,S .Atkinson,M.Ho1c:x:me,A specific 190 in Graves 
O];tlthalmopatha am its relation toretro-orbital am thyroid 
autoimnunity, Br.Med.J.288:1183 /1984/. 

2. M.Faryna,J,Naunan,A.Gardas, Estimation of autoantibodies against human 
eye nusc1e plasma meti:lranes in Graves oIfJ.th.al:nopathy,Br.Med.J.290:191/1985/ 
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Medica, AIlsterdam /1986/. 
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E.F. Pfeiffer. Detection of 19G am 1CfM antibodies directed aqainst eye 
am periIfJ.era1 muscle preparations in juvenile am adult patients with 
Graves disease am in patients with hypemyroidism : "'!he thyroid and 
autoimnunity" ,H.A.Drexhage W.M.Wiersin:ra,ed. ,Excerpta ~alica,AmsteIdam 
/1986/. 

535 



ENDDCRINE EXOPHTHALMOS - NATURAL HISTORY AND RESULTS OF 

TREATMENT 

Ekkeha~d Schiffe~decke~,and Ka~l Schoffling 

Depa~tment of Endoc~inology, Cente~ of Inte~nal 
Medicine, Unive~sity Hospital 
F~ankfu~t am Main, Fed.Rep. of Ge~many 

The appea~ance of endoc~ine ophthalmopathy (e.o.) is pa
thognomonic fo~ G~aves' disease, but its outb~eak is unp~e
dictable, not co~~elated with the cou~se and t~eatment of 
thy~otoxicosis, and often causing maJo~ the~apeutic p~oblems. 
The~efo~e, histo~y of e.o. and the~apeutic effo~ts in 191 pa
tients suffe~ing f~om G~aves' disease and seen in ou~ outpa
tient wa~d we~e analysed ~et~ospectively. 

ASPECTS OF ANALYSIS 

1. Manifestation of eye changes in ~elation to the cou~se of 
thy~otoxicosis. The beginning of t~eatment of the fi~st mani
festation of thy~otoxicosis was chosen as point of ~efe~ence. 
2. Seve~ity of e.o. acco~ding to the classification of the 
Ame~ican Thy~oid Association (II - soft tissue involvement, 
III - p~optosis, IU - ext~aocula~ muscle involvement, usually 
with diplopia, U - co~neal involvement, UI - sight loss (op
tic ne~ve involvement». The highest g~ade ~eached by the in
dividual patient was dete~mined. 
3. The~apeutic inte~ventions and thei~ efficacy. Only a 
clea~cut imp~ovement was ~egist~ated, because ~et~ospective 
ve~ification of mino~ changes is difficult (diffe~ent physi
cians involved, no standa~dized documentation). In g~ade III 
e.o. a documented pe~sistent lmp~ovement of subjective com
plaints, in g~ade IU an imp~ovement o~ disappea~ance of di
plopia we~e ~eco~ded. 

RESULTS 

1. Table 1 shows the f~equency of manifestation of B.O. in 
diffe~ent phases of G~aves' disease. Mo~e than half of the 
ophthalmopathies appea~ togethe~ with or even befo~e the 
fi~st manifestation of thy~otoxicosis. Another 25% of e.o. 
appea~ du~ing the fi~st six months afte~ sta~ting therapy. 
Only in 12% of patients the ophthalmopathy fol·lowed fi~st ma
nifestation mo~e than two yea~s late~. 
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2. Data conce~ning the seve~ity of e.o. a~e shown in table 2. 
38% of patients ~eached g~ade III, ~8,1% g~ade IU and only 
1,6% g~ade U and UI. 
3. The ~esults of the~apy a~e also documented in Table 2. 
Summa~izing the data, an imp~ovement was seen with ste~oids 
alone in ~8%, with the combination of ste~oids and ~adiation 
in ~2%, with ~adiation alone in 17%. Of 9~ unt~eated pa
tients, 17% imp~oved spontaneously. 

Table ~. Beginning of symptoms of endoc~ine ophthalmopathy in 
~elation to the cou~se of thy~otoxicosis 

Beginning of symptoms in ~elation to initiation n % 
~ .. f i ~st aj1tj.j;:J:IY.J:"O i !;L_t..!;:"..§~.:t..!!1...~!lL. ___ . _____________ .. _. ____ .. _. __ ._._. ____ • 

< 6 months afte~ i ni tiation ~2 2'f, 3 
< 12 months afte~ i ni tiation 15 8,7 
< 2'f months afte~ i ni tiation 7 'f, 1 
) 2'f months afte~ initiation 21 12,1 
togethe~ with initiation 80 'f6,2 
befg~e i:ni t ia1; iQJl..._._. __ . _______ . ___ ._. _____ . __ .. __ . __ . ____ .!;!. ___ ._.':!.....!2. 
total 173 100,0 

Iab~~£. Maximum g~ade of e.o. ~eached by 191 patients with 
G~aves' disease and influence of the~apy on clinical pictu~es 

The~apy Effects Numbe~ of patients ~eaching g~ade: 
________ . _________ ._J.L1J_.=.U.LJ...!.LJ.J I - I~_ . .Ly _ _Y~.L totad. 
no no change 9 12 'f'f 1 12 78 
the!:.!!IDL- imp~ovement ___ -__ J ___ ._7__ 2 6 16 
ste~oids, no change 1 10 1 10 22 
Lcoy.~---1..mp~ov§!!!ent __ -____ 1 ____ ~ ____ !L..~_-=--___ -__ ~ 
ste~oids, no change 1 1 3 5 
~~_~ __ j.l!!R!;:pve_ment _-=-___ = 1 __ ._3 __ . _____ ~_ 
ste~oids+ no change 3 1 15 19 
Lad i at i 0!J..._J._f!l..P!." oVJ1!.!!l eTJ.L ... --=-__ . ___ = ____ 1 ____ 1___ 12 1 'f 
~adiation no change 5 5 
i!lQ..o.!'!-._. __ . __ J.J!l.J!!;:QYeJTlen1; __ -=-_. ____ =-_ .. ___ .-=. __ .. ____ .=. __ . __ . __ L ___ .-=. .. _._-= _____ J._ 
o~hE;!.~ __ ._ .. _____ ._._ .. ______ . ____________ . ___ .. _l _________ £_._1 ___ ~ ____ 6_ 

DISCUSSION 

Ou~ data conce~ning the tempo~al ~elation between thy~otoxi
cosis and ophthalmopathy a~e in good acco~dance with the few 
~epo~ts on this matte~ in lite~atu~e (1,6). 
Ou~ own expe~ience with seve~ity and cou~se of e.o. confi~ms 
the statement of Go~man (5), that only 2 to 3% of patients 
develop seve~e e.o. (g~ade U o~ UI). The imp~ession that e.o. 
is a self-limiting disease and bu~ns out in most cases even 
without the~apy afte~ 3 to 36 months (3) is in ag~eement with 
ou~ data, too. But unfo~tunately, p~optosis and diplopia 
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orten pe.sist in these bu.ned-out cases, in 2~% or ou. pa
tients a g.ade IU e.o. could not be imp.oved by the.apy. 
Clinical .epo.ts on d.amatic imp.ovement or ext.emely seve.e 
e.o. unde. ste.oid the.apy a.e round in the lite.atu.e (11), 
succesrull ste.oid t.eatment in 15 patients was pe.ro.med by 
Ga.be. (~), but a c.itical .epo.t on only sho.t-lived beneri
cial errects appea.ed ea.ly, rollowed by othe.s (2,7,8), 
Expe.ience with mo.e potent immunosupp.essive agents like 
azathiop.ine, cyclophosphamide o. chlo.ambucil is negative at 
last. Recently, p.omising .esults with cyclosporine A we.e 
.epo.ted (10), but ru.ther studies a.e necessary to evaluate 
this d.ug. 
The bad .esults or .et.obulba •• adiation in ou. patients (im
p.ovement in 38% only) may be due to a negative selection, 
ro •• adiation was chierly perro.med arte. unsuccesrul steroid 
the.apies. In studies or ophthalmological o. radiological 
g.oups better .esults we.e achieved with improvement in up to 
96% or patients (ro •• er. see (9)). Only two .epo.ts with im
p.ovement .ates or ~~ and ~O%, .espectively, a.e compa.able 
with ou. obse.vations (ro •• er. see (9)). 
F.om the .epo.ted .esults it must be concluded that estab
lished the.apies ro. e.o. a.e unsatisracto.y and that mo.e 
errective the.apeutic means with less side errects are 
u.gently needed, especially under the aspect or ea.lie. 
inte.vention. 
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IMMUNOSUPPRESSIVE TREATMENT OF GRAVES' OPHTHALMOPATHY WITH 
OPHTHALMOPATHY WITH CYCLOSPORIN A AND CIAMEXON 

Christa Utech, Michael Cordes 
Peter Pfannenstiel, and Klaus G. Wulle 

Deutsche Klinik fur Diagnostik 
Fachbereich Nuklearmedizin 
6200 Wiesbaden, F.R.G. 

INTRODUCTION 

Presently Graves' ophthalmopathy is considered to 
be an organ specific autoimmune disorder as shown by 
Wang et al. (1) and Volpe (2). Since 1983 patients with 
severe progressive Graves' disease stage IV to VI 
according to the classification by Werner (3) receive 
an immunosuppressive treatment with Cyclosporin A (CyA) 
in a low dosage alone or in combination with corticoste
roids on a short term basis as shown by Wheetman at al. 
(4) and Utech et al. (5). We are also examining the effi
ciency of Ciamexon - a new immunomodulating drug - with 
no known side effects. 

PATIENTS AND METHODS 

23 patients with severe Graves' ophthalmopathy 
stage IV to VI who did not respond to corticosteroids 
alone and other forms of treatment have been treated 
with CyA and corticosteroids over a 6 month period. 
Initially a dosage of 4 to 5 mg/kg b.w. was given and 
later reduced according to the drug level monitored in 
blood 15 to 16 hours after last intake. Corticosteroids 
were given in a dosage of 60 mg and reduced weekly by 
5 mg. 

20 patients with stage III to IV were treated with 
.Ciamexon in a dosage of 300 mg daily, given as tablets. 

Routine laboratory program was performed monthly 
and ophthalmological status every 3 months evaluating 
vision with subjective and objective refraction, bulbar 
motility (Hess chart), measurement of proptosis (Hertel) 
and inter lid space, tonographic registration of intra
ocular pressure in straight and upgaze as shown by Draeger 
(6) and Wulle et al. (7) visual field test (stat. and 
kinet.), slit lamp and ophthalmoscopy. 
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RESULTS 

11 out of 23 patients with Graves' ophthalmopathy 
stage IV to VI treated with CyA and corticosteroids over 
6 months showed an improvement in all ophthalmological 
parameters, 7 remained unchanged and 5 worsened. In 2 
patients decompressive surgery was necessary. In 3 pa
tients squint surgery could be done after stabilization 
of the status. After 6 months 11 patients were changed 
over from CyA to Ciamexon. 

Among the 20 patients with Graves' ophthalmopathy 
stag~ III to IV treated with Ciamexon 7 patients impro
ved and 7 patients remained unchanged. In 6 patients 
the ophthalmological findings worsened, so that treat
ment was changed to CyA and corticosteroids in 3 patients, 
the other 3 patients received corticosteroids in addition 
to Ciamexon over a short term. In severe stages IV to 
VI no response was seen with Ciamexon treatment. 

SUMMARY 

In severe Graves' ophthalmopathy stage IV to VI 
combined treatment with CyA plus corticosteroids is more 
effective compared to Ciamexon alone. Mostly all the 
patients who received Ciamexon after termination of CyA 
treatment showed a stabilization of the status over 6 
months treatment. After this period a worsening effect 
was observed in some patients. A combination with low 
dosage of corticosteroids seems to be more effective 
in these cases. 

Patients with Graves' ophthalmopathy stage III to 
IV previously treated ineffectively only with cortico
steroids showed an improvement under Ciamexon treatment. 
In more severe cases with mainly muscle involvement the 
addition of a low dosage of corticosteroids shows better 
results. 

CONCLUSION 

Patients with Graves' ophthalmopathy stage IV to 
VI receive CyA plus corticosteroids, changing to Ciamexon 
plus a low dosage of corticosteroids after several months. 
Our experiences show that the ophthalmological status 
then remains stable for 4 to 6 months after changing. 
Longterm examinations will show if there is a possibility 
to economize CyA with Ciamexon. 

In less severe stages III to IV Ciamexon plus a 
low dosage corticosteroids are initially administered. 
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INTRODUCTION 

Combined therapy with systemic corticosteroids and orbital cobalt 
radiotherapy (RT) has proven an effective method for treatment of severe 
Graves' ophthafmopathy (1). The use of large doses of systemic 
corticosteroids is potentially risky. In more than 100 patients treated so 
far at our Institution with systemic corticosteroids either alone or in 
combination with radiotherapy, relevant side effects have been observed in 
4 cases: one patient had an increase of intraocular tension, one showed 
depressive psychosis, one developed diabetic syndrome requiring insulin, 
and one had infective encephalitis within the first month of treatment (2). 
This prompted us to assess the therapeutic effectiveness of retrobulbar 
long-acting corticosteroids (RBC) in substitution for systemic 
corticosteroids in the combined therapy in a group of 44 consecutive 
patients with active Graves' ophthalmopathy. 

MATERIALS AND METHODS 

Patients. Forty-four patients (27 F, 17 M, aged 36-78 yr, mean 54 yr) were 
submitted to RT associated with RBC. The duration of ocular symptoms 
averaged 29 months, and the follow-up period after the last retrobulbar 
injection ranged from 12 to 42 months. 

Ophthalmopathy Index (01). The degree of ocular involvement was assessed 
by the 01 (1, 3). Results of treatment at the end of the follow-up period 
were evaluated both clinically (excellent, good, slight, no response)(1, 3), 
and by variations of the 01. 

Therapeutic protocol. RT, performed as previously detailed (1), was started 
together with RBC. The latter consisted of 14 bilateral injections of 40 
mg methylprednisolone acetate, at 20-30 day intervals. 
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RESULTS 

Before treatment, soft tissue involvement was present in all patients; 
proptosis in 31 (70%), with a mean Hertel reading of 21.8 mm in the most 
prominent eye; involvement of extraocular muscles was evident in 42 
(95%), with fixation of eye globe in 10 cases; corneal lesions or optic 
neuropathy were detected in 16 (36%) and 9 (20%), respectively. The 
ophthalmopathy index ranged from 4 to 10, with a mean value of 5.9 ± 1.8 
(± SO). 

Table 1. Effects of combined treatment with RT and RBC in 44 patients with active Graves' 
ophthalmopathy. 

-------------------B~oretherapi--------------Afterlherapy----------------

Soft tissue 

Proptosis(2!20 mm)a 

Eye muscle 

Corneal lesions 

Optic neuropathy 

Abnormality Regression Improvement No change Worsening 

44 

31 

42 

16 

9 

1 1 

7 

7 

8 

8 

24 9 

5 19 

6 27 2 

8 

8RegresSioniildicates-a 2! 2 mm reduction of proptosis and a final reading of < 20 mm; 
improvement indicates a 2! 2 mm reduction and a final reading of 2! 20 mm; no change 
indicates a < 2 mm reduction. 

The effects of treatment on each class of eye changes are reported in 
Table 1. At the end of the follow-up period, regression or partial 
improvement was observed in most cases (80%) with soft tissue changes, 
and in all cases with sight loss due to optic neuropathy. Regression or 
improvement of proptosis occurred in 12 patients (39%), with a mean final 
exophthalmometer reading of 20.1 mm, and a decrease of >3 mm in 4 cases. 
The majority of patients (64%) with extraocular muscle involvement had 
no beneficial effect from treatment and worsening was observed in 2 
cases (5%); only 7 patients (17%) regained normal eye globe motility. 
Corneal lesions disappeared in 50% of cases, and were not affected by 
treatment in the remaining 50%. The initial effects of treatment became 
in general apparent after 2-3 months. 

Excellent or good responses were observed in 11 patients (25%), while 
the majority of patients (n=24, 55%) showed a sli~ht, albeit statistically 
significant, response to therapy. Ocular conditions did not improve in the 
remaining 9 patients (20%). The mean final 01 was 3.2, with a net change 
of -2.7. 

No side effects of RT and tlBC were observed, with the exception of 
few cases of subconjunctival hemorrhages with no sequelae. No patient had 
an increase of intraocular tension. Additional therapy was carried out in 7 
patients: 3 were given high doses of systemic corticosteroids for 
persistence or recurrence of ocular symptoms, 4 were submitted to 
extraocular muscle surgery for perSistent distressing diplopia. 

DISCUSSION 

The results of the present study indicate that combined therapy with 
RT + RBC was effective on congestive symptoms and optic neuropathy, 
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while proptosis was only partially influenced. Substantially negative 
results were obtained on ocular motility. This latter finding is in 
disagreement with the results obtained by Thomas and Hart (4), wllo using 
locally injected corticosteroids alone reported satisfactory results in the 
majority of cases of eye muscle involvement. It is, however, worth noting 
that about 2/3 of our patients showed a severe restriction of eye 
movements, with a complete fixation of the globe in 10 cases. Other 
authors have also been less enthusiastic about the effects of locally 
administered corticosteroids on extraocular muscle dysfunction (5, see 
also 6 for review). The different selection of patients may be responsible 
for these discrepancies. In agreement with previous reports (4, 5), the 
administration of RBC appeared to be a safe procedure, devoid of any local 
or systemic major side effects. 

In conclusion, on the basis of the present study the association of RT 
with RBC may be used with advantage in the treatment of severe Graves' 
oj:>hthalmopathy, but appears to be less effective than the association of 
RT with systemic corticosteroids (1). This has been recently confirmed in 
a controlled trial carried out in our Istitution (7). Thus, RBC should be 
limited to patients with contraindications to the systemic administration 
of steroids. 
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IMMUNOLOGICAL FEATURES OF SIMPLE ENDEMIC GOITRE 
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P. Fragapane*. and G. Varvello* 
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° Department Clinical Immunology of the University 
Turin, Italy 

The aim of this research was to study immune aspects of 
endemic goiter and throw light on the uncertain boundaries between 
autoimmune and non-autoimmune thyroid diseases. For instance the 
"European study group of hyperthyroidism" register as "unclassified" 

31.3% of the hyperthyroid patients examined'. Adult goiter patients from 
Piedmont's endemic areas (group E. G. ) and "thyroid 0" persons for 
control (group C, matched for sex and age) were examined. For the number 
of the persons and for methods involved in each research, refer to the 
original papers·,3. Piedmont's endemic gOiter, like that prevalent in 
mountain areas, is mostly nodular and poor in iodine (mean value in our 
series, I mcg/g 186 ± 200). Toxic multinodular goiters and autonomous 
toxic adenomas are the prevailing causes of hyperthyroidism. The 
following urine estimates were obtained in adults: I mcg/1 60 ± 14, 
th,iocyanates mg/1 1.30 ± 0.6, fluorine mcg/l 17.9. A comparison of Ig 
G,A,M,C3,C4,k and ). chains in the peripheral blood proved only a IgM 
median lower (-21%) in the E.G. group. The incidence of thyroid autoAbs 
(T.R.C.) ranged in group E.G. from 7 to 24% with titres up to 1/5120 for 
Tg Abs, 1/25.000 for Mi Abs. Higher frequencies and higher titres were 
measured in large longstanding goiters. The highest values occurred in 
recurrent goiters (43.6%) and in toxic gOiters (36.8%). High values of 
Mi Abs ( ~1/6400) were prevalent only in toxic goiters. In toxic adenomas 
however, high titres of thyroid Abs were no more frequent than in the C 
group. In the E.G. group non thyroid autoAbs were also measured; their 
frequency was: Mi Abs 6.7%, Nu Abs 16.9%, Ga Abs 8.5%, 8m Abs 20%. In 
the peripheral blood EA, ET lymphocytes, OK and Leu subsets, T DR+ and 
NK+ cells (Leu7+/Leu2-, Leu7+/Leu2+) were identified with commercially 
available Mo Abs, and enumerated by eye. No significant differences 
between the two groups were observed. Lymphocytic infiltration (L.r.) 
occurred in 45% of the surgical goiter' specimens, with higher frequency 
and intensity in women. There was a direct, though not linear, 
corresp~ndence between the L. I. and the incidence and the ti tres of 
thyroid Abe. Lymphocytic germinal centres, plasmacells and oxyphylia 
occurred in 8% of simple goiters, and in 30% of toxic ones. In 4 simple 
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goi ters intrathyroidal mononuclear cells were characterized, with the 
epithelial cells expressing HLA-DR Ag. Using the immunoperoxidase 
staining method Mo Abs anti-Leu1, anti-Leu3, anti-Leu2b, anti-Leu7 and 
anti-HLA-DR were employed. Lymphatic follicles, with the germinal 
centre, and the neighbouring infiltrated areas were stained by HLA-DR Mo 
Ab. Around the follicles T cells were prevalent, mainly of the T helper 
phenotype. Leu7+ cells were scattered among the follicles and in both 
the lymphatic nodes and the germinal centres. HLA-DR+ epithelial cells 
were more frequent in toxic goiters and easily recognized in the 
follicles of the less infiltrated areas. In some follicles these cells 
were scanty, in others nearly all were of this type. Immunohistologic 
staining by direct and indirect I.F. on serial cryostatic sections 
showed Ig G,A,M in the follicles of 12 out of 59 simple goiters: in four 
IgG and C3 were responsible for granular deposits of immunocomplexes 
(I.C.) at the basal membrane. When L.I. marked by the presence of 
lymphatic nodules with germinal centres and oxyphylia, I.C. at the 
follicle basal lamina, occur in endemic goiter, together with high 
titres of thyroid Abs, we assume the intervention of a lymphatic 
thyroidi tis. Some AA include such cases in Hashimoto I s thyroiditis. 
However, in 5% of our operated endemic goiters not a clear-cut 
distinction could be drawn between the two forms in the light of the 
morphologic and immunologic data at our disposal. The above markers of 
humoral and cell mediated a. i. are more frequent in women, in toxic 
goiters and in those recurrent after surgery, and appear to proceed with 
the structural and functional alterations of the gland. "Local 
abnormali ty in the gland appears to play an important role in the 
ini tiation of thyroid autoimmunity" (Roi tt and Doniach)·. Because a. i. 
signs usually are absent in the early stages of the disease, we may 
conclude that endemic goiter is not of a.i. origin. We are inclined to 
consider that the a.i. lymphocytic thyroiditis may occur not as a 
superimposed disease, but rather part of the natural history of the 
gOitrogenic process in immunologically inclined persons. The above 
observations point to a possible overlapping between true a.i. thyroid 
disorders and other pathologic thyroid conditions in wich immunological 
manifestations may follow, overcoming the histological picture and the 
functional pattern of the primary lesion. 
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THYROID AUTOIMMUNITY IN FIVE SAMPLES OF GENERAL POPULATION IN ITALY 

Giovanni B. Salabe & Helga Lotz (Roma), Alessandro Menotti 
(Roma), Sergio Muntoni (Cagliari), Giancarlo Descovich (Bo
logna), Roberto Antonini (Roma), Eduardo Farinaro (Napoli), 
and Gino Avellone (Palermo) 

C.N.R. Special Program on Preventive Medicine "Atheroscle
rosis Project", Italy 

In a previous study carried out in 1978 we have described the preva
lence of thyroid autoimmunity and hypothyroidism in a sample of 517 
subjects randomly selected from the electoral roll of a quarter of Ro
me. 1 Thyroid autoimmunity was found in 12.5% of the subjects and latent 
hypothyroidism in 2.7% (TSH>5j.1U/ml, normal T3, T4). 

The present article summarizes the results of a collaborative study 
conducted within the Targeted Programmes on Preventive and Rehabilitative 
Medicine of C.N .R. Subjects were randomly selected from the electoral 
roll of the metropolitan area of Bologna and Rome and from three indepen
dent municipalities a few km from Cagliari (Capoterra), Palermo (Castel
daria) and Naples (Afragola) .Two thousand and eighteen subjects in an age ran
ge between 20 and 59 accepted to take part in the study. The enquiry on 
thyroid autoimmunity was carried out by distributing a questionaire and 
measuring serum T4, TSH and thyroid antibodies. Thyroid anti-microsomal 
Abs were measured by tanned red cell haemoagglutination (TRC), anti-thy
roglobulin antibodies by TRC and by double antibody technique using 125-
I-labelled thyroglobulin (RIA). 2 

The data obtained from the samples of continental Italy have been 
considered separately from those obtained from the Sardinian sample. 
The results summarized in Table 1 have shown that: 

1) The over-all prevalence of thyroid autoimmunity in continental Italy 
is 15.8%. In the Sardinian population the prevalence of thyroid autoimmu
nity is significantly higher than in samples of continental Italy (27.9 
vs 15.8%; p < 0.001). 

2) In both samples (continental Italy and Sardinian), the prevalence of 
thyroid autoimmunity is higher in females than in males and increases 
with age in both sexes. 
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Table 1. Prevalence of thyroid autoimmunity by sex and age in four 
samples of continental Italy and in one Sardinian sample. 

Age 

Males 
Continental 
Italy 

Sardinian 
sample 

Females 
Continental 
Italy 

Sardinian 
sample 

20-29 

7.9 
(7/88) 

9.5 
(6/63) 

18.4 
(21/114) 

26.5 
(21/79) 

30-39 

7.6 
(11/145) 

17.1 
(13/76) 

19.1 
(31/162) 

33.6 
(35/104) 

40-49 

8.2 
(17/207) 

23.6 ' 
(18/76) 

16.7 
(37/219) 

33.7 
(30/89) 

50-59 

10.5 
(19/181) 

16.3 
(15/92) 

26.5 
(58/219) 

50.9 
(53/104) 

All age groups 

8.7 
(54/621) 

16.9 
(52/307) 

20.6 
(147/714) 

37.0 
(139/376) 

Differences between continental Italy and Sardinian sample by X 2 were 
highly significant (p < 0.001). 

The prevalence of latent and overt hypothyroidism has been found respec
tively between 0 and 6% and 0 and 1% in the different population samples. 
The Sardinian population has the highest rate of latent and overt hypo
thyroidism. Latent and overt hypothyroidism are constantly associated with 
thyroid autoimmunity. 

In summary the average prevalence of thyroid autoimmunity in Italy 
is comparable to that reported for other European countries.3 In the Sar
dinian sample of population, however, a higher prevalence of thyroid 
autoimmunity, latent and overt hypothyroidism has been found compared with 
continental Italy. 

In recent years geographic differences of thyroid autoimmunity have 
been reported by us 4 and other AA. 5 ,6 Several hypothesis can be proposed 
to explain the geographic differences: iodine intake, low calory diet, 
viral infections, specific haplotypes of the Major Histocompatibility Com
plex,breeding of the population sampled and endemic goitre. In one sample 
of Greece7 population with endemic goitre, iodine prophylaxis has been 
able to increase the prevalence of thyroid autoimmunity suggesting a role 
of iodine in the production of thyroid autoantibodies. This finding howe
ver has not been confirmed in another study carried out in Brasil. 8 It 
is therefore likely that for the expression of thyroid autoimmunity, 
other environmental and/or genetic factors are essential in addition to 
iodine intake. 
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PREVALENCE OF HYPOTHYROIDISM AND HASHIMOTO'S THYROIDITIS IN TWO ELDERLY 

POPULATIONS WITH DIFFERENT DIETARY IODINE INTAKE 

E. Roti, M. Montermini~ G. Robuschi, E. Gardini, D. Salvo*, 
M. Gionet**,C. Abreau* ,B. Meyers**, and L.E. Braverman** 

Cattedra di Endo. dell'Univ. di Parma, Servo di Med. Nucl., 
Ospedale S.Maria Nuova, Reggio Emilia, Italy*; Div. of Endo. 
and Metab., Univ. of Massachusetts, Worcester, MA, USA** 

INTRODUCTION 

The prevalence of subclinical and overt primary 
hypothyroidism in elderly female subjects is variable among 
different populations, ranging between 1 and 17.5% 1,2. The 
etiology of the hypothyroidism is most frequently due to 
autoimmune or Hashimoto's thyroiditis. Recently, Bastenie 
et a1 3 reported that serum anti-thyroglobulin (Ab-Tg) and 
anti-microsomal (Ab-M) antibodies are present in a large 
number of elderly women, reaching approximately 23 percent 
over age 60 years. A positive relationship between 
Hashimoto's thyroiditis and iodine intake has been found by 
some authors 4- 6 but not others 7 

In the present study we have determined the prevalence 
of Hashimoto's thyroiditis, subclinical and overt 
hypothyroidism, and positive iodin~-perchlorate discharge 
tests among two female populations residing in areas of 
different iodine intake. 

MATERIALS AND METHODS 

63 female subjects aged 68 + 0.9 years residing in 
Worcester (USA) and 241 female subjects aged 81 + 0.5 years 
r~siding in Reggio Emilia (Italy) were studied after 
informed consent was obtained. Blood samples were obtained 
from all the subjects. 

Serum TSH concentration was measured using commercially 
available kits. Serum TSH concentrations between 5 and 10 
uU/ml and over 10 uU/ml define subclinical and overt 
hypothyroidism, respectively. The presence of serum Ab-Tg 
and Ab-M was determined by the tanned red cell technique. 
Serum Ab-Tg and/or Ab-M titers equal to or greater than 
1:400 were considered positive. 

Iodine-perchlorate discharge tests were carried out in 
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the 63 female subjects residing in Worcester and in 
twenty-seven of those residing in Reggio Emilia. A tracer 
dose of 123 1 in Worcester and 131 I in Reggio Emilia was 
administered p.o. with 500 ug of stable iodine at 0 time. 
Three hours later, radioactive thyroid uptakes were 
determined and 1 gm potassium perchlorate was then given. 
An abnormal test was defined as a discharge of radioactive 
iodine of greater than 15 percent 1 hour after the 
administration of the potassium perchlorate. Total iodine 
excretion in the urine was measured by the modified method 
of Zak8 and urinary creatinine was determined by 
autoanalyzer. The iodine:creatinine ratio (micrograms of 
iodine per g creatinine) was then calculated as an estimate 
of iodine intake9 • 

Data are reported as the mean + SEe Statistical 
analysis was carried out by the Student's t test and by x 2 
analysis. 

RESULTS 

Serum TSH concentrations between 5 and 10 uU/ml occured in 14 percent 
of the elderly subjecys residing in Worcester and in 0.8 percent of those 
living in Reggio Emilia (p(O.OOl). The prevalance of serum TSH concentra
tions greater than 10 uU/ml was 6.4 percent in Worcester and 0.8 percent 
in Reggio Emilia (p<0.025). 

The prevalence of positive serum Ab-Tg and/or Ab-M 
titers was 25 percent in Worcester and 0.8 percent in Reggio 
Emilia (p<O.OOI). 

Urinary iodine/creatinine ratio measured in 51 subjects 
residing in Worcester was 259 + 23 ug/g, a value 
significantly higher (p<O.OI) than that observed in 88 
subjects living in Reggio Emilia (84 ± 4 ug/g). 

The prevalence of positive iodine-perchlorate discharge 
tests was 44.4 percent in Worcester and 3.7 percent in 
Reggio Emilia (p<O.OOI). A positive iodine-perchlorate 
discharge test was the only abnormality in 23 percent of the 
elderly subjects residing in Worcester. 

DISCUSSION 

The present study indicates that the prevalence of 
hypothyroidism and Hashimoto's thyroiditis is far higher in 
elderly women residing in Worcester than in Reggio Emilia. 
Furthermore, the prevalence of thyroid iodine organification 
defects, as measured by the iodine-perchlorate discharge 
test, is increased in the elderly residing in Worcester. A 
positive iodine-perchlorate discharge test may be the 
earliest manifestation of a failing thyroid. It is possible 
that the increased prevalence of hypothyroidism, Hashimoto's 
thyroiditis, and positive iodine-perchlorate discharge tests 
in Worcester is secondary to the marked difference in iodine 
intake in the 2 populations. Thus, the iodine/creatinine 
ratio was much higher in Worcester than in Reggio Emilia, an 
area of mild iodine deficiency. Others have also suggested 
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that an increased prevalence of Hashimoto's thyroiditis may 
be due to increased iodine intake, including the occurence 
of autoimmune thyroiditis following iodine supplement
ation 4- 6 • However, more recently Gaitan et a1 7 did not 
find a correlation between iodine supplementation and 
lymphocytic thyroiditis. 
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The influence of iodine on autoimmune thyroid disease is receiving increasing 
attention. Differences of the prevalence of thyroid autoimmune factors, namely 
thyroid autoantibodies and/or lymphoci tic infiltration, related to iodine in
take, in individuals and in animals have been found. The rise of the frequency 
of Hashimoto thyroiditis after the introduction of iodine prophilaxis and the 
higher incidence of this disease in areas of high iodine intake compared to iodine 
deficient countries point to a possible role of iodine in the induction of autoim
mune thyroid disease. More recently, conflicting evidences on this problem have 
been obtained experimentally. Sundick et al., 1986 have demonstrated that high 
iodine diet in chickens induces thyroid autoantibodies and thyroiditis by in
creasing the immunogenici ty of the Tg molecule. The in vitro experiments of Wenzel 
et al., 1986 showed that NaJ induces an autoantigen which together with class 
II antigen stimulates a functional immune response. On the contrary, the recent 
study of Persson et al. 1986 has demonstrated that HLA-DR expression of the human 
thyroid can be induced by reducing the iodinating capacity of the gland. We are 
unaware of studies investigating the role of iodine intake on the prevalence of 
TSH receptor antibodies. Indirect evidence may be derived by the different fre
quency of non immune and autoimmune thyroid autonomy associated with deficient 
or excessive iodine intake respectively (Mc Gregor et al. 1985). The aim of the 
present work is to investigate in hyperthyroid patients of an iodine deficient 
area (Piedmont, Italy) on: a) the frequency of thyroid morpho-functional pat
terns and their association with autoimmune parameters; b) the relationship bet
ween urinary iodine excretion/g of creatinine (U. I. /g Cr) and the prevalence of 
thyroid autoantibodies, namely Ab-Tg, MiAb, anti-THS receptor (TRAb). 
Preliminary data on the fall of TRAb in hyperthyroid patients with different U. I. 
during a course of methimazole are reported. 

MATERIAL AND METHODS 

The present work deals with 102 hyperthyroids, in and out-patients of the Mauri
ziano Hospital, Turin, Italy (age: 49.5 ::I: 15.4; M/F:1/9). In all patients physical 
examination (P .E .. ) and the following laboratory tests were performed: thyroid 
scintigraphy (SC), ultrasonography (US) Total TJ and T4 (Amersham), FTJ , FT4 
(Lepetit), TSH-Irma (Serono), Ab-TG, MiAb (Fuj i), TSH-receptor antibody -TRAb
(Bik Goulden) . In 87 of 102 patients urinary iodine and creatinine were measured. 
All patients were hyperthyroid by clinical and laboratory findings; they were 
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examined at the onset of the disease, before treatment was started. On the basis 
of the results of P. E., SC and US 5 distinct morpho-functional patterns of the 
thyroid were defined: 14 non enlarged thyroids (NT): thyroid of normal size, dif
fuse radionuclide uptake and diffuse hypoechogenicity; 36 diffuse goitre (DG): 
enlarged thyroid, SC and US as in NT; 9 uninodular goitre (UN): thyroid of dif
ferent size, single, hot nodule at the scan, US characterized by hypoechogenic 
nodule, sometimes with hemorrhages, fibrosis, calcifications in it; 32 
multinodular goitre (MNG) : many nodules (P.E.), warm areas interspersed with low 
uptake areas or nodules (SC), nodules of different size and echogenicity (US). 
Finally in 11 patients with enlarged thyroid, with or without palpable nodules, 
the US showed a pattern of low echogenici ty wi th some highly echogenic, variably 
sized nodules; the scintiscan was not uniform: disomogeneous uptake in thyroids 
without palpable nodules, scintiscan similar to that of GMN in nodular thyroids. 
Especially on the basis of US findings we are inclined to consider these thyroids 
as a separate group, «disomogeneous» (DIS) . Work is in progress to better define 
such thyroids. Autoimmune parameters were measured in all patients with different 
thyroid morphology and the results are summarized in Table 1. As can be seen, the 
prevalence of TRAb+, MiAb+, Exophtalmous (Eo) is significantly higher in hyper
thyroids with DG, NT, DIS than in those with UN and GMN. The 87 patients in whom 
urinary iodine was measured were divided according to U. I. in 2 groups: < 100 
p.g/g Cr and> 100 p.g/g Cr. The prevalence of autoantibodies was determined in 
the 2 groups. The results (Table 2) reveal an higher frequency of TRAb+ and of 
the association TRAb+-MiAb+ in patients with ioduria > 100 p.g/g Cr. These findings 

Table 1. Autoimmune parameters in hyperthyroid patients with different thyroid 
morphology 

nO TRAb+(%) Eo+(%) MiAb+(%) TRAb+MiAb+(nO) 

DG 36 58 36 58 11 

DIS 11 54.5 33 54.5 4 

NT 14 57 37.5 43 4 

MNG 32 9.4 3 25 2 

UN 9 11 

P <0.001 p=0.007 p<O.Ol p=0.015 
significancy (DG+DIS+NT) vis (MNG+UN) 

Table 2. Prevalence of autoimmune parameters in hyperthyroid patients with dif
ferent U. I. 

nO TRAb+ Eo+ MiAb+TRAb+ 

DG 32 1 16 4 9 1 10 

DIS 10 5 2 4 

NT 14 3 5 2 2 1 J 

MNG 26 J 1 2 

UN 6 1 1 

P = 0.025 ns p<0.05 
significancy nO / nO 

nO = U.L <100p.g/gCr nO = U.L >100p.g/gCr 
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Table 3. Rate of disappearance of TRAb in hyperthyroid patients with different 
U.I. during Methimazole treatment 

U. I. ("g/g Cr) 

3rd month 

6th month 

<200 

5/11 

4/8 

>200 

0/9 p '" 0.0198 

1/8 NS 

are more evident in DG, NI, DIS patients. In 2 patients with Amiodarone induced 
hyperthyroidism (1 NT, 1 GMN), both TRAb+ with normal eyes at the onset of the 
thyrotoxicosis, class 4 ophtalmopathy appeared during the course of the disease 
which responded favorably to steroid therapy. We have also examined the rate of 
disappearance of TRAb and MiAb in patients with different U. I. during treatment 
with Methimazole. The titre of the auto Ab was measured at the onset of the therapy 
and at 3 months intervals during treatment. The number of patients in whom TRAb 
became undetectable at 3rd and 6th month of treatment in shown in Table 3. 

DISCUSSION AND CONCLUSIONS 

In our hyperthyroid patients we have tried to correlate the morpho-functional 
aspects of the thyroid with the signs of thyroid auto immun i ty. By the use of P. E. , 
SC and US 5 morpho-functional thyroidal patterns have been defined. Patients with 
uninodular or multinodular toxic goitre had significantly lower prevalence of 
ti\Yroid autoantibodies and of exophtalmous than patients with other thyroid mor
phology (DG, NT, DIS). The latter have been classified as having «immunogenic 
hyperthyroidism». Hyperthyroids with U. I. > 100 "g/g Cr had significantly higher 
prevalence of thyroid autoantibodies than patients with U. I. < 100 "g/g Cr. This 
association is particularly evident in patients with immunogenic hyper
thyroidism. On the basis of these results we suggest that in patients suscepti
ble to thyroid autoimmune disease high iodine intake facilitates the immune 
response. If this suggestion is true, the appearance of the ophtalmopathy in 2 
patients with Amiodarone induced hyperthyroidism, both TRAb+, during the course 
of the disease is in keeping with the concept of a role of iodine in immune modula
tion. Furthermore our preliminary results suggest that the iodine intake seems 
to influence the fate of the TRAb during antithyroid therapy. It has been 
demonstrated that high iodine consumption may be responsible of the resistance 
to the effect of antithyroid drugs (ATD) Azizi F., 1985 and that iodine supplemen
tation after discontinuing therapy results in higher recurrence of the disease. 
The association of high U. I. with the persistence of TRAb in patients treated 
wi th ATD suggests that iodine influence on TSH receptor could playa role in the 
complex relationship between iodine intake, efficacy of ATD and recurrences of 
hyperthyroidism. 
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In a previous study ¥.e found that 29 out of 58 goitrous patients 
(50 %) injected with 1 ml iodized oil 1m developed 3 to 6 nonths later 
thyroid autoantibodies against thyroglobulin (Iffi) and/or the microsomal 
antigen (M3) 1 • In the present study ¥.e extend previous reports 2,3,4 
that such autoantibodies develop also after small 'physiological' roses 
of iodine, and the results are cx:mpared with those obtained with iodized 
oil 1. 

MATERIAL AND MErHODS 

Four groups of patients with a diffuse or mic:ronodular nontoxic 
<pitre ¥.ere studied in our endemic areas. Definitely nodular <pitres ¥.ere 
excluded, because of possible autonarrf. Before, 3 and 6 nonths after 
treatmant, goitre size, serum thyroid hor.none levels, t.'1e TRH test and 
the iodine/creatinine ratio (I/Cr) in spot samples of urine ¥.ere nea.sured1 • 
Anti thyroid autoantibodies against Iffi a."ld the MS antigen ¥.ere assayed by 
passive haemagglutination, using the Thymune-M and Thymune-T kits of ttEll
come. Inw titres ¥.ere accepted only after repetition. Group a, 58 pa
tients, ¥.ere treated with 1 ml. of iodized oil (48 % wt/vol), group b, 19 
patients, received l-thyroxine, 150 or 200 lJ8'/day, group c, 49 patients, 
I-thyroxine 150 lJ8' plus pot. iodide (KI) 150 lJ8'/day, and group d, 25 pa
tients, KI 150 or 300 lJ8'/day. 

RESULTS 
Table 1. 

I/Cr ratio in lJ8'/g DE.VEWPED MB 
GroUPS n __ Ja];;.LO_~l]; _____ -,-l\._LT_E_R ____ Nr % 

x SE ~dian Ran~_ : x SE ~an Range 

a)Iodized oil 58 42 3 38 10-105: 24819 258 51-829 29 50 
b)T4 19 6117 51 12-165: 112 20 84 23-308 2 11 
c)T4 + KI 49 8128 41 7-209: 337 58 343 41-595 8 16 
d) KI 25 36 5 34 10- 93: 23737 200 27-598 6 24 

The I/Cr ratio before treat:rrent was not significantly different 
bety,een any t<,..o of the 4 treatnent groups. After treat:rrent, the I/Cr 
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ratio rose highly significantly in all groups except group b (treated 
with T4), where the rise was of borderline significance (t:1.95, 0.05< 
p< 0.10). After treatnent, the I/Cr ratio differed significantly between 
group b (T4) and any of the other three groups. 

'Ihyroid autoantibodies against TG and/or the ~ antigen developed 
after 6 IlDllths in 11 to 50 % of the patients in the various groups treated, 
with titres ranging fran 1: 40 to 1: 25600 for TG and 1: 80 to 1: 6400 for ~. 
'!he difference between group a (iodized oil, 50 % MB) and b (T4, 11 % AAB) 
was highly significant (chi-square 9.13, p<0.005), between a and c (T4 + 
KI, 16 % AAB) also highly significant (chi-square 13.19, p<0.001) and 
between a and d (KI, 24 % MB) just significant (chi-square 4.76, p( 0.05). 
The difference between groups b andc, b and d and c and d was statisti
cally not significant. 

DISCUSSICN 

In all groups treated, the I/Cr ratio increased and a sizable number 
of patients developed AAB against TG and/or M>. '1here was no control 
group treated with placebo for CXlIIP'U'ison, but the spontaneous errergenoe 
within 6 IlDllths of AAB in 11 (group b) to 50 % (group a) of the patients 
seems highly unlikely. 

We conclude, therefore, that iodine supplenentation, even with IlDdest 
'physiological' doses of iodine, leads to the appearance of AAB. 

Our results are supported by other evidence found in the literature. 
Iodine in vitro enhances the production of IgG by lynphocytes in culture5 • 
Histological evidence of auto:inmme lyrrphocytic thyroiditis and/or AAB 7 
are nore cnmon in oountries with an iodine-rich diet, such as the USA6 , , 
and in patients with iodide goitre8 • Other authors have also observed the 

=: ~~ =~~~r:m~§~O,~·~dmina!f3a= ~chi~14. 
Heoent reports PQint out that dietary iodine increases the imnunogenicity 
of thyroglobulin 15 and also autoantigen expression in cells fran patients 
with Graves disease 16. '!he nechanism involved is obscure. Large ooses 
nay lead to thyroid tis.sue necrosis 17 and leakage of thyroid antigen, but 
small doses nay have a nore direct imnunogenic effect .• 

Granted that iodine supplene:ntation facilitates or induces the pro
dlrtion of ME, the possible clinical significance of this phaenClleIlOIl 
smuld be considered. It is not known for how long these autoantibodies 
persist, ~r whether they lead to sale hann. In group a treated with io
dized oil , three patients with high AAB titres developed transient hyper
thyroidism, but this association nay be due to the necrosis which probably 
occurred in the thyroid tissue of these patients, resulting in the leakage 
of both thyroid mnrones and thyroid antigens. In any case, in no way 
our results should be taken· as evidence against the eradication of iodine 
defiCiency, whose hannful effects are well known 18. 
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Class II OfLA-DR) antigens, encoded by genes located in the HLA region, 
playa key role in antigen presentation and in immunoresponse regulation. 
The expression of these membrane-associated molecules is normally restricted 
to B and T-activated lymphocytes, antigen-presenting cells (macrophages, 
Kupffer, dendritic and Langherans ce11s, etc.) and capi11ary endothelium (1). 
On the contrary, class I OfLA-ABC) antigens are norma11y present, with 
different expression, on the membranes of all nucleated tissue cells and 
platelets (2). The recent observation that in thyroid autoimmune diseases 
there exists an aberrant epithelial expression of class II and an increased 
expression of class I molecules by target cells, and the finding that this 
phenomenon is associated with an infiltration of T lymphocytes (3) permitted 
new interpretations about the pathogenetic events leading to thyroid auto
immunity and, extensively, to organ-specific autoimmunity (4). Recently it 
has also been found that paraffin-embedded tissues of different thyroid 
tumors have an aberrant exhibition of class II molecules and that the 
lymphocytic infiltration is correlated to HLA expression (5). The aim of 
this work was to study on unfixed cryostat sections of different thyroid 
tumors the epithelial expression of class I and class II molecules, the 
characteristics of the infiltrating cells and the connection between these 
two events. 

MATERIALS AND ME1HODS 

Patients 

Surgical thyroid tissues taken from 49 patients with malignant or 
benign thyroid tumors (24 with ~pi11ary carcinoma, 3 with anaplastic 
carcinoma, 6 with medullary carcinoma and 15 with follicular adenoma) were 
studied. Normal thyroid tissues obtained from the uninvolved part of 4 
thyroid glands affected with benign tumors were used as controls. 

Immunofluorescence staining 

Thin serial unfixed cryostat sections of each gland were incubated with 
the following mouse monoclonal antibodies ~oAbs) (Becton-Dickinson), 
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respectively: a) anti-beta2 microg1obu1in, b) anti-lILA DR (non polymorphic). 
c) anti-Leu 1 (pan-T lymphocytes), d) anti-Leu 2a (T citotoxic/suppressor), 
e) anti-Leu 3a (T helper/inducer), anti-Leu 7 (Natural Killer) and g) anti
Leu 10 (cells bearing lILA DQ, equivalent to Il\Urine Ia antigens). The sections 
were then stained with a rabbit biotiny1ated serum anti-mouse immunoglobulins 
followed by FITC conjugated Avidin (Sigma Co., St Louis USA). Other sections 
were directly stained with FITC goat serum anti-human IgG, IgA, IgM and C3 
(Wellcome, Beckenham England) to detect immunocomp1ex deposition. 

Serology 

In every patient a sample of serum was obtained to detect thyroid 
autoantibodies (microsomal and thyroglobulin). 

RESULTS 

Nonna1 tCtrioids. The cytoplasm of thyrocytes was negative using anti
lILA DR MOAb, Ie with anti-lILA ABC MOAb only a weak staining was observed. 
Only a few capillary endothelia were stained. Neither infiltrating cells nor 
immunocomplexes were seen. 

~illary carcinomas. Nineteen of 24 (79%) revealed the presence of 
both DR expression and increased expression of lILA ABC. Two other cases 
(8%) showed only an increased expression of lILA ABC molecules. The remaining 
3 cases were negative for these antigens. In general, the fluorescence 
pattern obtained with MoAb to lILA ABC was diffuse, while with MoAb to lILA DR 
it was focal. In both cases, the positivity of thyrocytes was slight. A T 
lymphocytic infiltrate was evident in 11 of the 19 cases expressing both HLA 
ABC and DR, while it was not demonstrated in the remaining DR- cases. The 
infiltrate was represented by Leu 1+/10+ cells (T-activated?), however it 
was moderate and scattered. No NK cells were visible and only 1 tumor had 
focal granular deposition of IgG and C3 on the follicular basement membrane. 
Thyroid antibodies were found in 4 of the 19 DR+ and in 1 of the 5 DR- cases. 

Anaplastic carcinomas. Two cases (67%) had both HLA DR and ABC antigen 
expression, and 1 of these showed a small amount of Leu 1+/10+ cells. The 
third case was negative for both markers and had no infiltrates. Neither NK 
cells nor immunocomplexes were seen. Thyroid antibodies were found in only 
one DR+ case. 

Medullary carcinomas. Two cases (33%) showed an increased expression of 
lILA ABC, hUt none of these tlUOOrs expressed HLA DR. Neither infiltrating 
cells nor immunocomp1exes were seen. Thyroid antibodies were not detected. 

Follicular adenomas. Four cases (25%) were positive for both lILA ABC 
and DR, 2 of whiCh showed Leu 1+/10+ cells. A fifth case with increased 
expression of only HLA ABC was also positive for T infiltrate. Out of the 
remaining 11 cases which were negative for both HLA markers, 1 showed T 
infiltrate. In all infiltrated tissues the number of T cells was small. 
NK cells or immunocomplexes were absent. Thyroid antibodies were detected 
in 1 of 4 DR+ cases and in 3 of 11 DR- cases. 

DISCUSSION 

Immunization against an antigen requires both its recognition by 
lymphocytes and its presentation in an iImrunogenic fOlm. The presentation 
of foreign antigens to helper T cells is usually accomplished in the context 
of th~ lILA-DR molecules (6). Expression of DR antigens has been observed 
on cells involved in the immune response, but it has also been described 
on cells nonnally not associated with the immune system such as same 
capillary endothelia and a variety of ''barrier'' epithelia (7). The presence 
of DR molecules in these cells has led to the postulate that they can be 
recruited, under special circumstances, as antigen-presenting cells. The 

568 



normal endocrine cells are not able to exhibit DR antigens,. but in vitro 
their stimulation with lectins or gamma-interferon induces them to express 
these antigens (2). Furthermore, during thyroid autoimmune diseases these 
cells spontaneously express DR antigens (3). This inappropriate DR expression 
by thyrocytes will result in the efficient presentation of their surface 
autoantigens to autoreactive T helper cells. Moreover, the increased 
expression in such diseases of HLA-ABC antigens by these cells could be as 
efficient signal for the activation of T cytotoxic lymphocytes (4). 

The present data reveal that neoplastic thyroid cells in vivo are able 
to produce class II antigens and to increase the production of those of 
class I. This phenomenon is less evident compared with that fmmd in thyroid 
glands affected with autoimmune diseases. In thyroid tumors the lymphocytic 
infiltrate appears correlated to the ~ression of DR antigens. ~~reover, 
lymphocytes possess membrane markers of T cells, but are generally few and 
no NK cells are detectable. This cell infiltration is quantitatively poor 
with respect to that observed in glands affected with auto:i1Jlnune processes. 
The above mentioned data reveal, in addition to the lack of autoantibodies 
in thyroid tumors, the ineffective involvement of the :i1JInune system in these 
tumors. What induces neoplastic cells to present HLA antigens is not known, 
but this may be due to a genetic derepression or to environmental stimuli 
that induce the production of gamma-interferon by local T lymphocytes or by 
NK cells (2). Why are tumoral DR+ cells not able to engage significant 
ammmts of immunocompetent cells? It might be due to the low concentration 
of DR. antigens on tumoral cells or to the presence of inhibiting factors, as 
tumoral antigens shedding, immunocamnlexes or anti-idiotype antibodies. 
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The relationship between thyroid autoimmunity and thyroid cancer is poorly studied. No 
evidence of increased incidence of anti-thyroid microsomal autoantibodies (MAb) was found by 
Kornstad1 in a large series of thyroid cancer patients using the complement fixation technique. 
Employing the more sensitive passive hemagglutination test, other authors 1-4 reported 
increased incidence of anti-thyroglobulin (TgAb) and MAb in thyroid malignancies, when 
compared to the normal population. 

In this study we report the incidence of TgAb and MAb in a series of 600 patients with 
thyroid cancer, with particular regard to the relationship between thyroid antibodies and tumor 
outcome during 10 years of follow-up. 

PATIENTS-

Serum TgAb and MAb were measured by passive hemagglutination in 600 patients (449 
females and 151 males, aging 7-85 years), followed 1-12 years after total thyroideCtomy. 
Subsequent therapy was L-thyroxine in suppressive doses, radioiodine for functioning 
differentiated cancer and any combination of surgery, radiotherapy or chemotherapy for 
non-functioning metastases and for anaplastic and medullary tumors. Histology was papillary 
thyroid carcinoma in 401 patients, follicular in 144, anaplastic in 31 and medullary in 24. 

RESULTS 

Incidence of thyroid antibodies in relation to sex and histology 

As shown in Table 1, positive TgAb and/or MAb were present in 96 (23.9%) patients with 
papillary, 36 (25%) with follicular, 5 (16.1%) with anaplastic and 1 (4_1%) with 
medullary thyroid cancer, corresponding to a total incidence of 23% (138 patients). Female to 
male ratio was 4.3:1 in differentiated and 1.5:1 in anaplastic cancer; only one patient (female) 
with medullary thyroid cancer had positive antibodies. 

Anti-microsomal antibodies alone were found in 92 out of 138 positive cases (66.6%), MAb 
and TgAb in 43 (31.1 %) and TgAb alone in 2 cases (2.2%). 
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Table 1. Incidence of positive serum anti-thyroid autoantibodies 
in 600 patients with thyroid carcinoma. 

Histology Antibody positive patients 
no. % 

Papillary (no.=401) 96 23.9 

Follicular (no.=144) 36 25.0 

Medullary (no.=24) 4.1 

Anaplastic (no.=31) 5 16.1 

Total (no.=600) 138 23.0 

Incidence of posiUve antibodies in relation to age 

The incidence of positive antibodies was not statistically different among the various 
decades of life, ranging from a minimum of 21.9% (21-40 years group) to a maximum of 
27.9% (1-20 years group). On the contrary, the incidence of positive anti-thyroid antibodies 
in 654 sex-matched normal controls was very low (4%) among young people and increased 
linearly to reach a maximum of 23% in subjects older than -SO years. 

Both in the antibody-positive and in the antibody-negative group of patients the maximal 
incidence of cancer was found in the 3rd-5th decade of life for papillary and after the 5th decade 
for follicular carcinoma. 

POSitive antjbodies and tumor outcome 

In 76/138 patients with positive antibody tests the follow-up was long enough to correlate 
the variations of antibody titers with the outcome of the disease. Successful treatment was 
achieved in 64 patients, while persistent disease occurred in 12. The behaviour of thyroid 
antibodies in these two groups was substantially different. As shown in Table 2, in successfully 
treated patients, thyroid antibodies became undetectable in 54.6%, decreased in 32.8%, did not 
change in 3.1% and increased in 9.3%. On the contrary, antibody titers became undetectable in 
8.3%, decreased in 16.6%, did not change in 25% and increased in 50% of patients with 
persistent disease. 

Table 2. Changes in antibody titers in relation to the outcome of the 
tumor in 76 patients with positive antibodies at the first observation 

Antibody titers Successfully treated Persistent disease 
No. % No. % 

No longer detectable 35 54.6 1 8.3 
Decreased 21 32.8 2 16.6 
Unchanged 2 3.3 3 25.1 
Increased 6 9.3 6 50.0 

Total 64 12 

It should be noted however, that no significant difference in the clinical outcome and the 
mortality rate was observed in patients with differentiated carcinoma with or without positive 
serum antibodies at the first observation. 
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DISCUSSION 

The present study carried out in a large series of patients with thyroid carcinoma, 
confirms and extends previous observations performed in smaller series reporting increased 
incidence of serum thyroid antibodies by passive hemagglutination in thyroid malignanciesl -4. 
Our results show that positive circulating anti-thyroid antibodies are rather frequently 
observed (23%) in thyroid cancer patients. Positive antibody titers were more frequent in 
female gatients in agreement with the well known higher incidence of thyroid autoimmunity in 
women . Interestingly the presence of positive antibodies was not age-related, in contrast with 
the reported age-dependent increase of thyroid autoimmune phenomena observed in apparently 
normal subjects. 

Serum thyroid antibody titers generally decreased or become undetectable after total 
thyroidectomy in patients succesfully treated while the persistence of metastatic thyroid tissue 
was usually associated with the persistence or increase of antibody titers. 

This finding is in keeping with the concept that metastatic tissue is needed to mantain the 
antigenic stimulus to auto reactive lymphocyte clones for persistent autoantibody production6. 

Finally, regardless of the mechanism(s) responsible for its perpetuation, humoral thyroid 
autoimmunity apparentiy does not affect the clinical outcome of thyroid cancer. 
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It has previously been shown that thyroid autoantibodies 
are frequent in patients treated for differentiated thyroid 
cancerl,~ Whether these antibodies are due to therapy or are in
volved in the pathogenesis of the disease has, however, not yet 
been clarified. We were therefore interested in studying these 
antibodies in thyroid cancer before and after treatment. 

MATERIALS AND METHODS 

Two groups of patients were studied. The first group con
sisted of 10 patients (2 men, 8 women) with newly diagnosed 
thyroid cancer. Six patients had papillary carcinoma (PC) (median 
age 47 years, range 19-75) and four follicular carcinoma (FC) 
(median age 46 years, range 35-50). These patients were observed 
from diagnosis until 3 months after thyroidectomy and have not 
been treated with radioiodine or thyroid hormone suppression 
within this period. The second group consisted of 34 patients 
(7 men, 27 women). Eighteen had PC (median age 50 years, range 
18-83), and 16 FC (median age 65 years, range 33-85). They had 
been treated for thyroid cancer by surgery and radioiodine and 
thyroid hormone suppression from 0 to 35 years before (PC: 
median 4 years, range 1-35) (FC: median 6 years, range 1-17). 
Two patients in group 1 and 12 patients in group 2 had meta
stases. The thyroid status was measured by routine assays. The 
thyroid stimulating immunoglobulins were measured by thyroid 
adenylate cyclase stimulation (TSAb)3 and by radioreceptor assay 
(TBII) 4, thyroglobulin antibodies (TgAb) by radio-coprecipi
tation assayS to%ether with thyroglobulin (Tg) measured by 
radioimmunoassay 

RESULTS 

Group 1: Before treatment all patients with FC (n=4) were 
negative for TBII, TSAb and TgAb, but after operation TSAb 
became positive in two. TBII remained negative. Four patients 
with PC (n=6) were positive for TSAb, one for TgAb, while TBII 
were negative. After 7 days TSAb disappeared in all. The levels 
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Table. Serum thyroglobulin and thyroid autoantibodies 

Tg TgAb TBII TSAb 
N (ng/ml) (No·PQs. ) (%) (No.pos.) (%)(No.pos.) 

> 25% > 110% 

Group 2 

PC 18 11.9 4 20 7 98 6 
«5.3-370) (0-56) (88-317) 

FC 16 164 2 32 12 107 6 
(6.1-7000) (0-60) (73-178) 

of TSAb and TBII were significantly higher in PC than in FC 
(p<O.Ol). Tg was very high in one patient with metastases, but 
ranged in the remaining patients from 21 to 200 ~g/l (median 
47.5 ~g/l). A minor peak was observed within the first post
operative day followed by a rapid decrease. 

Group 2: The antibody levels in group 2 appear from the 
table. Tg was significantly elevated in the patients with meta
stases (p<O.OOl), but there was no relation between metastases 
and thyroid autoantibodies, as well as radioiodine therapy or 
mode of operation. 

DISCUSSION 

Thyroid autoantibodies have been demonstrated in several 
thyroid diseases depending on the nature of the autoimmune 
state of the disease. Thus, in Graves' disease thyroid stimu
lating antibodies are very frequent. Differentiated thyroid 
carcinoma is not suggested to be an autoimmune disease, and the 
high frequency of thyroid autoantibodies is therefore surpri
sing. However, the finding, that thyroid autoantibodies are 
very seldom in thyroid cancer before treatment, leads to the 
conclusion that their presence is secondary to tissue damage 
following operation and radioablation. 
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INTRODUCTION 

The diagnosis of autoimmune thyroid disease (ATD) , when suspected as a result 
of clinical, hormonal, instrumental (U. S., scintigraphy), and immunological fin
dings, may be confirmed by conventional hystology or immunochemical stainings 
also applicable to tissue or Simple cells obtained by fine needle biopsy. This 
has been reported by several authors who investigated lymphoid cell subsets from 
thyroids of patients with suspected ATD1,2,J,4. In this present work, and in 
previous works, we looked for the presence and possibly the meaning of lymphoid 
tissue infiltrating the thyroid (LI) of goitrous patients living in an iodine 
deficient area. In these patients frequently we found high prevalence of an
tithyroid autoantibodies at low title and histological findings of focal 
thyroiditis. 

MATERIAL AND METHODS 

Thyroid specimens from patients who underwent the operation for nodular disease 
of the thyroid, were obtained during surgery. The average age of the patients 
was 39.7 ::I:: 9.3yrs; rate F/M 5/1, lenght of the disease from 3mnths to 20yrs. As 
controls we used normal thyroids obtained from 4 parathyroicIectomised patients. 
The patients were; 12 multinodular goitre (MNG) , 5 multinodular toxic goitre 
(MNTG), 6 uninodular toxic goitre (UNTG), 1 follicular adenoma. The removed 
nodular tissue was located in 76% of all the cases at the base of the right lobe. 
The surgical specimens were firstly examined by conventional hystology, 1. e. 
hematoxilin-eosin stained paraffin sections to demonstrate the hystological 
features, if any: perivascular lymphoid infiltrates, germinal centres, infiltra
tion of thyroid follicles and fibrosis. Criostatic sections were submitted to 
commercially available MoABs: Leu4, Leu2a, Leu3a, Leu12(B). Selected MoABs to 
more restricted T-activated cell membrane antigens were also used: 5/9 (T cells 
mainly responsible for proliferation to soluble antigens and B differentiation) , 
MLR3 and MLR4 (T blasts and PWM-driven B cell differentiation). We also looked 
for the expression of MHC antigens using MoABs to monomorphic determinants of 
HLA-ABC and HLA-DR. Ab-Tg and Mi-Ab were detected in all the cases with TRC and/or 
with RIA. TSH-receptor antibodies (TRAb) were found only in hyperthyroid patients. 
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Table 1. Infiltrating lymphocytes sub-classes, activated T cells HLA, ABC and 
DR expression in thYroid patients with nodular goitre. 

Legend: - = absence, + = few, ++ = numerous, +++ = very numerous, m = masses, s 
= spread. 

Leu4 Leu2a Leu3a Leu12 ABC DR 

MNG ++/+++m +m ++/+++m +/++m +/++m-s +/++m-s 
+/+++s +/+++s +s 

MNTG +/++m +/++m +/++m -/++m +/++m-s +/++m-s 
+s +/+++s +s 

UNTG +/+++m +/+++m +/+++m +/+++m +/+++m-s +/+++m-s 
+/+++s ++/+++s +/++s 

RESULTS 

Significant LI was found in: 6/12 MNG, 2/5 MNTG, 3/6 UNTG. Circulating an
tithyroid antibodies were present in: 4/6 infiltrates MNG, 2/2 MNTG, 3/3 UNTG. 
Moreover, the presence of Ab-T in MNG was associated with more consistent LI, 
whose entity in MNTG and UNTG created the environment conditions supporting pro
duction of antibodies. In 2/3 UNTG with LI, TRAb was also present. The distribu
tion of Tcell sub-population, B cell (Leu12) and the expression of HLA, ABC and 
HLA-DR on lymphocytes and thyrocytes are summarised in Table 1. 
Independent of the Leu3a/Leu2a ratio, which is higher in the thYroids with largest 
infiltrates, 5/9+ T cells were rare or few. In two cases they were located only 
en masse. MLR3+ and MLR4+ showed an almost similar pattern, with the former main
ly in clusters. B lymphocytes occurred only in germinal centres. HLA-DR and HLA
ABC increased expression on thyrocytes is correlated to the entity of LI. In 
thYroids with moderate LI only a small number of epithelial cells next to LI are 
positive. Many thYrocytes become positive as LI increases, whether they be near 
or far from focal thyroiditis. Follicular adenoma and normal thYroids were poorly 
infiltrated and there was no expression of MHC antigens on thyrocytes. 

CONCLUSIONS 

Significant evidence of cellular and humoral autoimmunity is easily found in 
endemic goitre. The thYroid infiltration normally has the characteristics of the 
focal thyroiditis. Unexpectedly, in 3/6 UMTG we found the hYstological pattern 
of Graves' disease and circulating TSH receptor antibodies. It is not certain 
if limited infiltration and, consequently, limited development of specialised 
lymphoid tissue is dependent on the presence of T-suppressor specific antigen 
1ymphocytes5 • If and when these lymphocytes became reduced in number and in 
function the disease is allowed to emerge. According to this interpretation, our 
poorly infiltrated thYroids show a higher number of Leu2a, probably T-suppressor 
cells. Epithelial thYroid cells presenting class II antigens (molecules) which 
are strictly correlated with autoantigens on their surface, may act as antigen
presenting cells and can induce the sequence of events which results in lymphoid 
infiltration. We do not know what are the possible /ltimu1i able to induce aber
rant but limited expression of MHC antigens in goitrous thYroids. Moreover, in
creased expression of HLA-ABC antygens might facilitate recognition by 
autoreactive cytotoxic T-ce11s, which play a pivotal role in the destruction of 
the thyroid tissue6 • 
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CHRONIC LYHPHOCYTIC THYROIDITIS IN ENDElHC GOITER: LOCAL Ig PRODUC

TION AND DEPOSITION 

Huanq Gao-sheng and L1U Yan-fl1Dq 

Department of Pathology, Fourth Hilitary Hedical College 

Xi' an, People's Republic of China 

INTRODUCTION 

The local production and deposition of Ig in chronic lymphocytic 
thyroiditis (CLT) had been noticed long the before (1), and has been 
studied in detail recently, but mostly restricted to Hashimoto's 
disease (2). 

OUr previous studies showed clearly that there is a proportion of 
CLT in endeJll.ic goiter, which has a predilection for the lesions in 
the tissue surrouding goiter nodules (3). .And there is the close 
correlation between serUll autoantibodies and the local lymphocytic 
infiltration in thyroid tissue. rurthe~more some people have reported 
the increased level of a kind of Ig in endemic goiter (4) . So the 
study on the local production and the pOSition of Ig is directly 
related to understanding the immunological pathogenesis of CLT in 
endemic gaiter. 

HATERIALS AND l1ETHODS 

Using trypsinization and immunohistochemical techniques, the 
local production and deposition of IgG, IgH and IgA in 21 cases of 
CLT in endemic gaiter were investigated serial paraffin sections 
obtained surgically froll patients in an endemic area. The tissue of 5 
cases of hypothyroidism were used as control. The sections were 
stained imwnohystochemically by FITC and peroxidase labeled horse 
antihuman IqG, IqA, IgH and C3 antibodies with the direct method. 
Slides stainea with normal horse FITe labeled Ig, blocking test and 
bleacking of endaqenous enzyme were used as controls. 

RESULTS AND DISCUSSION 

Plasmacytes and proplasJDacyte producing IgG are predominant (fig. 
1), IgH, IgA cells are afew (Table 1). 

Host of the Ig-active germinal centers of the lymphofollicle are 
IgH in nature (Fig. 2), less IgG, and no IgA centers are seen. (Table 
2). 
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Table 1. The no. of Ig-positive cells per :m.m.~ of tissue 

Disease no. no. of 19-ce11 % 
,~,. ± ~1i"'1 i .. 2-... .......... (._--

of cases (X ± SE) IgG IgU IgA 

CLT in endemic 
goiter: 21 349±99 96.3±4.2 2.:3±2.9 1. 4±2. 3 

Hashimoto's 
disease 3 965±456 98.7±1.8 

CLT 1'> 
~.J 326±88 95.8±4.6 

Focal thyroiditis 5 38±10 96.3±4.4 

Hyperthyroidism 5 71±16 98.3±2.4 1. h4. 2 

With regard to Ig deposition.. the sell blood vessels in or 
around the 'lymphofo11icles were heavily deposited. by IgG, perhaps 
related to pathological changes in 'ressels (Fig. 3). 

Table 2. Ho. ar-.d % of Ig-positive germina) center 

Disease in 
endemic gOiter 

case no. case with total no. 
positive centers of centers 

Hashimoto's 
disease 3 3 117 

CLT 13 6 f'''' -'''' 

Focal thyroiditis 5 0 6 

Total 21 9 135 

584 

no. of p'ositive 
Igtl IgG IgA 

~ ," 
v-': 41 0 

(54.7)(35.0) 
. ..,.., 
":'--' 6 0 

(:37.1) (9.6) 

0 0 0 

87 47 0 
(47.0) (25. 4) 0 



Fig.l CLT in endemic goiter. Interfollicular IgG-positive 
plasma cells and IgG-positive staining of the proliferation 
acinar cells. x 400 

Fig.2 Hashimoto's( or CLT )disease in endemic goiter. 
IgM-positive center and a few IgM-positive cells. x400 

Fig.3 Hashimoto's disease in .endemic gOiter. IgG-positive 
staining of the small blood vessels around the lympho
follicles. X200 
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From above findings. in spite of a little differences in the 
number of IgA cells. recent literatures and our present work show 
marked and rather similar activity of antibody formation in the CLT 
in general and in endemic gOiter. This indicates the inflammation in 
endemic gOiter is also immune or autoimmune in nature. 
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AUI'OThMJNE THYROID DISEASE IN THE 

CITY OF GRAVES 

P.P.A. Smyth, T.J. McKerma, 
and O.K. O'Donovan 

Department of Medicine 
University College 
Dublin, Ireland 

Despite the fact that the disease that bears his nama was first des
cribed in 1835 by Dublin physician Robert Graves, the presentatim of hyp
erthyroidism in his native city does not always oonfonn to the disease 
which we noN associate with his nama. It was the aim of this study to 
investigate the prevalence and role of IgG thyroid stimulators in the pre
sentation and pathogenesis of hyperthyroidism and euthyroid goitre in an 
Irish population. 

PATIENTS AND ME'IHOCS 

Patients were classified into hyperthyroid and nmtoxic goitrous 
groups by reference to their charts. 'll1.e hyperthyroid group included 
patients with Graves' disease in a diffuse or nodular gland, toxic 
nodular goitre or those having no palpable goitre. Ncntoxic goitre incl
uded those with diffuse or nodular glands. 

'Ihyroid stimulating :ilrmunoglabulins (TSI) and thyroid grcwt:h stimulating 
:ilrmunoglabulins ('ffiI), were studied by cyI:clqhemical bioassays neasuring 
changes in lysosanal naphthylamidase {INasejL and glucose-6-phosphate 
dehydrogenase {G6Po)2 activities in guinea pig thyroid follicular cells. 

Table 1. Presentatim of newly diagnosed hyperthyroidism. 

Table 1 shcMs that the classical diffuse goitre of Graves' disease was 
present in only 47.7% of 176 oonsecutive hyperthyroid patients studied. 
Also T3-tox!oosis had a high prevalence at 13.6%. 

DIFFUSE OOITRE NODUIAR OOITRE T3-TOXIC 

N 84 92 24 176 

% 47.7 52.3 13.6 100 
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Although TSI was present in all 37 hyperthyroid patients studied as sham 
in Table 2, TGI was absent in 12 including 8 who had scintigrati'li-cal1y 
dsrmstrated toxic ncxlular goitre and 4 who had no palpable goitre. '!he 
findings in nootoxic goitre further support the postulate that 2 separate 
stimulators were being neasured. 

N TSI TGI 

Hyperthyroidism 37 37 (100%) 25 (68%) 25 (68%) 

Ncntoxic Goitre 53 30 (56%) 34 (64%) 22 (42%) 

Table 2. Prevalence of IgG thyroid stimulators neasured by cytochemical 
bioassay. 

Tables 3 and 4 shCM a tendency for TSI and TGI, when present in nontoxic 
goitre, to occur at 1cJ..ler titres or potencies than in hyperthyroidism. 

TSI ESTIMATICNS 

TSI TITRE TSI TITRE ~.STIMUIATICN 
N 10 -~ - 10-;J 10 -4 -10-t> OIlER Cl'Nl'IDL% 

Hyperthyroidism 60 8 52 30.6 ~ 10.9 

Nontoxic Goitre 21 16 5 23.3 ± 8.7 
p < 0.005 

-
Table 3. Hunan plasma TSI titres and max:i.nrum stimulation adlieved in 
hyperthyroid and nootoxic goitrous patients. 

TGI ESTIMATICNS 

~.RESPOOSE AT MAX.RESPOOSE AT 
N IgG 5O-100ug/ml IgG ~ SOOug/ml 

Hyperthyroidism 37 31 2 

Naltoxic Goitre 53 12 22 
-

Table 4. IgG concentrations in plasma at which a maxi.nrum TGI effect was 
ooserved in hyperthyroid and nontoxic goitrous patients. 

Although the findings of 'I'G[ in both hyperthyroid and ncntoxic goitre 
are OCIlSistent with the prevalenoe of goitre in both acnditioos, the 
finding of TSI in nootoxic goitre poses the question as to why such 
patients do not develop hyperthyroidism. 

A difference in properties of TSI between hyperthyroidism and 
nontoxic goitre are shown in Fig. 1. 
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Fig. 1. Effect of incubating patients plasma with LATS-B standard on 
time of maximum stimulation in the LNase assay 

Addition of LATS-B standard to p1asrm. from a hyperthyroid patient caused 
a shift in the peak of IIRXirrrum stimulation caused by the p1asrm. from 165 
to 150 seconds. 'Ibis shift in stimulatory peaks is characterist-ic of 
enhanced stimulation as sho.vn by the finding of the IATS-B 1O-~ peak at 
90 secs. In contrast, incubation of plasrm. from a nontoxic goitrous 
patient with IATS-B standard retarded the plasrm. induced stimulation 
peak from 150 to 195 secs. 

DISCU3SIOO 

The presentation of hyperthyroidism in Ireland paralleled that 
encolllltered in other European COlllltries and is in keeping with a degree 
of iodine deficiency past or present,3 'Ibe finding of IgG thyroid stinru
lators in both hyperthyroidism and nontoxic goitre indicate a COllIlDn 
(?autoimmune)pathogenesis for both conditions. The apparently greater 
potency of stimulators fOlllld in hyperthyroidism and the possibility of the 
presence of a circulating TSI blocker in some cases of nontoxic goitre may 
have a role in determining the natural history of both conditions. 
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357 (1982) 

2. P.P.A. Smyth, N.M.McMullan, B. Grubeck lDebenstein and 
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A RETROSPECTIVE STUDY OF THYROID AUTOIMMUNITY AND HYPOTHYROI' 

DISM IN A RANDOM OBESE POPULATION 

N. Lima, H. Cavaliere, and G.A. Medeiros-Neto 

Thyroid Laboratory, Division of Endocrinology 
Hospital das Clfnicas, Univ. Sao Paulo Medical 
School, 05403, Sao Paulo, Brazil 

The frequency of autoimmune thyroiditis, that can be iden' 
tified by the presence of circulating thyroid autoantibodies, 
has been established in a number of epidemiological studies. 
Five substantial community surveys have been carried out and 
these have established that thyroglobulin or thyroid microsomal 
antibodies are found in 6.5 to 9.5% of the population with a fe' 
male to male ratio of 4:1 (1-5). There is also evidence that the 
age-specific prevalence increases with age in the female (4,5). 
A substantial proportion of subjects with autoimmune thyroiditis 
have no detectable disturbance of thyroid function, whereas the 
remainder have varying degrees of thyroid failure. In one commu' 
nity study approximately 40% of the subjects with autDimmune thy' 
roid disease have subclinical hypothyroidism (4) broadly similar 
or higher figures have been published by other workers (6). Fur' 
thermore it has been recently established that the risk of deve' 
loping clinical hypothyroidism is approximately 5% per year (6) 
and a somewhat higher figure has been reported in a highly se' 
lected population (7). The present report concerns a three-year 
follow-up of thyroid autoimmunity and subclinical hypothyroidism 
on a random sample of the obese out-patient population seen at, 
the University Hospital. 

Patients and Methods 

The patients were selected from the Obesity out-patient cli' 
nic in the University Hospital. The cause for their referral was 
excessive weight and need for nutritional correction. We have 
examined, consecutively, 1987 patients (1790 females and 197 ma' 
1es) aged 32-69 years, selected from patients seen between 1982-
1986. Clinical examination, routine laboratory tests and a thy' 
roid function profile (T4, T3, TSH and microsomal antibodies) we' 
re performed in all patients. Serum thyroid hormones and TSH we' 
re assayed using commercial kits (Diagnostic Co., USA). The mi' 
crosomal antibody was assayed using a new technique (Fujirebio, 
Tokyo, Japan) substituting the tanned red cells usually employed 
in the hemagglutination method for gelatin particles coated with 
the antigen, as previously described (8). A standard TSH stimu1a' 
tion test, prior to medication, using 200 pg of synthetic TRH 
(EPM, Sao Paulo) injected as a iv bolus was performed in 168 sub' 
jects with a positive microsomal autoantibody test. 
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Results and Discussion 

The results are shown in the Table 1. From the original po' 
pu1ation of 1987 patients 314 (15.8%) had a positive microsomal 
test, indicating the presence of autoantibodies (306 females, 8 
males, ratio 7.6) against a cell surface antigen. These patients 
were subdivided in five groups: 
G1 (n= 34) Hypothyroid patients (low T4, TSH» 6 .0}lU/m1) (TRH not 

performed). 
G2 (n=112) Euthyroid subjects (normal T4, TSH<:6.0}lU/m1) (With' 

out TRH test). 
G3 (n= 86) Hypothyroid (low T4, TSH> 6.0pU/m1, exaggerated TSH 

response to TRH). 
G4 (n= 29) Subclinical hypothyroidism (T4 N, TSH N but exagge' 

rated TSH response to TRH). 
G5 (n= 53) Euthyroid subjects. 

Table 1. Thyroid function tests and TRH stimulation test in pa' 
tients (n= 314) with thyroid autoimmune disease: hypo' 
thYDoidism (Gl and G2)' low thyroid reserve (G4) and 
euthyroidism (G2 and G5). Mean z SEM. 

T4 T3 TSHBasa1 TSHPeak 
pg/d1 ng/d1 }lU/m1 pU/m1 

G1 (n= 34) 3.1 .:l- 0.2 95.9 '" 5.0 28.4 ± 4.6 

G2 (n=112) 7.6 ± 0.3 147.0 ± 2.6 2.8 ± 0.1 

G3 (n= 86) 3.2 ± 0.1:* 103.1 ± 4.8:* 56.5 ± 7.9:* 119.5 :I: 13.5:* 

G4 (n= 29) 6.3 :I: 0.4* 130 ± 7.0 3.8 ± 0.2* 48.9 ± 3.3 

G5 (n= 53) 7.7 ± 0.4 143.9 .:l- 8.5 2.5 .:l- 0.2 12.3 '" 1.0 

**p"> .001 as compared with group G4. 
*p;> .001 as compared with group G5. 

Thus in the total population examined (1987 patients) we we' 
re able to find 120 subjects with "asymp.omatic" hypothyroidism, 
tha.t were never previously treated: for their thyroid condition. 
Furthermore, the TRH t est was able to indicate that an additional 
group of 29 patients had subclinical hypothyroidism, with normal 
thyroid hormone levels and basal TSH<6.0}lU/m1, but with an exag' 
gerated TSH peak response to TRH (»28}lU/m1). Twenty of these pa' 
tients seemed to be in a stable compensated state but 9 patients 
progressed to symptomatic hypothyro1d1sm 1n the four years of 
follow-up. Hypothyroidism was associated with vitiligo in 7 pa' 
tients and with galactorrhea (with elevated serum prolactin Ie' 
vels) in 8 patients. The mean total cholesterol level was signi' 
ficant1y elevated in the hypothyroid group (369 .:t 53mg/d1) as 
compared with the low thyroid reserve group (303 ± 38mg/d1) and 
the euthyroid subjects (231 ± l8mg/dl). 

The significance of thyroid autoimmune disease in an obese 
population is obviously of great interest. First these subjects 
are at risk of development of symptomatic hypothyroidism in the 
near future. Secondly, 16% of these overweight patients have thy' 
roid failure associated with hypercholesterolemia. Subclinical 
hypothyroidism has been considered as a risk factor for coronary 
heart disease. An increase incidence of ischemic heart disease 
have been described in subjects with autoimmune thyroiditis (9) 
and obviously obesity would add to that potential risk. Thus re' 
placement therapy and a nutritional program for reducing the 
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excessive weight a~e clearly important in this group of indivi' 
duals, mostly because of the long term ill-effects of untreated 
thyroid failure. 
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CIRCULATING THYROID AUTOANTIBODIES IN CHILDREN AND YOUNGSTERS WITH INSULIN 
DEPENDENT DIABETES MELLITUS (IDDM) ARE NOT PREDICTIVE OF OVERT AUTOIMMUNE 
THYROID DISEASE 

INTRODUCTION 

F.De Luca, S. Bernasconi*, M. Vane11i*, M.F. Siracusano, 
L.Di Geronimoo. M.D. Finocchiaroo, and F. Trimarchio 

Istituti di C1inica Pediatrica di Messina e di Parm~* 
Istituto di C1inica Medica di Messinao 
Po1ic1inico Universitario, 98100 Messina, Italy 

Several studies unanimously indicate an increased prevalence of circulating 
thyroid antibodies in IDDM chi1dren,adolescents and young adultsl - 6 .The cli
nical significance and the prognostic value of this finding are controversial 
in that the risk of overt thyroid disease is high in white North-AmericansL 3 
and negligible in European patients2 ,4-6.Aim of the present study is to eva
luate the outcome of IDDM children and adolescents with circulating thyroid 
antibodies longitudinally followed during a 5-year period. 
PATIENTS AND METHODS 
This study covers 99 IDDM subjects(50 males and 49 females) ,aged between 1.5 
and 20.5 years( X 12.7) ,screened for thyroid microsomal antibodies(MCHA)and 
thyroglobulin antibodies(TGHA) by passive haemagglutination methods.Serum 
T4 ,T3 and TSH were measured by specific RIAs (Biodata,Milan,Italy). 
In 77/99 patients TRH was administered intravenously and serum TSH was measu
red prior to and after i.v. TRH.Since then all patients were clinically re-

valuated 2-4 times per year. The subjects with circulating MCHA underwent a 
second TRH test three years later and are being annually tested for MCHA, 
TGHA,T4 ,T3 and TSH.The cases with initially absent MCHA are being annually 
screened only for MCHA and TGHA.Control population for MCHA,TGHA,T4,T3 and 
TSH consisted of 197 healthy children and young adults.TSH response to TRH 
was regarded as normal if the peak fell within 3 SD from the mean obtained 
for 26 age-matched controls. 
RESULTS 
The prevalence for MCHA in the serum of our IDDM patients (12.1 %) was signi
ficantly higher (Jt2=9.5 , p~0.005) as compared to the one found in the con
trol sera (3%) .TGHA prevalence was also significantly different in both 
groups (6.1 vs 0.5 % ;J(2=6.4 ,p(0.025).MCHA titres persisted substantially 
unchanged during the follow-up period in 6/12 patients,whereas they progres
sively declined through the follow-up period in other five cases.ln only one 
subject,MCHA were initially absent and became detectable three years later, 
with no significant change in thyroid gland size and/or function indices. 
No patient of the entire study group shows biochemical evidence of thyroid 

dysfunction up to now.On the first sampling,supranormal serum T3 concentra-
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tions,not associated with TSH hyporesponsiveness to TRH,were found in two 
cases(nos.5 and 12 of the Table),but they spontaneously normalized.Enhan
ced TSH response to TRH (peak > 24 pIU/ml)not associated to subnormal T4 
values was initially observed in 4/9 MCHA positive patients (and in 6/68 
without MCHA, X2=8.9 ,P<' 0.005)but such finding was not confirmed in two 
of them at the time of the second TRH test (nos.5 and 10 of the Table). 

Table 1. Thyroid function tests in the 12/99 100M patients with MCHA at 
the begl.nn:4l?; (A) and at the end (B) of the 5-year follow-up period 

Cases Sex 

1 F 

2 F 
3 M 
4 F 

5 F 

6 F 

7 F 

8 

9 
10 
11 
12 

F 

M 
M 

F 

F 

A 

Titer of 
MCHA 

B 

1:600 

T4 
(pg/dl) 

A B 
12.7 1:1600 

1:1600 1:1600 11.0 
10.5 
9.8 

1:100 absent 7.5 10.1 
1:1600 1:6400 7.3 7.2 
1: 25ffX> 1: 1600 
absent 
1:400 
1:100 
1:100 
1:6400 
1:1600 
1:400 

1:6400 
1:100 
absent 
absent 
1:400 
1:1600 
1:400 

6.1 10.3 
8.0 7.6 
8.8 6.7 
9.9 
9.2 
5.2 
5.1 
8.2 

7.6 
6.5 
8.7 
7.4 
8.0 

OISCUSSION 

T3 
(ng/dl) 
A B 

155 166 
167 153 
180 187 
208 
265 99 
195 137 
136 92 
195 
221 
155 
162 
250 

104 
172 
179 
150 
151 

TSH 
(pIU/ml) 
A B 

1.0 1.6 
2.4 1.7 
3.7 1.3 
3.4 2.5 
3.1 3.0 
2.4 1.8 
2.9 1.8 
4.6 
5.2 
2.0 
1.4 
4.5 

3.3 
2.2 
2.6 
2.1 
3.5 

TSH peak 
(pIU/ml) 

A B 

15.4 
10.4 14.8 
28.2 19.5 

16.8 
12.7 
28.6 
27.2 
17.5 

·26.2 

29.5 
23.1 

36.0 

The proportion of diabetic patients carrying thyroid microsomal antibodie~ 
varies widely in the different series, ranging from 6% 4 to 32% 1,but is 
generally higher in white North-Americans1 ,3 than in Europeans2 ,4-6. 
Other important discrepancies between US reports and the European ones con
cern the clinical significance and the prognostic value of such humoralf1n
ding: the presence of thyroid microsomal antibodies frequently coincides 
with hypothyroidism (43%) or hyperthyroidism (7%}iri U5 Caucasians3 , whilst 
the risk of overt thyroid disease appears negligible in European patients 
with such antibodies2 ,4-6.However,whereas hyperthyroidism usually shows it
self before or at the onset of diabetes,hypothyroidism tends to arise later~ 
Predictive value of circulating thyroid microsomal antibodies to overt thy
roid disease, therefore, may be defined only on the basis of a pr'01.al§9Cl follaw-q>. 
Our study,based on 5-year follow-up,confirms the increased prevalence of 
MCHA in the serum of 100M patients,but indicates that no patient,with such 
antibodies was hyperthyroid at the moment of the first observation or deve
loped overt or biochemical hypothyroidism during the longitudinal control. 
US Authors urge that all 100M patients be screened for thyroid microsomal 
antibodies and that those with positive results undergo annual thyroid fun
ction tests3. In the light of our results such protocol is not likewise ju
stified in European patients. 
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EFFECTS OF CHRONICAMIODARONE ADMINISTRATION ON HUMORAL THYROID AUTOIMMUNITY 

INTRODUCTION 

Enio Martlno*. Fabrizio Aghini-Lombardl, Stefano Mariotti. Luigi Bartalena. 
lucia Grasso and Aldo Plnchera 

cattedra di Endocrinologia. University of Pisa and (*) cattedra di 
Endocrinologia. University of C8gliari. Pisa and C8gliari, Italy 

Amlodarone, an iodine-rich drug (75 mg1200 mg tablet). is widely used for the treatment 
of Uk:hyarrhythmlas and/or Ischaemlc heart disease. This drug Inlhblts the phenoliC outer ring 
delodlnatlon of thyroxine (T4) and 3,3' ,5'-triodothyronlne (rT3) resulting In both decreased 
production of 3,5,5'-trllodothyronlne (T3) from T4, causing a reduction and an elevation of 
circulating T3 and T4, respectively, and a decreased delodlnatlon of rT3, resulting in an elevated 
serum rT3 concentration 1. 

In addition to the effects on the peripheral metabolism of the thyroid hormones, a major 
complication of the amlodarone administration Is the relatively high frequency. of either 
hyperthyroidism (amlodarone-Iodlne-Induced t~r~oxICOSls, AliT) or hypothyroidism 
(amlodarone-Iodlne-Inducro hypothyrOidism, AIIH) - . The mechanism by which amlodarone 
Induces thyroid dysfunction has not been elucidated; In particular, It Is unclear whether 
amlodarone per sa or Iodine released from the drug may Induce autoimmune reactions responsible 
for thyroid hyper W -J"Y,pofunction. In keeping with this concept, recent studies carried out In 
animals and humans'l- suggest that excess Iodine may trigger thyroid autoimmunity. 

The purpose of this Investigation was to evaluate whether and to what extent chronic 
amlodarone treatment may Induce thyroid autoimmune phenomena. 

MATERIALS AND METHODS 

Retrosoective stU!tt 

To this purpose, the prevalence of antHhyroblobulln (Tl)'.b) and anti-thyroid microsomal 
(MAb) antibodies was evaluated In 58 patients with AITT, 28 patients with AIIH and 390 euthyroid 
subjects chronically treated with amlodarone. 

longitudinal stOOt 

In this study, the occurrence of Tl)'.b and/or MAb was 8SS8SSed in 29 euthyroid subjects 
before, during and at various time Intervals after amlodarone treatment. The follow-up period 
ranged ,-36 months. 

AnttblXtt assays 

Tlf\b and MAb were detected by passive hemagglutination using commercial kits (Fujizoki 
Pharmaceutical Co., Tokyo. Japan). 
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RESULTS 

RetrQSoectjve stydy 

The prevalence of positive T~ andlor NAb in euthyroid amllXlarone-treated subjects was 
7Z. not significantly different from that previously reported In normal controls 10. The 
prevalence of positive T~ andlor NAb was 24Z and 34Z in AlIT and In AIIH patients. 
respectively (Fig. J). However. the large majOrity of positive anti bOO{ tests were confine to 
patients with independent evidence of Graves' disease (12/14. i.e. 85Z) for AliT and Hashimoto's 
thyroiditis (9/1 O. I.e. 90Z) for All H. 

EU AIIH AliT 

36. 24. 

I~ Tm· I 
III Tm-

Fig. 1. Incidenre of positive (Tab + ) and negative (Tab-) thyroid antlbOO'y' tests in 390 euthyroid 
subjects under chronic amiOOarone treatment (EU). in 28 patients with AIIH and in 58 with 
AlIT. 

Longitudinal study 

In the prospective study serum thyroid autoantibodies were undetectable in 28 out 29 
subjects before amilXlarone treatment and remained negative during administration and after drug 
withdrawal. Two of these patients developed AlIT and oneAIIH. Low titer ( 1/400) NAb was detected 
before amilXlarone therapy in the remaining euthyroid subject and no change was observed during 
the follow-up (Table I). 
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Table 1. Thyroid autoantibodies and clinical outcome in 29 euthyrOid 
patients during and after chronic amiodarone treatment 

Pretreatment 

During therapy 

Final observation 

Clinical outcome ~ 
25 

* )Euthyroid 

Thyroid autoantibOO'y' tests 

~ 

28 

28 

28 

.AUl 
2 

.Ailli 
1 

~ 
1 



CONCLUSIVE REMARKS 

The results obatained in the present stulty indicate that chronic amiodarone administration Is 
not associated with an increased prevalence of circulating thyroid autoantibodies In euthyroid 
subjects, and that In AlIT and AIIH circulating thyroid autoantibodies are detected only in patients 
with evidence of coexisting thyroid autoimmune diseases. It Is worth noting that in the longitudinal 
stulty the amlodarone-treated patients who developed AlIT or AIIH had negative antibolty tests at any 
time interval considered. 

Thus, it would appear that amlodarone per 58 has no relevant effects on humoral thyroid 
autoimmunity. On the other hand, the excess of iodine released from the drug seems to facilitate the 
development of thyrotoxicosis or hypothyroidism In subjects with subclinical thyroid autoimmune 
disorders and circulating thyroid autoantibodies. 
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SERUM THYROID AUTOANTIBODIES IN PATIENTS WITH BREAST CANCER 

INTRODUCTION 
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Previously, an association between Hashimoto's thyroiditis 
and breast cancer has been suggestedl • It is controversial 
whether thyroid dysfunction plays a role in the pathogenesis 
of breast cancer. The conflicting results ma~ ~a~tly be ex
plained by differences in the control groups , , .The aim of 
the present study was to investigate thyroid function and signs 
of autoimmune disease in patients with breast cancer, and com
pare results with those obtained from age-matched controls, 
all from the same area without endemic goitre. 

MATERIAL AND METHODS 

Sixty-two consecutive patients admitted to the Department 
of Oncology, Herlev University Hospital after mastectomy for 
mammary carcinoma, and 13 patients with recurrent disease more 
than 6 months after previous treatment were considered for the 
study. Excluded were patients with known past or present thyroid 
disease (n=2), interfering medication (n=2) , other cancers, im
paired renal function or liver disease (n=O) or missed blood 
samples (n=12). Thus 58 patients (median age 56 years, range: 
27-80 years) were included after informed consent: 
Group 1 23 patients recently operated for local mammary car

cinoma, 
§roup 2 23 patients recently operated for mammary carcinoma 

with metastases to axillary lymph nodes, 
Group 3 12 patients with disseminated disease treated more 

than 6 months previously with either high voltage, 
irradiation, endocrine- or chemotherapy. 

The control group consisted of 75 healthy age-matched women 
without a gOitre or evidence of previous or present thyroid 
disease. None received any medication. Blood was sampled 16-42 
days after operation in group 1 and 2. Antithyroglobulin anti
bodies (TgAb) were measured by radio-coprecipitation techniqueS, 
and microsomal antibodies(MAb) by immunofluorescence. Thyroid 
stimulating antibodies(TSAb) were measured by an adenylate cy
clase stimulating assay using human thyroid homogenate6 , and 
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Table 1. Thyroid autoantibodies in 58 pa
tients .wi.th breas.t .. c.ancer •. 

Ant.ibody 

TSAb 
TgAb + MAb 
TgAb + MAb + TSAb 
MAb 
TgAb 
TgAb + TSAh 

Total number positive 

Number positive 

17 
5 
3 
2 
1 
1 

29 50% 

serum thyroglobulin (Tg)7, serum thyroxine (T4), triiodothyronine 
(T3), TSH, and T3-uptake test were all measured by radioimmuno
logical methods. 

RESULTS 

There was no significant difference in serum concentrations 
of T4, T3, TSH or free T4 and T3 indices between patients and 
controls. Nor was there any difference between the patient groups 
Serum Tg level in patients without TgAb was not different from 
that of controls, median: 20.4 ug/l (range: 7.6-185 ug/l) , and 
22.9 ug/l (range: 2.2-77 ug/1) , respectively. Thyroid autoanti
bodies were present in 29 patients (50%) (Table 1). Ten patients 
had TgAb (median: 26 kU/1, range 8-650 kU/1) compared with 3 
controls (39 kU/1 range 20-1350 kU/1) (P 0.05 by Chi square test) 
MAb were found in 1/10-1/160 dilution. A total of 21 patients 
(36%9 had TSAb above 108% (median 118%, range 110-156%). The 
autoantibodies were equally distributed in the three groups. 
There was no relationship between presence of the antibodies 
and previous irradiations. No difference in thyroid autoantibo
dies was noted in relation to thyroid function or serum Tg. 
Other serum autoimmune antibodies against salivary gland, adre
nocortex, parietal cell, smooth muscle tissue, mitochondria, DNA, 
extractable nuclear antigen, antinuclear, IgM rheumatoid factor, 
granulocyte specific antinuclear were sparsely occurring like in 
normal controls (data not shown). 

DISCUSSION 

In the present study thyroid function was not significantly 
different in patients with breast cancer compared to age-matched 
controls, in agreement with the study by Abe et a1. 8 , b~t in 
contrast to others4 ,9. It has not been verified, however, if 
the possible changes were due toa specific interrelation between 
breast cancer and the thyroid, or to a result of the well-known 
influence of non-thyroidal disease on thyroid function lO • There 
was a marked increase in the frequency of thyroid autoantibodies 
(both TgAb, MAb, and TSAb) in the patients with breast cancer 
compared to the controls, and no evidence of a general autoimmune 
activation. This has also been controversial1 ,4,11, probably due 
to differences in selection of patient and control groups, or to 
population differences. In the present study there was no rela
tionship between thyroid antibodies and previous treatment of the 
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cancer. TITe ~level'B UI:Ehe ::autoantibodies were in all cases low 
to moderately elevated. The presence of TSAb at low levels 
without evidence of in vivo thyroid stimulation has been recorded 
in other diseases of presumable autoimmune origin12 • Presence 
of TgAb and MAb without evidence of thyroid dysfunction has been 
described as asymptomatic autoimmune thyroiditis, which may 
proceed ultimately to hypothyroidism13 • Only long-time follow-up 
may clarify if the antibody positive patients with breast cancer 
are more exposed to develop overt thyroid dysfunction. 
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INTRODUCTION 

In autoimmune thyroid diseases various immunological abnormalities 
were observed. Circulating immune complexes (CIC) have been detected in 
sera from patients with Graves' disease(GD) and Hashimoto's thyroiditis 
(HT). Intrathyroidal deposition of immune complexes was reported in these 
diseases. But the role of CIC in these diseases is not clear. Deposition 
of immune complexes induces activation of complement system and leads 
cells to lysis. In these process serum complements are consumed and its 
activities are reduced in some autoimmune diseases such as systemic lupus 
erythematodes and serum sickness. In such diseases serum complement 
activities were reported to correlate with the activity of the disease. 
In this report we studied about CIC and serum complement activities in 
patients with GD and HT to clarify the role of CIC and complement in these 
diseases. 

MATERIALS AND METHODS 

Sera from 20 patients with untreated GD and 28 patients with HT were 
subjected to be evaluated serum complement activities and CIC levels. 
Blood was kept at room temperature for Ihr and centrifuged at 300 x g for 
15 min. Serum samples were stored at _80°C and examined within 4 weeks. 
Once thawed, the sera were not stored again. 

Circulating Immune Complex 

Clg solid phase enzyme immunoassay. The polystylene microtiter plate 
coated with purified rabbit Clq was used according to the method of Fukuda 
et al. (1985a). Briefly, 100 Ul of serum sample diluted 1:12 was added 
into the well and incubated at 37°C for 1hr. After washing the well with 
PBS-Tween 20, anti-IgG labeled with horseradish peroxidase (HRPO; Sigma 
Co.) was added and incubated at 37°C for 1 hr, and the bound HRPO activity 
as CIC values developed with O-phenylendiamine was determined by optical 
density scanning of the plate at OD492 (Corona E. Co., MTT-12). 

Anti-C3 solid phase binding assay. Anti-C3 assay was carried out by 
the method of Fukuda et al.(1985b). Briefly, 5% PEG precipitate serum 
diluted 1:12 was added into the polystylene microtiter plate coated with 
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F{ab')2 anti-C3 and incubated at 37°C for 1 hr. After washing with PBS
Tween 20, anti-IgG labeled with HRPO was added, and bound HRPO activity 
was determined as CIC values as described above. 

Complement activity 

Total hemolytic activity (CH50) was measured according to Mayer's 
method. Alternative complement pathway activity (AH50) was measured using 
rabbit erythrocytes (Platts-Mills and Ishizaka 1974). Serum C3 and C4 
concentrations were measured with single radial diffusion using comme
rcially available test kits. Normal ranges of CH50, AH50, and C3 and C4 
concentrations were 30 - 45 U/ml, 6 - 12 U/ml, 50 - 100 mg/dl and 15 - 40 
mg/dl, respectively. 

Other assays 

Anti thyroglobulin and antimicrosomal antibodies were measured by 
commercially available hemmaglutination test kits. Serum T4 was measured 
by radioimmunoassay. 

RESULTS 

In the present study normal ranges of CIC values measured by C1q 
binding and anti-C3 assay were below 3 Ug AHG/ml and below 2 Ug AHG/ml 
respectively. By Clq binding assay CIC were detected in sera of 2 pa
tients with HT, but not detected in sera of patients with GD. By anti-C3 
assay CIC were detected in sera of 7 patients{35%) with GD and 13 patients 
(50%) with HT. There was no correlation between values measured by Clq 
binding assay and anti-C3 assay in these patients. 

CH50 values were elevated in one and slightly decreased in 3 patients 
with GD, and were normal in all patients with HT. AH50 were elevated in 
8 patients (44%) with GD and 8 patients (33%) with HT. There was no 
patient with low AH50. Serum C3 concentrations were elevated in 8 pa
tients with GD and 8 patients with HT. In one patient with HT C3 level 
decreased. Serum C4 concentrations were elevated in 4 patients with GD 
and 8 patients with HT. There was no patient with low C4 concentrations. 

In patients with GD significant negative correlations(p < 0.01) were 
observed CIC values measured by Clq binding assay with AH50, C3 and C4 
concentrations. No correlation was observed between CIC values measured by 
anti-C3 assay and serum complement activities. In patients with HT there 
was no correlation between CIC values and serum complement activities. 
Then we evaluated the relations of serum complement activities and serum 
T4 concentrations. Positive correlations of serum T4 concentrations with 
C3 and C4 concentrations were observed in patients with HT but not in 
pa tients with GD. Serum T4 levels of patients with HT were 1.2 to 13.0 
ug/dl(normal:4.5 - 13). There was no correlaiton of anti microsomal and 
anti thyroglobulin antibodies with CIC values or serum complement activi
ties. 

DISCUSSION 

In present study frequencies of elevated levels of CIC in GD and HD 
were 35% and 50%, respectively, using anti-C3 assay. These results were 
compatible with those of Calder et.al.(1974) (17% in GD and 59% in HT). 
But using Clq binding assay elevated levels of Cle values were detected in 
only two patients(7%) with HT. Different frequencies of elevated CIC 
values, however; have been reported in literatures {Feldt-Rasmussen et 
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al., 1979 and Mariotti et al., 1979). These discrepancies could be due to 
the different methods employed. In this study there was no correlation 
between CIC values by Clq binding assay and those by anti-C3 assay. Anti
C3 assay using PEG precipitated serum is supposed to detect heavy molecu
lar weight CIC. Serum complement acti vi ties were eleva ted in several 
patients with GD and HT. AH50 were elevated in 44% of GD and 33% of HT. 
C3 and C4 concentrations were also elevated. Serum complement activities 
were reported to be elevated in small number of patients with rheumatoid 
arthritis(RA). It is speculated that in RA intraarticular inflammation 
consumes complements in the synovial fluid but increases the production of 
complements in the body. In this study CIC values by Clq binding assay 
were correlated with AH50, C3 and C4 levels in GD. These results may be 
explained by the fact that alternative pathway of the complement is essen
tial for solubilization of immune complexes (Takahashi et al., 1980). 
Serum complements also play a role in the clearance of immune complexes. 
So elevated complement activities in GD and HT may work against deposition 
of CIC and induction of tissue damage. Correlation of complement levels 
with serum T4 in HT may suggest that thyroid function affects the produc
tion of complement. 
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ABNORMALITIES OF THYROID FUNCTION IN SJOGREN'S SYNDROME 
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Siogren's syndrome is a chronic inflammatory disease, characterized 
by diminished lacrimal and salivary gland secretion, the "sicca 
complex", resulting'in keratoconjunctivitis and xerostomia. The spectrum 
of the disease includes a primary form and a secondary form accompanying 
rheumatoid arthritis or occasionally other diseases of the connective 
tissue. 

Recent observations suggest that the incidence of both primary and 
secondary forms of Siogren's syndrome is higher than previously 
reported (1). In addition, Sjogren's syndrome is a disorder in which a 
benign autoimmune disease can terminate in a malignant lymphoid 
disorder. Thus, it is a "crossroad" disease that offers potential 
insight into the mechanism by which B-Iymphocytes may become malignant. 

The glandular insufficiency in Sjogren's syndrome is secondary to 
lymphocytic and plasmacell infiltrations. Strand and Talal (2) have 
recently introduced the term "autoimmune exocrinopathy" for Sjogren's 
syndrome. Although the involvement of exocrine glands is the hallmark of 
Sjogren's, abnormalities of thyroid function have been described among 
these patients (3). 

The aim of this study was to estimate the incidence of thyroid 
function abnormalities in patients with Sjogren's syndrome. Furthermore, 
in preliminary experiments we examined the ability of sera from these 
patients to stimulate DNA synthesis in FRTLS cells. 

MATERIALS AND METHODS 

Nine outpatients of our Clinical Immunology Department affected with 
Sj ogren's syndrome voluntaired to an evaluation of thyroid functions. 
The diagnosis of Sjogren's syndrome was established according to 
standardized criteria (1). All patients were women (age 60.0 + 3.4 
years». Two of these had an uninodular non-toxic goiter, one had a 
diffuse non-toxic goiter and another one had been previously submitted 
to partial thyroidectomy because of a cystic nodule. Serum levels of T3 , 
T , F-T , F-T and basal TSH were determined by radioimmunoassay. 
Tftyroglo~ulin ~g), antithyroglobulin and antimicrosomal antibodies were 
measured by immunoradiometric methods. TSH response to TRH (200 pg i.v.) 
was calculated by the net increase (b-TSH). 38 healthy females in 
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post-menopause were matched as controls. Data were analyzed by Student's 
test for unpaired data. 

FRTL5 cells (4) proliferation was assayed by 3H-thymidine 
incorporation into DNA. 

RESULTS 

Mean (+ SD) of basal hormone levels in Sjogren's patients were as 
following:-T3: 1.77 ± 0.4 nM/L; T~: 98.9 ± 17.05 nM/L; F-~3: 6.3 ± 1.08 
pM/L; F-T4: 14.6 ± 2.3 pM/L; Tg: 51.9 ± 38.1 ~g/L; TSH: 2.B3 ± 1.2 mUlL. 
In Sjogren's patients basal serum TSH and Tg levels were significantly 
higher than in healthy females (p<0.05 and p<O.OOI, respectively). The 
b-TSH in Sjogren's patients (11.8 + 9.4 mUlL) was not significantly 
different from that of 38 controls. -However, 3 patients had increased 
TSH response to TRH and 1 had no response to TRH. Serum levels of 
anti-Tg antibodies were undetectable; circulating levels of 
antimicrosomal antibodies were found in 3 out of 9 patients. 

When tested on quiescent FRT!l5 cells, sera from patients affected 
with Sjogren's syndrome increase H-thymidine incorporation into DNA at 
all concentrations tested (0.5, 1 and 5%/ml), compared to normal serum 
tested at the same concentrations (Table 1). 

DISCUSSION 

Consistent with recent data in the literature (5), our results 
indicate that patients with Sjogren's syndrome have an high incidence of 
thyroid abnormalities. We have shown that a clear impairment of thyroid 
functions could be observed in 4 out of 9 patients. In addition, 33% of 
patients presented in this study show an exaggerated TSH response to TRH 
stimulation, suggesting the possible coexistence of subclinical 
hypothyroidism with this disease. 

The presence of mild hypothyroidism symptoms, such as dry skin, 
lethargy and puffyness, may occur in patients with Sjogren's syndrome. 
We suggest that a complete study of thyroid functions should be part of 
the routine evaluation of these patients in order to sort out patients 
with a real thyroid function impairment. 

The high frequency of hypothyroidism in patients with Sjogren's 
syndrome could be caused by idiopathic Hashimoto's thyroiditis. The two 
syndromes have a common genetic background that can explain the enhanced 
susceptibility to both deseases (5, 6). 
3 The ability of some sera from Sjogren's patients to stimulate 
H-thymidine incorporation into DNA of FRTL5 cells is suggestive of the 
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TABLE 1 

3H-thymidine incorporation into DNA of the FRTL5 cells * 
(data expressed as fold increase over basal) 

controls 

case 1: 23.39 
2: 18.13 
3: 17.42 

Average: 19.64 + 2.6 

* 

Sjogren's syndrome 

patient 1: 32.48 
2: 29.08 
3: 30.88 

Average 30.81 + 1.3 

treated with 5% serum (either controls or Sjogren's) 



presence of a mitogenic activity; it will be of great interest to 
investigate on the biochemical nature of this factor(s). 
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THYROID AND RENAL AMYLOIDOSIS IN THYROGLOBULIN IMMUNIZED RABBITS 

B. N. Premachandra and H. T. Blumenthal 

Veterans Administration Medical Center and 
Washington University 
St. Louis, Missouri 

INTRODUCTION 

A variety of forms of immune complex nephritis have been reported in human 
thyroid disorders of immune origin 1, as well as in animals with an induced lympho
cytic thyroiditis 2. Several types of amyloid also represent expressions of immune 
system disorders. However, there are no reports of thyroid or renal amyloid associ
ated with human thyroid disorders of immune origin, or in thyroglobulin (Tg) immu
nized animals. In recent investigations in animals with induced lymphocytic thyroid
itis we observed amyloid lesions in thyroid and kidney. 

MATERIALS AND METHODS 

Six month old New Zealand male albino rabbits were used and were fed Purina 
lab chow ad libitum. The experimental groups received three weekly intramuscular 
injections (1 ml) of 1% bovine (n = 36), porcine (n = 22) or human Tg (n = 5) (total 
of 3 ml per rabbit) in Freund's complete adjuvant. Fifteen rabbits immunized 
against bovine Tg were also challenged with repeated intravenous doses of antigen 
(5 mg Tg per animal) for a period of 8 weeks. A control group of 7 rabbits received 
adjuvant only. A group of untreated rabbits were also maintained. A tanned red 
cell (TRC) agglutination technique was used to monitor serum Tg antibody levels. 
Immediately after death all organs were removed and representative blocks were 
fixed in 10% formalin, embedded in paraffin; sections were stained with 
haematoxylin-eosin/congo red and were screened for evidence of hyaline deposits. 
In positive cases, additional sections were subjected to potassium permanganate 3. 
Sections of thyroid and kidney were subsequently additionally fixed in Karnovsky 
solution and stained with lead citrate and uranyl acetate for electron microscopy. 
Immunological stUdies for examining immune complex deposits incorporating Tg 
as the antigen were also carried out. 

RESULTS 

Characteristics of the Hyaline Lesions 

Hyaline lesions were found in the thyroid and kidney of the immunized rabbits, 
but not in controls. In the thyroid the hyaline was deposited in the interstitial 
tissues, replacing some thyroid follicles while associated with atrophy of others 
(Fig. 1). In the renal glomeruli, hyaline was present in a nodular or diffuse form 
(Fig. 2) or a mixture of the two. The hyaline material was congophilic and exhibited 
typical green birefringence when examined with polarized light. Electron 
microscopy of the hyaline substance demonstrated fibrils typical of amyloid (Fig. 3). 
Following treatment with potassium permanganate most of the congophilic material 
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in the thyroid and glomeruli was removed. Treatment of sections of thyroid with 
peroxidase tagged anti-rabbit IgG and anti-Tg gave a negative reaction in the 
hyaline deposits. Tubular casts and periglomerular fluid accumulations (which 
were negative for amyloid) gave positive reactions, and they were also positive 
with peroxidase tagged anti-C3. 

Analysis of Thyroid and Renal Lesions 

A fairly marked thyroiditis was present in 25% of immunized rabbits with 
the highest incidence (40%) in the group receiving supplementary Tg injections 
after the initial immunization series. Amyloid deposits were present in 17% of 
the immunized rabbits, but all of these were in animals receiving only the initial 
immunization series. About 44% of the immunized rabbits had normal kidneys, 
and about another 12% showed only the adjuvant lesion. Diffuse glomerular lesions 
were present in about 8%, and another 17% showed only nodular glomerular lesions. 
A mixture of these two forms was found in 19%·of the immunized animals. Rabbits 
which received supplementary injections of Tg showed only nodular glomerular 
lesions. 

Figure 1. 

Figure 2. 
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Figure 3. 

DISCUSSION 

The principal findings in this study are that immunization with Tg in Freund's 
adjuvant and observation over a period of 6-34 months revealed a moderate lympho
cytic thyroidits in about 25% of rabbits, and interstitial amyloid of the thyroid in 
17.3%. In the kidney, glomerular and interstitial amyloid deposits were found 
in about 44% of the immunized animals. Moreover, renal amyloidosis was found 
in association with lymphocytic thyroiditis as well as with amyloidosis of the 
thyroid, and there was a small percentage of immunized animals which showed 
only thyroid lesions or only renal amyloid. The reactions with perma)1ganate 
indicate a predominance of AA type amyloid. The frequency of thyroid or renal 
lesions did not correlate with Tg antibody titres. One study in C3H mice 4 reports 
systemic amyloidosis with thyroid involvement induced with goitrogens or x-irradia
tion of the thyroid, procedures which may have induced thyroid immunity. 

SUMMARY 

The findings noted represent the first report of amyloidosis induced by Tg 
immunization and are of clinical significance. They suggest that those cases of 
amyloidosis now classified as idiopathic might have their origin in a thyroid auto
immunity. The studies also indicate that thyroiditis and thyroid amyloidosis may 
represent mutually exclusive processes. Of further interest is the observation 
that the variability of amyloid distribution may be related to the method of 
induction. 
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INTRODUCTION 

The posSible association of autoimmune thyroid diseases and 
nephropathies raises the question of a relationship between these two 
diseases. Only seven cases have been reported in which demonstration of 
thyroglobulin (Tg) antigen in glomeruli had suggested its responsability in 
the pathogenesis of nephropathies (1). The aim of our study was to evaluate 
the frequency of Tg deposits in kidney biopsy of patients with these two 
diseases. 

PATIENTS 

37 patients (29 women and 8 men) were studied: 
. Renal biopsy was performed in each case for microscopic hematuria 

(67%), p'roteinuria (16%), nephrotic syndrome (14%). and chronic renal 
failure (3%). Hystological studies showed glomerulonephritis (GN) with 
mesan~ial deposits in 24 cases (65%). Extracapillary Proliferative GN in 3 
cases 8%), Membranous GN in 3 cases (8%), Membranoproliferative GN in 2 
cases 5%). Chronic Interstitial Nephritis in 4 cases (11%), Minimal Changes 
in 1 case (3%). 

. Thyroid disease has been diagnosed either before, during or after 
characterization of nephropathy: Chronic Thyroiditis (Asymptomatic 
Atrophic Thyroiditis, Hashimoto's Thyroiditis, Primary Myxoedema) was 
present in 29 cases (78%), Graves' disease in 3 cases (8%), Toxic or Non 
Toxic Multinodular Goiter and Euthyroid Goiter in 5 cases (14%). 

The different association between thyroiditis and nephropathies are 
showed in table 1. 

METHODS 

Tg was researched by immunoperoxidase procedure on paraffin section 
(2). After the paraffination in toluene, sections were incubated during 30 
minutes in a methanol-hydrogen peroxide mixture to inhibit endogenous 
peroxidase. Sections were rinsed with ordinary water. Immunoperoxidase 
technique required 4 stages: 

1. Application of rabbit's polyclonal antibodies during 30 minutes 
(dilution 1/50) 
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2. Application of pig's sera anti-rabbit (Dakko-Patts Z126) during 30 
minutes (dilution 1/20) 

3. Application of pig's sera anti-rabbit's immunoglobulins marked with 
peroxidase-anti peroxidase (Dakko-Patts Z113 - dilution 1/100) 

4. Demonstration of peroxidase with diamine-benzidine. 

RESULTS 

Tg antigen was not found in any of the 37 biopsies. Tg was absent as 
well In renal biopsy from 10 patients with various nephropathies but 
without thyroid diseases. Controls of human thyroid slices were positive, 
showing Tg in colloid vesicle and thyroid cells. 

Table 1. Different associations between thyroid diseases and nephropathies observed in our study 

Chronic 
Thyroiditis 

Graves' Disease 

Toxic Goiter 

Euthyroid 
Goiter 

TOTAL 

GNMes 

20 

2 

24 

ECGN MGN 

2 

3 3 

MPGN CIN MC TOTAL 

2 3 29 

3 

3 

2 

2 4 37 

GN = glomerulonephritis. GN Mes = GN with mesangial deposits. ECGN = extracapillary GN. MGN = 
membranous GN. MPGN = membranoproliferative GN. CIN = chronic interstitial nephritis. Me = 

minimal changes. 

DISCUSSION 

In the literature, 9 cases of the association of autoimmune thyroid 
disease and glomerulonephritis have been reported (3-9). Tg was found in 
renal biopsy specimens of a total of 7 patients. Thyroid microsomal antigen 
has been also characterized in 3 cases, but not sought in other patients. 
Thyroid diseases were Graves' or chronic thyroiditis. Histological kidney 
studies showed in most of the cases membranous nephropathy. 

Thyroid antigenic distribution was in the same pattern as. IgG-lgM-C3 
5,6,9, IgG-C3 7, IgG 3,4,8 deposits. In one case 6, immunochemical analysis 
of the circulating immunecomplexes revealed that human Tg was the 
antigenic component. These observations have suggested development of 
immune complex GN mediated by thyroid antigens. 

Failure of demonstration of Tg in renal biopsy specimens in our study 
could be in relation with: 

· Population study: more than 60% had GN with mesangial deposits and 
almost 80% chronic thyroiditis. 

· Chronological data: whereas nephropathies were characterized before 
thyroiditis in more 40% of cases, GN was diagnosed, in the literature, at the 
same time or after thyroid disease. 

· Choice of techniques: immunoperoxidase procedure was used in our 
study whereas other authors employed immunofluorescence technique. 

· Possibility of antigenic mask by idiotxPic network. 
Except for the study of Verger et al. (9), it is never indicated the total 

number of the renal biopsy studied. Therefore, the frequence of the 

association between these two diseases is difficult to evaluate. It is 
possible that thyroid antigenic factors, other than Tg, could act as prevalent 
factor in the pathogenesis of the nephropathy. On the other hand, we have 
never observed a marked improvement in proteinuria, hematuria or renal 
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function after thyroid treatment (Thyroidectomy, Carbimazole, opotherapy). 
Recently production of human monoclonal antibodies that react with both 
pancreatic islets and thyroid, is an example of the complex mechanisms 
Involved in autoimmune disease (10). 

Whereas association of thyroid diseases and nephropathies seems to be 
frequent in our study, the frequence of each pathology does not eliminate 
the possibility of a coincident association. Further studies appear necessary 
in order to find other thyroid antigenic factors in kidney biopsy and to 
specify a relationship between these two diseases. 
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PERSISTENCE OF AUTOIMMUNE REACTIONS DURING 

RECOVERY OF SUBACUTE THYROIDITIS 

INTRODUCTION 

K.Bech, U.Feldt-Rasmussen, H.Bliddal, M.H0ier
Mads~n, B. Thomsen, andH. Nielsen 
Hvidore Hospital, Med. dept. E, Frederiksberg 
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Subacute thyroiditis (SAT) is a transitory inflammatory 
thyroid lesion possibly of viral pathogenesis. We have recent
ly studied the pattern of thyroid autoantibodies in patients 
with SAT during and after recovery!, but have now extended the 
observation period with several years in order to see if the 
humoral autoimmunity persists in these patients. 

MATERIALS AND METHODS 

Ten consecutive patients (4 men, 6 women, mean age 48 ± 
12 years (SD)) were studied. The diagnosis was based as pre
viously reported!. Recovery was obtained after median 6 months, 
range 4-30 months, and the patients were followed for median 4 
years, range 3-12 years after recovery. Thyroid function was 
evaluated by routine radioimmunoassays and thyroglobulin (Tg) 
determined as earlier described 2. Thyroid stimulatin~ anti
bodies were measured as TSH binding inhibition (TBIIr and 
thyroid adenylate cyclase stimulation (TSAb)4. Thyroglobulin 
antibodies (TgAb) were measured by radio-coprecipitation assa~, 
and thyroid microsomal antibodies (MAb) by immunofluorescence 
technique 6. Circulating immune complexes (CIC) were measured by 
a complement consump.tion assay after precipitation with 2.5% 
polyethylene glycol 7. Tetanus toxoid anti-tetanus toxoid com
plexes were used as standards and the levels of CIC were ex
pressed in terms of tetanus toxoid (TT) (~g/ml) in equivalent 
amount of standard complexes with detection limit of 1.1 ~g 
TT/ml. 

RESULTS 

Eight patients were thyrotoxic at diagnosis but the hor
mone levels normalized spontaneously within 2 months through a 
short phase of hypothyroidism with significantly increased TSH. 
Tg was measurable in 4 patients and was high at diagnosis and 
fell parallel to TSH and thyroid hormones. Presence of the dif
ferent thyroid autoantibodies appears from table 1. Thyroid 
stimulating antibodies (fig. 1) measured as TBII were present 
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Fig. 1. The changes of thyroid stimulating antibodies (TSAb, .) 
given as percentage stimulation by patient Ig of normal 
reference and TSH binding inhibiting immuno~lobulins 
(TBII, 0) given ;as per cent inhibition of 5I - TSH 
binding by patient Ig compared to normal reference 
during the course of subacute thyroiditis. The hatched 
area indicates upper reference limit for both methods. 

for some time in all patients during disease and remained de
tectable for up to 4 years 1n 6 patients. TSAb were only tran
sitorily present in 3 patients (128%, 255%, 137%) without re
lation to the thyroid state. TgAb appeared in 4 and persisted 
in 3 patients, while MAb were negative. ele were detected in 
all patients with maximal levels in the acute phase of SAT . 
ele were still present up to 3 years but became after that time 
undetectable. Although there was no correlation between the 
thyroid antibodies and ele, the changes in ele during the 
course of SAT parallelled the changes of TBII. 

DISCUSSION 

The high levels of serum Tg coincident with thyrotoxicosis 
indicated acute damage of the thyroid with release of auto
antigenic components into circulation during the acute phase 
of SAT. This was also evidenced by low iodine uptake in the 
thyroid gland. previousl~, anti-TSH receptor antibodies have 
been demonstrated in SAT. As recently reportedl , TBII could be 
detected in all patients, while TSAb were negative in the ma
jority. A remarkable finding was that ele were present in all 
patients for very long time after the onset of the disease. 
This suggests that the self-limitation of the immune responses 
in SAT is a very slow process. Furthermore, immune complex for
mation seems to be a major feature in the regulatory mechanisms 
controlling the immune responses in SAT. Although there was no 
relation between ele and thyroid autoantibodies, the resemblan
ce between the changes in TBII and ele suggests that idiotype
anti-idiotype interaction can be involved in the re-establish
ment of the immunological control. 
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Table 1. Presence of various thyroid antibodies during the 
course of subacute thyroiditis (SAT). The period was 
divided into an acute phase (diagnosis), an inter
mediary phase and a recovery phase lasting from 4 to 
30 months (median 6 months). The number of positive 
patients/number of patients tested is indicated. 

PnIeence of thyroid antibodies during 
the cou .... of subacute thyrold"ls 

Phase 

Acute Intermediary Recovery 

TgAb 2/6 4/10 2/10 

TSAb 0/6 3/10 3/10 

TBII 4/6 8/10 8110 

MAb 0/6 0/10 0/10 
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Recently we reported l - 2 that in acute phase of subacute thyroiditis 
(SAT) serum immunosuppressive acidic protein (lAP), a type of ai-acid 
glycoprotein measured by single radial immunodiffusion method is in
creased, and peripheral K cell activity measured by the modified plaque
method of Biberfeld et al. was decreased and negatively correlated with 
serum lAP. Inhibition rate of K cells from a normal subject by sera of 
patients with SAT in acute phase was higher than that in recovery phase 
and those of normal control. Purified lAP inhibited K cell activity of 
normal subject in a dose-dependent manner. Circulating immune-complex 
measured by modified solid phase Clq-binding assay was almost normal 
and had no correlation with serum lAP in SAT. Trypsynization of K cells 
resulted in no change of K cells in both normal subjects and patients 
with SAT. From these results, it is conceivable that the K cell func
tion is activated to destroy the affected cells probably by virus in the 
very early phase of SAT and that the K cell activity in SAT might be 
suppressed by lAP produced from macrophages as defense mechanism against 
the endless destruction of affected cells by K cells. 

In the present study, we measured urinary lAP and purified protein 
derivative (PPD) reaction in patients with SAT to investigate the role 
Of cellular immunity in SAT. 

MATERIALS AND METHODS 

Subjects The normal controls consisted of 16 women and 4 men, the 
patients with SAT 36 women and 8 men and the patients with Graves' dis
ease 9 women and 4 men. 

Serum lAP Serum lAP was measured with a single radial immunodiffu
sion method. Sera (30 ~l) were added to microwells punched into Agarose 
gel plate containing 1-5% anti-lAP rabbit serum. After the reaction at 
37°C for 48 hrs in a humid chamber, the diameter of the precipitin ring 
was measured. The mean normal values were 375 ± 70.3 (S.D.) ~g/ml. 

Urinary lAP For the quantitation of urinary lAP, passive hemagglu
tinin inhibition reaction method was i used. Twenty five microliters of 
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anti-lAP rabbit sera were added into the two-times dilution series of 25 
~l urine with phosphate buffer saline, pH 7.5, on microtiter plates, and 
then reaction mixtures were allowed to stand for 30 min at 22°C. After 
50 ~l of 0.4% lAP-coated sheep red blood cells suspension in phosphate 
buffer saline containing 1% bovine serum were added and mixed, the mix
tures were allowed to stand at 22°C for 2 hrs. Urinary lAP per millili
ters was calculated from final hemagglutinin inhibition titer, and then 
the concentration per 24 hrs was obtained. Mean normal value was 0.53 ± 
0.39 mg!day. Upper limit of normal range was 1.50 mg!day. 

PPD reaction For the measurement of PPD reaction, 0.1 ml of puri
fied tuberculoprotein (Japan BCG Production Co.) as an indicater of 
established delayed hypersensitivity was injected intracutaneouslY. The 
test was evaluated by measuring maximal diameter of cutaneous reactions 
using customary guidelines at 48 hr. Negative value was less than 4 mm. 

RESULTS 

In 20 out of 42 patients with SAT in whom clinical cOurses were 
followed to complete recovery phase, mean PPD reaction in acute phase, 
14.9 ± 12.8 (S.D.) mm, were lower than those in recovery phase, 30.4 ± 
23.1 mm (p < 0.01, Fig. l). Negative PPD reaction in three patients with 
SAT in acute phase became positive in recovery phase. Mean PPD reaction 
values in Graves' disease and controls were 10.9 ± 10.9 and 13.2 ± 7.0 
mm, respectively, being not different from those of SAT in acute phase 
but lower than those in recovery (p < 0.02 and 0.02, respectively). In 
5 patients with Graves' disease when their thyroid states were became 
euthyroid with the treatment, there was no change in PPD reaction values 
before and after the treatment, 8.6 ± 5.9 and 5.5 ± 3.6 mm, respectively 
(Fig. 2). 

PPD reaction values in 44 patients with SAT in acute and in 18 pa-
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Fig. 1. PPD reaction values in patients with subacute thyroiditis and 
in hyperthyroidism treated with antithyroid drugs or 131 1 . 
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Fig. 2. Correlation between serum IAP and PPD reaction values in pa
tients with subacute thyroiditis. 

tients in recovery phases negatively correlated with serum lAP values 
(Fig. 2), but not with urinary lAP in 20 patients with SAT. In acute 
phase, 7 out of 20 patients with SAT showed urinary lAP above the upper 
limit of normal and their urinary lAP values were decreased to normal in 
accordance with the decrease of serum lAP. There was positive correla
tion between lAP values in serum and urine (r = 0.35, p < 0.05) in SAT. 

DISCUSSION 

In the present study PPD reaction, an expression of cellular immun
nity, was decreased in acute phase of patients with SAT. It is suggested 
that viral infection may cause the SAT. And negative PPD reaction is ob
served in viral diseases such as mumps and influenza. Though serum lAP 
values are higher than normal in 100% of patients with SAT in acute 
phase!, high urinary lAP value was observed only 35% in the present study. 
This may indicate that there is an accerelation of reabsorption or ca
tabolism of lAP at renal tubule in patients with SAT. 
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INTRODUCTION 

Thyrotropin (TSH)immunometric assays may lose their peculiar specifi
city when heterophilic antibodies1 ,2 or anti-TSII antibodies3 ,4are present 
in a given sample. In fact, both these kinds of antibodies may interfere 
in TSH immunometric assays, giving inappropriate hormone values, clearly 
inconsistent with other laboratory or clinical findings. In particular, 
circulating heterophilic antibodies, i.e. antibodies cross-reacting with 
immunoglobulins (Ig) of the animal in which the assay.specific antibody 
has been raised, cause spuriously high values both in TSH radioimmuno-
assays (TSH-RIA) and in TSH immunoradiometric assays (TSH-IRMA).In TSH-RIA, 
the interference is usually due to an anti-rabbit Ig which neutralizes part 
of the rabbit anti-TSH antibody1, while in TSH-IRMA it is due to an anti
mouse Ig which bridges both the labeled and solid-phased monoclonal antibo
dies, thus behaving as a complete TSH mOlecule2 • On the contrary, the inter
ference in TSH-RIA of circulating anti-TSH antibodies, i.e. antibodies 
induced by bovine TSH (bTSH) or impure pituitary extract injections, or 
occasionally found (autoantibodies?) in patients with Graves'disease5 , is 
mainly due to the sequestration of the tracer by the endogenous antibodies. 
Using second antibody (2nd Ab) separation methods or sOlid-phase techniques, 
spuriously high TSH-RIA levels are usually found3 ,4,since the radioactivity 
either precipitated with 2nd Ab or bound to the solid-phased antibody de
creases, giving TSH values higher than the actual ones, when extrapolated 
from the standard curve. 

The aim of the present study is to investigate the possible interfe
rence of anti-TSH antibodies in the recently available ultrasensi~ive 
TSH-IRMA methods in which the specificity is of great importance in view 
of their alleged use as first line test of thyroid function. 

MATERIALS AND METHODS 

Patients. Five subjects (3 euthyroid and 2 hyperthyroid) showing discrep
ancies between free thyroid hormone and TSH-RIA levels were studied. Diag
nosis, previous treatments and hormone measurements are reported in Table 1. 
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Table l. Patients, hormone measurements and detection of anti-TSH antibodies 

Diagnosis 
Previous FT4 FT3 TSH-RIA TSH-IRMA NSB* 

Case 
(pmol/l) (mUll) treatment % 

l. Pit. tumor Bovine TSH, 
pit. extracts 14.5 20.2 4.5 < 0.07 69.1° 

2. Graves' None 18.5 22.4 2.6 < 0.07 30.1 
3. Pit. tumor Pit.extracts 13.6 48.0 < 0.07 71.9 
4. Chranioph. Bovine TSH, 

pit.extracts 14.7 8.1 46.5 < 0.07 23.0° 
5. Normal None 13.7 60.5 42.6 19.3° 

NORMAL CONTROLS ( n '" 56 ) 9-20 4-8 <0.3-4.5 0.15-6.0 7-11 

* 125 
NSB = nonspecific binding of . I-hI~~ (see text for details). 

° Similar % NSB was recorded uS1ng I-bTSH. 

Detection and cross-reaction of anti-TSH antibodies. The presence of 
anti-TSH antibodies was documented measuring the percent of radioactivity 
precipi~gted by polyethylene glycol (PEG) after incubation of diluted sera 
with I-hTSH (20,000 cpm) for 24 hours at room temperature. The cross
reaction of endf~5nous antibody with bovine TSH was tested using the same 
procedure but I-bTSH. 
TSH immunometric assays. Serum TSH was measured by an "in-house" RIA using 
TSH-free serum in the standard curve, 72 hours preincubation with rabbit 
anti-TSH antibody followed by 48 hours incubation with tracer and separa
tion with 2nd Ab. The sensitivity was 0.3 mUll. Serum TSH was also measured 
by a two-site IRMA method using a commercial kit (Sucrosep TSH-IRMA, Boots
Celltech, Slough, UK), showing a sensitivity of 0.07 mUll. 
TSH recovery tests in IRMA method. These tests were carried out measuring 
TSH levels after 24 hours incubation of diluted sera (1:16) with TSH stand
ard at various concentrations, in the absence or presence of bovine TSH ( 
55,000 mUll), in order to saturate the endogenous antibody with a cross
reacting molecule not recognized in the TSH_IRMA method (Table 2). 

RESULTS AND DISCUSSION 

In all patients the presence of anti-TSH antibodies was suspected on 
the basis of gi~crepancies between TSH-RIA and free thyroid hormone circu
lating levels' and definitely documented by the finding of increased 
nonspecific binding of labeled TSH to patients'immunoglobulins after pre
cipitation with PEG (Table 1). In 3 patients the appearance of the anti-TSH 
antibodies had been presumably induced by previous bovine TSH or impure 
pituitary extract injections, while in the remaining two no previous treat
ment was recorded, thus confirming the possibi~ity of a spontaneous occur
rence of anti-TSH antibodies (autoantibodies?) . Spuriously high serum 
TSH-RIA values (Table 1) were recorded in all patients: in 3 of them the 
TSH values were in the primary hypothyroid range in spite of normal free 
thyroid hormone levels, and in 2 patients were clearly detectable in spite 
of elevateq free thyroid hormone concentration, a situation that could have 
been confused with an inappropriate secretion of TSH (1ST). However, when 
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Table 2. TSH recovery tests (see text for details). Data are 
expressed in mUll 

hTSH standard Case no. 1 Case no. 4 Case no. S 

- bTSH + bTSH - bTSH + bTSH - bTSH + bTSH - bTSH + bTSH 

0.0 0.0 0.0 0.0 0.0 0.0 3.0 2.9 
0.5 0.6 0.2 0.6 0.4 0.6 3.6 3.8 
1.8 1.7 1.1 1.8 1.4 1.8 5.0 4.8 
7.4 7.5 3.6 7.9 6.9 7.6 10.5 10.3 

29.5 29.1 15.7 29.3 23.8 31.0 32.0 31.4 
60.6 61.5 45.3 60.0 51.2 61.4 64.2 64.5 

124.0 127.0 93.8 128.0 110.0 125.3 120.0 118.0 

measured by IRMA, TSH values were undetectable in all cases with one exception 
(case no.5) (Table 1). In the 2 hyperthyroid patients, these findings, along 
with the positivity of the thyroid stimulating antibodies, indicated the ex
istence of Graves'disease and not of 1ST. Furthermore, these data demons tate 
that, contrary to TSH-RIA, TSH-IRMA is not affected by circulating anti-TSH 
antibodies when TSH secretion is fully suppressed. On the contrary, the find
ing of undetectable TSH-IRMA levels in 2 euthyroid patients (no.3 & 4) sug
gest a possible interference of endogenous anti-TSH antibody yielding spu
riously low TSH values. This hypothesis was confirmed by TSH recovery tests 
in which a clear underestimation of the actual TSH levels both in eu- and 
hyperthyroid sera was found (Table 2). Nevertheless, when the endogenous 
antibody was saturated with high amount of bTSH (Table 2) the interference 
completely disappeared. Therefore, it is possible to infer from these find
ings that circulating anti-TSH antibodies bind at least one of the TSH epi
topes recognized by IRMA monoclonal antibodies, thus preventing the formation 
of the "sandwich" (labeled monoclonal Ab = TSH = solid-phased monoclonal Ab) 
and eventually causing the underestimation of the actual TSH concentrations. 
A completely different situation seems to exist in case no. 5, in whom an 
overestimation of TSH levels was observed using TSH-IRMA. In fact, TSH reco
very tests carried out with or without bTSH were definitely normal (Table 2), 
thus suggesting that this spontaneously occurring antibody may bind epitopes 
different from those recognized by IRMA monoclonals. Therefore, TSH-IRMA 
method in this case measures all the TSH molecules present in the sample, 
i.e. both the "free" TSH and TSH bound to the endogenous antibody, giving 
high TSH values, as actually they are, but inconsistent with the thyroid 
status of the subject. In conclusion, the presence of circulating anti-TSH 
antibodies should be carefully considered, even in patients never treated 
with bovine TSH or impure pituitary hormone preparations, whenever discre
pancies between TSH-RIA and TSH-IRMA values or between these measurements 
and other laboratory or clinical findings are observed in order to avoid 
misdiagnosis and consequently unnecessary treatments. 
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