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This book is dedicated to: 
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Deborah Doniach 
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whose publications 30 years ago in 1956, 
and contributions since have shaped our 
understanding of the organ-specific, 
autoimmune endocrine diseases. 



Preface 

Nineteen eighty-six is a most appropriate year in which to be writing about 
developments in the organ-specific, autoimmune endocrine diseases. It 
celebrates the publication 30 years ago in 1956 of the classic papers of Roitt 
and Doniach and their co-workers I , and of Rose and Witebsky2 and Adams 
and Purves3. 

These three sets of fundamental observations provided the initial building 
blocks upon which much of what has been established in the field in the last 
30 years was built. 

No publication of this nature on endocrine autoimmune disease can cover 
every aspect of the subject. I have chosen to highlight the organs (thyroid and 
pancreeas) which have attracted the most attention, and the areas of work 
within these fields within which most research effort is currently focused. 
There are still some gaps; the insulin and TSH receptors are not considered, 
nor in any detail are the role of cytotoxic mechanisms in mediating gland 
destruction. Molecular biology will undoubtedly in the next few years clarify 
once and for all the controversy that surrounds the structure of the TSH 
receptor and T cell cloning, the role of cell-mediated cytotoxicity. The 
pathogenetic mechanisms underlying autoimmunity are increasingly well 
understood and the search for the aetiology has begun. In this context, the 
role of the immune system itself (and abnormalities within it) in the develop
ment of autoimmunity is still unresolved; is their an organ-specific suppressor 
T cell defect?4, what of epithelial cell HLA-DR expression?5, what of the 
anti-idiotypic antibody?6. The role too ofthe environment in the development 
of autoimmune disease likewise remains uncertain. Can iodine be implicated 
in the development of thyroid disease?7 and what of infectious agents causing 
disease in genetically-predisposed individuals?8. All these are questions for the 
future. 

In this monograph, I have chosen to highlight areas which have been 
associated with important developments or are areas of considerable current 
interest. The authors selected are currently working in these areas and their 
contributions enhance our understanding of their field of expertise. 
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Series Editor's Note 

The modern clinician is expected to be the fount of all wisdom concerning 
conventional diagnosis and management relevant to his sphere of practice. In 
addition, he or she has the daunting task of comprehending and keeping pace 
with advances in basic science relevant to the pathogenesis of disease and 
ways in which these processes can be regulated or prevented. Immunology has 
grown from the era of anti-toxins and serum sickness to a state where the 
study of many diverse cells and molecules has become integrated into a 
coherent scientific discipline with major implications for many common and 
crippling diseases prevalent throughout the world. 

Many of today's practitioners received little or no specific training in 
immunology and what was taught is very likely to have been overtaken by 
subsequent developments. This series of titles on IMMUNOLOGY AND 
MEDICINE is designed to rectify this deficiency in the form of distilled 
packages of information which the busy clinician, pathologist or other health 
care professional will be able to open and enjoy. 

Professor W. G. Reeves, FRCP, FRCPath 
Department of Immunology 

University Hospital, Queen s Medical Centre 
Nottingham 
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1 
The Mouse Model of Autoimmune 
Thyroid Disease 
Y. M. KONG 

INTRODUCTION 

The autoimmune nature of human thyroid disease was described nearly three 
decades ago1a,b and, several years later, such immunological manifestations 
were observed in familial clusters2• However, only in the past 10 years has our 
understanding of the autoimmune mechanisms taken a big leap forward. The 
gain in new insight is a logical consequence of two parallel developments, the 
rapid advances in our knowledge of the immune network and the use of 
animal models which simulate various components of the multi-faceted 
autoimmune thyroid disease. The closest human counterpart that these 
models represent is Hashimoto's thyroiditis. Recently, two major reviews 
have described the various animal models, including the rabbit, guinea pig, 
rat and mouse, in which autoimmune thyroiditis is inducible, and the Buffalo 
strain of rat and obese strain of chicken, in which the disease arises 
spontaneously3,4. The comprehensive review by Weetman and McGregor3 
further compares and aligns certain features found in both animal models and 
clinical disease. The intent of this chapter is therefore not to duplicate existent 
overviews of findings in various animal models. Rather, it is to illustrate the 
recent applications of immunological concepts, as they became formulated, to 
systematic investigations of the regulatory mechanisms of autoimmunity. 

The mouse was chosen for these studies because its genetic composition 
was the best analysed through the development of recombinant strains. Its 
immune system was also the most easily manipulated due to the early 
availability of multiple inbred strains and immunological markers identifying 
lymphocyte surface antigens. More importantly, observations on the 
immunobiology of the mouse have generally found correlates and provided 
clues to immune functions in the human. For example, our emerging 
understanding of the contribution of the human HLA complex to the 
immune response is based primarily on numerous studies of the 
immunogenetic and molecular aspects of the mouse H-2 complex. 
Experimental autoimmune thyroiditis (EAT) in the mouse has certain 
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features reminiscent of Hashimoto's thyroiditis; its induction with mouse 
thyroglobulin (MTg) is genetically based and it exhibits characteristic 
autoantibody production to MTg and mononuclear cells in the thyroid 
infiltrate. 

By incorporating knowledge gained over the past 10 years on 
immunoregulation in the mouse, we have designed experimental approaches 
to: (1) analyse the genetic basis for the recognitory and controlling parameters 
in EAT by using recombinant strains; (2) demonstrate the importance of 
T-cells autoreactive to thyroglobulin (Tg) and their responses to activation in 
vitro; (3) examine the pathogenic mechanisms mediated by T-cells; and (4) 
explore the suppressor mechanisms which maintain self-tolerance or un
responsiveness to self-antigens. These approaches will be discussed in turn 
below. The use of an induced rather than spontaneous model of EAT has 
provided the opportunity to dissect the normal regulatory events which 
interfere with the triggering of autoimmune responses of autoreactive T-cells 
in genetically susceptible individuals to the ever-present autoantigens. 

GENETIC ANALYSIS OF SUSCEPTIBILITY TO EXPERIMENTAL 
AUTOIMMUNE THYROIDITIS 

Mapping the immune response gene for thyroglobulin (Ir-Tg) to the I-A 
subregion 

In 1971, Rose and co-workerss.6 firmly established that EAT in the mouse can 
be induced with homologous Tg incorporated in complete Freund's adjuvant 
(CFA) and that the extent of thyroid damage is linked to the H-2 major 
histocompatibility complex (MHC). For example, immunized inbred strains 
of the k or s haplotype develop both MTg antibodies and thyroiditis, whereas 
those of the b or d haplotype produce autoantibodies with little or no thyroid 
infiltration. This MHC-based susceptibility to EAT has served as a prototype 
for linkage studies in the human as well as in other models of organ-specific 
autoimmune diseases. As the HLA complex became better defined, many 
autoimmune diseases, including Hashimoto's thyroiditis, have found 
association with the DR region7• Using recombinant strains within the MHC, 
available in the early 1970s, the Ir-Tg gene encoding susceptibility to EAT was 
placed at the K end of the H-2 complex, which included both the K region 
(class I genes) and I-A subregion (class II genes)8. 

In carrying out genetic mapping of the Ir-Tg gene, three considerations 
were deemed important. One, congenic mice differing only in the MHC must 
be tested at some point to verify MHC linkage without the influence of 
background genes. Two, since CFA contains Mycobacterium tuberculosis 
(usually the more virulent human strain of H37Ra is used with auto antigens), 
it is necessary to ascertain that the MHC linkage is not related to possible 
immune response genes to mycobacterial antigens. Three, emulsification of 
an autoantigen in CFA could cause denaturation, and any inadvertent 
immune responses to denatured MTg epitopes must be minimized or dif
ferentiated. Our subsequent finding that lipopolysaccharide (LPS), endotoxin 
from Gram-negative bacteria, can serve as an adjuvant for MTg without 
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altering the MHC association found with CFA9 demonstrates that the MHC 
linkage is indeed to Ir-Tg, removing the second concern lO• That both MTg 
and LPS can be given in the aqueous form, 3 hours apart, rules out 
denaturation due to CFA as a major problem in interpretation. Employing 
LPS as the adjuvant, we have recently tested congenic mice with the same BIO 
background genes but different in the MH CII. The first concern of possible 
background genes influencing MHC linkage of the Ir-Tg gene is greatly 
reduced; the k and s haplotypes, for example, are still susceptible to EAT, 
whereas the band d haplotypes remain resistant. The use of other adjuvants, 
such as polyadenylic-polyuridylic acid complex l2 and muramyl dipeptide13, 

further confirms the location of Ir-Tg within the H-2 complex. 
Being a less potent adjuvant than CFA, LPS has served as a finer 

discriminator of responsiveness to MTg; antibody production to MTg is 
much lower in resistant than in susceptible strains and thyroid infiltration 
hardly occurs in resistant mice. Subsequent availability of a new recombinant 
strain, BIO.MBR, between the K region and I-A subregion permitted the 
pinpointing of the Ir-Tg gene l4• As shown in Table l.l, although BIO.MBR 
carries the resistant b allele at the K region, it retains the capacity of the 
prototype, BIO.BR, to develop thyroiditis. Comparisons with the other 
recombinant strains including BIO.A(4R) map the Ir-Tg gene to the I_Ak 
subregion. These observations are supported by in vitro studies showing that 
sensitization of mouse lymphocytes with thyroid monolayers is under I-A 
subregion control ls . The I-A subregion encodes Ia (DR-like) molecules which 
are responsible for antigen presentation to T-cells bearing the appropriate 
receptors. The recent demonstration of DR antigens on human thyroid cells l6 

has therefore generated immense interest. More than likely, the mouse Ir-Tg 
gene is involved in the initial recognitory events associated with activation of 
inducer T-cells (TI). It has been shown that EAT induction requires the 
presence of T-cells from susceptible, but not resistant, strains l7 • 

Table 1.1 Genetic mapping of autoimmune response gene to mouse thyroglobulin (MTg) in H-2 
recombinant strains 

H-2 H-2 complex· MTg antibody litret Thyroiditist 
Strain haplotype K A (J) E S D TL (Mean log2 ± SE) Positive/total 

(%) 

BIO b b b b b b b b 1.6 ± 0.3 4 
BIO.BR k k k k k k k a 9.5 ± 0.4 72 
BIO.A a k k k k d d a 8.5 ± 0.3 52 
BIO.AKM m k k k k k q a 7.5 ± 0.7 52 
BIO.MBR bql bu.. k k k q a 7.0 ± 0.4 72 
BIO.A(4R) h4 k..LJ b b b b b 9.3 ± 0.4 53 
BIO.A(5R) i5 b b k k d d a 4.7 ± 0.4 20 

Modified from Beisel et af. 14. 

·Within the H-2 complex: K, D and TL regions encode class I antigens; I region encodes class II 
(Ia) antigens and is subdivided into I-A, (I-J) (its location being re-examined) and I-E subregions; 
S region encodes class III antigens. 
tData from day 28. 

3 



IMMUNOLOGY OF ENDOCRINE DISEASES 

Influence of D-end and K-end genes 

In the early studies on MHC association with EAT6,8, the a haplotype was 
found to be intermediate in susceptibility to EAT with reduced thyroid 
infiltration. Since the a haplotype is a recombinant of k and d haplotypes with 
the d allele at the D end, class I genes at the K and/ or D region may affect 
EAT susceptibility. To test this hypothesis, we immunized recombinant 
strains, similar at the I region but different at the D region, with MTg and 
LPS, and compared their autoantibody titres and thyroid pathologyl8. Table 
1.2 shows that, whereas the MTg antibody titres are little affected, reduced 
thyroid damage is observed in mice carrying the susceptible k allele at the I-A 
subregion but the b, d or q allele at the D region. This D-end influence is 
unrelated to the susceptibility status of the parent; the f haplotype is resistant 
to EAT induction l9, but the Dr genes have little moderating effect on thyroid 
inflammation. 

The D-end genes can also regulate autoantibody production besides 
thyroid infiltration. When the I-A subregion of recombinant mice contains 
the susceptible s allele, both autoantibody titres and thyroiditis are reduced 
by the presence of the Dd genes l8. Table 1.2 also rules out the TL region, 
which is adjacent to the D region, as having a role in EAT susceptibility, a 
finding later verified with congenic mice differing only at the TL region II. The 
sites of action of D-end genes in EAT remain to be elucidated. As will be 
described in a later section, one area of involvement may be in the destruction 
of thyroid epithelial cells by cytotoxic T -cells wherein class I antigen 
restriction takes part20 • On the other hand, the D-end genes may also modify 
antibody production to MTg. D-region control has been implicated in resist
ance to a number of diseases l8 and more recently in levels of enzymatic 
activities including neuraminidase21 • Thus, the D region with its complex gene 
structure may have multiple sites of action in EAT, resulting in the suppres
sion of antibody production and/ or thyroid damage. 

The influence of the K-end genes in modifying EAT has been studied by 
US I4 , as well as by Cohen and co-workers22,23, with certain recombinant and 
K-region mutant strains. These results have been discussed elsewhere I4,24. 

Briefly, we have not noted as much influence of the K end in EAT induction 
as have others. We have reported some differences in the incidence of 
thyroiditis when certain K-region alleles are superimposed on mice displaying 
a D-end effect (Table 1.1, BIO.AKM vs. BIO.MBR). Our use of a less potent 
adjuvant (LPS rather than CFA) may in part explain the difference in results. 
That the K end does playa role in effector function23 is evidenced by the K 
(class I) antigen restriction in thyroid target destruction by cytotoxic T-cells20 

(see later). 

Influence of non-MHC genes and sex hormones 

The contribution of genes outside of the MHC to the overall autoimmune 
response to MTg was determined by using LPS as adjuvant to examine six 
H-2 haplotypes originating from four different backgrounds ll . Whereas the 
major role played by the MHC is affirmed, the background genes can 
influence EAT. For example, regardless of the H-2 haplotype, mice of C3H 

4 



T
ab

le
 1

.2
 I

nf
lu

en
ce

 o
f 

D
-e

nd
 g

en
es

 o
n 

au
to

im
m

un
e 

re
sp

on
se

 t
o 

m
ou

se
 t

hy
ro

gl
ob

ul
in

 (
M

T
g)

 i
n 

H
-2

 r
ec

om
bi

na
nt

 s
tr

ai
ns

 

H
-2

 
H

-2
 c

om
pl

ex
* 

M
T

g 
an

ti
bo

dy
 t

it
re

t 
St

ra
in

 
ha

pl
ot

yp
e 

K
 

A
 

(J
) 

E
 

S
 

D
 

T
L

 
(M

ea
n 

lo
g2

 ±
 S

E
) 

B
IO

.B
R

 
k 

k 
k 

k 
k 

k 
k 

a 
11

.2
 ±

 1
.0

 
U

1 
B

IO
.A

K
M

 
m

 
k 

k 
k 

k 
k 

q 
a 

9.
8 

±
 0

.4
 

B
IO

.A
M

 
h3

 
k 

k 
k 

k 
k 

b 
b 

9.
0 

±
 0

.3
 

B
IO

.A
 

a 
k 

k 
k 

k 
d 

d 
a 

9.
1 

±
 0

.4
 

B
IO

.M
 (

17
R

) 
aq

l 
k 

k 
k 

k 
d 

f 
a 

10
.8

 ±
 0

.5
 

M
od

if
ie

d 
fr

om
 K

on
g 

et
 a

l.
18

• 

*S
ee

 T
ab

le
 1

.1
 f

or
 d

es
cr

ip
ti

on
. 

tD
at

a 
fr

om
 d

ay
 2

8;
 t

hy
ro

id
 p

at
ho

lo
gy

 g
ra

de
d 

on
 a

n 
in

de
x 

sc
al

e 
fr

om
 0

 t
o 

4.
 

T
hy

ro
id

it
is

t 
(M

ea
n 

in
de

x 
±

 S
E

) 

2.
2 

±
 0

.2
 

1.
3 

±
 0

.3
 

1.1
 ±

 0
.2

 
0.

6 
±

 0
.2

 
2.

2 
±

 0
.2

 

-t
 

I m
 s:: o c en
 

m
 

s:: o o m
 

r o "T
1 ~ -t
 

o 3: s:: c Z
 

m
 

-t
 

I -<
 

:D
 

o 5 o Ci
i ~ en
 

m
 



IMMUNOLOGY OF ENDOCRINE DISEASES 

background show higher MTg antibody levels and more thyroid involvement 
than those of BIO background. Other background genes may influence 
antibody tit res only. Given the interplay of class I and class II genes described 
above, it is clear that selective usage of mouse strains on different 
backgrounds can reflect multiple genetic influences and expressions of 
autoimmune thyroid disease. Such mUltiple controls more than likely exist in 
polygenic humans. 

The preponderance of women, compared to men, afflicted with auto
immune diseases has led to investigations on the role of sex hormones in 
autoimmunity. In NZB/ W F 1 mice, a model for systemic lupus erythematosis, 
early orchiectomy and oestrogen administration of males increase the severity 
of disease, whereas ovariectomy and testosterone reduce its severity in 
females25 • Castration of thymectomized and irradiated male rats results in the 
increase in both autoantibody levels and incidence of spontaneous 
autoimmune thyroiditis, approaching those seen in uncastrated females26 • 

The increases are reversible with testosterone. In our study of mice susceptible 
and resistant to EAT, castration merely increases the autoantibody titres in 
susceptible males to levels observed in females without affecting the incidence 
(or severity) of thyroiditis (Table 1.3). This effect is reversed by a testosterone 
implant27 • It is possible that sex hormones would exert a more noticeable 
influence on mouse EAT if recombinant strains showing D-end and/ or K-end 
as well as background effects were used. 

Table 1.3 Autoimmune responses to mouse thyroglobulin (MIg) in sham-operated and castrated 
susceptible (C3H) and resistant (BALBj c) mice 

Strain Sex 

C3H Male 

Female 

BALBjc Male 

Female 

Modified from Okayasu et al. 27• 

*Data from day 28. 

Operation 

Sham 
Castrated 

Sham 
Castrated 

Sham 
Castrated 

Sham 
Castrated 

tp<O.OOI compared to sham-operated group. 

MTg antibody titre* Thyroiditis* 
(Mean log2 ± SE) Positive/total 

(%) 

10.3 ± 0.9 100 
15.3 ± 0.5t 100 
13.1 ± 0.7 100 
12.5 ± 1.1 100 

5.0 ± 0.7 0 
4.4 ± 0.8 14 
4.7 ± 0.4 0 
4.5 ± 0.5 0 

ROLE OF AUTO REACTIVE T-CELLS AND THEIR ACTIVATION 

Induction of experimental autoimmune thyroiditis with syngeneic 
thyroglobulin 

In the complex environment we live in, the triggering events resulting in auto
reactive TJ activation and autoimmune sequelae must be quite varied. A model 
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of induced EAT permits the exploration of some of these events. Whereas CFA 
greatly enhances the immunogenicity of autoantigens, an emulsified 
auto antigen is far from physiologic. On the other hand, LPS is a product of 
Gram-negative bacteria and can be derived endogenously or exogenously. It 
could represent a natural adjuvant providing the necessary signals, similar to 
factors de(ived from other infectious agents and polyclonal activators. We have 
already determined that LPS or CFA injections without MTg into susceptible 
mice are insufficient to bolster the immunogenicity of endogenous Tg, present 
in nanogram amounts in the circulation, nor can microgram amounts of MTg 
given (twice) without adjuvant induce EAT9. 

To examine if adjuvant stimulus is an absolute requirement, microgram 
amounts of MTg were administered over a period of 4 weeks. As shown in 
Table 1.4, repeated injections of syngeneic (C3H) thyroid antigens in the 
absence of adjuvant resulted in low levels of antibody production and 38-57% 
incidence of thyroiditis in susceptible (C3H) mice. In this and other 
experiments, 100% of the susceptible mice developed autoantibodies; their 
levels declined rapidly, soon after the cessation of MTg injections28 • In the 
presence of such homoeostatic control, about 50% displayed autoantibodies 
without thyroid infiltration, as in many humans, whereas the remaining 50% 
developed prominent thyroid lesions 7-14 days after peak antibody 
production. In contrast, resistant (BALBI c) mice showed only negligible 
levels of autoantibodies and no thyroid damage (Table 1.4). Their resistance 
could be a reflection of strong suppressor mechanisms preventing triggering, 
or the lack of appropriate Ia molecules or T-cell receptors. These obser
vations provide evidence for the existence of T-cells auto reactive to self-Tg 
which can be stimulated to override suppressor mechanisms normally present 
in susceptible mice (see later). An adjuvant in the host appears to reduce the 
auto antigenic threshold required to trigger Tg-specific T-cells. 

Table 1.4 Induction of autoimmune thyroiditis in susceptible (C3H) mice with syngeneic thyroid 
antigens in the absence of adjuvant 

Thyroglobulin antibody titre 
Strain Thyroid (Mean log2 ± SE) Thyroiditis 

extract* Positive/total 
Day 14 Day 28 Day 35 

(/Lg) (%) 

C3H 1.6 <1.0 4.0 ± 0.6 4.2 ± 1.1 38 
40 1.6 ± 0.4 5.6 ± 0.2 3.7 ± 0.2 57 

BALB/c 40 <1.0 1.3 ± 0.5 1.0 ± 0.5 0 

Adapted from EIRehewy et al.28. 
*Freshly prepared and injected into syngeneic mice, 16 intravenous doses in 4 successive weeks. 

Differential responses of susceptible and resistant mice to thyroglobulin 
in vitro 

That autoantibodies are produced, after repeated MTg injections, without 
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concomitant thyroid infiltration28 effectively disqualifies antibodies as 
sufficient in causing thyroid damage. To initiate pathogenesis, clearly the 
stimulation of cells besides helper T -cells (T H) that aid only antibody 
formation is necessary. This additional stimulus is lacking or hindered in 
EAT-resistant mice which can make MTg antibodies of various 
immunoglobulin classes indistinguishable from those in susceptible mice29. To 
examine cellular events culminating in thyroiditis, lymph node cells from 
immunized susceptible and resistant mice were restimulated with MTg in 
vitro and their proliferative responses measured after several days in 
culture3o,31. Immune cells from susceptible mice responded to MTg 
stimulation in vitro, whereas those from resistant mice did not, despite the 
addition of irradiated normal spleen cells to optimize culture conditions and 
antigen presentation32. Moreover, in such MTg-immunized mice, only lymph 
node cells from susceptible (CBA) mice responded to heterologous human Tg 
in vitro (Table 1.5). When the same strains were immunized with human Tg, 
both sets of lymphocytes reacted strongly to stimulation with human Tg 
containing its own specific epitopes, but again only those from susceptible 
mice proliferated in response to cross-stimulation with mouse Tg. 

Table 1.5 Comparison of T-cell proliferative responses of susceptible (CBA) and resistant 
(BALB/c) mice to shared epitopes of mouse and human thyroglobulins 

[3 H] thymidine uptake of lymph node cells 
Immunizing (Mean cpm ± SD) 

Strain antigen* 
MTg HTg 

None 50/Lg/ml 50/Lg/ml 

CBA MTg 1420± 150 11110 ± 320 16710 ± 1100 
HTg 2030 ± 410 5490 ± 640 45310 ± 2800 

BALB/c MTg 260 ± 30 240 ± 30 310 ± 30 
HTg 180 ± 5 280 ± 20 35200 ± 6900 

Adapted from Simon et al. 32• 

*MTg or HTg, mouse or human thyroglobulin, given in complete Freund's adjuvant. 

The above observations demonstrate that cells from EAT-susceptible, but 
not resistant, mice are activated by shared determinants on mouse and human 
Tg, as well as by putative MTg-specific epitopes. The proliferating cells are 
T-Iymphocytes bearing the Lyt-I markers32, present on Tl (inducer), TH 
(helper) as well as T A (amplifier) and T D (mediator of delayed 
hypersensitivity). In this system, blastogenesis is not indicative of the 
involvement of T H per se, since both immunized susceptible and resistant 
donors of these lymphocytes are producing autoantibodies. Rather, their 
response to mouse or human Tg in vitro signifies the capacity to develop 
EAT31,32. These T-cells interact with mouse or human Tg presented with Ia 
molecules32,33, the presence of monoclonal antibodies to I_Ak (but not to the 
inappropriate I-A d) abrogates proliferation (Table 1.6). Similar antibodies to 
DR antigens inhibited the proliferative response of T-Iymphocytes from 
Hashimoto's patients to human Tg34. The response to MTg involves 
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recognition by the mouse T-cell receptor; rat monoclonal antibodies to its 
common region, L3T4, also prevent in vitro proliferation (Table 1.6). 

Table 1.6 Effect of anti-Ia or anti-L3T4 antibody on the proliferative responses to mouse and 
human thyroglobulins 

Immunizing In vitro [3 H] thymidine uptake (Mean cpm ± SD) 
antigen antigen 

Anti-I-A' Anti-I-Ad 
None Anti-13T4 

(lOJ.Lgjml) (25 J.Lgj ml) (l :2)t 

MTg* None 1800 ± 450 1900 ± 50 2700 ± 410 
MTg 10800 ± 3100 1980 ± 200 10800 ± 5300 

MTg None 4500 ± 300 2200 ± 240 
MTg 29600 ± 7800 300 ± 60 

HTg* None 420 ± 50 NO NO 
HTg 27500 ± 3300 1900 ± 760 26600 ± 5100 

*Modified from Kong et 01.33; MTg or HTg, mouse or human thyroglobulin, given in complete 
Freund's adjuvant. 

tCulture supernatant of rat monoclonal antibodies to L3T4 (hybridoma GKl.5 of F.Fitch) was 
added to spleen cells from mice immunized with MTg and lipopolysaccharide. 

Transfer of experimental autoimmune thyroiditis by thyroglobulin
activated T -cells 

The possibility of expanding Tg-specific T -cells in vitro will enable the 
cloning and characterization of these cells. Moreover, the relative 
contribution of T-cell subsets in pathogenesis can be examined (see later). 
Several laboratories have determined that the expanded T-cell population can 
adoptively transfer EAT into normal syngeneic recipient mice35-39; one such 
line has also been used to induce resistance if first irradiated35. We are 
particularly intrigued by the determinants on Tg which can activate these cells 
to transfer disease, although the chemical structure of Tg has not been 
delineated. It is not known what epitopes on Tg are autoantigenic for T-cells; 
three is the estimate for human B-cells of thyroiditis patients40. A high 
percentage of human anti-Tg sera cross-reacts with MTg (unpublished 
observations). But, it is unknown if any human Tg epitope recognized by 
human T-cells is shared with MTg, although mouse T-cells do respond to 
stimulation with human Tg (Table 1.5). Table 1.7 shows that T-cells from 
MTg-immunized mice can be activated with human Tg, as with MTg, to 
transfer EAT; characteristics of the thyroid infiltrates are quite similar (Figure 
l.l; A, B). From these populations, cytotoxic T-cells are also derived39 (see 
later). The least efficient activator for transfer is concanavalin A (Con A), 
since a higher number of viable cells is required to achieve thyroid infiltration 
equivalent to that seen with human Tg-activated cells. Although Con A is a 
strong T-cell mitogen, many of the blast cells evidently are not Tg-specific and 
do not lodge in the thyroid to initiate damage. We have shown that antigen 
specificity is required for the adoptive transfer of EAT39. 

9 



IMMUNOLOGY OF ENDOCRINE DISEASES 

Table 1.7 Transfer of autoimmune thyroiditis with MTg-, HTg- or Con A-activated spleen cells 
from MTg-immunized mice* 

Thyroiditist 
In vitro No. cells MTg antibody 

activation transferred* litret (Mean index Positive/total 
Exp. no. (Mean /Og2 ± SE) (%) 

± SE) 

MTg 10' 1.9 ± 0.5 1.8 ± 0.1 100 
MTg + 1500 R 10' I.l ± 0.4 0.0 0 

2 MTg 10' 2.8 ± 0.6 2.8 ± 0.1 100 
HTg 10' 2.3 ± 0.4 2.0 ± 0.1 100 

Con A 10' 2.6 ± 0.5 0.4 ± 0.3 40 
Con A 3 x 10' 3.0 ± 0.5 1.9 ± 0.1 100 

*Donor mice were immunized with mouse thyroglobulin (MTg) and lipopolysaccharide and 
their spleen cells were cultured for 3 days: Exp. I, with MTg and transferred i.v. with or without 
irradiation into normal recipients; Exp. 2, with MTg, human thyroglobulin (HTg) or 
concanavalin A (Con A) and then transferred; data adapted from Simon et a1. 39 • 

tDetermined 14 days following cell transfer. 

Similar to human Tg, bovine or porcine Tg can also activate spleen cells 
from MTg-immunized mice to transfer EAT (unpublished observations). 
These findings raise the interesting possibility that conserved regions on Tg 
may be thyroiditogenic in genetically susceptible mice. However, the 
heterologous thyroglobulins are not as good as the homologous MTg in 
inducing EAT by active immunization even with CFA35,39,41. Thus, in vivo 
mechanisms may exist to suppress or lessen the pathogenicity of conserved 
(shared) epitopes. Apparently, after expansion and differentiation in vitro, 
this subset of T -cells autoreactive to the conserved regions is no longer sus
ceptible to such suppressor influence. Moreover, lymphocytes from human 
Tg-immunized mice, activated by either MTg or human Tg (as in Table 1.5), 
also transfer EAT and develop into cytotoxic T _cells39 (see later). At present, 
it is not known if MTg shares the same conserved epitope with all three 
thyroglo bulins. 

PATHOGENIC MECHANISMS MEDIATED BY T-CELLS 

T -cells cytotoxic for thyroid monolayers 

Despite the well-known immunological manifestations of autoantibody 
production and mononuclear infiltration in the target organ of human and 
animal autoimmune thyroiditis, efforts to understand the pathogenic 
mechanisms have been hampered by the lack of an appropriate assay for 
thyroid damage in vitro. Applying recent advances in thyroid culture and 
monoclonal technology, and taking advantage of our ability to expand the 
immune T-cell populations with Tg in vitro (see previous section}, we have 
established a cytotoxicity assay for thyroid target destruction2o,3 • Primary 
thyroid cultures from normal mice were propagated in the presence of 
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THE MOUSE MODEL OF AUTOIMMUNE THYROID DISEASE 

thyroid-stimulating hormone (TSH) and dibutyryl adenosine 3',5'-cyclic 
monophosphate (cAMP). The in vitro synthesis of MTg was assessed to 
ascertain the functional capability of the thyroid epithelial cells and to 
optimize cultural conditions. The amounts of MTg in concentrated 
supernatant samples were determined with enzyme-linked monoclonal 
antibodies to MTg42. Figure 1.2 shows that a combination ofTSH and cAMP 
increased the production of MTg up to 9 days of culture, compared to TSH 
alone. Such functional thyroid monolayers were labelled with ll1 Indium in 
microculture plates, to which MTg-activated lymphocytes were added after 
5-6 days of stimulation20. Table 1.8 presents an example of thyrocyte killing 
measured by the release of lll Indium. Thyroid cells can also stimulate 
lymphocytes from MTg-immunized mice to develop cytotoxicity, but are less 
efficient than added MTg, possibly due to the low amounts of MTg 
synthesized in culture33 • Similarly, human Tg generates cytotoxic T-cells (Tc) 
in vitro after MTg immunization (Table 1.9). As discussed in the previous 
section, activation with human Tg also results in the generation of effector 
cells which transfer EAT32. 

Table 1.8 Cell-mediated cytotoxicity for thyroid cultures by primed 
lymphocytes after in vitro stimulation with mouse thyroglobulin 
(MTg) or thyroid cells* 

In vitro 
activation 

MTg,lOJ.Lg/ml 
MTg, 25J.Lg/ml 
Thyroid cells 
Thyroid cells 
Thyroid cells 

No. effector cells 
added 

2 x 10' 
2 x 10' 
2 x 10' 
2 x 10" 
I x 10' 

Modified from Kong et al. 33• 

Specific I I I In-release 
from thyroid target cells 

(% ± SD) 

72 ± 8 
61 ± 8 
20 ± 8 
48 ± 9 
59 ± 13 

*Lymph node cells were collected on day 14 after immunization 
with MTg in complete Freund's adjuvant and cultured for 5 days 
prior to cytotoxic assay. 

Of further interest is the capacity of human T g to generate T c from human 
Tg-immunized mice (Table 1.9). As mentioned in the previous section, human 
Tg in adjuvant is less effective than MTg in inducing EAT in vivo. However, 
after in vitro expansion of T-cells responding to human Tg, which includes 
the epitopes shared by MTg, their capacity to cause thyroiditis in recipient 
mice and kill thyroid targets in vitro is greatly enhanced32. It appears that 
priming with human Tg in vivo activates TJ and T H with high levels of 
antibody production but thyroid damage requires additional T-cell 
differentiation which is susceptible to suppressor influences. Studies are in 
progress to determine if such regulation of effector mechanisms is encoded by 
K- and D-end genes. 

Since MTg plus adjuvant induces severe thyroiditis in certain actively 
immunized strains, it seems capable of providing the additional stimuli to 
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Table 1.9 Generation of cytotoxic cells following in vitro restimulation with mouse or human 
thyroglobulin* 

Immunizing 
antigen 

MTg 

HTg 

In vitro 
antigen 

MTg, 25jLg/ml 

HTg, 50 jLg/ ml 

MTg,50jLg/ml 

HTg, 25jLg/ml 

Modified from Simon et al. 12 • 

Specific IlIln_ 
No. effector release from thyroid 

cells target cells 
(%) 

2 x 10' 21.0 
8 x 10' 49.6 
2 x 10' 15.3 
8 x 10' 58.6 

2 x 10' 18.1 
8 x 10' 51.0 
2 x 10' 13.9 
8 x 10' 27.7 

*Lymph node cells were collected on day 12 following immunization with either mouse or human 
thyroglobulin (MTg or HTg) in complete Freund's adjuvant and cultured for 6 days with either 
MTg or HTg. 

overcome regulatory effects. Our in vitro studies suggest at least two 
additional steps in T-cell stimulation and / or differentiation contributing to 
thyroid damage. The first is the expansion of a Tg-specific, Lyt-I-bearing, 
T-cell subset demonstrable after immunization. Its proliferative response is 
blocked by antibodies to L3T4 in the T-cell receptor and is abrogated by prior 
deletion with Lyt-l antibodies (see previous section). Within this popUlation 
are T A, so designated because they amplify and promote the second step in the 
differentiation of T c from precursor cells. If the Lyt-l + T A are deleted early in 
culture, insufficient numbers of T c develop in vitro to destroy thyroid 
monolayers20 , suggesting that T A provide the lymphokines (e.g. interleukin-2) 
required for T c generation. 

The characteristics of the cytotoxic response are summarized in Table 1.10 
and are the same whether MTg or Con A serves as activator for the primed 
lymphocytes. Similar to lysis in virally-infected cells by virus-specific T c, 
Tg-specific Tc exhibit dual recognition of class I antigens and Tg on 
thyrocytes. Only syngeneic thyrocytes are destroyed and the killing is blocked 
by prior incubation of target cells with antibodies to K or D antigens. These 
observations suggest a major role for T c in pathogenesis; their characteristics 
have recently been corroborated by others using mouse lymphocytes primed 
in vitro with thyroid cells43 • However, the relative contribution of T c in vivo 
and to what extent they initiate thyroid damage remain to be elucidated. 

T-cell subsets in the thyroid infiltrate 

In studies on the adoptive transfer of EAT, in vitro activation of primed 
lymphocytes with Tg requires about 3 days37,39 (see previous section). 
Although cytotoxicity usually is undetectable at this time, the precursors of 
Teare co-transferred and can undergo differentiation in the host. The 
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activated Lyt-l + T A may also recruit T c of host origin to participate in thyroid 
damage. That the mononuclear cell infiltrate in mice developing EAT contains 
many macrophages has implicated a role for T D, which produce lymphokine 
stimulatory for macrophages. The presence of T D has been described in 
immunized mice but it does not correlate with lesion development41 . If the 
transferred Lyt-l+ subpopulation also contains TD, their actual role in 
thyroiditis is unknown. 

Table 1.10 Characteristics of cytotoxic response mediated by primed lymphocytes against 
syngeneic thyroid target cells 

Immunizing 
antigen* 

Saline 
MTg 

Cell-mediated cytotoxicity 

Detectable after in vitro stimulation 
Detectable after in vitro stimulation 
Mediated by Thy-l + cells 
Mediated by Lyt-2+ cells 
Requiring presence of Lyt-I+ cells 

for differentiation 
Blocked by treating thyroid targets 

with antibodies to MTg 
Blocked by treating thyroid targets 

with antibodies to class I antigenst 

Summarized from Creemers et al.20 and Kong et al. 33• 

In vitro culture with: 
BSA MTg Con A 

+ 
+ 
+ 

+ 

+ 

+ 

+ 
+ 
+ 

+ 

+ 

+ 

*Mouse thyroglobulin (MTg) or saline given in complete Freund's adjuvant. 
tCBA T-cells are cytotoxic for CBA, but not BALBI c, thyroid targets; cytotoxicity is blocked by 
antibodies to CBA class I (K, D) antigens. 

We have begun examining the kinetics of cellular infiltration into the 
thyroids of mice developing EAT. Suspensions of thyroidal leukocytes and 
peripheral blood leukocytes (PBL) were compared at varying intervals after 
immunization with MTg and adjuvant. B (sIg+) cells in both the thyroid and 
PBL remained constant at <5% and 19-24% respectively44. Total T (Thy-l+) 
cells in PBL fluctuated between 45 and 59%. However, thyroidal T-cells 
showed a steady decline from 50% to below 30% (day 21). The decline was 
paralleled by an increase in cells which did not express T or B surface 
markers, representing primarily macrophages (rather than antibody
producing cells). In the T-cell subpopulations, there was a shift in Lyt-l+: 
Lyt-2+ ratio from about 7 down to 2 (Table 1.11), as the early predominance 
of Lyt-l+ subset was followed by the relative increase in Lyt-2+ cells. The 
T-cell ratios in PBL did not correlate with those observed in the thyroids. 
Thus, it is essential to examine at intervals infiltrates of the target organ 
rather than PBL to follow the progression of autoimmune disease. Whether 
the Lyt-l+ cells contain Tg-specific TA (and possibly TD) and the Lyt-2+ cells 
include T c must await functional analysis, made difficult by the small number 
of antigen-specific T -cells in mouse thyroids. 
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Table 1.11 Distribution of T-Iymphocyte subsets in the thyroid infiltrate and peripheral blood of 
mice developing autoimmune thyroiditis 

Leukocytes* (%) 

Cell source Day Lyt-I; 
Lyt-I+ Lyt-2+ Lyt-2 

Peripheral blood 13 12.3 <1.0 12.3 
17 6.2 5.8 1.1 

Thyroid 13 51.1 6.7 7.6 
17 29.8 12.4 2.4 

Adapted from Creemers et al. 44• 

*sIg+(B) cells: peripheral blood, 19-20% and thyroid infiltrate, 1-2%; positive thyroid pathology, 
57-60%. 

SUPPRESSOR MECHANISMS REGULATING AUTOIMMUNE 
THYROID DISEASE 

Activation of suppressor T -cells by pretreatment with thyroglobulin 

The absence of autoimmunity in genetically susceptible individuals cannot be 
attributed to the absence of circulating Tg or the lack of autoreactive T-cells 
(see previous section). The use of induced models of rodent EAT has 
permitted the examination of normal re~ulation present prior to induction. 
Studies in both the mouse45 and rat4 a decade ago demonstrated that 
autoimmune thyroiditis can arise spontaneously after early thymectomy and 
irradiation to delete suppressor T-cells (Ts). These findings suggest the natural 
occurrence of Ts which interfere with the trigger of autoimmunity by the ever 
present autoantigens. Moreover, the very existence of Ts in the adult mouse 
appears sufficient to safeguard against autoimmune responses, when 
additional stimuli are introduced in the form of adjuvant; the injection of 
LPS or CFA without MTg into EAT-susceptible mice does not lead to 
autoimmune thyroiditis9. However, suppressor influences can be overcome in 
EAT by: (1) the administration of both MTg and certain adjuvants9,12,13; (2) 
repeated injections (16 times) of MTg28; and (3) the transfer of in vitro
activated effector T _cells35,37,39. 

To determine whether the naturally occurring Ts were antigen-specific and 
could be stimulated to expand their influence, we applied experiences gained 
in earlier studies using a foreign antigen in mice. The prior injection of 
deaggregated bovine -y-globulin activated antigen-specific Ts which 
suppressed subsequent immunization47 . Accordingly, EAT-susceptible mice 
were pretreated with ultracentrifuged MTg 10 and 3 days before immuniz
ation with MTg and CFA48. Table 1.12 shows that resistance to EAT 
induction is reflected in three assays of autoimmunity. Compared to 
immunized controls, MTg-pretreated mice display no lymphocyte prolifera
tive response to MTg, negligible autoantibody production and mild thyroid 
inflammation in only 10% of the animals. Lymphocytes from these mice 
respond to stimulation with Con A and the control antigen, purified protein 
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derivative, present in CFA48. The MTg-specific cells are Thy-IT and suppress 
the induction of EAT in normal recipients following cell transfer. Thus, prior 
MTg stimulation strengthens existing tolerance to withstand an immunizing 
regimen of MTg plus adjuvant. This state of suppression can still be 
demonstrated after an interval of 73 days (Simon et al., unpublished 
observations). The existence of both Ts and TJ (T H), which can be selectively 
activated with a self-antigen, led us to advance the concept of clonal balance 
to explain the normal maintenance of self-tolerance in genetically susceptible 
indi vid uals 49. 

Table 1.12 Resistance to induction of autoimmune thyroiditis following pretreatment with mouse 
thyroglobulin (MTg) as measured by three different assays* 

MTg 
pretreatment 

+ 

Lymphocyte 
proliferative MTg antibody titre 

response (Mean log2 ± SE) 
(Mean cpm ± SE) 

19900 ± 200 
1000± 60 

9.8 ± 0.6 
<1.0 

Modified from Kong et at.'B. 

Thyroiditis 
(Mean index Positive/total 

± SE) (%) 

2.3 ± 0.2 
0.0 

100 
10 

*Susceptible mice were pretreated with 200jtg MTg i.v. 10 and 3 days before challenge with 60jtg 
MTg in complete Freund's adjuvant; data from day 14. 

The activation of Ts by pretreatment with soluble MTg is markedly dose
dependent48, as further illustrated by recent studies50. The extent of 
suppression begins to increase at about 50 p,g (Table 1.13). To determine the 
fate of intravenously injected MTg (mol. wt. 660000), the half-lives (Iy,) of 
circulatory MTg were determined by the use of enzyme-linked monoclonal 
antibodies to MTg20,42. An initial rapid clearance rate of Iy, of 3 hours resulted 
in approximately 1 % MTg remaining at 24 hours. However, this was followed 
by a second (biological) t y, of about 10 hours. Table 1.13 shows that 
tolerogenic doses (~ 100 p,g) sustained an MTg level above normal for 2-3 
days, whereas subtolerogenic doses (:::: 25 p,g) were reduced to baseline levels 
within 24 hours. The rapid clearance of MTg by the mononuclear phagocytic 
(reticuloendothelial) system explains the need for the high MTg doses for 
pretreatment. It is known that at least 2-3 days are required for Ts expansion 
in vivo. Recently, we have observed that the prior administration of LPS, 
which interferes with phagocytic uptake 24 hours later, converts a sub
tolerogenic dose of MTg to a tolerogenic dose by extending the initial t y, to 
about 5 hours51 . Possibly, the added time of above-threshold levels of 
circulating MTg permits more Ts to be stimulated or differentiated. 

Suppressor activation by administration of thyroid-regulating hormones 

In the experiments just described, resistance to EAT induction is greatly 
enhanced by exogenously administered MTg and correlates well with 
sustained levels of circulatory Tg above baseline for several days. Although 
the 11/, of this phase is 10 hours, the rapid initial clearance reduces the 
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Table 1.13 Effect of pretreatment dose of mouse thyroglobulin (MIg) on circulatory MIg level 
and enhanced resistance to autoimmune thyroiditis 

Duration of MTg level 
MTgdose* Suppression (%) 

above normalt 
(Jlg) (hours) MTg antibodyt Thyroiditisj 

None None 0 0 
25 15-25 40 33 
50 25-35 67 67 

100 35-40 100 67 
200 45-50 100 83 

Adapted from Lewis et a1. 50• 

*Injected i.v. 10 and 3 days before immunization with MIg and lipopolysaccharide (LPS). 
tCirculatory MIg level above upper limit of normal (mean + 2 SO) measured at 2.5, 8 and 

24 hours after the first pretreatment dose of MIg. 
tOata from day 28. 

sustained Tg level to only 2- to 3-fold above normal limits. We reasoned that 
this kind of elevation could occur in nature due to fluctuating output of 
thyroid-regulating hormones, in turn affecting resistance to autoantigenic 
stimuli. To test the effects of thyroid-stimulating hormone (TSH) and 
thyrotropin-releasing hormone (TRH), each was injected daily for 14 days 
into mice and their autoimmune status was determined both before and after 
EAT induction48. As seen in Table l.l4, the injections of TSH or TRH alone 
did not result in antibody production (preimmunization). Thyroid sampling 
also showed no infiltration. After immunization, IgG antibodies to MTg were 
observed in the majority of TSH- or TRH-treated mice, but at levels signi
ficantly lower than in immunized controls without hormonal treatment. Fur
thermore, the incidence of thyroiditis was greatly reduced (0-17% vs. 67%). 
Interestingly, when LPS was also given in conjunction with TSH and TRH 
on three occasions, thyroid infiltration was similarly reduced after immuniz
ation, and IgG antibodies to MTg were further suppressed to undetectable 
levels. The data show that hormonal manipulation of endogenous thyroid 
function can enhance resistance to EAT. The immune response to a control 
antigen, ovalbumin, was unaffected by hormonal pretreatment, indicating 
that thyroid stimulation had no effect on the overall immune system48. 

To determine whether resistance could be related to sustained changes 
in endogenous Tg level, we infused TSH for 7 days with an osmotic pump 
placed in the peritoneal cavity. Circulatory Tg levels peaked at 2- to 3-fold 
above baseline within 3 days and then declined. T4 (thyroxine) levels 
peaked at 24 hours and served to verify the effect ofTSH on thyroid function. 
Ten days after TSH implant, the animals were immunized. Whereas MTg 
antibody titres were lower than immunized controls in one of two 
experiments (Table l.l5, Exp. 1), the severity of thyroiditis was significantly 
reduced by prior TSH infusion. In other experiments, wherein LPS was 
injected 6 hours after TSH implantation, MTg levels peaked at similar 
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Table 1.14 Resistance to induction of autoimmune thyroiditis following pretreatment with daily 
injections of TSH* or TRH* 

Treatment (dose) 

TSHor TRH MTg antibody titre (Mean log2 ± SE) /gG antibody Thyroiditis 
days 0~13 Preimmunization* Postimmunizationt Positive I total Positive I total 
LPS days 1,8, 15 (%) (%) 

TSH (0.25U) <1.0 7.7 ± 1.4 67 0 
TSH (0.25U) 1.5t ± 0.4 5.2t ± 0.2 0 17 

+ LPS (2Of.Lg) 
TRH (I f.Lg) <1.0 7.8 ±0.4 83 17 
TRH (I f.Lg) 1.9t± 0.4 5.0t ± 0.3 0 0 

+ LPS (2Of.Lg) 
None <1.0 13.8 ± 0.4 100 67 

Modified from Kong et a1. 48 • 

*Averaged from days 7,14 and 20 during and after treatment with thyroid-stimulating hormone 
(TSH) or thyrotropin-releasing hormone (TRH) and lipopolysaccharide (LPS). 

tlmmunized i.v. with 20f.Lg each of mouse thyroglobulin (MTg) and LPS on days 21 and 28; data 
from day 45. 

t Mercaptoethanol-sensitive (IgM). 

intervals of 3-4 days but consistently reached higher concentrations of 3- to 
5-fold above baseline than in mice given TSH pump alone51 • After challenge 
with MTg and adjuvant, both antibody titres and thyroid infiltration were 
greatly reduced. As discussed previously, LPS could be affecting clearance of 
MTg, resulting in higher levels of circulating MTg for several days. This 
interval appears sufficient to heighten suppressor function. Studies are in 
progress to determine if Ts are involved in TSH-induced suppression as seen 
after the administration of exogenous MTg48. The possibility that 
endogenously released Tg somehow down-regulates Tg-reactive cells has not 
been excluded. 

Table 1.15 Resistance to induction of autoimmune thyroiditis following 
chronic thyroid stimulation 

MTg antibody titret Thyroiditist 
Exp. Treatment* (Mean log2 ± SE) (Mean index ± SE) 

TSH pump 11.2 ± 1.6 0.5 ± 0.2 
(0.25 U / day) 
Saline pump 19.8± 1.5 1.8 ± 0.3 

2 TSH pump 15.5 ± 0.6 0.9 ±0.2 
(0.25 U / day) 
Sham operation 16.4 ± 0.9 1.7 ± 0.2 

Modified from Lewis et al. 50• 

*Osmotic pump released thyroid-stimulating hormone (TSH) for 7 days 
(0.25 U / day); mice were immunized 10 days after pump implantation with 
mouse thyroglobulin (MTg) and lipopolysaccharide. 

tData from day 28. 
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SUMMARY 

Several working hypotheses dealing with recognitory, regulatory and 
pathogenic mechanisms in autoimmune thyroid disease have been presented 
in this chapter. The possible interactions of T - and B-cells and the role T-cell 
subsets may play in vivo have been integrated into a diagrammatic summary 
(Figure 1.3). In genetically susceptible individuals possessing the MHC-linked 
immune response gene (Ir-Tg), there normally exist clones of Tg-specific 
suppressor and inducer T-cells, providing clonal balance49 (Ts:TJ) in 
homoeostasis. Each set of clones can be selectively activated with Tg. It is 
possible to override initial suppressor influences by mUltiple exposures to Tg 
alone, or after the combined stimulation of Tg and adjuvant-like signals from 
the natural environment. Expansion and differentiation of T-cell subsets then 
promote lymphokine production, Ia (DR-like) expression, autoantibody 
formation and thyroid damage. One prime pathogenic mechanism may be the 
destruction of thyroid epithelial cells by cytotoxic T -cells. Autoantibodies 
may aggravate thyroiditis in EAT by yet unknown mechanisms; definite roles 
have not been described for the various human antibodies to thyroid antigens. 
Thus, if idiotypic regulation has a role in controlling autoimmunitl2, the 
T-cell idiotypes should receive major attention. 

Normal 

HHC-linked 
(Lr-Tg) 

Tolerance 
strengthened 

Circulatory ~
TOlerogeniC Tg 
LPS before Tg 

Tg TSH 

I 
Clonal / 
balance, I 
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~2-3 d 

/ 
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Figure 1.3 Schematic diagram illustrating the current working hypotheses of the interactions of 
T-cells involved in suppressor and pathogenic mechanisms of experimental autoimmune 
thyroiditis. Abbreviations: Tg, thyroglobulin; LPS, lipopolysaccharide; Adj., adjuvant; TSH, 
thyroid-stimulating hormone; B, B-lymphocyte; T-cell subsets: S, suppressor; J, inducer; H, 
helper; A, amplifier; C, cytotoxic; pTe, precursor of T c 
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As depicted in Figure 1.3, suppressor influences can be bolstered to 
withstand strong auto antigenic and adjuvant stimuli by the increase in 
circulatory Tg several fold above baseline levels. Both exogenous Tg and 
endogenous Tg, released by TSH infusion, can sustain elevated levels for 2-3 
days; the former has been shown to expand the suppressor T-cell population. 
In addition, as yet unknown polygenic influences at different steps will 
contribute to the outcome of auto antigenic stimulation. As indicated in the 
introduction, many correlates between the human and mouse immune net
works have been found. Recently, human Tg-reactive T-cells with proliferat
ing and cytotoxic potentials have been described in Hashimoto's patients34,53. 

The numerous correlations instil confidence that the approaches taken in the 
mouse model will someday aid our understanding of mechanisms in 
autoimmune disease and provide a rationale for preventive as well as 
therapeutic measures. 
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2 
Recent Developments in the in vitro 
Bioassay of TSH and Thyroid
Stimulating Antibodies 
N. J. MARSHALL AND P. A. EALEY 

INTRODUCTION 

Circulating immunoglobulins with thyroid-stimulating activity were origin
ally discovered 30 years ago l . These thyroid-stimulating antibodies (TSAb) 
are now established as important pathogenetic factors in the hyperthyroidism 
of Graves' disease. They appear to interact with a site on or close to the TSH 
receptor and generally mimic the bioactivity of TSH. It has now become 
apparent that another group of related antibodies may specifically or 
preferentially stimulate thyroid growth as opposed to differentiated function, 
and these are discussed in Chapter 3. Such antibodies are now referred to as 
thyroid growth-stimulating antibodies, or TGAb. In the present chapter we 
will largely be concerned with recent developments in techniques to measure 
antibodies which hitherto have been regarded as stimulators of differentiated 
function leading to the excess production of thyroid hormones. These 
continue to be referred to as TSAb as opposed to TGAb. 

It is generally anticipated that reliable TSAb assays have potential value in 
the clinical management of patients with Graves' disease in the areas listed in 
Table 2.1. Given the widespread availability of well-established thyroid 
function tests and the recent emergence of sensitive immunoradiometric 
assays for TSH, TSAb assays are not necessary for the initial diagnosis of 
Graves' disease, except perhaps for a clearer definition of occasional 
preclinical presentation. However, it is considered likely that spontaneous 
remission, which is a characteristic of this disease and occurs in a high 
proportion of patients, may well be correlated with a decrease in circulating 
TSAb. Alternatively, persistently high TSAb levels, for example during an 
initial period of antithyroid drug therapy, might indicate that remission is 
unlikely and that more drastic treatment such as thyroid ablation is necessary. 
Moreover, since neonatal Graves' disease involves the transplacental transfer 
of TSAb from the mother to the fetus2•3, high maternal TSAb in the last 
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months of pregnancy might well justify unusually close observation of the 
infant. In addition, measurement of TSAb is of potential value in the 
diagnostic evaluation of selected patients with exophthalmos in whom 
underlying Graves' disease is suspected. 

Table 2.1 The potential clinical value of TSAb assays in Graves' disease 

(I) Prediction of relapse or remission of hyperthyroidism after a limited period of antithyroid 
drug therapy. 

(2) Indication of a need for more drastic treatment after antithyroid drug therapy, e.g. thyroid 
ablation by surgery or 1311. 

(3) Prediction of relapse after a period of remission. 

(4) Prediction of neonatal Graves' disease. 

(5) Confirmation that ophthalmopathy is related to autoimmune thyroid disease. 

TSAb not only bind to a site on the cell surface TSH receptor but also 
stimulate the activity of membrane-bound adenylate cyclase (Figure 2.1). This 
leads to increased production of the intracellular hormone mediator cAMP 
and is followed by general activation of the follicular cell. This includes the 
stimulation of iodine metabolism which is characteristic of differentiated 
thyroid cells, relating to increased synthesis and release of thyroid hormones. 
As such TSAb are the prime example of antibodies which not only interact 
with cell-surface receptors, but also stimulate post-receptor events related to 
an autoimmune disease state. 

Bioassays to measure the activity of TSAb in patient sera have been 
designed around many different metabolic responses of the thyroid follicular 
cell (Figure 2.1), some of which are listed in Table 2.2. However, the 
achievement of robust, precise and reproducible bioassays for the 
measurement of TSAb in clinical medicine, which also have the appropriate 
sensitivity and can be conveniently run in a well-controlled manner, has long 
proved elusive. The inability to obtain such assays to date may be understood 
since we are aiming to develop functional bioassay systems for thyroid 
stimulators. These can be more experimentally demanding than those which 
rely upon the recognition and detection of a specific structure (e.g. the 
radioimmunoassay for TSH) rather than the expression of bioactivity. 

The difficulties encountered in the different bioassay systems have largely 
been due to the variability of the starting thyroid tissue and its preparation, 
and/ or the insensitivity of the response systems. The latter is revealed by the 
doses ofTSH required to elicit a response (e.g. >50mU TSH/l) which are far 
higher than the normal circulating levels ofTSH (0.5-5 mU TSH/l). Most of 
these assays are unable to detect TSAb in all patients with Graves' disease. In 
addition these features inevitably lead to poor within assay precision and 
between assay reproducibility. 

Recently, major advances have been made in the technology of thyroid cell 
culture, which as described below holds promise of a new era of TSAb assays. 
It is appropriate, however, to first consider the in vivo bioassay system 
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TSH 

Figure 2.1 Diagram of a thyroid follicle, which is the functional unit of the thyroid gland. The 
major metabolic responses of the thyroid epithelial cell when stimulated by TS Hand TSAb are 
represented; these are utilized in the different in vitro bioassays listed in Table 2.2. Key: R = TS H 
receptor, A.C. = adenylate cyclase, Tg = thyroglobulin, C = colloid droplet, L, = primary 
lysosome with associated J3-naphthylamidase activity, L, = secondary lysosome formed by fusion 
of a colloid droplet and a primary lysosome. Iodide influx is stimulated in a cAMP dependent 
manner, and the iodide is then organified by incorporation into thyroglobulin, which is stored in 
the lumen of the follicle as colloid. Iodinated thyroglobulin is reintroduced into the cell as colloid 
droplets, and the acid hydrolases of the lysosomes degrade the thyroglobulin, leading eventually 
to the release of thyroid hormones (T3/T.) into the local capillaries which surround each follicle 

available for the measurement of TSAb in serum, and briefly review the 
alternative in vitro bioassays. 

IN VIVO BIOASSAY OF TSAb AND THE LATS-PROTECTOR ASSAY 

TSAb were first detected following experiments designed to develop an in 
vivo bioassay for TSHI. The endogenous secretion of TSH of guinea pigs was 
first suppressed by thyroxine injection and their thyroid gland was preloaded 
with radioactive iodine. Sera from thyrotoxic patients were then injected 
intravenously and stimulated the release of the radioactivity in a 
concentration dependent manner. This was detected by monitoring blood 
sampled from the animals at specific time intervals after the original injection 
of serum. The bioactivity in the thyrotoxic sera, although originally thought 
to be due to TSH, was soon shown to be located in the immunoglobulin G 
(lgG) fraction of serum proteins57,58. Stimulation by the IgG was slower in 
onset and more prolonged than that due to equivalent doses of TSH. This 
characteristic gave rise to the early name of TSAb, namely Long Acting 
Thyroid Stimulator (LATS). 

This in vivo bioassay was made technically easier when mice were 
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IMMUNOLOGY OF ENDOCRINE DISEASES 

substituted for guinea pigs6, and in this form is frequently referred to as the 
'McKenzie Assay'. Much valuable work has been carried out with this system, 
including the establishment of an international reference preparation for 
TSAb bioactivity, LATS-B. However, numerous studies have consistently 
found that a large proportion of the sera from thyrotoxic patients fail to 
produce any response in this assay and that LATS-levels do not often 
correlate well with the degre of hyperthyroidism59,6o. This has frequently been 
attributed to a species specificity of TSAb, such that although the 
immunoglobulin in the patient serum is able to stimulate the human thyroid, 
it cannot cross-react with the mouse or guinea-pig gland. Such species 
specificity has yet to be established, since for example in the ultrasensitive 
Cytochemical Bioassay21,24,25 which uses guinea-pig thyroid tissue virtually all 
sera from untreated thyrotoxics have been reported to stimulate. 

Using the LATS in vivo bioassay, it was shown that bioactivity could be 
absorbed out of a given serum by incubating it with a soluble fraction 
prepared by freeze-thawing a crude homogenate of human thyroid tissue7• 

However, this abolition of the bioactivity could be prevented by the addition 
of LATS-negative sera from other thyrotoxic patients. Immunoglobulins in 
the latter were seen to 'protect' the LATS activity from absorption and were 
termed LATS-protectors (LATS-P). A quantitative assay based upon this 
interaction and known as the LATS-P assay, was established by careful 
manipulation of the experimental conditions. LATS-protectors were detected 
in almost 90% of sera from patients with untreated Graves' disease8• These 
findings have frequently been interpreted to indicate that LATS-P is a human 
specific TSAb which is unable to stimulate the mouse thyroid. However, it 
binds to TSH receptors solubilized from the human thyroid homogenate and 
thereby can prevent the absorption of LATS activity. As such the LATS-P 
assay would appear to be a non-functional ligand assay (see Table 2.2) since it 
primarily measures the interaction of the immunoglobulins at the TSH 
receptor level. It may not be possible to relate this activity to bioactivity, 
although a direct relationship has been claimed61 . 

The in vivo bioassay is currently expertly carried out in only a few 
specialized centres worldwide, since it is labour intensive and requires the 
maintenance and careful control of large colonies of laboratory animals. In 
addition, this experimental system is inherently difficult to standardize, and 
assay precision difficult to achieve. Due to these problems much effort has 
been expended in many laboratories to develop simpler systems which we will 
now describe. These are based either upon the binding characteristics of the 
immunoglobulins of Graves' disease or on their stimulating effects on thyroid 
preparations in vitro. 

IN VITRO RECEPTOR ASSAYS 

The binding of TSH to its receptor was characterized subsequent to the 
improved techniques of iodination of TSH and the preparation of subcellular 
fractions of thyroid tissue enriched with TSH receptors62. It was found that 
IgG preparations from a large number of Graves' sera inhibited TSH binding 
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to its receptor9,IO, and this system was quickly exploited in numerous studies 
to detect what are now termed 'thyroid receptor antibodies' (Table 2.2). The 
receptor assay system that emerged measured the competition between the 
[125 I]TSH and the TSAbs to bind to a preparation ofTSH receptors associated 
with plasma membranes subfractionated from thyroid homogenates. The 
results were expressed directly as a function of the response parameter. This 
was usually a 'Displacement Index', which was the ratio of the [125 I]TSH 
bound in the presence of the test IgG: the C25 I]TSH bound in the presence of 
IgG from controls, (or some slight transformation of this ratio). In its earliest 
forms, this assay proved tantalizingly difficult to standardize in different 
laboratories. The routine technical procedures of the assay are as 
straightforward as those for radioimmunoassays, but despite this undoubted 
convenience, problems associated with reagent preparations proved difficult 
to resolve. These included control and reproducibility of the ~reparation of 
labelled TSH and TSH-receptor enriched subcellular fractions 3 and also the 
variable effects of 'control' IgG preparations from euthyroid individuals64 • 

Another major problem was the reluctance to express the results in terms of a 
reference standard as opposed to the response parameter, i.e. the dis
placement of [125 I]TSH. However, a recently modified system which uses 
solubilized receptors has probably overcome these problems. Solubilized 
receptors do not seem to be as susceptible to the non-specific effects of control 
IgG and components in unextracted serum65- 67 and the use of a reference 
material will reduce interassay variation. 

An alternative approach has been to 'receptor-purify' anti-TSH receptor 
immunoglobulins by preincubation with fat cell membranes which are rich in 
TSH receptors, and subsequently to study the direct binding of the purified 
immunoglobulins to TSH receptors on human thyroid membranes ll . Clearly, 
however, both forms of receptor assays are based upon recognition of 
structures by a TSH binding site on the TSH receptor, and do not measure 
TSAb bioactivity per se. Such structural as opposed to functional assays may 
not be directly related to TSAb bioactivity. 

IN VITRO BIOASSAYS FOR TSAb 

The maintenance of a wide variety of thyroid tissue preparations in vitro, 
under conditions which allow the expression of the stimulation of post-TSH 
receptor events, has generated a large number of in vitro bioassay systems for 
TSH and TSAb (Table 2.2). 

Three main factors have governed the extent to which they have been 
exploited, i.e. their convenience, technical difficulty and their response 
characteristics. Each system with its own particular advantages has 
contributed to long-term in vitro bioassay developments. They form a wide 
range of assays, anyone of which might prove especially suitable for 
investigating new concepts relating to TSAb in the future. We will now 
discuss several recent developments which appear to be leading directly to the 
achievement of convenient, rugged, sensitive and precise in vitro bioassays 
which look promising for general clinical application. These assays are a 
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consequence of advancements in the technology of thyroid cell culture, and 
the realization that culture systems offer the basis of superior assays. 

THE MERITS OF CELL CULTURE SYSTEMS 

A major group of in vitro bioassays for both TSH and TSAb has been 
established using the stimulation of adenylate cyclase as the basic response 
system. These bioassays can be designed using a variety of thyroid tissue 
preparations ranging from subcellular fractions through to immortalized cell 
cultures (Table 2.2). The response characteristics of these different systems are 
summarized in Figure 2.2, which is based upon the experiences of several 
I b .. I d· 163543 Th h .. ·11 h a oratones, mc u 109 our own ' '. ese c aractenstics 1 ustrate t e 
particular advantages of cell culture systems. 

cell culture +'sensitizing techniques" 

cAMP 
increase 

TSH dose 

cell cultures 

slices 

membranes 

Figure 2.2 Diagrammatic comparison between the response characteristics of the three thyroid 
tissue preparations most commonly used for in vitro bioassays measuring increased production of 
cAMP. It is based upon the results of several comparative studies such as those described in 
references 16, 34, 37, 38. Error bars indicate magnitudes of errors in response as estimated by 
standard deviations 

The magnitude of response to a given dose of TSH, when using 
membranes, i.e. the most disrupted of the tissue preparations, has often been 
found to be relatively low. Larger responses are observed when the cellular 
integrity is retained, as for example with slices of thyroid tissue. However, 
with slices the errors in the responses can be disappointingly large, 
presumably because of the inherent heterogeneity of thyroid tissue slices. This 
necessitates the use of many replicates (e.g. n = 6-8) per experimental variable 
to observe statistically significant TSAb stimulation. With cell cultures, 
however, there is a larger magnitude of response and within assay errors are 
reduced. The plating of cells in multiwell plates with a similar number of cells 
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from a common pool results in homogeneous cultures which minimizes 
within assay errors and accounts for the excellent precision which can be 
attained with this system (Figure 2.2). Moreover the general reproducibility 
of different subcultures has led to systematic work which has resulted in 
progressive increases in bioassay sensitivity. These modifications are referred 
to in Figure 2.2 as 'sensitizing techniques' and are discussed in more detail 
later. 

Many laboratories have accordingly accepted the challenge of the 
demanding techniques of cell culture and exploited thyroid cell monolayers 
for the in vitro bioassay ofTSH and TSAb. Although cells from the thyroids 
of several species have been successfully maintained in culture, much recent 
work on the development of new TSAb bioassays has centred upon the use of 
two systems, namely the culture of human thyroid cells and FRTL-5 cells, 
and is described below. 

Human thyroid cell culture systems 

In view of the suspected human specificity of a proportion of TSAb, it has 
clearly been appropriate to investigate intensively the use of monolayer 
cultures prepared from human thyroids for TSAb bioassay. The basic flow 
diagram of the procedures involved is shown in Figure 2.3. These TSAb in 
vitro bioassays have almost exclusively utilized the measurement of cAMP as 
their end-point. 

Encouraging results were obtained with this system at an early stage, and 
the anticipated merits, which have been discussed above, were confirmed. 
Apart from the obvious problem of obtaining adequate and consistent 
supplies of human thyroid tissue, the difficulties encountered largely derived 
from the inherent instability of the thyroid cells when maintained as 
monolayers. In our experience38 a decrease in the magnitude of response 
occurred by about 21 days, which was presumed to be due to extensive 
dedifferentiation of the thyroid follicular cells or overgrowth by fibroblasts. 
As a consequence the frequent preparation of new cultures from fresh 
thyroids became an unavoidable necessity. Working with many different 
thyroid cultures, two subsequent problems were revealed. Firstly, the 
magnitudes of response observed with different cultures can be very variable. 
This is presumably largely due to inherent variations between the human 
thyroids used to prepare each culture. Secondly, there is evidence that the 
relative potencies of different TSAbs can change when tested on cultures 
obtained from different thyroids38,68. This phenomenon, which could be of 
considerable significance, has yet to be rigorously investigated. 

The use of cryopreserved human thyroid cells 

The first of these problems, i.e. the variation of the starting tissue, has now 
been largely circumvented by cryopreservation of dispersed human thyroid 
cells. They can be cryopreserved over a period of rars without detriment to 
their viability and response characteristics39,42,4 , and aliquots taken for 
successive bioassays. In addition, the availability of sensitized radioim-
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Thyroid tissue obtained at operation for partial thyroidectomy 

Enzymic dispersion of thyroid cells 

Plate cell suspensions in multiwell plates 

Maintain cells prior to bioassay under strictly defined conditions 

BIOASSAY 

Add thyroid stimulators for a given time 

Extract cells and measure cell cAMP, or sample that accumulated in medium 

Figure 2.3 An outline of the procedures involved in the preparation of monolayer cultures from 
human thvroids, and their use for the bioassay of TSH and TSAb based upon increases in 
cAMp33-4f 
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munoassays for cAMP, with detection limits of the order of 50 fmoles/ ml, 
has allowed much smaller numbers of cells to be used per bioassay, making it 
possible to use one cell-preparation for many months rather than a few days. 
For example, sufficient cells for 10 successive assays, each with 25 samples and 
a standard curve can be prepared from one gram of starting thyroid tissue43 • 

Freezing the cells in liquid nitrogen allows one to use them at convenient 
times for a routine assay, and reduces the frequency of establishing primary 
cultures. Moreover, the sensitivity of a given culture to TSH and TSAb can 
be tested in advance prior to commitment for bioassay; dearly the use of a 
batch of cells of known sensitivity increases confidence that the bioassay can 
be performed on a regular basis. 

Recently, one particularly interesting modification of this system has been 
the use of hypotonic incubation conditions during the exposure of the cells to 
the stimulators in the bioassay. Kasagi et al. 40 showed that a low sodium 
chloride concentration in the incubation medium had two advantages. 
Firstly, the swollen cells release a larger proportion of the total cAMP 
accumulated in response to the stimulators into the incubation medium. 
Consequently the extraction step (Figure 2.3), which is both laborious and 
responsible for a large error component in the assay, can be avoided. Thus the 
assays are made more precise by simply sampling the incubation medium. 
Secondly, the 'low-salt' conditions enhance the magnitude of response of the 
cells to thyroid stimulators such as TSH and TSAb. Intriguingly, sensitivity 
to TSAb is increased by a far greater extent than that to TSH40,42. This 
differential effect of NaCl on TSAb and TSH activity has yet to be explained, 
but one is tempted to speculate that it is related to the long-standinf 
controversy concerning the effects of NaCI on TSH binding to its receptors6 • 

Combining the use of cryopreserved human thyroid cells, and hypotonic 
'sensitizing' conditions, a promising in vitro bioassay for TSH and TSAb has 
been described by Rapoport and co-workers43 • This is relatively sensitive, 
technically straightforward and has a high sample capacity. Using this, TSAb 
were detected in 93% of a total of 61 patients with untreated hyperthyroidism 
due to Graves' disease, and the specificity of the assay as an indication of 
Graves' disease was 100% with no false positives. However, about 40% of 
those which were positive were giving a response equal to or less than that 
observed with 10 mU bTSH/l, which emphasizes the necessity for sensitive 
bioassays. After treatment, the prevalence of detectable TSAb decreased and 
was lowest during antithyroid drug therapy, when after a mean period of-2 
years only 44% remained positive. In addition, TSAb levels correlated well 
with relapse or remission after antithyroid drug therapy. This assay is now 
being evaluated on a long-term basis in several different laboratories. 

At present there have been no reports that this system suffers from the 
changes in relative potencies of different TSAbs when tested on cultures 
derived from different thyroids, as found previously with human thyroid cell 
monolayers38,68. 

FRTL-5 cell cultures 

An alternative approach to solving the problems encountered with in vitro 
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bioassays based upon thyroid cell monolayers, has been provided by the 
development of a continually proliferating substrain of an epithelial thyroid 
cell line, the FRTL-5 cells. These cells were obtained by Ambesi-Impiombato 
and co-workers7o,71, and are the first example of such a strain. In principle 
they can be maintained indefinitely in culture, and since they are responsive to 
TSH and TSAb, they clearly present us with new opportunities for designing 
in vitro bioassays based upon a continuous stable cell-culture system. 

The parent cell-line, FRTL (Fisher Rat Thyroid Line) was initially 
obtained by selection in medium with a low serum concentration, but the cells 
grow and remain differentiated in 5% serum. The FR TL-5 cells have a 
doubling time of about 30 h in the presence of TS H, which is much faster than 
the FRTL cells from which they were cloned70,71. FRTL-5 cells have 
maintained their rapid growth and response characteristics over a few years. 
Cell stocks can be cryopreserved providing an assured indefinite source even 
in the eventuality of deleterious mutations. 

The major advantages of using FRTL-5 cells for TSH and TSAb in vitro 
bioassays are summarized in Table 2.3. They clearly provide a standardized 
bioassay tissue which can be used in a highly controlled manner within one 
laboratory, allowing investigators to run rigorous quality control procedures. 
Moreover, for the first time they provide a bioassay tissue which can be 
distributed between many different laboratories. This will inevitably reduce 
between-laboratory bioassay variation and allow a more realistic comparison 
of results from different centres. 

Table 2.3 The use of FRTL-5 cells in in vitro bioassays 

Advantages 

(I) They provide continuous, convenient and stable systems which can be used for different 
laboratories. 

(2) They can be manipulated prior to use in the bioassay to 'sensitize' cells to the subsequent 
addition of thyroid stimulators. 

(3) Unlike human thyroid cells in culture, FRTL-5 cells are acutely responsive to TSH in terms 
of growth. 

(4) Parallel bioassays using different response systems (e.g. f cAMP, f iodide uptake, 
fCH]thymidine uptake, f cell number, f metaphases) can be carried out on replicate 
cultures. 

Disadvantages 

(I) Derived from rat, not human thyroid; might be inappropriate for the measurement of 
human specific TSAb. 

(2) They are obviously not 'normal' thyroid cells; caution required before extrapolating results 
concerning the control systems of the FRTL-5 cells to thyroid cells in vivo. 

The typical regime for the routine growth of the FRTL-5 cells in the 
laboratory, and their use in the bioassay based upon stimulation of cAMP 
accumulation, is shown in Figure 2.4. The cells are manipulated prior to use 
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Dense cultures 
+TSH 

on petri 
dishes 

ROUTINE GROWTH CYCLE 

Trypsinize 
Cell suspension 

1 
Subcultures of cells in 

multiwell plates for bioassay 
+TSH 

Remove TSH to return cells to 
basal state and sensitize them 

for bioassay 

BIOASSAY 
Expose cells to TSH or TSAb 

(usually 0.S-2h) 

Measure cAMP accumulated in 
medium and/or cells 

Master stock 
suspensions 

stored in 
liquid N2 

I 
occasionally 

1 
Subcultures 

+TSH 
plated on petri 

dishes for 7 -14 days 

DAY 1 

DAY 3 

DAY 10 

Figure 2.4 An outline of the procedures involved in the maintenance of FRTL-5 cells, and the 
preparation and use of monolayers in bioassays for TSH and TSAb based upon increases in 
cAMp49-52 
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in the bioassay to increase their sensitivity to TSH and TSAb52. This is 
achieved by maintaining them for 7 days in the absence of TSH which results 
in a return to basal activity and a larger magnitude of response upon 
subsequent exposure to the stimulators in the bioassay. 

Two response systems of the FR TL-5 cells have been most widely exploited 
for TSAb assays to date. These are (a) the production of cAMP and (b) the 
increased uptake of inorganic iodide, and these are each discussed separately 
later. Unlike human thyroid cells in culture, the FRTL-5 cells proliferate 
rapidly in response to TSH, and thus also form a useful system for measuring 
the growth-promoting potencies of TSH and stimulating antibodies. Cell 
growth has been monitored as the increased incorporation of [3H]thymi-
d· 4955 . . II b 49 d h f II' . . 56 me . ,mcreases m ce num er ,an t e appearance 0 ce s m mitosIs . 
Since there is evidence for the existence of thyroid growth stimulating 
antibodies (TGAb) which preferentially stimulate growth rather than 
differentiated function of thyroid cells, the parallel bioassa¥ of a given patient 
serum using the different responses of the FRTL-5 cells5 should provide a 
powerful experimental system for further investigating this problem. 

FR TL-5 cells, which are of rat origin, may not be the most appropriate on 
which to base bioassays, because of the possible human specificities of a 
proportion ofTSAb. However, in this context it may be relevant that FRTL-
5 and human thyroid cells discriminate between TSH preparations from 
different species in an almost identical manner72 , in contrast to the markedly 
different results obtained with dog thyroid cells73 . Moreover, there is evidence 
that the same or a related TSAb-reactive antigenic determinant found in 
human thyroid tissue is also present on FRTL-5 cells52.74. 

cAMP response system 

A high proportion (90%) of IgGs prepared from the sera of untreated Graves' 
patients have been reported to stimulate cAMP accumulation in FRTL-5 
cells52 and it remains to be seen as to whether the negative results are due to 
species specificity or other problems such as assay insensitivity. Clearly 
however, this high percentage suggests that the rat FRTL-5 thyroid cells are 
able to overcome any TSAb species specificity of LATS-P. In this study, only 
two out of 21 Graves' patients who were euthyroid 1 year after antithyroid 
drug withdrawal increased cAMP accumulation above control levels. 

Several recent modifications have been made to the bioassay system 
outlined in Figure 2.4, to increase sensitivity to the stimulators. As was found 
with human thyroid monolayers the use of hypotonic incubation conditions 
during the bioassay leads to improved sensitivity and precision, since the 
magnitude of response is increased, and the cAMP can be measured by 
directly sampling the medium. Moreover, we have found that the addition of 
forskolin, the ubiquitous adenylate cyclase stimulator, at a low dose (10-7 

mol/I), which does not itself stimulate to any extent, markedly potentiates the 
responses to both TSH and TSAb75. This potentiation is also observed under 
the 'low-salt' conditions, leading to yet further sensitization with a bioassay 
sensitivity of about 1 mU TSH/l (Ealey, Mitchell and Marshall, unpublished 
results). 
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Iodide uptake response system 

The ability of thyroid cell cultures to concentrate inorganic iodide in response 
to TSH, has formed the basis of in vitro bioassay systems using cells derived 
from several species (Table 2.2). The sensitivity to TSH has frequently been 
reported to be impressive, with responses detected to <I mU /1, making it 
more sensitive than the cAMP system. However, iodide uptake has yet to be 
exploited as extensively for the bioassay of TSH and TSAb. 

The use of FRTL-5 cells for an in vitro bioassay based upon the 
stimulation of iodide uptake is illustrated in Figure 2.5, and follows the 
procedure recently described by Marcocci et al. 53• The unstimulated control 
levels of iodide uptake may be reduced by depriving the cells of TSH for 
about 7 days as with the cAMP-based system. After readdition of the 
stimulators, iodide uptake is measured 48 h later, when a pulse of 1251 is added 
for 40 min. Intracellular uptake can then be measured in ethanol extracts of 
the cells. Alternativelx, since the cells do not organify iodide to an appreciable 
extent, accumulated 251 may be discharged into fresh medium containing 10-4 

mol/1 sodium perchlorate, and the medium can then be sampled54• 

Cell suspension 

Subculture cells in multiwell 
plates for bioassay 

(+TSH) 

Remove TSH to return cells to 
basal state and sensitize them 

for bioassay 

BIOASSAY 
Expose cells to TSH or TSAb 

Add '''I for 40 min. 
Rapidly wash monolayers (4°C) 

Measure I - uptake 

DAY 1 

DAY 3 

DAY 10 

DAY 12 

Figure 2.5 A flow diagram of the preparation and utilization of monolayers of FRTL-5 cells in 
bioassays for TS Hand TSAb based upon increased uptake of iodide, as first described by 
Marcocci el al. 53 
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It is estimated that TSAb stimulation can result in iodide being 
concentrated 30-fold in the cells compared with the medium53 • IgG from the 
sera of about 80% of untreated Graves' patients showed significant 
stimulation above control values observed in the presence of IgG prepared 
from euthyroid individuals, using this system53•54• In these limited studies, 15 
of the 16 patients in clinical and biochemical remission after a course of 
thionamide drug treatment, were inactive with respect to iodide 
accumulation. 

It is possible that bioassays based upon intracellular accumulation of 
iodide will form an alternative to those based on stimulation of cAMP 
production. They eliminate the time-consuming and expensive cAMP 
radioimmunoassay, which must decrease overall bioassay errors. Direct 
comparison of dose-response curves to TSH53 , lATS_B54 and patient TSAb54 

in the two systems, showed that iodide uptake was the more sensitive, 
responding to lO-fold lower doses than the cAMP system. However, in these 
studies, comparable bioassay incubation conditions were used for the two 
bioassays, and as discussed above, 'sensitizing techniques' can improve the 
potential sensitivity of cAMP bioassays. 

The use of FRTL-5 cells for iodide uptake bioassays is complicated by the 
finding that since they do not organify iodide to any appreciable extent the 
amount of iodide accumulated is the net result 01 two components, influx and 
efflux76- 78 • Only influx appears to be cAMP dependent, although both 
processes are TSH and TSAb responsive54•76• It is an intriguing possibility 
that the relative potencies of different TSABs on influx and efflux may be 
different, in which case, as has been suggested by a preliminary study, direct 
correlation between results from cAMP and iodide uptake based assays may 
not be observed 54. In addition, since IgG preparations from control sera 
inhibit basal levels of cAMP stimulation and iodide uptake but apparently 
not iodide efflux54 , it is possible that the non-TSAb component of Graves' 
IgG preparations will contribute to discrepancies between cAMP and iodide 
accumulation bioassays. However, Marcocci et al. 53 report good overall 
correlation between the ability of TSAb from 24 patients to stimulate iodide 
uptake and cAMP accumulation in FRTL-5 cells. It remains to be 
determined whether the two assays may be complementary rather than a 
substitute one for the other. 

A recent study reports that the iodide uptake system based upon FR TL-5 
cells may be adapted as a screening test to detect pregnant women at risk of 
giving birth to hypothyroid infants79 • IgG from the sera of mothers of 
hypothyroid infants with thyroid agenesis or ectopy, were found to enhance 
TSH-induced iodide uptake. The reason for this effect is as yet unknown. 

CYTOCHEMICAL BIOASSAYS 

Since we have placed much emphasis on the necessity to attain sensitive 
bioassays for TSAb, it is appropriate to comment upon the cytochemical 
bioassay (CBA) for TSAb, which exhibits exceptional sensitivity. The 
development of cytochemical bioassay systems was pioneered by Chayen, 
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Bitensky and co-workers21 , who have recently developed new CBAs for 
detecting TGAb22,23, which are discussed in detail in Chapter 3. 

The most frequently used CBA for the detection of TSAb is that based 
upon the stimulation of ,B-naphthylamidase in the thyroid follicular cells in 
sections of guinea-pig thyroid tissue2. An outline of the procedures involved is 
shown in Figure 2.6. The sections are exposed to TSH or TSAb for a brief 
and carefully timed period. This exposure time is predetermined and is 
generally between 90 and 180 seconds, with the longer times giving the more 
sensitive assays (e.g. detection limit of about 10-5 mD TSH / 1)80,81. The 
sections are then reacted for ,B-naphthylamidase activity using a chromogenic 
substrate (,B-leucine naphthylamide). Finally, the intensity of the cyto
chemical reaction product is quantified with a scanning and integrating 
microdensitometer, utilizing a wavelength of 550 nm. Readings are taken 
from ten follicular cells for each section and the results are expressed as the 
mean integrated extinction obtained from these. 

ffiSH 0 TSAb 

o 0 
o ~ 

12pm section Expose follicular 
of gJnea pig - cell!. to stim.Jlator -
thyroid glard e,g.1OOse< 

O· -.: ~~ : -
' . @ 

Cytochemical reactioo 
for ~-nalilthylmdJse -
usi'lg a ch-omogeric 
substrate 

~
" 

. , '. ' .. .. , " 

.~ ~.~. ' , . ' ..... ~.;~: 
"~. ' . ~. :~,} 

" ' , ' " 

Quontitalive measurement 
of coloured reaction 
Il'cdJet usrg a 
scOllflilg ond "tegutirg 
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Figure 2.6 An outline of the procedures involved in the Cytochemical Bioassay for TSH and 
TSAb based upon the stimulation of ,B-naphthylamidase activity in sections of guinea-pig 
thyroid tissue 

Some of the outstanding features of the CBA are illustrated diagram
matically in Figure 2.7. A typical dose-response curve for the CBA is 
compared with that obtained from one of the cell culture bioassay systems 
based upon the stimulation of cAMP production which we discussed 
previously. Selecting a bioassay exposure time of I 80 seconds, the maximum 
response of the CBA usually occurs at 1O-3mD TSHjl81 and higher doses give 
a lower response. The CBA is capable of detecting concentrations of TSH 
which are several orders of magnitude below normal circulating levels. In 
contrast, sensitivities approaching normal physiological levels of TSH can 
only be achieved with the bioassay based upon the cultured cells using the 
'sensitizing techniques' (Figure 2.7). The latter systems however, thoufh less 
sensitive, are capable of greater within assay precision38,42,50-52,7. The 
ultrasensitivity of the CBA is seen with all thyroid stimulators which we have 
tested (TSH 81 , TSAb81 , forskolin82 and VIp8\ This sensitivity of the CBA 
may account for its ability to detect TSAb in virtually all sera of untreated 
Graves' patients, overcoming any human specificity attributed to some TSAb. 
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Figure 2.7 A diagrammatic representation of typical dose-response curves to TS H as observed by 
the authors when using (a) the cytochemical bioassay (1.B-naphthylamidase activity; tissue 
exposure time 180s) and (b) in vitro bioassays based upon mono layers of thyroid epithelial cells 
(1 cAMP). Error bars indicate the magnitudes of errors in response as estimated by standard 
deviations with n = 3 or 4. The figure has been constructed from results obtained with the 
CBA80- 83 and monolayers of FRTL-5 cells51 •72 . 

Note: in some CBAs the maximal response is observed with IO-2 mU TSHjl, and not with 
IO-3 mU TSHjl as shown. This is presumed to be due to between-thyroid variation 

Another outstanding but little discussed characteristic of the CBA is 
revealed when the parallel dose-response curves of different stimulators are 
compared in one assay. We have frequently observed that the CBA amplifies 
the differences in potencies between stimulators. A comparison, for example, 
of the responses to two monoclonal antibodies derived from Graves' 
lymphocytes, one of which was about 3 times more potent when assessed in a 
cell-culture in vitro bioassay, showed the relative potencies to be 107: I in the 
CBA84• 

We have also observed this phenomenon when comparing the potencies of 
different TSAb derived directly from patient sera85 and also different 
preparations ofTSH86 • The potency ranking is retained but the differences in 
potencies are magnified. Clearly the relative potencies markedly depend upon 
the response systems employed in the different bioassays but we cannot at 
present explain the enhanced discrimination observed with the CBA. 

Because of the high level of technical expertise required to conduct 
cytochemical bioassays, and their inability to accommodate more than a 
small number of samples per assay, their use has been restricted to a few 
centres. However, despite their impracticability, they remain powerful assay 
systems which will continue to be exploited in specialized studies such as 
those relating to TGAb (see Chapter 3). 

FUTURE DEVELOPMENTS 

The motivation behind the efforts to achieve improved measurement systems 
for TSAb is the widely held conviction that TSAb are important pathological 
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factors in Graves' disease. Consequently reliable assessments of TSAb activity 
in serum should become an essential adjunct to the established thyroid 
function tests used for the evaluation of several aspects of autoimmune 
thyroid disease. In this chapter we have described recent developments which 
have improved the techniques for the measurement of TSAb bioactivity. 

Inevitably work is in progress to gain from the advantages of cell culture 
systems which are already apparent. Several centres are investigating the 
development of human thyroid cell lines87 , to avoid problems due to the 
possible human species specificity of some TSAbs. Should a responsive 
human thyroid cell line be established, the experience gained from work with 
the currently available cell culture systems, including the primary cultures of 
human thyroid cells and the FRTL-5 cells, will doubtless be rapidly applied 
to the new cell line. This will include the manipulation of the cell-cultures to 
reduce basal levels of activity prior to use in the bioassay and the careful 
selection of incubation medium to optimize sensitivity. Work with any of 
these 'immortalized' cell culture systems will, however, require vigilance 
against long-term culture instability. Clearly a programme of periodic 
recloning should be established, which will both obviate problems due to 
deleterious mutations and also yield useful new cell lines with advantageous 
characteristics. It is not inconceivable that cells will be 'designed' for bioassays 
rather than vice versa as at present. 

Undoubtedly, new assays using alternative response systems will be set up 
based upon thyroid cell-cultures. The iodide uptake response, which appears 
to be si~nificantly more sensitive to TSH than the adenylate cyclase based 
systems 8, has to date been little exploited for TSAb in vitro bioassay. 
Moreover, it may be possible to circumvent many technical difficulties of the 
CBA, by redesigning the assay using cell monolayers as opposed to tissue 
sections. 

One pragmatic problem, which has only been briefly discussed, is the 
question of the most appropriate and helpful method of expressing the results 
obtained with a TSAb bioassay. It has been common practice to express 
TSAb bioactivity as a ratio of the response observed with the given TSAb to 
that obtained in the presence of a control from euthyroid individuals. In a few 
recent studies results are compared with a TSH dose-response curve and 
expressed as 'TSH_equivalents,4o,42,43. This has an appealing directness, and 
facilitates the comparison of results from different assays using one technique 
but may unfortunately be misleading. These results may alter markedly by 
merely changing any assay conditions which have differential effects upon 
TSH compared with TSAb. This was demonstrated by Kasagi et al. 40 who 
showed that TSAb activity expressed as /-LV TSH/ml could increase between 
3 and IOO-fold, by reducing the ionic strength of the incubation medium. 
Moreover, to derive the 'TSH equivalents' one has to implicitly assume that 
the response curves to TSH and the given TSAb are parallel. For practical 
reasons this is infrequently checked. We have observed parallelism between 
LATS-B and TSH when tested in both the 'forskolin sensitized' FRTL-5 
system75 , and the CBA 81. However, using the latter assay system we have also 
observed responses to TSAb from patients with euthyroid goitres which were 
not parallel to that of TSH (Ealey and Marshall, unpublished). Given the 
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widespread speCUlation that TSAb activity in a given serum is the net result of 
the combined effects of a number of polyclonal anti-TSH receptor antibodies, 
some of which might block rather than stimulate post-receptor events, one 
might anticipate that parallelism with TSH would not be a consistent feature. 
It is not inconceivable that different monoclonal antibodies directed against 
sites on the TSH-recertor complex88•89 which are associated with specific 
biological activities84•9 , might prove to be more appropriate reference 
preparations. 

As discussed recently by Kohn and co-workers88 , such monoclonal 
antibodies may lead to a new generation of binding assays. This could be 
achieved by raising an anti-idiotype against an individual monoclonal 
antibody which had previously been shown to express a specific action at the 
TSH receptor. The anti-idiotype would then bind to antibodies present in 
patient serum which shared the idiotype of the original monoclonal. Clearly 
by labelling the anti-idiotype this system would yield ligand binding assays 
designed to recognize idiotypes associated with activation of specific 
functions. 

Characterization of the monoclonals raised against the TSH receptor has 
emphasized the existence of antibodies which bind strongly to the TSH 
receptor and block TSH action, but which do not stimulate of their own 
accord88- 92 • These findings have direct relevance to the few clinical studies to 
date, which link the action of blocking antibodies to adult and infant 
hypothyroidism93- 97 • The in vitro bioassays based on cell monolayers, which 
have highly reproducible TSH dose-response characteristics, should be 
readily adaptable to quantify such 'blocking' antibodies, by directly testing 
for inhibition of TSH stimulation. Some blocking antibodies, e.g. 
monoclonalllE8, discriminate between stimulation by TSH and TSAb92 and 
in future may be used as subtle probes of the bioactivities of different 
stimulatory autoantibodies. 

Probably the most challenging area for the immediate future will be to 
utilize the new systems to derive multi-assay strategies to identify the separate 
and integrated effects of the 'spectrum' of anti-TSH receptor antibodies which 
may be present in a patient. One test alone may not be of absolute predictive 
value to determine the future course of an autoimmune thyroid condition 
such as Graves' disease55 • Such an approach will require a critical 
examination of the specificity of the different response parameters employed 
in each bioassay. This is only now possible due to the improved reliability, 
precision and sensitivity of these systems. 
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3 
Immunoglobulins Affecting Thyroid 
Growth 
H. A. DREXHAGE AND R. D. VAN DER GAAG 

INTRODUCTION 

The first impetus for our study on immunoglobulins (Igs) stimulating the 
growth of the thyroid gland (thyroid growth stimulating Igs - TGI) was given 
by observations on a selective series of ten patients with euthyroid 'colloid' 
goitres 1. The patients had been collected over a period of 20 years because 
they had some features resembling thyrotoxicosis including raised iodine
uptake values, partially suppressible with T3 and flat or absent TRH 
responses. Several authors have reported similar abnormalities of thyroid 
function in euthyroid colloid goitre disease2,3. The ten patients were suspected 
of having TG I. Only in 1980 were we able to prove this, using an assay system 
in which patient immunoglobulin stimulated the growth of guinea-pig thyroid 
explants in organ culture. The observations were taken as evidence that at 
least some sporadic colloid goitres were related to Graves' disease and 
Hashimoto goitre, both well-known thyroid autoimmune diseases. 

Immunoglobulins stimulating thyroid growth were reported as early as 
1970 by Garry and Ha1l4 , using a mitotic-arrest assay on rat thyroid tissue in 
culture. They interpreted their findings in the view that the auto reactive 
immunoglobulins represented antagonists to the thyroid 'chalone'. Such a 
mitotic inhibitor has not let been demonstrated. 

In 1978 Brown et al. developed an ultrasensitive assay for measuring 
immunoglobulins competing with TSH for its receptor (TBII). They were 
able to show that TBII levels were elevated in patients with sporadic non
toxic and toxic multinodular goitres. It was postulated that these goitres -
like Graves' disease - resulted from increased circulating TGIs, which in some 
cases were present in sufficient concentration to cause thyrotoxicosis 
(Plummer's disease). 

We favour a concept that TGI is involved in the pathogenesis of sporadic 
goitre and that it represents an antibody activity to a cell-membrane receptor 
for growth. This might be - but is not necessarily - the TSH receptor. 
Stimulation of the TSH receptor by the hormone results in both stimulation 
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of function and growth6• Two types of biochemical pathways have been 
discovered for these effects; one is linked to cAMP stimulation and the other 
to the phosphatidyl-inositol turnover cycle7• 

Since 1980 several authors have provided further evidence on the existence 
of at least two varieties of Igs with separate specificities for either hormone 
production or growthS-II. Whether these two Ig varieties indeed reflect 
antibody activities to one single or a variety of receptors, or whether these 
antibodies trigger separate biochemical pathways resulting in either growth or 
hormone synthesis is still a matter of debate. 

METHODOLOGY FOR THE DETECTION OF TGI 

Cytochemical bioassays 

Bitensky et al. 12 developed the initial cytochemical bioassay for thyroid
stimulating Igs and this test probably still remains the most sensitive method 
available. It is based on the labilization of thyroid lysosomes by TSH or by 
TSI. This is one of the rapid effects of TSH and one that is related to 
hormone synthesis and secretion. To assay the effects of various agents on cell 
growth, which involves the slower actions of TSH, we focused on different 
cellular events. Two quantitative cytochemical techniques have been applied 
to this detection. One is based on nucleic acid cytophotometry (Feulgen CBA) 
and the other on the measurement of glucose-6-phosphate dehydrogenase 
(G6PD) activity (G6PD-CBA). 

Nucleic acid cytophotometry involves the measurement of the amount of 
DNA in individual follicle-cell nuclei of a guinea-pig thyroid segment kept in 
organ culture. The DNA is visualized by the Feulgen reaction and is 
quantified in individual nuclei (in arbitrary units) by means of a 
microdensitometer or cytophotometer (Figure 3.1). Many nuclei are 
measured, and the results are expressed by a computer connected to the 
microdensitometer as population histograms. The DNA content is plotted 
along the horizontal axis and the number of nuclei showing a particular 
content of DNA on the vertical axis (Figure 3.2). 

The cell-cycle forms the basis of the assessments. In differentiated tissues 
we will find cells with only the diploid (2c) content of DNA, but in 
proliferating tissues some nuclei will be in S-phase and these nuclei will have 
DNA content values intermediate between the 2c and 4c amounts. From the 
population histograms the percentage of cells in S-phase (>2.8c) can easily be 
computed and these high values are taken as evidence for proliferation. A 
detailed description of the methodology has been given elsewhere13 • 

The optimal concentration of immunoglobulin for the Feulgen CBA was 
defined by dose-response curves, using immunoglobulins obtained from 
patients with non-toxic goitres and untreated thyrotoxic Graves' disease 
patients with large goitres. The dose-response data of these immunoglobulins 
were compared with those of the human TSH-standard MRC 63-14 (Figure 
3.3). In all instances bell-shaped curves were observed. The optimal amount 
for the TSH standard ranged from O.oI to I MU / ml culture fluid. For 
immunoglobulins from patients with untreated goitrous Graves' disease the 
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Figure 3.1 A scanning and integrating microdensitometer (Vickers M85a) connected to a 
Personal Computer (Digital) 

Figure 3.2 Histograms of DNA values as plotted by the personal computer. No.5 represents a 
histogram of proliferating thyroid tissue 
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optimal doses range from 15 p.g to 125 p.g (Figure 3.4), but in non-toxic goitre 
a higher concentration of immunoglobulin was needed to reach the top of the 
bell-shaped curve, i.e. 125-500 p.g immunoglobulin/ ml culture medium 
(Figure 3.4). This shows that TGI from Graves' disease is approximately 
tenfold more potent in inducing growth in the guinea-pig thyroid as 
compared to that obtained from simple goitre. 
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Figure 3.3 Dose-response curve for thyroid growth obtained in Feulgen CBA with hTSH (MRC
A standard 63-14), showing mean values (n = 15) 
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Figure 3.4 Dose-response curves for thyroid growth obtained in Feulgen CBA with 
immunoglobulins from patients with goitrous Graves' disease, sporadic non-toxic goitre and 
Plummer's disease (solid lines) 
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TGI can also be assayed with another quantitative cytochemical method 
that measures activity of glucose-6-phosphatase dehydrogenase (G6PD
eBA). G6PD is the first and rate-controlling enzymatic step of the pentose 
shunt, which is the major source of ribose sugars needed for the synthesis of 
DNAl4. It also provides much of the NADPH of the cytosol, which is 
essential for many biosynthetic steps required for cellular growth (Eo at 
- 320mV) (Figure 3.5). NADPH is also used by the microsomal respiratory 
pathway (with an Eo at + 170 m V) in many hydroxylation and mixed-function 
oxidation processes, as well as being involved in the generation of H20 2, 

important for iodination in the synthesis of thyroid hormones (Figure 3.5). 

Gl76-PhosVhate ___ /--,,....... G6PD ~\ __ ---+. Ribose-sugars !DNA. RNA) 

Embden-Meyerhoff NADP NADPH 
pathway 

Microsomal 
respi ratory 
pathway 

H at +170 mV thyroid hormone synthesis 

H at -320 mV biosynthesis/ 
prol iferation 

Phenazi ne rnetho sulphate 
(hydrogen acceptor) 

Neotetrazoli urn 
Chloride 

Formazan 

Figure 3.5 Pentose shunt. Energy transfers measured in the glucose-6-phosphate dehydrogenase 
(G6PD) cytochemical bioassay for both thyroid growth-stimulating and thyroid function
stimulating immunoglobulins 

The total generation of NADPH by G6PD in a particular thyroid cell can 
be measured by reacting tissue sections with G6P and NADPH in the 
presence of the intermediate hydrogen carrier, phenazine methosulphate 
(PMS), which transfers reducing equivalent quantitatively from NADPH to 
the final acceptor, neotetrazolium chloride, which on reduction precipitates 
as a formazan (Figure 3.5). The amount of formazan per follicle cell is again 
measured by microdensitometry. 

The advantage of this type of quantitative cytochemical study on the 
pentose shunt is that it permits an analysis of how reducing equivalents from 
NADPH are apportioned between growth activities (Eo of -320mV) and 
hormonelroduction activities (Eo of +170mV) involving the microsomal 
pathwayl. 

A detailed description of the methodology is given in references 13, 16 
and 17. 
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McMullan and Smyth lO adapted our methods for the G6PD-CBA, since 
they found that the reaction media described by us did not result in their 
laboratory in a separation of NADPH generation between TSH-treated and 
control thyroid segments. They optimized the reaction conditions at section 
thicknesses of lO1Lm, coenzyme NADP concentrations of 0.3mmol/l and a 
reaction time of 10-12 min. 

Rat thyroid follicle assay 

Efforts have also been directed at developing other more simplified methods 
for measuring TGI levels. 

Chiovato et al. 8 described an assay for measuring thyroid growth effects 
using [3H]thymidine incorporation into reconstituted rat thyroid follicles in 
suspension cultures. Although the assay is still labour intensive, it can be used 
for clinical studies since it requires less technical skill than the CBA; and 
isotope culture techniques are more widely available in clinical laboratories. 
The method is, however, far less sensitive than the cytochemical bioassays. Its 
limit of TSH responsiveness for growth is 11LU Iml whereas in the Feulgen 
CBA it is approximately 1000 times lower. 

For the assay thyroid follicles are prepared from rat glands as described by 
Nitsch and Wollman18 • Further detailed descriptions are given in reference 8. 

FRTL-5 assay 

A differentiated functional strain of rat thyroid cells in continuous culture has 
recently been described19 (the FRTL-5 strain). The cells allow measurement 
of cyclic AMP-stimulating autoimmune thyroid antibodies in serum samples 
from patients with Graves' disease nearly as effectively as human thyroid-slice 
and cell systems20 • Separate studies have also shown that the FRTL-5 cells are 
suitable for the measurement of growth stimulation, with the uptake of 
radiolabelled thymidine as a simple parameter. 

The cell line has an absolute requirement of thyrotropin for growth and 
they are grown in Coon's modified Ham's F-12 medium supplemented with 
5% fetal calf serum and a six-hormone mixture19• Detailed descriptions for 
the methodology of TGI detection in this system are given in reference 9. 

TGIIN GRAVES' DISEASE 

Most cases of Graves' disease have some enlargement of their thyroid gland, 
but the size of the goitre bears little relation to the amounts of thyroid 
hormone generated: about 10% of thyrotoxic patients have no goitre, yet the 
overproduction of thyroid hormones is such that they often present with 
clinically overt hyperthyroidism. For our initial s1udies on Graves' goitre we 
selected the two extremes of the spectrum and compared cases having large or 
moderate goitres, with patients with a just palpable or impalpable thyroid 
gland but proven elevations of serum T3 and T4 and an absent response of 
serum TSH to intravenous TRH. The Ig preparations from 17 out of 18 of 
such goitrous thyrotoxic cases stimulated DNA synthesis in the Feulgen CBA 
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when added in a fixed concentration of 125 fJ.g Ig/ ml to the culture system. By 
contrast the Igs from six non-goitrous thyrotoxics lacked such effects and 
were comparable to Igs from normal individuals. Though the assay system 
was not accurate enough to establish individual potencies of TGI (dose
response studies are a prerequisite for that, see earlier) we nevertheless found 
that the growth stimulus, expressed as the percentage of cells in S-phase, 
correlated fairly well with goitre size (r = 0.76). On the other hand, when we 
tried to match the severity of hyperthyroidism (pretreatment T3 levels), with 
in vitro DNA synthesis, the relationship was negative (r = 0.01). 

The growth stimulus was organ-specific since a TGI-positive Ig preparation 
from a thyrotoxic patient failed to increase the DNA synthesis in segments of 
stomach and parathyroid. 

Although LATS responses are not always proportional to clinical toxicity 
owing to coexisting lymphoid thyroiditis in some Graves' glands or to the use 
of mice as test animals, it does nevertheless measure hormone production in 
these animals. Therefore it was of interest that the height of the LATS 
response found positive in half our Graves' patients tested for TGI did not 
correlate at all (r = 0.16) with the growth stimulus present in the sera. Another 
interesting negative correlation was obtained when comparing TGI results 
with TBII data obtained with the radioligand test of Smith and Halfl. This 
test is positive in about 60-80% of Graves' patients and correlates in general 
with the cAMP stimulation test22.23 . 

With regard to the G6PD-CBA Ig preparations from 12 out of 14 Graves' 
disease patients with goitres stimulated the generation of NADPH. The Ig 
from five patients with Graves' disease but with minimal enlargement of the 
thyroid gland behaved like normal Ig and gave negative responses. In all 
specimens tested there was good correlation between the amount of DNA 
synthesis, measured by Feulgen CBA, and the generation of NADPH 
measured by G6PD-CBA (r = 0.71,p<0.OI). 

McMullan and Smyth confirmed this presence of Igs stimulating NADPH 
generation in goitrous Graves' disease lO • These authors additionally showed 
that antisera to human IgG significantly diminished the NADPH generating 
capacity of Graves' immunoglobulin while antisera to human TSH had no 
such effect. They also found in analogy to our previous mentioned studies 
that a positive response largely depended on the concentration of immuno
globulin used in the culture system: bell-shaped dose-response curves were 
obtained reaching maximal values at different concentrations; and TGI of 
goitrous Graves' disease was 10 times more potent than that of non-toxic 
goitre. In the isolated rat thyroid follicle assay of Chiovato, 68% of patients 
with goitrous Graves' disease were positive. Positivity was found in 
proportion with goitre size, but again showed no correlation with serum T3 
levels, or three accepted methods for measuring TSI, e.g. cAMP stimulation, 
LATS activity and the TBII assal. 

Using the FRTL-5 assay, Valente et al. 9 found that IgG preparations from 
117 of 156 patients (75%) with active Graves' disease could augment thyroid
cell growth. Performed in parallel with TSI assays (measuring cAMP levels), 
their occurrence was unrelated to this activity. The presumption of the 
authors was that the growth promoting activity was in some manner linked to 
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goitrogenesis, and in a preliminary series they found indeed a gross 
correlation between goitre sizes and TGI activity. 

All these data make it clear that distinct classes of Igs participate in the 
pathogenesis of Graves' disease. TSls stimulate thyroid follicle cells to 
produce excessive amounts ofT3 and T4, whereas TGI stimulates follicle cells 
to grow. 

TGI activity appeared in general independent of the action ofTSI. There is 
even evidence that TSI and TGI react with different domains of the TSH 
receptor. Valente et al. 24 generated human monoclonal antibodies from 
heterohybridomas obtained by fusing mouse myeloma cells with peripheral 
lymphocytes from patients with active Graves' disease. Four antibodies were 
characterized as presumptive thyrotropin receptor antibodies, since TSH 
specifically inhibited their binding to human thyroid membranes. Two of 
these antibodies were representative of autoimmune stimulators in Graves' 
disease, since they could stimulate thyroid function in several assays, 
including the mouse bioassay. These stimulating antibodies interacted 
strongly with ganglioside preparations but were poor inhibitors of TSH 
binding to the glycoprotein receptor component embedded in liposomes. One 
of the monoclonal antibodies stimulated thymidine incorporation in the 
FR TL-5 cell line and also showed positive results in the Feulgen CBA. This 
monoclonal TGI had no intrinsic stimulatory action in assays of thyroid 
function but rather inhibited thyrotropin activity in the assays. Although this 
antibody did not react with human thyroid gangliosides it inhibited the 
binding of TS H to the glycoprotein part of the receptor. This indicates that 
TGI may interact with domains on the TSH receptor differently from those 
reacting with TSI. 

The surface of cells is known to expose receptors for a wide variety of 
intercellular messages, including neurotransmitters, hormones, growth 
factors and lectins. The cellular responses to such chemical messages 
(increased function and proliferation) occur via and at intracellular sites. The 
adenyl ate cyclase system is one such site translating messages. However, it is 
confusing how one signalling system can serve mUltiple functions and other 
second messengers must be involved. Such new second messengers are now 
identified but knowledge is still scanty, and interactions between the systems 
have not fully been elucidated. The phosphatidyl-inositol turnover pathway 
is one such newly identified second messenger system. Protein kinase C plays 
a crucial role in this system in signal transduction for a variety of biologically 
active substances which activate cellular function and proliferation. When 
cells are stimulated, protein kinase C is transiently activated by diacylglycerol, 
which is produced in the membrane during the turnover of inositol 
phopholipids 7,25,26. 

The phosphatidyl-inositol turnover cycle is present in a variety of tissues -
including the thyroid27 - and is activated by numerous substances of different 
origin, most notably growth factors. 

We favour a hypothesis that there may be several TGls in Graves' disease 
and non-toxic goitre with specificities for more than one receptor, not only 
stimulating cAMP but also systems such as the phosphatidyl-inositol 
pathway. Such a concept is illustrated by our recent findings in a 
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collaborative double-blind study with Bliddal et al. (in preparation) on 
auto reactive thyroid antibodies in Graves' disease. This study focused on the 
mutual relationships between TBII, Igs stimulating cAMP and TGI, the latter 
quantitatively measured in dose-response. The correlation of these Igs with 
circulating thyroid hormones and the size of the goitre measured by an 
ultrasound technique was studied as well. The study confirmed that TGI 
correlates to thyroid volume (Figure 3.6). However, exceptions were noted in 
two patients with large goitres without TGI, and one patient having a very 
large gland with only intermediate TGI activity. These results indicate the 
complexity of goitrogenesis and underline the possibility suggested by Studer 
et al. 28 of large variations in the individual response to a goitrogen. 
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Figure 3.6 The correlation between thyroid volume determined by ultrasound and TGI in 
patients with untreated Graves' disease, n = 25, Rs = 0.54, p<0.03 

The correlation found in this study between TBll and Igs stimulating 
cAMP, though weak, is in agreement with previous studies22,23. The 
correlation between TBll and I§s stimulating cAMP with thyroid function 
has also been observed before29,3 ; other studies have, however, been negative 
in this respect31 • Ig stimulating cAMP did not correlate with goitre size, 
underlining the notion that cAMP is, in general, not involved in the pathway 
leading to proliferation. Previous attempts to correlate TGI to TBll in 
Graves' disease had been negative (see before). The results of the present 
double-blind study indicate, however, that the TBll assay probably measures 
both some TGI as well as some TSI (Figure 3.7). This is supported by the 
aforementioned experiments of Valente et al. on the monoclonal TBlls of 
which some were TGls, while others were TSls. 
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Figure 3.7 A. Thyrotropin-binding inhibiting immunoglobulins (TBII) in Graves' disease patients 
with goitre (I) and Graves' disease patients with no/ small goitres (II); B. Thyroid adenylate 
cyclase stimulating antibodies in the same patients; C. thyroid growth-stimulating antibodies 
(TGI) in the same patients 

The study with Bliddal et al. also included a group of patients developing a 
recurrent T3 thyrotoxicosis and further growth of their goitre despite PTU 
treatment. These patients with therapy-refractive Graves' goitre were 
characterized by a very large goitre, high pretreatment T3 levels and high 
levels of TBII and Igs stimulating cAMP. They did not differ in TGI activity. 
On the basis of the high level of Igs stimulating cAMP it might be suggested 
that the goitre growth during treatment in these particular cases is caused in 
addition to TGI by such Igs stimulating cAMP. Circumstantial evidence for a 
growth-promoting effect via cAMP-accumulation has been obtained in dog 
thyroid cell cultures, in which proliferation could be induced by forskolin and 
cholera toxin32. Also in the FRTL-5 cell line, a stimulation of [3H]thymidine 
incorporation has recently been reported after prolonged incubation with 
dibutyryl cAMP33. This is in contrast to studies which have indicated a 
separation of TSH effects on adenylate cyclase and growth20 • 

The findings of the collaborative study with Bliddal et al. highlight the 
complexity of the growth stimuli exerted by Graves' Igs and the pathways 
involved. 

TGI IN SPORADIC DIFFUSE AND NODULAR GOITRES 

The TGI results of the ten cases of euthyroid colloid goitres selected for our 
initial studies are shown in Figure 3.8. In these investigations we tested the Igs 
at fixed concentrations of 125 JoIg Igj ml culture fluid. 

The highest TGI values were seen in patients who had undergone subtotal 
thyroidectomies in the past and whose goitres had regrown after 1-5 years. 
All patients had been given prolonged therapy with thyroxine but their 
goitres had failed to shrink. There was no difference in TGI positivity between 
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Figure 3.8 Thyroid growth-stimulating immunoglobulins (TGI) in sporadic non-toxic goitres. 
Goitre controls: dyshormonogenic goitre patients, and patients with 'single hot adenomas' 

patients who had normal TRH responses and those with flat or absent 
responses. Unresponsiveness to TRH appears to depend on the amount of 
circulating T 3 in the patient, and in some of the non-toxic goitre cases this 
hormone was at the upper part of the normal range or even slightly above it. 
There were also cases amongst the ten patients where the TRH response 
returned to normal after being flat, yet at no time were there any clinical signs 
of hyperthyroidism. 

Recently we extended the studies on non-toxic goitre by testing 62 
consecutive cases (57 females, 5 males, living in London or Amsterdam, both 
non-iodine-deficient areas)34. Of these, 15 were classified as diffuse, 39 as 
multinodular and 8 as single nodules. Sera from these patients were tested for 
the presence of TGI by the Feulgen CBA. Forty-three (67%) were positive. 
Titres of TGI tended again to be high in nodular goitres that recurred after 
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partial thyroidectomy, and those with diffuse goitres and goitres with recent 
growth. Only three of 37 control Igs yielded positive results. These data 
suggest that in a large proportion of sporadic non-toxic goitres autoimmune 
processes are involved. Further evidence supporting this concept is our recent 
finding of defects in the T -suppressor cell system in such patients, which may 
underlie the exaggerated autoantibody production35 • 

We also tested some sera of the 62 patients in a cAMP assay and in the 
ultrasensitive TBII assay of Brown et aZ. 5. None of 20 serum samples studied 
showed cAMP stimulation, but there was some weak activity of some 
preparations for TBII; these responses, however, failed to correlate with the 
presence ofTGI. All diffuse cases showed a normal TRH test; around 40% of 
the multinodular cases had abnormal TSH responsiveness to TRH but this 
disturbance in thyroid function did not correlate with TBII positivity either. 
The lack of correlation between TG I and TBII, and the absence of Igs 
stimulating cAMP strongly suggest that the TGIs of sporadic goitre are either 
not TSH receptor antibodies or if they are, recognize antigenic determinants 
on the receptor differently from the TSH binding site. At present we know 
that TSH is not the sole stimulator of growth for thyroids in organ culture. 
HCG, O'-MSH and EGF have similar effects (Figure 3.9); the latter factor, 
however, induces a pattern of growth different from TSH, HCG and O'-MSH 
in that it also triggers the DNA synthesis of the connective tissue 
compartment. It is noteworthy that TGI does not stimulate the growth of 
connective tissue. 
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Figure 3.9 Dose-response curves for thyroid growth obtained in Feulgen CBA with hTSH, 
HCG, aMSH and EGF 
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Regarding the presence of TG I in non-toxic goitre, similar findings have 
been reported by Smyth et al. lO , testing Igs in their G6PD-CBA. TGI was 
found to be present in 68% of cases .. Their finding, that TGI, when present in 
non-toxic goitre, caused only a maximum increase in G6PD activity at a 
relatively high IgG concentration of 500 p,g/ ml culture fluid in the vast 
majority of their patients, confirms that TGI of sporadic goitre is about 10 
times less potent than that of goitrous Graves' disease (see before). 
Measurements of goitre size were not available in their studies, but a few 
non-toxic euthyroid patients whose Igs caused maximal increases in G6PD 
activity at relatively low IgG concentration of 50 p,g/ ml had very large goitres. 

The presence of relatively low activities of sporadic goitre TGI - as found 
by us and the group of Smyth - supports the concept of Studer et al. on the 
development of this thyroid anomaly. These investigators view the normal 
thyroid gland as composed of follicular cells that differ in their ability to 
synthesize thyroid hormones, to respond to TSH, and to replicate28 • If a 
relatively potent goitrogen acts upon such a normal heterogeneous gland, a 
diffuse enlargement will result showing both hypertrophy and hyperplasia in 
most acini (Graves' disease and diffuse non-toxic goitre). Conversely, 
multinodular goitres would develop when a relatively mild goitrogenic 
stimulus exerts its influence over a longer period, stimulating only those 
follicles with a relatively low threshold for growth. Such follicles may 
intrinsically possess a high or low basal metabolism for hormone production. 
Consequently, multinodular goitres will show wide differences in function 
between one follicle and the next, and differences in sizes, thyroglobulin 
content and other biochemical parameters. 

In this view mild stimulation of growth rather than of function is at the 
basis of the development of subclinical and clinically overt toxic multinodular 
goitre (Plummer's disease). Toxicity in these disorders will supervene only 
when the mass of intrinsically hyperactive cells with TSH-independent 
function surpasses certain limits. Indeed, Plummer in 191336 already noted 
that 'the onset of disease is usually insidious' and that the average interval 
between the detection of a goitre and 'the evidence of intoxication' was 14.5 
years in his patients with 'non-hyperplastic toxic goitre'. Recently we tested 
nine cases of Plummer's disease for the presence of TGI in the Feulgen 
CBA37; seven were found positive, TGI activities ranging from low to 
intermediate activity (Figure 3.4). Smyth et al. (personal communication) 
found similar data showing four of eight cases of toxic nodular goitres 
positive in the G6PD-CBA. They have argued on earlier occasions for 
Plummer's disease being related to autoimmune phenomena and based their 
assumption on the detection of low levels of TSI in six out of six cases, as 
detected by the ultrasensitive LNA-se CBA. They found similar TSls in non
toxic multinodular cases with a flat TSH responsiveness to TRH. The 
significance of such TSls in Plummer's disease and subclinical hyperthyroid 
multinodular goitres is unknown. It is possible that these TSls when arising in 
relatively longstanding non-toxic goitres, may contribute to the development 
of hyperthyroidism by a functional stimulation of the nodules grown under 
the influence of TGI. Some of these nodules may already function 
independently from the action of TSH due to a relatively high intrinsic 
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metabolism. A concept that some TSI is involved in subclinical 
hyperthyroidism in some of the sporadic goitres may explain cases where 
TRH responsiveness returned to normal after being flat since levels of TSI 
may fluctuate (see for further illustration Table 3.1). 

Table 3.1 TRH responsiveness and TGI 

Euthyroid Hyperthyroid 

Goitre Diffuse Multinodular Multinodular 
TRH test Normal (n = 9) Normal (n = 14) Flat (n = 10) Flat (n = 7) 

Age 29 48 60 67 
(median, years) 

Goitre duration 5 15 19 Not known 
(median, years) 

Serum T3 (nmolfl) 2.1 ± 0.2 1.8 ± 0.8 3.3 ± 0.8 3.5 ± 0.3 
Serum T. (nmolfl) 121 ± 24 110 ± 24 129 ± 29 213 ± 40 

TGI Clearly positive Positive in 60-70% Positive in 60-70% 
(Feulgen and in practically all of patients of patients 
G6PD-CBA) patients 

TSI Trace amounts in Trace amounts in half Some weak activity 
(LNA'se and type I half the patients the patients in all patients 
hydrogen CBA) 

Genetic trait z ax (g) Km(l) Not done 

Recent reports have suggested that not only patients with sporadic but also 
those with endemic goitres may have growth-promoting antibodies. Schatz et 
al. found 14% of such cases ~ositive in the Giessen area, using an isolated 
porcine thyroid follicle assayl , whereas a 50-60% positivity was reported in 
cases from Tuscany and Brazil by Kohn et al. 38, using the FRTL-5 assay. The 
antibody profile of these latter endemic goitre cases is, however, different 
from that observed in sporadic goitre cases, since around 60% were 
additionally positive for Igs stimulating cAMP synthesis. Iodized oil 
treatment resulted in a disappearance of TGI and TSI from the circulation of 
almost every patient initially positive. The possibility thus exists, that the 
thyroid autosensitization in this syndrome might earlier be the consequence 
rather than the cause of the thyroid enlargement. Nevertheless, these findings 
highlight what appears to be a potentially fascinating relationship between 
intrathyroidal metabolism and thyroid autoimmunity. 

Igs BLOCKING THYROID GROWTH IN THYROID ATROPHY 

Autoantibodies capable of blocking the cAMP stimulation produced by TSH 
(TSI block) were described in sera from thyrotoxic patients31 and later in 
patients with primary myxoedema39- 41 • Blocking antibodies for the growth 
pathway (TGI block) are also present in sera of patients with thyroid 
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atrophy42: when Igs from these patients are incubated together with TSH in 
Feulgen CBA, they depress the cell division stimulated by the hormone. 

Mothers with thyroid atrophy occasionally give birth to babies with a 
familial form of congenital athyreotic cretinism. Goldsmith et al.43 were the 
first to study such a family in detail. Thyroid suppression was present in all 
six offspring of a myxoedematous mother showing positive thyroid 
microsomal antibodies. Two of the siblings died in the neonatal period. 
Although hypothyroidism was transient in two of the remaining offspring, all 
were mentally and physically retarded at a later age, despite full T4 
replacement therapy. To account for the familial clustering of this form of 
cretinism, the authors postulated the transplacental passage of a 
'thyrocytosuppressive' factor in addition to thyroid microsomal antibodies. 

More recently, Japanese investigators provided the evidence for the 
transplacental passage of a TBII capable of blocking TSH-induced adenylate 
cyclase stimulation and interfering with thyroid hormone synthesis39,40. The 
maternal antibody was present in high titre in the siblings at 2 months of age. 
The levels decreased at 3 months and tests were negative at approximately 10 
months of age. These children had only mild transient forms of congenital 
hypothyroidism. 

We have studied a Turkish family in which four members (two sisters, an 
aunt and an uncle) were affected by more persistent forms of congenital 
hypothyroidism44. In three, the thyroid gland could not be seen by radioactive 
thyroid imaging. The mother of the two sisters was clinically euthyroid 
throughout the period of observation, but showed high levels of microsomal 
antibodies in addition to Igs that blocked the trophic action of TSH. The 
serum of the father was weakly positive for microsomal antibodies. The 
maternal growth-blocking antibodies underwent transplacental transfer in the 
younger child. The older sibling, the aunt and the uncle produced growth
blocking antibodies themselves and may thus represent forms of thyroid 
autoimmunity with a very early onset. 

The Turkish family appeared to have many features in common with the 
earlier reported Cincinatti family, the Japanese family and a Swedish family45 
(see Table 3.2), but differed, however, also in several aspects. Though positive 
for microsomal antibodies and TGI-block the Turkish mother never showed 
any clinical or biochemical signs of primary myxoedema, except for a raised 
TSH during her second pregnancy. This is puzzling: the data may speak for a 
subclinical symptomless thyroiditis that may later progress to hypo
thyroidism. Furthermore, the cause of the disease of the two Turkish siblings 
differed from that of the siblings of the Japanese families, who had only 
transient forms of hypothyroidism. The cretinism of the Turkish infants was 
persistent and more or less similar to the disease form observed in the 
Cincinatti family where the first two infants died, and the remaining four 
siblings were still clearly disturbed at later ages. They are also comparable to 
the majority of sporadic CHT-cases (vide infra). 

Furthermore, it is important to note that the Turkish sera containing the 
growth blockers of immune origin did not compete with hTSH for its 
receptor. 

The family studies indicate that familial forms of congenital hypo-
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thyroidism are complex and, at least in some cases, may be brought about by 
transplacental passage of thyroid receptor antibodies, whereas others may be 
associated with the inheritance of a trait for thyroid autoimmunity. 

Intriguing are recent data on TGI-block in sporadic forms of congenital 
hypothyroidism46. This disorder has a prevalence of about I to 4000 live 
births in iodine-replete areas. Most industrialized countries screen all 
newborns for the presence of this disease in an attempt to eradicate the 
permanent neurological sequelae of delayed T4 replacement therapy. The 
pathogenesis of sporadic congenital hypothyroidism is largely unknown. 

Of 34 mothers of infants detected in the Quebec screening programme 
(1979-1983) 15 serum samples were positive for TGI block when tested in the 
ultrasensitive Feulgen CBA. At childbirth, all mothers were clinically and 
biochemically euthyroid. In general, the blocking Igs were found in the 
absence of thyroid microsomal antibodies. Two mothers, however, had 
significant tit res of antimicrosomal antibodies and thus had an autoantibody 
profile similar to that which characterizes adult thyroid atrophy. They were 
the only two mothers who became hypothyroid in a follow-up of 1-3 years, 
and their infants can be considered to be affected by familial congenital 
hypothyroidism. Sixteen postpartum infant blood samples from the Quebec 
programme were also available for study; eight were positive for Igs that 
blocked TSH-induced thyroid growth. There was a generally good 
correlation in the positivity for these Igs between mothers and their own 
children. 

Seven mothers with positive sera were tested up to 3 years after childbirth, 
when the results for four of the seven were negative. This suggests that 
blocking Igs may disappear from the maternal circulation in the course of 
time. 

The data from the Quebec series raise the possibility that a transplacental 
passage of maternal Igs influencing processes of thyroid growth may play a 
role in the pathogenesis of a substantial proportion of cases of sporadic 
congenital hypothyroidism. 

After our initial report Drs Dussault and Bernier described another variety 
of thyroid-reactive Igs, present in mothers of children with thyroid agenesis or 
ectopy47. It is confusing that these Igs acted as stimulators of TSH-mediated 
1251 uptake in cells of the rat thyroid cell-line FRTL-5. Since the 1251 uptake 
assay is relatively simple and all of 20 mothers tested positive, the authors 
proposed to investigate the use of the test in a prenatal screening of pregnant 
women to predict birth of CHT infants. 

Also to devise a practical method for prenatal screening, we have recently 
looked into the presence of yet another variety of thyroid reactive antibodies 
in CHT mothers, e.g. antibodies to second colloid antigen (CA2). Such 
antibodies have been reported as early as 1961 in CHT48. CA2 antibodies are 
detected by way of indirect immunofluorescence on methanol-fixed human 
thyroid sections. Around 40% of our earlier reported Canadian series of 
mothers (e.g. 14 in 35) were positive, versus a positivity of 8% (1 in 12) in 
normal pregnancies. The presence of CA2 antibodies showed a positive 
correlation to the presence of thyroid growth-blocking Igs (Table 3.3, i = 
9.32; p<O.O I). 
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Table 3.3 Contingency table between presence of CA2 antibodies and the presence of thyroid 
growth-blocking Igs 

TGI block + ve T/G block - ve 

CA2 antibodies + ve 9 5 

CA2 antibodies - ve 3 18 

Regarding a more precise prevalence of the Feulgen CBA growth-blocking 
antibodies in CHT we have found uptil now 9 in II (80%) of Dutch cases 
positive when employing the sensitive, but time-consuming cytochemical 
bioassay in dose-response. 

The way we view these findings on the separate thyroid reactive Igs in CHT 
is that the maternal autosensitization apparently affects several thyroid 
functions. There is (a) stimulation of TSH-mediated 1251 uptake in all or 
almost all of the cases; (b) blockade of TSH-induced thyroid growth in 
around 80%; and (c) sensitization to a colloid component in 40%. The 
possibility thus exists that the immune reaction is polyclonal, as in Graves' 

• • TSH 0.3 uU/m1 

0·---·--·--·-0 HCG 5 U/m1 
0-. __ .-0 EGF )009:",1 

Growth factor + + + + + 

Ig 125 ug 30 ug 62 U9 1.25 ug 250 u9 
hea lthy MHC MHC MHC MHC 
individual 

Figure 3.10 Dose-response curves for the blockade by an Ig preparation from a mother of a 
congenital hypothyroid child of thyroid growth induced by hTSH, HCG and EGF 
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disease24 , and directed to a variety of epitopes. 
The thyroid-reactive immunoglobulins need not necessarily be directed to 

the TSH receptor itself but may change the function and conformation of the 
receptor by reacting with a close domain or membrane component. Such a 
mechanism of action has been proposed earlier for Igs blocking TSH
mediated cAMP stimulation in primary myxoedema49 • It is indeed a fact that 
antibodies competing for radiolabelled TSH with its receptor are absent or 
very rare in primary myxoedema and sporadic CHT (in our series, none). 
These notions may imply that not only TSH-mediated growth will be affected 
by the maternal antibodies but also growth induced by other hormones. This 
has prompted us to a further investigation on growth-blockade potential of 
the Igs and we have found that they also abolish growth of thyroid cells 
induced by stimulators such as EGF, HCG and a-MSH (Figure 3.10). Thus it 
is likely that Igs present in mothers giving birth to CHT babies are not 
primarily directed to the TSH receptor, but to other membrane components. 
The triggering of such 'receptors' apparently exerts negative influences on 
thyroid growth in general, whereas at the same time positive effects are 
evident on iodine accumulation. Further studies will elucidate whether a 
prenatal screening for CHT is within reach, employing assays for the 
detection of such maternal thyroid-reactive immunoglobulins. 
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4 
Islet Cell Antibodies 
S. BAEKKESKOV, M. CHRISTIE AND A. LERNMARK 

INTRODUCTION 

Over the last 30 years evidence has accumulated to suggest that autoimmune 
mechanisms are involved in the remarkably cell specific destruction of 
pancreatic ,a-cells preceding the clinical onset of insulin-dependent diabetes 
mellitus, 100M, in man. 

Small lymphocytes, inflammatory cells forming an insulitis, are present 
within the islets of Langerhans in 100M patients of short duration l-3, found 
preferentially in islets where ,a-cells still remain4. Cellular hypersensitivity to 
pancreatic antigens has been observed5 and there is a high prevalence of islet 
cell autoantibodies at the time of onset6,7 and even in the period preceding the 
clinical manifestations of the diseases-II. Furthermore, the susceptibility of 
developing the disease seems to be associated with certain alleles of the HLA
O/OR locus in man which frequently is associated with autoimmune 
disorders. In 100M 93-98% of the patients have the HLA-OR3 and/ or 
OR4 specificities I2,13. These phenomena distinguish 100M from non-insulin
dependent diabetes mellitus (NIOOM) which presents a different category of 
diabetes. In this chapter it is our aim to review the state of knowledge of the 
main immunological aberrations observed in 100M patients (Table 4.1) and 
discuss which mechanisms can lead to the ,a-cell destruction, as well as how 
possible future therapies may be aimed at preventing this destruction. 

ISLET CELL ANTIBODIES 

The antibodies present in serum of 100M patients have mainly been 
demonstrated using indirect immunofluorescence on either frozen or fixed 
sections of human pancreas (from blood group 0 donors to prevent 
interference from isoagglutinins)14 or on living islet cells in suspensionl4. The 
first method detects antibodies reacting with the cytoplasm of islet cells 
referred to as islet cell cytoplasmic antibodies (lCCA); the latter detects islet 
cell surface antibodies (lCSA). Furthermore, islet cell antibodies have been 
demonstrated by their ability to mediate complement dependent lysis of 
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Table 4.1 Evidence of enhanced activity of the immune system in 100M 

Humoral immunity 
Antibodies to the /3-cell surface 
Antibodies to islet cell cytoplasmic components 
Increased level of autoantibodies to other tissues 

Cellular immunity 
Lymphocyte infiltration (insulitis) in the islets 
Cellular hypersensitivity to pancreatic islets 
Signs of polyclonal activation 

Reference 

27,30,37 
17 
44 

I 
5 

45 

viable islet cells 15 and by their ability to specifically immunoprecipitate islet 
cell antigens 16. 

Islet cell cytoplasmic antibodies 

Islet cell cytoplasmic antibodies are the most extensively studied 
immunological phenomena in 100M patients. They were first discovered in 
197417,18 in sera from 100M patients with polyendocrine autoimmunity and 
later detected in the majority (60-90%) of newly diagnosed Caucasian 
patients l9,20 and at a lower percentage in Japanese 100M patients21 . In most 
cases these antibodies tend to disappear with time so that only 20% of 100M 
patients are still positive 3 years after onset ofIOOM I4. However, in patients 
with polyendocrine autoimmune disorders ICCA titres seem to sustain22,23. 
The immunofluorescence reaction, whether detected using fluorescent 
secondary antibodies to human IgG or using a sandwich of complement 
factor C3 and a fluorescent antibody to C3 (complement fixing antibodies, 
CF-ICCA), is positive for the cytoplasm of all endocrine cell types in the islet. 
It is therefore difficult to envisage that these antibodies can be responsible for 
the cell specific destruction of the f3-cells. 

It has been suggested that ICCA may be the result of a secondary immune 
response phenomenon initiated by the exposure of cytoplasmic components, 
common to all endocrine cells in islets, being released from f3-cells damaged 
by a primary destruction mechanism. However, the antibody reaction 
demonstrated by this method may comprise several types of antibody 
molecules including some of f3-cell specificity. The presence of ICCA in serum 
several years before clinical onset of 100M, and at the same time as a 
progressive decrease of f3-cell function as estimated by the intravenous 
glucose tolerance test (IVGTT) is observed, suggests that these antibodies are 
a possible indicator of ongoing or preceding f3-cell destructionll,24. 
Furthermore, recent data suggest that a high ICCA titre at diagnosis or 
within the first 3 months of insulin therapy may be a useful predictor of a 
more rapid loss of residual f3-cell function resulting in increased insulin 
dosage requirements25 . The sensitivity of the islet cell cytoplasmic antibody 
assay is dependent on several non-standardized factors including the quality 
of the pancreas specimen, immunological reagents and inter-observer 
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variability. An international workshop on the standardization of these 
antibody tests was recently held26 with the major goal of establishing standard 
assay conditions for not only qualitative but also quantitative ICCA 
determinations using end point titres. Standardization of the assay in the 
future will hopefully allow reliable inter-laboratory comparisons of ICCA 
measurements. 

Islet cell surface antibodies 

Antibodies reacting with the surface of viable dispersed mouse and rat islet 
cells were demonstrated in the serum of 20-30% of 100M patients and 2-4% 
of control subjects in 197827 . Prior to that a much higher prevalence of 
antibodies had been demonstrated by testing binding to the surface of 
cultured human insulinoma cells no longer producing insulin28 . The islet cell 
surface antibodies show up in the microscope as a ring of fluorescence at the 
cell margin. The highest prevalence (60%) was found prior to the initiation of 
insulin therapy and diminished thereafter with increasing duration of 
diabetes29 . In young diabetics these antibodies have been shown to be f3-cell 
specific30. The presence of ICSA is not always concordant with the presence 
of ICCA3!-33 indicating that they may recognize different antigenic epitopes. 

ICSA but not ICCA can mediate a complement-dependent cellular 
cytotoxic reaction using rat islet cells, rat insulinoma cells or hamster islet 
cells as tar~ets34-36. Cytotoxic antibodies were detected in 40-60% of 100M 
patients34- 6 and the lysis of cells was specific for f3-cells37. The pathogenetic 
importance of the ability of ICSA to confer complement-dependent lysis of 
f3-cells was questioned on the basis of the high prevalence of the cytotoxic 
antibodies in non-diabetic first degree relatives of 100M probands (25%)34. 
However, this prevalence was only 2% in a more recent study35. 

Although it has been demonstrated that ICSA are organ but not species 
specific27 , it is likely that the sensitivity of ICSA detection would increase if 
freshly isolated human islet cells were used as targets. In a study using 
cultured neonatal human islets nine of 11 newly diagnosed 100M patients 
were found ICSA positive3l . Thus, the prevalence of ICSA may be higher in 
newly diagnosed 100M patients than measurements using non-human islet 
cell material indicate. The possibility also exists that 100M patients who 
are ICSA negative at clinical onset may have been ICSA positive during the 
long period of progressive f3-cell destruction which can precede the clinical 
onset. A period of vigorous destruction of the f3-cells may be followed by a 
slow destruction process with a low immunoreactivity. The clinical onset is a 
result of destruction of f3-cells to such an extent that the remaining f3-cell 
population can no longer meet the physiological requirements for insulin. It 
can be suggested that the individual may stay at the lower threshold for some 
time until a situation which calls for a higher insulin demand (e.g. stress) 
arises and the symptoms of insulin deficiency appear. 

Immunoglobulin fractions purified from 100M sera have been shown to 
inhibit glucose-stimulated insulin release both in vitro and in vivo38,39. This 
could indicate that the antibodies interfere somehow with the glucose 
recognition mechanism of the cell, although that remains highly speculative. 
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TARGET ANTIGENS FOR ISLET CELL ANTIBODIES 

Antibodies to various non-J3-cell specific rriolecules have been reported at an 
increased prevalence in 100M patients. This includes antibodies to tubulin40, 
insulin receptor41 , single stranded and double stranded ONA42,43, intrinsic 
factor44 and thyroglobulin44. 100M patients have signs of polyclonal 
activation of B-lymphocytes45 and the increased antibody titres to various 
antigens may be a result of this. Since none of these proteins are J3-cell 
specific, the role of such antibodies in the pathogenesis of 100M is 
questionable. If autoimmune reactions are responsible for a J3-cell specific 
destruction, the immune response must be directed to a protein which, at least 
at the time of the immune aggression, is expressed at the surface of the J3-cell 
and on no other cells accessible to the immune system. Furthermore, if such a 
protein is the target of a primary specific immune response to J3-cells, the 
antibodies should be detectable before clinical onset of 100M and even 
before the appearance of ICCA and a decrease in J3-cell function as measured 
by IVGTT. Using detergent lysates of [35S]methionine-labelled human islets 
as a source of antigen, nine out of ten newly diagnosed 100M sera were 
shown46 to recognize a human islet cell protein of M, 64000. This protein is 
amphiphilic47 and therefore possibly a membrane protein, an observation 
supported by the fact that antibodies to it were primarily detected in sera 
positive for J3-cell specific ICSA. This protein was neither detected in freshly 
isolated human peripherallymphocytes46 nor in II different endocrine and 
non-endocrine human cell lines indicating a cell restricted expression of the 
protein47. In a recent investigation48 , antibodies to the M, 64000 protein were 
studied in patients who had been followed before the clinical onset of 100M, 
due to an impaired glucose tolerance test or a family history of 100M. In 
eight out of 12 patients, M, 64000 antibodies were already present in the first 
serum sample available, 4-91 months before the clinical onset of 100M 
(Figure 4.1). In some cases M, 64000 antibodies appeared before ICCA 
and/ or abnormal glucose tolerance could be detected. One individual 
progressed from a M, 64000 antibody negative to a highly positive state in the 
period from 70 to 55 months before clinical onset of 100M. Three patients 
were designated negative in the observation period. These data support the 
conclusion from ICCA and IVGTT studies, that the clinical onset of 100M 
is preceded by a very long prodromal period of aberrant immune reaction to 
J3-cells and a progressive decrease in J3-cell function. The incidence of the M, 
64000 antibodies was 86% in 28 100M patients, 100% in seven first degree 
relatives with prediabetic indications (ICCA and/ or abnormal glucose 
tolerance) and 6% in 34 apparently healthy individuals49. The function of this 
protein in J3-cells is not known. 

Insulin antibodies may have been detected in newly diagnosed 100M 
patients50,51 before the initiation of insulin therapy. Whether these antibodies 
are the result of a polyclonal B-lymp'hocyte activation or structural changes in 
the insulin molecule is unknown. The response might also be elicited by the 
release of proinsulin into the circulation during destruction of J3-cells. 
Proinsulin may be immunogenic because it is normally hidden within the cell 
and tolerance may not have been created during neonatal life. Its release 
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Prospective analysis of Mr 64000 
antibodies before the clinical onset of 100M 

PATIENT 

3+ 3+ 

2 3+ 3+ 

3 3+ 3+ 

4 3+91-

5 2+ + + (+) 

6 2+ 2++2++ 

7 2+21-

8 + + 

9 (+)(- + 

10 (+) 

11 (+) 

12 (+) 

8 7 6 5 4 3 2 . 1 O=IDDM 

YEARS BEFORE CLINICAL ONSET OF 100M 

Figure 4.1 Immunoreactivity to a M, 64000 human islet cell antigen in sera from 12 IDDM 
patients followed for 4-91 months before clinical onset. Degree of M, 64000 antibody reactivity 
was estimated from the intensity of the C5S]methionine-labelied M, 64000 antigen band on 
flu oro grams of immunoprecipitates analysed by sodium dodecyl sulphate gel electrophoresis. 
Immunoreactivity was scored on a 0-3+ scale 

could stimulate an immune response including production of antibodies 
which cross-react with insulin. Both the Mr 64000 protein and insulin seem to 
satisfy the criteria of being fJ-cell specific and insulin may be detected in the 
plasma membrane of fJ-cells during exocytosis. 

GENETIC AND ENVIRONMENTAL FACTORS 

Genetic studies have shown a strong association between IDDM and certain 
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MHC loci in man. The strongest association is found to the HLA OR3 
and/ or 4 tissue types I2,13. The relative risk of developing 100M is higher in 
HLA OR3/0R4 heterozygotes than in HLA OR3/0R3 or HLA OR4/0R4 
homozygotes, indicating that the susceptibility factors associated with each 
haplotype differ from each other and are cumulative (Table 4.2). Since 57-
58% of the British or Oanish population is HLA OR3 and/ or 4 positive and 
the prevalence of 100M is about 0.3% in these countries, it is obvious that the 
HLA OR3 and HLA OR4 tissue types are not themselves a genetic marker 
for 100M. More likely, these OR specificities are in close linkage to a gene 
conferring the susceptibility to develop 100M. Molecular cloning of the 
HLA-O region in man has revealed additional loci within this region 
including the HLA-DP and OQ loci and probably others as well52 • Thus 
HLA OR identical individuals may differ at the HLA OP and/ or OQ loci. 
Each of these loci code for one or more a and one or more fJ-chains which 
together in pairs constitute the MHC-class II HLA-O or la antigens. 
Molecular genetic analyses indicate that certain structures within HLA-OQ 
fJ-chain gene(s) may be more closely associated with 100M or in a more 
close linkage to a possible 100M susceptibility gene than the HLA-OR 
specificity53-55. Although family studies show that genetic factors are involved 
in the development of 100M, studies of monozygotic twins show only a 50% 
or less concordance for IOOM56,57. This indicates that, although 100M 
susceptibility genes are inherited and present, an additional factor from the 
environment is necessary for the disease to develop. 

Table 4.2 HLA-DR association with 100M 

HLA-DR IDDM Controls Relative 
determinant (%) (%) risk 

3/4 51 6 14.3 
3/X 20 24 0.8 
4/X 27 28 1.0 
X/X 3 42 0.1 

3 and/or 4 98 58 1.4 

Data from ref. 13. X denotes DR-types other than 3 
or 4 

In spite of an intensive search, a fJ-cell cytotoxic diabetogenic factor has 
not been identified. The seasonal variation in new cases of 100M indicates 
that some kind of infectious agent may be involved. Twenty per cent of 
children exposed to congenital rubella will later develop IOOM58 and 
Coxsackie B4 virus has been isolated from the pancreas of a child that died 
after acute onset of IOOM59• Several other candidates including mumps 
virus, reoviruses, retroviruses and encephalomyocarditis virus have been 
implicated in the aetiology of 100M (see 60 for review). In animal models 
some viruses including encephalomyocarditis virus and Coxsackie B viruses 
can exert their effect by direct fJ-cell damage while infection with other viruses 
may result in the development of autoimmunity and polyendocrine disease 
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including ID D M61. Furthermore, the cumulative effect of ,B-cell toxins like 
alloxan and streptozotocin and a virus infection can result in IDDM in mouse 
strains otherwise resistant to virally induced IDDM62. 

MORPHOLOGY 

In pancreases inspected shortly after diagnosis of IDDM, invasion by small 
lymphocytes is seen within the islets, primarily in association with ,B-cells, and 
,B-cells are specifically lose-4. In a pancreas from a patient who died at 
presentation, monoclonal antibodies to different lymphocyte subsets 
demonstrated the presence of many cytotoxicj suppressor T-cells as well as a 
small number of T -helper cells and natural killer j killer cells. B-lymphocytes 
actively synthesizing immunoglobulins were also detected. Some islets were 
coated with IgG on the outer membranes. Furthermore, increased expression 
of HLA-DR was observed on vascular endothelium. Some ,B-cells, but not 
glucagon or somatostatin cells were HLA-DR positive. In the BB-rat, which 
is an animal model that develops IDDM with many similarities to that of 
man64 , prospective immunohistological studies of pancreas using monoclonal 
antibodies to various lymphoclte subsets as well as MHC-class II, la, 
molecules have been performed6 . The first change observed was an increased 
expression of la antigens on vascular endothelium. Then activated T-helper 
cells appeared around blood vessels in the pancreas and converged on islets. T 
cytotoxicj suppressor cells and B-lymphocytes in the pancreatic infiltrates 
increased proportionately with rat age. Macrophages were also detected. Ia 
expression was observed on ,B-cells at a late stage of destruction, while no 
expression was detected on glucagon or somatostatin producing cells. The 
BB-rat studies may provide an important indication of the sequence of events 
resulting in the formation of insulitis. 

Before we go into details of which mechanisms may lead to an immune 
response to ,B-cells, it may be helpful to summarize concepts of an 
autoimmune response. 

AUTOIMMUNE RESPONSE 

The major function of the immune system is to recognize and discriminate 
between self and non-self. When the immune system encounters a foreign 
antigen stimulus, the antigen is processed and presented on the surface of an 
antigen-presenting cell together with MHC class II antigens, the HLA-D or Ia 
antigen. T -helper cell clones with a T-cell receptor specific for epitopes on the 
foreign antigen recognize and bind the complex of la antigen and foreign 
antigen and proliferate to yield help to effector cells which can be cytotoxic 
T-cells andj or B-lymphocytes of the same antigen specificity. Regulatory 
T -cells, the T -suppressor cells, inhibit the effector arm of the immune system. 
These events in the immune response are schematized in Figure 4.2. Cytotoxic 
T -cells can mediate a killing of cells expressing the antigen, and B
lymphocytes proliferate to plasma cells producing antibodies which recognize 
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and bind the antigen either in circulation or membrane bound. Antibodies 
bound to the surface of cells can mediate complement-dependent cell killing 
or be recognized by killer cells which mediate the killing. Several growth 
factors and signals participate in the different events of the immune response 
(see 66 for review). 
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@ 

Figure 4.2 Schematic representation of a T-cell mediated immune response. T H: T-helper cells; 
APC: antigen presenting cells; Ts: T-suppressor cells; Tc: cytotoxic T-cells; Ia: MHC-class II 
antigens 

During fetal andlor neonatal life the immune system becomes tolerant to 
self-antigens. The mechanisms by which the immune system is rendered non
reactive to self-antigens may include control by immuno-regulatory T
lymphocytes, the T -suppressor cells, and I or clonal deletion of auto reactive B
andlor T-helper cells. In neonatal life, suppressed Ia expression may be a 
mechanism to generate T-suppressor cells and not T-helper cells since the 
T-suppressor cells may recognize antigen without Ia whereas T-helper cells 
have to see Ia antigen on antigen-presenting cells67 • Clones of B-Iymphocytes 
to antigens which are present at high concentrations in the circulation are 
probably deleted while B-Iymphocyte clones to minor antigens or antigens 
which are normally hidden inside cells may remain but are kept silent by 
regulatory means, lack of T -helper cells and / or control by T -suppressor cells. 
For some minimal antigens T-helper cell clones seem to be deleted68 • Low 
levels of autoantibody production may be detected in apparently normal 
individuals69 • Autoreactive B-cell clones may be pushed into production of 
antibodies by experimental methods. A classical example is the immunization 
with thyroglobulin, usually with an adjuvant, resulting in autoantibodies to 
thyroglobulin and pathological conditions which resemble chronic thyroiditis 
and related thyroid disorders in man 70. An example of autoreactive B-cell 
clones active at low levels in a normal situation are those participating in the 
idiotypic network as foreseen by Jerne71 • Immunization with a receptor ligand 
may result in a production of autoantibodies to the combining site of the 
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receptor via the anti-idiotypic pathway72. 
In a healthy individual proliferation of autoreactive clones is under a tight 

regulatory control. The knowledge of mechanisms resulting in breakdown of 
control and a pathological autoimmune condition is limited but several 
theories have been put forward and are summarized in Table 4.3. A defect in 
T-suppressor cells can result in breakdown of regulation of autoreactive 
clones. Analysis of function and levels of circulating T-suppressor cells in 
IDDM patients has yielded conflicting results (see 73 for review). Analysis of 
,a-cell auto antigen-specific T -suppressor clones has not as yet been feasible. 
Unresponsiveness to self can be generated by elimination of T -helper cell 
clones specific for self-antigens. However, T-helper cell clones generated 
against antigens of infectious agents may cross-react with self-antigens and 
activate existing autoreactive B-Iymphocyte clones. For instance, cross
reactivity between antigenic determinants of Yersinia enterocolitica and the 
thyrotropin (TSH) receptor has been demonstrated. An increased frequency 
of new cases of Graves' disease, where the patients have antibodies against the 
TSH receptor, is seen after epidemics of Yersinia74 • Some ofthe viruses which 
have been implicated as causative agents for IDDM (e.g. mumps virus, 
rubella virus and Coxsackie viruses) might sensitize T-helper cells cross
reacting with a ,a-cell auto antigen. A diabetogenic virus is difficult to identify 
since it may initiate a process of aberrant immune reaction to ,a-cells several 
years before clinical onset. Therefore, no traces of the virus may be left at the 
time of diagnosis of IDDM. Sequence homology studies between ,a-cell 
antigen(s) and viral or bacterial proteins may, once such information becomes 
available, give indications of possible cross-reacting infectious agents. 

Table 4.3 Breakdown of tolerance to self-antigens: autoimmunity 

( I) Loss of suppression 

(2) Changes in structure or expression of self-antigens 

(3) Abnormal expression of MHC-cJass II (HLA-D/la) antigens 

(4) Acquisition of abnormal T-cell help 

(5) PolycJonai B-cell activation 

(6) Disturbances in the idiotypic network 

Chemicals, infectious viruses or bacteria could theoretically modulate an 
islet cell antigen resulting in altered self. Changes in the concentration of an 
auto antigen in the circulation or at the cell surface, caused by chemicals or 
infectious agents and resulting in tissue damage or induction of antigen 
expression, could lead to imbalance in the homoeostasis of the immune 
system and evoke an immune response. Quantitative increases in class II 
expression may A'lay an important role in induction of immunologically 
mediated disease . Furthermore~ certain Ia antigens may have a better ability 
to associate with a given antigen 6 in such a way that they initiate the highest 
response from T-helper cells. Certain as yet unidentified alleles of the MHC 
locus in man in linkage disequilibrium with the HLA-DR3/4 tissue types may 

81 



IMMUNOLOGY OF ENDOCRINE DISEASES 

associate with an invading antigen and/ or fJ-cell autoantigen-presenting cell 
in such a way that an immune response to an otherwise tolerated fJ-cell 
antigen is induced. That the class II antigens in fact playa very important role 
in the generation of autoimmunity is indicated by the observations that a 
mutation in mouse class II antigen determinant can change a susceptible 
mouse strain into an experimental autoimmune Myasthenia Gravis resistant 
strain 77. Furthermore, monoclonal antibodies to class II antwens were shown 
to prevent experimentally induced autoimmunity in animals ,79, an approach 
which recently was used to prevent diabetes in db/ db mice80• 

Theories have been put forward to suggest that endocrine autoimmunity 
may be initiated by an aberrant expression of MHC class II antigens on 
endocrine cells, which then act as antigen-presenting cells for their own 
surface antigens81 • However, the prospective studies of pancreas of the BB-rat 
indicate that Ia antigen expression on fJ-cells is a late event in the destruction 
process65 • Whether Ia expression in islets is an initiating factor for an 
autoimmune reaction against fJ-cells or whether such expression is 
instrumental for maintaining a chronic antigen expression and inflammation 
in the islets is a matter for debate. 

POSSIBLE MECHANISMS OF AUTOIMMUNE B-CELL DESTRUCTION 

Although the exact mechanisms involved in the pathogenesis of IDDM are 
not clear, it is possible to speculate as to the sequence of events that may lead 
to the onset of the disease. One can envisage that a key event leading to an 
immune reaction against the fJ-cell may be the acquisition of T -helper cells to 
viral or bacterial antigens (presented during an infection) that cross-react with 
a fJ-cell surface component (e.g. the Mr 64000 antigen). However, other 
environmental factors may act to initiate the autoimmune fJ-cell destruction. 

Events leading to the clinical onset of IDDM can be considered to progress 
in four phases. The first phase consists of a bodywide immune response to a 
virus or bacteria having antigenic epitopes that cross-react with a fJ-cell 
surface antigen. A sensitization of T-helper cells possessing receptors to the 
foreign agent results in the activation of B-Iymphocytes and the secretion of 
antibodies that recognize the fJ-cell auto antigen. Thus, already at this stage, 
low levels of ICSA may be circulating. The viral infection also causes 
increased levels of ')I-interferon and an increased expression of Ia antigens 
both on cells of the immune system and on vascular epithelium. 

In the second phase the immune response is aimed at the fJ-cells in the 
pancreatic islets. Primary damage to the fJ-cells takes place either by 
interaction of antibody (lCSA) with complement or killer cells or by the 
action of cytotoxic T -cells. At present there is no experimental evidence to 
implicate a role for cytotoxic T-cells in the pathogenesis of IDDM, whereas 
the cytotoxic effect of ICSA and complement is well documented34- 36 • Recent 
data indicate that the lymphokine interleukin I, a T-cell growth factor that is 
released by macrophages, has a cytotoxic effect on islet cells at low 
concentrations82 • This effect may enhance the damage of fJ-cells. fJ-cell 
specific cell surface antigens in association with Ia antigens are presented 
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locally on vascular endothelium and/ or incoming macrophages and cross
reacting T-helper cells home to the pancreas resulting in an enhanced immune 
response to the autoantigen. There is an increase in ICSA in the circulation 
and an infiltration of lymphocytes forming an insulitis can be detected. ,B-cells 
may express la antigens. The persistent reactivation of a ,B-cell specific 
immune response occurs and the ,B-cell killing reaches levels where the release 
of cytoplasmic components is extensive. 

In the third phase there is a secondary immune response to the islet cell 
cytoplasmic components that are released and ICCA appear in the 
circulation. A polyclonal T - and B-lymphocyte response may follow the 
presentation of cytoplasmic antigens on vascular endothelium and/ or 
macrophages or be a non-specific result of the viral or bacterial infection. 
Continuous non-specific secondary inflammation takes place. 

The final phase can develop after several renewals of the environmental 
assault that occur during the first phase or after a slow acting, but persistent 
destruction of ,B-cells following the first assault. ,B-cell death reaches a limit at 
which the remaining ,B-cell mass can no longer meet the insulin requirements 
of the body and the clinical symptoms of diabetes appear. 

It can be speculated that the magnitude and control of the immune 
response is regulated by genetically determined factors such that only in 
susceptible individuals does the autoimmune reaction progress to an extent 
where 100M appears. In resistant individuals the reaction may never 
proceed past the first phase. 

PREVENTION OF 100M 

Identification of genetically susceptible individuals 

Molecular cloning of the genes from the class II region in man may eventually 
yield the structure of determinants which confer 100M susceptibility. The 
use of genetic markers for such susceptibility factors will enable the 
identification of individuals at risk. A simple assay to measure circulating 
levels of autoantibodies to a ,B-cell autoantigen can then be used to detect a 
primary aberrant immune reaction to ,B-cells at an early stage where ,B-cell 
loss is minimal and specific intervention may still be feasible. 

Immune intervention to prevent destruction of B-cells 

In the BB-rat several ways of manipulating the immune system can decrease 
or prevent the incidence of IOOM64 • In deciding strategies for immune 
therapies in man one must bear in mind that an aberrant immune reaction to 
,B-cells may be a transient phenomenon which can be regulated by the 
individual himself before a major loss of ,B-cells resulting in 100M has 
occurred. Furthermore, since insulin is established as a therapy for 100M, 
any attempts at preventing the disease must provide a quality of life and life 
expectancy that exceeds that for this treatment; preventative methods that 
involve detrimental side-effects are not acceptable. Therefore specific 
methods are required that eliminate the aberrant immune response to ,B-cells 
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without generally depressing the immune system, with unforeseen side-effects. 
In other autoimmune diseases where the autoantigen is known and 

obtainable in large quantities, ways of specifically generating tolerance to an 
auto antigen and preventing detrimental autoimmune response have already 
been successfully employed in animal models83- 88 • Once l3-cell autoantigen(s) 
involved in the pathogenesis of IDDM have been identified and purified in 
sufficient quantities, similar trials can begin to develop a specific therapy for 
the prevention of the disease in susceptible individuals. 
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5 
Insulin Antibodies 
A. KURTZ 

There are several reasons for the continuing interest in the immunological 
response to insulin. The insulin molecule has been extensively studied and its 
tertiary structure is fully documented; insulin is the most frequently injected 
,highly purified polypeptide used in medicine, and it is readily available, as are 
species variants, chemically modified insulins and molecular fragments. Most 
research over the years has been concerned with the immunological response 
to injected insulin: usually the production of insulin-binding immunoglobulin 
G (lgG). The unravelling of the autoimmune nature of the pathology of Type I 
diabetes has created interest in the occurrence of spontaneous antibodies to 
insulin. 

Insulin preparations have changed considerably over the years. Before the 
early 1970s insulin was usually prepared by recrystallization; gel chromato
graphy separated these insulins into 'a', 'b' and 'c' components!. The 'a' 
component was high molecular weight material which, when isolated and 
tested in animals, produced antibodies which cross-reacted with insulin. The 
'b' component was proinsulin and Don-dissociable insulin dimer. The content 
of proinsulin was often 10000 parts/ 106 or more; both pro insulin and dimer 
were immunogenic and produced antibodies reacting with insulin. The 'c' 
component contained the insulin together with arginine insulin and insulins 
chemically modified during manufacture (desamido insulin and the ethyl 
ester). Recrystallized insulin preparations also contained glucagon (dis
covered as an impurity in insulin), pancreatic polypeptide, somatostatin and 
vasoactive intestinal polypeptide; all of which were immunogenic2,3. 

Purification procedures now include gel chromatography and ion exchange 
chromatography which allow production of insulin from animal pancreas of 
near 100% purity; small amounts of desamido insulin and dimers form on 
storage and may be detected in most insulin preparations4• Other pancreatic 
hormones are undetectable. Similar purification methods are used for insulins 
produced by recombinant DNA technology and such preparations are free of 
bacterial or yeast proteins. 

Over the last decade there have been dramatic changes in insulin use in the 
United Kingdom; these changes are illustrated in Figures 5.1-3. The most 
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striking changes have been the increase of the purity of insulins used, the 
reduction of usage of beef insulin with a change to pork and human insulins, 
and the increasing use of isophane insulin. 
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Figure 5.1 Changes in insulin source 
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Figure 5.3 Changes in type of insulin used 

In the early years of insulin use observations were made of local and 
generalized allergic reactions and of resistance to insulin5• Insulin resistance 
caused by insulin neutralizing antibodies was first reported in 1938 in a 
patient undergoing insulin-shock treatment for a psychiatric disorder6• 

Antibody-mediated insulin resistance in an insulin-treated diabetic was first 
documented in 1942; a patient developed antibodies which, when tested in 
mice, neutralized beef/ pork insulin but did not neutralize human insulin7• 

The general occurrence of insulin antibodies in insulin-treated patients (both 
diabetics and schizophrenics) was described in 19568• Antibody-mediated 
insulin resistance was never common. A series of 29 patients was reported in 
19679; the presence of antibodies was confirmed by passive cutaneous 
anaphylaxis. Insulin requirements were high; all subjects needed more than 
200 units/ day, and 15 needed more than 500units/ day. Sixteen were treated 
with prednisone and all experienced dramatic and sustained reduction in 
insulin requirements. Currently insulin resistance related to insulin antibodies 
should be considered if the daily insulin dose exceeds 2units/kg; confirmation 
of the diagnosis rests now on finding a high level of insulin binding by serum 
using radiolabelled insulin and one of several different separation tech
niques lO• Good concordance for assays of this general type has been 
reported ". Insulin-antibody assays can easily show whether one type of 
insulin is less avidly bound than anotherI2- '4 ; sensitivity may well be shown to 
a poorly bound insulin. Fish insulin, sulphated insulin, desalanated pork and 
beef insulins, highly purified pork insulin and recently 'human' insulin have 
all been considered in this context. Most patients who have developed insulin 
resistance have been Type II diabetics treated intermittently with insulin, 
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usually with a conventional beef preparationl5 

Not surprisingly the prevalence and titres of insulin antibodies in diabetics 
have changed considerably over recent years. Allergy and insulin resistance 
are now very rare problems. The results of changing from conventional to 
purified insulin have been described l5 ; also of changing from bovine to pork 
or human preparations3; and the results of starting treatment with highly 
purified insulins, in particular highly purified human insulinl6 • Antibody 
titres fell gradually over several months when therapy was changed to more 
purified preparations; titres rose promptly with reinstitution of the original 
insulin preparations. 

Highly purified insulin preparations are still immunogenic in clinical use l5 , 

even though animal studies have shown that beef insulin can be non
immunogenic if pure enough4• Species has something to do with this; bovine 
insulin (even with less than 1 part/106 of ,Pro insulin) elicits more antibody 
production than porcine or human insulin l . The latter is only marginally the 
least immunogenic l6 • In patients only ever treated with highly purified pork 
or human insulins approximately half develop low levels of antibody slowly 
over the first 12 months of treatment. 

During the initiation of an immunological response a soluble immunogen 
is recognized as 'foreign' and 'served up' to T-Iymphocytes by an immunogen 
presenting cell. The site recognized is the carrier determinant, an area on the 
molecule which renders it immunogenic and which may well be different to 
the epitope or haptenic determinant to which the antibody binds l8 • With the 
availability of high purity insulins, studies of the carrier determinants 
involved in eliciting immunological responses became feasible; impure 
preparations clearly contained multiple immunogens. Using in sui ins of 
different species and various fragments of insulins, studies in mice showed 
that recognition of carrier determinants was under the control of the immune 
response gene Ir (located within the H-2 region of the major 
histocompatability region on chromosome 17). Pork, beef, sheep and horse 
insulins gave ~uite different immunological responses in various inbred 
strains of mice 1 • 

Genetic factors also influence the antibody response to insulin in diabetics. 
Histocompatibility antigens and IgG heavy chain allotypes (Gm) are both 
associated with the magnitude of the response l5,l9. The B8 and DR3 haplo
types tend to be associated with low antibody titres; the DR4 haplotype with 
average titres; and the Bl5 and DR7 haplotypes with high titres. Gm xag is 
associated with high titres too. In general, antibody titres vary widely 
amongst diabetics reflecting the heterogeneity of their genetic make-up, ages 
and treatment regimens. 

In beef and sheep insulins the amino acids in the A-chain at positions 8-10, 
and in the B-chain at position 30, are different from human insulin. Pork and 
human insulins have the same A-chain sequence. The A-chain loop is clearly a 
potential carrier determinant. In general, two or more carrier determinants 
are needed to trigger an immune response l8 • Animal studies would suggest 
that bovine insulin is likely to be a good immunogen in man, that porcine is 
likely to be a poor immunogen and that human insulin should be non
immunogenic; pork and human insulin differ only at B30 (alanine in pork and 
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threonine in human insulin). However, the actual immunogen in insulin 
formulations is most probably modified insulin4; high molecular weight 
polymers which can form under conditions of storage or manufacture may be 
present in small amounts that are undetectable by chromatography or 
nephelometry. Denatured insulin can retain its ability to induce an 
immunological response but is no longer bound by immunoglobulin. 
Monomeric insulin of whatever species may be only a very weak immunogen 
requiring physicochemical alteration to produce carrier determinants; 
however, antibody binds to monomeric insulin. Insulin may also act as a 
hapten; in the immunological response to isophane insulin antibodies are 
formed, if they are formed at all, to both protamine and insulin20. A study of 
lymphocyte proliferation in diabetics showed that the initiating immunogen 
was much more specific than was the final insulin-antibody reaction21 • T-cell 
responses are specific for primary amino acid sequences on the immunogen; 
the restricted nature of the T-cell recognition process needs emphasis. 

The original contention of Berson and Yalow22 was that insulin antibody 
and insulin interacted to produce a soluble non-precipitating complex which 
did not activate complement, and in which the reaction of each insulin 
molecule with antibody was independent of the reaction of other insulin and 
antibody molecules. The Law of Mass Action and the theoretical analysis 
proposed by Scatchard23 were therefore appropriate and have been applied 
in many studies. It is worth noting that the technique of radioimmunoassay 
developed from these observations on insulin antibodies. Bound insulin is 
usually biologically available following dissociation from antibody. In the 
syndrome of antibody-mediated insulin resistance something different seems 
to happen. Circulating levels of insulin antibody are very high and it is 
impossible to achieve an effective concentration of free insulin; this is a 
paradox as it should be possible if enough insulin is given. Our studies suggest 
that large insulin-antibody complexes are formed by antibodies which 
recognize several distinct epitopes on the insulin molecule. Such complexes 
contain two or more antibody molecules and by virtue of their size are 
removed from the circulation by the reticuloendothelial system. The insulin is 
destroyed instead of dissociating back into the free insulin pool (Figure 5.4). 
Up to a certain point, increasing the insulin concentration results in 
increasingly stable complexes without an increase in the free insulin 
concentration. This phenomenon has been described in the radioim
munoassay literature as 'hooking' or co-operativity24,25 and can be created in 
vitro with combinations of monoclonal antibodies which recognize indepen
dent epitopes. Figure 5.5 shows this phenomenon in serum from a patient with 
insulin resistance with a 'normal' response after the patient received a short 
course of prednisone. In a clinical study in the same patient infusions of 
insulin with measurement of the free and bound insulin concentrations in 
serum showed a similar phenomenon (Figure 5.6); the response after 
prednisone treatment was also 'normal'. In the guinea pig large insulin
antibody complexes have been demonstrated by ultracentrifugation26; the 
guinea pig is unusual in that it has quite a different insulin structure compared 
to other mammals and it therefore recognizes, immunologically, more 
epitopes on beef or pork insulin than does the average diabetic patient. For 
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Figure 5.4 Diagrammatic representation of the interaction of insulin and insulin antibody 

the guinea pig the first 16 amino acids of the B-chain of bovine insulin contain 
all the immunogenic information in the whole molecule as judged by 
stimulation of T-cell proliferation and expression of T-cell helper activity. It is 
not surprising that guinea pigs have usually produced the best insulin antisera 
for radioimmunoassays. 

Cross-reaction has been found invariably when antibodies resulting from 
insulin treatment have been tested with different insulin species12,13: by this I 
mean that binding, by an antiserum, of any species of labelled insulin can be 
entirely prevented by unlabelled insulin of any species. For a given antiserum 
the affinity constants can be quite different for different insulin species; 
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Figure 5.6 In vivo 'Scatchard plot' before prednisone treatment (0) and after treatment (.). The 
bound and free insulin concentrations in serum were measured during an infusion of insulin. 
Note the increase in bound/ free with increasing bound insulin which indicates 'cooperativity' or 
complex formation 
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antisera range from those with equal affinity for beef, pork or human insulin 
to, not unusually, those showing higher affinity for beef insulin than for pork 
or human insulin. The between-species differences in affinity are related to 
differences in association rate. Such antisera are polyclonal. Some 
monoclonal antibodies, however, have shown such marked specificity that 
they react with just the AS-lO region of bovine insulin with no reaction with 
pork insulin27• It seems unlikely that a polyclonal antibody would ever be 
entirely species specific. Polyclonal insulin antisera usually give curved 
Scatchard plots indicating that they contain subpopulations of antibodies, 
some of higher and some of lower affinity. The higher affinity antibody is 
characterized by a slower dissociation rate and there is usually less of it than 
of the lower affinity antibody. Antibody popUlations are present as a 
continuum and insulin antibodies can never be satisfactorily described by an 
arbitrary division into two classes of binding site. When a diabetic shows 
partial resistance limited to a particular insulin species it is either because the 
antibodies preferentially form polyvalent complexes with that insulin and the 
complexes are cleared from the bound insulin pool, or because the antibodies 
exert a different pharmacokinetic effect. 

Opinion has differed as to whether changes in insulin dose result from a 
change in therapy from beef to pork (or human) insulin or from recrystallized 
to purified insulin5,15; low levels of insulin antibodies, forming monovalent 
complexes, probably have no effect on insulin clearance or dose. A few 
patients have shown partial resistance to beef insulin and, when given pork 
insulin, have experienced hypoglycaemia and have needed a reduced dose of 
pork insulin 14,28. This type of differential resistance should be anticipated in 
diabetics on high doses of beef insulin (>1.5 U / kg); antibody studies have 
shown very high binding of labelled beef insulin but not of labelled pork or 
human insulin. For those patients with low or moderate antibody levels there 
is no difference in sensitivity or dose. Insulins from a wide variety of species 
do after all show identical receptor binding (hagfish insulin excepted). 

That antibodies can have a 'pharmacokinetic' effect is best illustrated by the 
small group of patients who do not have diabetes, and have not received 
insulin, but who have spontaneously developed high concentrations of 
circulating antibodyI7,28- I. Hyperglycaemia 1-2 hours after food was 
followed by hypoglycaemia between 2 and 5 hours; some patients also 
experienced fasting hypoglycaemia. The mechanism for this syndrome is that 
insulin is secreted in large amounts after eating; much of the insulin is bound 
to antibody, limiting the rise in free insulin (producing hyperglycaemia) while 
in the postabsorptive state a high free insulin concentration is maintained as 
insulin dissociates from the antibody (producing hypoglycaemia). Trans
placental passage of antibody has produced hypoglycaemia in a new-born 
baby32. Autoimmune insulin-antibody production has been reported to occur 
in several different situations. It can be entirely spontaneous or it can occur 
during the development of Type I diabetes along with islet cell antibodies33,34. 

Insulin antibodies have been reported to develop in mice when viral infection 
leads to diabetes35• Immunosuppression blocks both the production of the 
antibody and the development of diabetes. Drugs have been associated with 
the production of autoimmune insulin antibodies; they include methima-
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zole30, penicillamine36 and procainamide plus hydralazine37 • Methimazole 
and penicillamine both have thiol groups which can interact with thiol groups 
in proteins; penicillamine, procainamide and hydralazine are all associated 
with a wide range of autoimmune disorders. 

Clinical 'pharmacokinetic' effects have also been reported, if somewhat 
rarely, in insulin-treated patients. Delayed severe hypoglycaemia occurred in 
a patient with a very high antibody level; insulin antibody complexes stored 
large amounts of insulin which was released over many days38. In a study in 
which antibodies were indirectly assessed by determination of the circulating 
half-life of radioactively labelled insulin, treatment regimens did correlate 
with the half-life39: subjects with long 'half-lives', i.e. slow clearance of insulin 
from the large pool of bound insulin in the circulation, often managed on one 
injection of soluble insulin daily. Those with short 'half-lives' required more 
frequent injections or longer acting insulin (or both). Currently, insulin 
antibodies seldom cause clinical problems; in the past problems and effects 
were more frequently seen when antibody titres were in general much higher. 
Large amounts of insulin may frequently be 'stored' in the circulation by 
antibodies; bound insulin concentrations ranged up to 20 U ! I in a group of 
'ordinary' diabetics40• This store of insulin can exceed that at subcutaneous 
depots. Insulin antibody can act as a buffer41 ; this can be beneficial if other 
sources of insulin fail, or a nuisance if intended pulses of insulin are absorbed. 
The former effect was shown in a study in which insulin was given 
intravenously (i.e. subcutaneous depots were depleted) and the infusion then 
stopped 40. Free insulin concentrations remained steady and deterioration of 
diabetic control was prevented for up to 12 hours in subjects with moderately 
high antibody titres. 'Blunting' of free insulin peaks has seldom been 
specifically demonstrated. Insulin is absorbed all too slowly from 
subcutaneous injection sites and the effect of antibody binding on the size and 
timing of the free insulin peak following insulin injection is clinically 
inapparent. In other words, absorption is the rate-limiting step and it 
predominates over the buffering effect, which might be apparent clinically if 
insulin pulses were given intravenously28. By trial and error most patients 
achieve a measure of diabetic control in such a way that many variables are 
consciously or unconsciously taken into account. An effect of antibody is just 
one factor; diet, exercise, insulin dose, type of insulin, site of injection, 
variability of absorption, precision of dosage, etc. are others. The use of 
highly purified insulins over recent years has certainly markedly reduced 
insulin antibody levels in most diabetics and has reduced the incidence of the 
'genuine' immunological problems: insulin resistance, cutaneous reactions 
(either of the urticarial IgE mediated type or the delayed IgG mediated type), 
lipoatrophy and anaphylaxis. Insulin antibodies have been put forward as 
possible candidates in the causation of microvascular and macrovascular 
complications of diabetes. The fact that diabetics untreated with insulin are 
prone to these complications suggests that a contribution of antibody, or of 
antibody-bound insulin, to the development of complications is unlikely to be 
major. Several studies have exonerated insulin antibodies from an association 
with microvascular complications5• 

In several areas methodology requires comment. One of the undoubted but 
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unmentioned effects of insulin antibody is interference with measurements of 
insulin by radioimmunoassay which has led to the relatively primitive 
understanding we have of insulin pharmacokinetics. Assays for free insulin 
are used but are of uncertain validity as there is no theoretically and 
technically sound method which can produce accurate results that would 
allow the preparation of standards and the validation of 'routine' methods. 
Several different methods have been proposed for free insulin assay42-45. The 
simplest is: 

(I) rapid separation of plasma after venesection; 
(2) rapid separation of free insulin from the antibody-bound insulin by 

precipitating the immunoglobulin with polyethylene glycol; 
(3) storage of the sample at -200 C; 
(4) radioimmunoassay. 

Problems are introduced if serum is fractionated after storage (frozen), when 
erroneous and variable elevation of free insulin occurs; or if ethanol is used to 
separate bound from free insulin, when the free insulin results are very much 
higher than with other methods. Another method is to use steady-state gel 
filtration to remove the high molecular weight fraction (i.e. the antibody
bound insulin) from the low molecular weight fraction (i.e. insulin)46. The 
results obtained by the best methods are physiologically sensible in that most 
free insulin values are in the range 5-25 m U / I for random samples from 
insulin-dependent diabetics; free insulin concentrations are independent of 
the antibody titre or the total insulin concentration. 

Measurement of total (mainly bound) insulin is technically satisfactory44, 
but the results, for a group of patients, simply reflect the wide range of 
antibody levels in different diabetics. A difference between determinations of 
free and total insulin concentrations indicates the presence of insulin 
antibodies. Direct methods for the determination of insulin antibody fall into 
two main groups, solid phase methods and the traditional liquid phase 
'radioimmunoassay' in which 125iodine-Iabelled insulin is incubated with 
serum, and the bound and free moieties subsequently separated br one 
method or another3,8,1O. Different methods can give comparable results 1 and 
all are sensitive enough to detect antibody if the total insulin exceeds the free 
insulin, i.e. quite sensitive enough for any clinical purpose. Of this group of 
methods the most specific includes a second antibody separation step. The 
material actually measured is IgG immunoglobulin, because it is specifically 
precipated by an anti-human IgG antiserum, and as it binds insulin it can only 
be anti-insulin antibody (IgG). Less specific separation methods (e.g. 
electrophoresis, charcoal or polyethylene glycol) actually give similar results 
which provides a large measure of validation for the methods in general. 
Argument has raged over whether insulin should be stripped from serum 
before antibody determination lO• This is usually done with acidification to 
break the insulin-antibody bond followed by charcoal treatment to remove 
the insulin by adsorption; dialysis at low pH is an alternative. The effect of 
this procedure is to increase the apparent antibody level in sera with high, and 
otherwise easily measurable levels. With lower antibody levels there is not 
much difference and it should not be forgotten that the procedure may 
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destroy some antibody. Consideration of the Law of Mass Action, (Kd = 
[hAB]/[I] [AB], where I = free insulin, AB = free antibody, and hAB = 
insulin-antibody complex), leads to the conclusion that the majority of 
insulin-binding sites in the circulation are unoccupied. High affinity binding 
sites are relatively more occupied than low affinity sites. At a free insulin con
~en~ration of 10 mU I ~ (6.-: x .10-11 moll I) 50% bindinyo site occupa~cy wo~ld 
10dlcate an average diSSOCiatIOn constant of 1.5 x 10 II mol and 10 practice 
the affinity is lower than this. Reported dissociation constants range from 
1010 11 mol for higher affinity sites to 1071/mol for the lower affinity 
component. In a system in which antibodies with differing affinities coexist 
equilibrium may only be reached slowly. Berson and Yalow described the 
gradual transfer of the insulin from low affinity to high affinity antibod/2• 

This occurs because both high and low affinity antibody react with insulin at 
the same rate but the dissociation rates are markedly different. 

With very low antibodd; levels or with absent antibody misclassification of 
samples is not unknown I ,II. Non-immune sera do give noh-specific responses 
in all assays. Clearly in the best assays the non-specific response is small in 
comparison to the specific response obtained with immune sera (i.e, there is a 
high signal-to-noise ratio), Defining the non-immune response is not simple 
as it is distributed logarithmically; errors are introduced if the 'cut-off point is 
incorrectly chosen. In a diabetic population antibody titres (expressed as 
percent ligand bound) are not distributed normally; the distribution is skewed 
and may be approximately normalized by logarithmic transformation, An 
advantage of liquid phase methodology is that analysis of data using 
Scatchard plots or variants thereof, are possible and theoretically sound. 
Disadvantages are that the assays are relatively slow, that radioactive 
material is used and that the detection limit for antibody is limited both by the 
average affinity constant of the antibody and by the relatively low specific 
activity of radioactively labelled ligands (by comparison with enzyme, 
chemiluminescent or fluorescent labels). Alternative methods are now 
entering the arena. Solid phase methods are appropriate for specific detection 
of antibody but there are pitfalls. Enzyme-linked immunosorbent assays 
(ELISA) have been used47 • 

(I) A plastic well is coated with a monolayer of insulin; 
(2) Diluted serum is then put in the well and the insulin antibody binds 

to the insulin monolayer; 
(3) All other serum constituents are then washed away; 
(4) Finally the antibody is detected using an enzyme-labelled anti-

human IgG. 

Although this sounds very 'specific' it is very difficult to ensure that IgG is not 
non-specifically bound to the plastic surface or that IgG directed to IgG (e.g. 
rheumatoid factor) is not interfering. In other words the principal danger is of 
false-positive detection of insulin antibody. In insulin allergy specific IgE can 
be detected using the Radioallergosorbent Test RASr8, Insulin immobilized 
on a solid phase binds antibody (lgG, IgM, etc.) and bound IgE is specifically 
detected with radiolabelled anti-IgE. As with the ELISA technique cross
reaction can only be assessed indirectly49. To do this, serum samples are 
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incubated with different species of insulin before the test is carried out, and 
cross-reaction assessed by determining the extent to which blocking of the test 
response occur~. The advantages of solid phase methods are assay speed, 
avoidance of radioactivity and theoretically unlimited sensitivity. Similar 
methodology can also be used to detect IgM or IgE antibodies. Solid phase 
methods are not suitable for Scatchard type analysis, for cross-reaction 
studies, except in an indirect fashion, or for measurement of affinity 
constants. Dissociation rates can be determined. These constraints can make 
validation rather difficult. Whatever method of antibody determination is 
used the units used for reporting results remain a problem; no true unit exists. 
Percent bound, bound/free, optical density, counts per minute and 'mU'/1 are 
not interconvertible. 

Attention has been focused on the occurrence of spontaneous insulin 
antibodies at or before the presentation of clinical diabetes. The natural 
history of Type I diabetes makes it clear that important autoimmune 
phenomena happen well in advance of clinical disease; insulin antibodies do 
occur in this context. Insulin antibodies may be another marker of incipient 
Type I diabetes in addition to islet cell antibodies. Hormonal immunogens 
might be pro insulin, C-peptide or insulin; the human sequences for C-peptide 
and proinsulin are very different from those in the pork and beef polypeptides 
so that the finding of antibodies to the human sequences would be clear 
evidence of autoimmunity. The differences in insulin sequence are small and 
cross-reaction with the animal insulins is to be expected even with an 
autoimmune immunogenic response. An autoantibody might show higher 
affinity for human than for pork insulin; for that to happen the major 
haptenic determinant recognized by the antibody would be the B30 threonine. 
The most common epitopes50 are A4, A18-A19, B3 and B30. There will 
inevitably be doubts expressed that exogenous insulin was involved as has 
been the case with patients with the spontaneous insulin antibody 
syndromel7; however, autoimmune antibodies are here to stay. 
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6 
Immunogenetics of Diabetes 
A.H.BARNETT 

INTRODUCTION 

Much of the confusion that has arisen from studies of the genetics of diabetes 
mellitus arises from the fact that, until recently, diabetes was regarded as a 
single disease. It is now clear that there are at least two major types of 
diabetes which are aetiologically distinct, although they have similar long
term complications. The recent WHO classification of diabetes includes these 
two categories: 

(1) Type I, insulin dependent or ketosis prone; 
(2) Type II, non-insulin dependent or non-ketosis prone. 

The evidence that these two conditions are separate entities is summarized 
in Table 6.1. It is precisely these differences which give clues to their 
pathogenesis. 

The studies of identical twins, where at least one twin is diabetic, provided 
some early indication of basic differences between the two types of disease. 
Perhaps the most celebrated study is that from the King's College Hospital 
diabetic unit. Over the past two decades, this unit has been collecting 
diabetic twins in order to elucidate the relative roles of genetic and 
environmental factors in the aetiology of diabetes l . Two hundred pairs are 
reported of which 147 are Type I and 53 type II diabetics. About half of the 
Type I pairs are discordant for the disease, i.e. one has diabetes and the other 
has not. It is likely that the great majority of these pairs will remain 
discordant since most have been discordant for over 10 years and some for 
over 20 or even 30 years, without any deterioration in glucose tolerance in the 
non-diabetic co-twins. Most of the concordant pairs, however, become 
concordant within 5 years and almost certainly within 10 years of diagnosis of 
the index twin. These data suggest that genetic factors alone cannot be the 
cause of Type I diabetes (since the twins are genetically identical). This 
discordance rate for Type I diabetes is probably an underestimate since there 
is a bias towards referral of concordant pairs, i.e. they are at least twice as 
likely to be noticed and referred when compared with discordant pairs. 
Estimates from this study and other twin studies suggest that the true 
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Table 6.1 Differences between Type I and Type II diabetes 

Histology 

Progression 

Islet cell 
antibodies 

HLA-associations 

T-cell abnormalities 

Association with 
other autoimmune 
diseases 

Concordance rates 
in identical twins 

Type! 

Inflammatory cell 
infiltration and destruction 
of pancreatic J3-cell 

Complete J3-cell failure, 
absolute requirement for 
insulin 

Present in majority at 
diagnosis (>70% of 
subjects) 

Characteristic, 
particularly HLA DR3 and 
DR4 

Present at diagnosis 

Present 

30-50% 

Type Il 

Normal or almost 
normal 

Often little progression, 
usually non-insulin 
requiring 

Very low incidence 
«10% of subjects) 

Not present 

No association 

No association 

90% 

There is good evidence that genetic factors are involved in both types of diabetes; but they are 
clearly of a different nature. Immunogenetic factors are important in Type I diabetes; t~e nature 
of the genetic factor for Type II diabetes is unknown. 

discordance rate for Type I diabetes is something of the order of 65-70%. 
The findings for Type II diabetes are rather different. About 90% of pairs 

are concordant for this disease and for those who are still discordant, the 
index twin has only been diagnosed relatively recently. It might be argued 
that this high concordance rate is due to a bias in ascertainment since 
concordant twins are twice as likely to be recognized as discordant ones. This 
is probably not the case since many twin pairs were actually referred as being 
discordant and it was only after glucose tolerance testing of the 'non-diabetic' 
co-twin that the pairs were discovered to be concordant. Environmental 
factors are unlikely to explain the high concordance rate since most of the 
twins are elderly and have been living apart for many years. In addition, the 
concordance rates for non-identical twins are much lower, although they 
presumably had similar degrees of environmental exposure in early life. 
Interestingly, when the non-diabetic co-twins from the discordant pairs of 
identical twins were further studied, they were found to have abnormalities of 
intermediary metabolites and reduced insulin secretion, although their blood 
glucose levels did not yet fulfil the criteria for the diagnosis of diabetes. 
Presumably, these subjects will go on to develop diabetes in time. It seems 
clear, therefore, that Type II diabetes has a very strong inherited component 
and, indeed, genetic factors probably predominate in its aetiology. 
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Although Type I diabetes cannot be caused entirely by genetic factors, more 
recent studies suggest that there is an important immunogenetic component. 
There is, however, no evidence that immunological factors playa part in the 
pathogenesis of Type II diabetes except in certain very rare clinical syndromes 
characterized by severe insulin resistance due to anti-insulin receptor 
antibodies (e.g. associated with acanthosis nigricans). The twin studies suggest 
a strong genetic component of the aetiology of Type II diabetes, but cannot 
determine what that component is. Since there is no evidence for an 
immunological basis for Type II diabetes, it will not be considered further in 
this chapter. 

IMMUNOGENETICS OF TYPE I DIABETES 

The major susceptibility to Type I diabetes is conferred by a gene or genes at a 
locus or loci closely linked to the HLA region. The HLA system is located on 
the short arm of chromosome 6 and is concerned with immune response 
(Figure 6.1). It can be subdivided into three regions - HLA-A, Band C loci 
coding for class I antigens; D region coding for three sets of class II 
molecules: DP, DQ, DR in man (la in mouse); genes coding for complement 
proteins (Bf, C2 and C4), class III molecules. Apart from the complement 
components, the products of these genes are expressed in the cell membranes 
of lymphocytes and other cells. HLA-A, Band C molecules are found on all 
nucleated cells and platelets, whereas HLA-DjDR molecules have a more 
limited distribution and are found only on endothelial cells, Langerhans cells, 
some epithelial cells and activated T -lymphocytes. They do not appear to be 
expressed on normal pancreatic ,8-cells. DR molecules are important in 
initiating immune response by presenting foreign antigens to T-cells. 

<:----NIO -7 -E<~- ----7> ~ 0.7 ------7> <E-- 0.8 ~ 

0---- 0 0 DO EJ 0 0 0 
CENTROMERE GLO DP DQ DR FACTOR B A 

C2 
CLIA 
CLIB 

HLA REG ION 

Figure 6.1 The major histocompatibility complex and the locus for red cell glyoxylase I (GLO) on 
the short arm of chromosome 6. The distances between the loci are in centimorgans. Class I loci 
include the HLA A, Band C loci. Class II loci include the DP, DQ and DR loci. Class III loci 
include the complement loci - factor B, C2, C4A and C4B 

A currently favoured hypothesis is that Type I diabetes is caused by some 
environmental factor (perhaps a virus or viruses) initiating an immune
mediated destructive process of the pancreatic ,8-cell in a genetically 
predisposed individual. This form of the disease has been labelled Type Ia to 
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distinguish it from the less common «20%) Type Ib which may be a more 
primary autoimmune form of the disease. Type Ib diabetes often has a later 
onset and is associated with persistence of islet cell antibodies and other 
organ-specific autoimmune diseases. The immunogenetic characteristics of 
these two forms, however, show considerable overlap. It is, perhaps, 
important to stress at this stage that Type I diabetes per se is not inherited -
rather it is the susceptibility to develop the disease which is inherited. What 
actually converts genetic susceptibility to development of disease remains 
speculative and will form part of the discussion in this chapter. The current 
state of knowledge concerning the immunogenetics of Type I diabetes will 
now be considered in more detail covering genetic susceptibility including 
HLA and non-HLA associations, the role of viruses and other environmental 
factors, humoral and cellular immune factors and autoimmunity. 

THE GENETIC SUSCEPTIBILITY TO TYPE I DIABETES 

Class I and II associations 

Associations of Type I diabetes with certain HLA-B locus antigens were first 
reported in the mid-1970s2,3. Positive associations with HLA B15, B8 and, to 
a lesser extent, BI8 and B40 were described, and some studies showed a 
negative association with B7. More recently, stronger associations have been 
reported with HLA-DR3 and DR4 and these appear to provide a more 
primary association with the disease. Population studies, most notably the 
'Barts-Windsor prospective family study', have confirmed these associations4• 

This study was started in 1978 to compare the immunogenetic characteristics 
of the siblings of Type I diabetics in relation to their susceptibility to develop 
the disease. One hundred and sixty families were ascertained through Type I 
diabetics attending clinics in East Berkshire and surrounding districts. They 
were selected on the basis of the presence of at least one non-diabetic sibling 
below the age of 20 years. For various reasons, only 123 families were studied 
and of these HLA-A, B, C and DR genotypes were obtained on 116 families. 
Data were available from healthy random control subjects. The great 
majority (almost 98%) of the diabetics possessed either DR3 or DR4 and half 
(51%) had both. This confirmed the findings reported from other countries 
using phenotype frequencies, including subjects with widely different ethnic 
origins (e.g. Basques, African and American Blacks. Similar findings for DR4 
were found in the Japanese; DR3 is virtually absent from the Japanese 
popUlation, but an increase in DRW8 has been reported.) Wolf and co
workers have reported a relative risk for development of Type I diabetes of 5.0 
and 6.8 for DR3 and DR4 respectively, with an approximate additive relative 
risk of 14.3 for the presence of bpth DR3 and DR4 (others report this figure 
even higher in the region of 20-40 timest 

Although DR3 and/ or DR4 occur in very high frequency in this disease 
popUlation, the frequency of these antigens in the non-diabetic popUlation is 
over 50%. Why then does Type I diabetes, with a prevalence of about 0.3%, 
mainly affect the DR3 and DR4 positive population? It is possible that these 
molecules themselves are directly involved in the pathogenesis of Type I 
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diabetes. DR molecules, however, are probably not expressed on healthy islet 
cells, but might be expressed after damage. An alternative, and now more 
likely, explanation is that some subset of DR3 or DR4 or a closely linked, but 
distinct locus, bears the diabetogenic gene(s). This concept is supported by the 
recent techniques of restriction fragment length polymorphism (RFLP) 
analysis utilizing specific D-region DNA probes. Furthermore, epidemiologi
cal studies have suggested that not all DR3 or DR4 bearing chromosomes are 
increased in frequency in Type I diabetes - only certain haplotypes bearing 
these antigens are associated . 

The strong association with both DR3 and DR4 (at least in Caucasoids) 
suggests that there may be two separate susceptibility genes, each in linkage 
disequilibrium* with DR3 and DR4 operating at the same or different loci. 
Interestingly, homozygosity for DR3 or DR4 does not confer a double dose 
of susceptibility to diabetes. This observation together with the high 
frequency of DR3, DR4 heterozygotes argues against a single gene in linkage 
disequilibrium with both DR3 and DR4. The interactive effect of both DR3 
and DR4 is supported by studies of identical twins - a preliminary 
communication suggests that there are about twice as many concordant pairs 
(both twins diabetic) who are DR3/DR4 heterozygous compared with 
discordant pairs (only one twin diabetic after 5 years diagnosis)6. 

The most consistent negative association with Type I diabetes has been 
reported with DR2 - it is difficult to establish whether this implies a specific 
protective effect, but a gene or genes in linkage disequilibrium with DR2 
might confer protection against islet cell damage. 

For reasons outlined, it seems unlikely that DR3 or DR4 are more than 
disease susceptibility markers and they do not constitute the 'diabetogenic' 
gene(s). The techniques of molecular biology have recently been utilized to 
determine whether stronger associations than those with DR3 or DR4 
antigens exist. 

eDNA probing studies 

Class II molecules are coded for in the HLA-D region and contain two 
subunits - (\'- and ,B-chains of about 34000 and 28000 molecular weight 
respectively. These proteins are expressed on the surface of immune 
competent cells and are concerned with regulation of immune response. 
Present data suggest that the DP and DQ loci both encode two (\'- and two 
,B-chains each. The DR locus probably encodes one (\'- and possibly a variable 
number of ,B-chains. Lernmark and co-workers have used a cloned probe for 
one of the HLA-DQ ,B-chain genes in restriction fragment length 
polymorphism (RFLP) analysis. The technique was applied to homozygous 
tissue typing cells, HLA-DR identical control and diabetic individuals and to 
a linkage analysis in HLA-DR typed control and diabetic families. 
Polymorphism detected by this probe was associated with HLA-DR, but 
HLA-DR identical control and Type I diabetics differed in the presence of 

*Linkage disequilibrium - the co-occurrence of alleles at separate but closely linked loci at a 
frequency different from that expected on the basis of individual allelic frequencies. 
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certain restriction fragments. Thus a HLA DR4-linked restriction fragment 
(Bam HI 3.7kb) was more commonly associated with DR3 and/or DRA 
positive non-diabetics than with HLA-DR identical Type I patients7• The 
difference between patients and controls was due to the absence of a Bam HI 
restriction site within a DQ ,B-chain intervening sequences. Another group, 
using the restriction enzyme Taq I, has reported a particular RFLP pattern in 
II of 12 DR3/ DR4 Type I patients and in none of 12 DR-matched controls9• 

This was estimated to indicate a relative risk of over 400 compared with (at 
most) 40 using DR3/DR4 serological markers! 

If these preliminary reports are confirmed, then it appears that cDNA 
probes may better define the risk of developing the disease. Initial 
observations suggest that Type I diabetes is either more closely associated 
with the HLA-DQ ,B-chain gene or again that this particular genomic 
sequence is in close linkage with a diabetes susceptibility gene(s). 

Class III associations (complement factors) 

Complement is a complex system of different proteins concerned with 
humoral immunity, the components of which act in sequence usually after 
stimulation by antigen/ antibody complexes. They are concerned with viral 
neutralization, clearance of immune complexes and play a role in 
inflammation. Genes coding for the complement proteins are situated 
between the HLA Band D loci (see Figure 6.1). 

Type I diabetes is associated with a rare allele of the Bf (properdin factor) 
system - BfFl - this is in strong linkage disequilibrium with DR3 and forms 
part of an extended haplotype (see later) which is associated with Type "I 
diabetes. Associations with certain alleles of the second component of 
complement are described and will not be discussed further. 

Associations of Type I diabetes with certain pheno~pes of the fourth 
component of complement (C4) are now well described I . The C4 protein is 
coded for by two separate loci, C4A and C4B, and both loci are extremely 
polymorphic. There are at least 13 different alleles for the A protein and 22 
for the B protein including a null ('silent' or non-expressed) allele at each 
locus (termed A or B Quantity zero - AQO or BQO respectively). We have 
found that Type I diabetics have an increased frequency of homozygous A 
null alleles (13%) and of the rare C4B3 allotype (17%) when compared with 
non-diabetics (frequency for both <I %)11 and this is similar to data published 
elsewhere. It is important to point out, however, that C4A null is in linkage 
disequilibrium with DR3 and C4B3 with DR4 - indeed, both phenotypes 
occur within the commonly reported extended haplotype sequences 
associated with Type I diabetes. It is, however, interesting to speculate (with 
regard to the known functional roles of complement) as to whether absolute 
or relative C4 deficiency might contribute per se to the pathogenesis of Type I 
diabetes. 

Extended haplotypes 

The association of Type I diabetes with DR3 and DR4 can be interpreted, as 
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already discussed, as a reflection of linkage disequilibrium with immune 
response genes directly involved in its pathogenesis. An alternative hypothesis 
is that the association is due to differences in immune responsiveness in 
relation to different HLA haplotypes. Indeed, the complement associations 
described could be interpreted to support either hypothesis. A common 
feature of the HLA genes in type I diabetes is the finding of relatively 
invariable patterns over a considerable portion of the chromosome in many 
patients. These have been termed 'extended haplotypes'. 

Family studies have been instrumental in defining certain extended 
haplotypes commonly associated with Type I diabetes. HLA-genotyping of 
families provides accurate information on the four different parental 
haplotypes and their inheritance by the offspring. The probability of any 
randomly chosen pair of siblings being HLA-identical (Le. inheriting the same 
haplotypes), haploidentical (inheriting one haplotype in common) or non
identical (neither haplotype in common) is 25%, 50% and 25% respectively. 
The observed distribution of haplotypes in families with two or more Type I 
diabetic siblings is markedly disturbed from that expected. Review of the 
literature from a number of European countries and the US suggests that 57% 
of pairs of affected siblin8s are HLA-identical, 38% are haploidentical and 
only 5% are non-identical . 

The most recent study has described three 'extended haplotypes'that confer 
significant increased susceptibility to Type I diabetes13 (Table 6.2). 

Table 6.2 Extended HLA-haplotypes increased in frequency in Type I diabetes 

B 

B8 

BI5 

BI8 

Bf 

BfS 

BfS 

BfFl 

C2 

C2C 

C2C 

C2C 

C4A 

C4AQO 

C4A3 

C4A3 

C4B 

C4BI 

C4B3 

C4BQO 

DR 

DR3 

DR4 

DR3 

These extended haplotypes are reported to confer a relative risk of 2,4, 10.2 and 10.6 respectively 
in the North American Caucasoid population under study. For relative situation of these loci on 
chromosome 6 see Figure 6.1. 

This finding of associations of 'extended haplotypes' with Type I diabetes 
and, indeed, a recent report of relative risk less than unity for DR3 in the 
absence of certain components of the extended haplotype5, could be 
explained on the basis of several different components of the haplotype 
contributing to the pathogenesis of the disease. An alternative explanation, 
however, is that there is a single-susceptibility gene in linkage disequilibrium 
with multiple-gene complexes. Clearly, studies of extended haplotypes 
provide an alternative approach to gene probing in studying the mode of 
inheritance and genetics of Type I diabetes. 

Non-HLA susceptibility 

The major susceptibility to Type I diabetes is found within the HLA region. 
There has also been a report of an association with red cell glyoxylase I 
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(GLO) phenotype coded for on chromosome 6 near the centromere, but this 
has never been confirmed. A significant association with the fast acetylator 
phenotype has been described, but the locus controlling acetylator status is 
not known. 

The genes coding for the immunoglobulin heavy chain (Gm) are situated 
on chromosome 14. Interactions between Gm, HLA-DR and Type I diabetes 
have been described. This suggests that genetic predisposition to Type I 
diabetes may be partially determined by alleles at the Gm locus or a locus in 
linkage disequilibrium with Gm interacting with alleles at the HLA-DR locus 
(or a locus in linkage disequilibrium with HLA-DR). These findings, 
however, have not been confirmed by other workers14• 

Insulin gene polymorphism has also been associated with Type I diabetes. 
In particular, 70% of juvenile cases have been associated with class I alleles 15 • 

VIRUSES AND TYPE I DIABETES 

It is clear from the studies of identical twins that the true concordance rate for 
Type I diabetes is well under 50%. This indicates that non-genetic 
(environmental) factors must also be involved in its pathogenesis. Both toxins 
and hormonal imbalance have been implicated in the development of 
diabetes. Investigators have reported an association between the ingestion of 
trace amounts of N-nitroso-compounds in food and diabetes in childhood 
when ingested close to the time of conception16• The most consistent 
hypothesis, however, first proposed a century ago, suggests that viruses are 
the environmental factors most commonly involved. More recently, animal 
models of virus-induced Type I diabetes have been described. Evidence for 
involvement of an infective agent in humans comes from the age and seasonal 
distributions, family clustering and temporal relationships between viral 
illness and diagnosis of diabetes. The age distribution at diagnosis is quite 
characteristic - epidemiological studies have demonstrated that incidence 
increases steadily from age 9 months with a peak at 10-12 years, and a smaller 
peak at 5 years (coincident with changing or starting school for many 
children). 

Most striking, however, is the difference in seasonal distribution for 
diagnosis of Type I diabetes. In a recent review, it was reported that autumn 
and winter peaks in diabetes incidence have been observed in six different 
countries in both northern and southern hemispheres17 • It is, however, of 
interest that the annual variation of Type I diabetes is fairly small and changes 
are not correlated with the prevalence of any particular infectious agent 
within the population. These observations are against any single virus being 
responsible for any appreciable number of the cases of diabetes. There have, 
however, been a few well-documented reports of a temporal relationship 
between a number of infectious diseases and the onset of clinical symptoms of 
diabetes. Indeed, most of the common childhood illnesses have been so 
associated. 

There have also been reports of 'outbreaks' of Type I diabetes. Clustering of 
cases temporally and geographically has been reported from a number of 
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countries, most notably in Sweden. Gamble has commented upon the many 
different viral illnesses occurring within 1 month prior to the onset of 
symptoms in a large retrospective study - about 25% of T~pe I diabetics 
reported such an illness prior to clinical symptoms of disease1 • This suggests 
that many viruses might act as a trigger in the pathogenesis of diabetes or, 
alternatively, that they have no role at all. 

Family studies have both supported and refuted the concept of a virus (or 
viruses) having pathogenic importance in Type I diabetes. Studies of identical 
twins have failed to show a significant difference in viral antibody titres 
within or between concordant and discordant pairs. Other, more traditional 
family studies have been suggestive and, indeed, familial clusters of cases have 
been well described. Rarely, however, have specific viruses been implicated. 

A prospective studyl8 (based on the Barts-Windsor prospective family 
study) has suggested Type I diabetes has a much longer latency period before 
development of overt diabetes than previously thought. This has been taken 
to suggest that the role of viruses is either non-specific or the final insult in the 
process of l3-cell destruction. 

The viruses which have most consistently been reported in association with 
Type I diabetes are mumps, rubella and Coxsackie B. The evidence for mumps 
involvement is circumstantial and mumps alone could only account for a tiny 
proportion of cases. Symptomatic diabetes associated with serological 
evidence of recent Coxsackie B infection (especially B4) is well documented l9, 
although other studies have shown no relationship. 

It is' hardly surprising that the data available is confusing and often 
inconclusive. The Type I diabetic population is undoubtedly heterogeneous -
in different subsets of patients the disease may result from different 
pathogenetic mechanisms. Different susceptibility factors (including HLA 
phenotype) are likely to operate and, indeed, the association of HLA with 
immune response is likely to mean that hyper-responsiveness to some 
antigens could be associated with certain HLA types. Spurious associations 
with raised antiviral antibody titre might then arise. Prospective family data 
including HLA identical non-diabetic siblings might overcome this problem. 
Other problems, however, include the imprecise nature of the latency period 
between initiation of l3-cell injury and clinical expression of disease. It is, 
therefore, obvious that, although environmental factors are involved in the 
pathogenesis of Type I diabetes, the frequency and mechanisms by which viral 
illness might lead to its development are unresolved. The concept of an 
underlying viral aetiology is, however, exciting and worth pursuing since this 
approach may offer the possibility of active immunization and, perhaps, 
prevention. 

AUTOIMMUNITY IN TYPE I DIABETES 

Inflammatory cell infiltration of the islet of Langerhans was reported at the 
turn of the century from postmortem specimens of patients dying from 
untreated ketotic diabetes. It was not until 1965, however, that Gepts 
reported major abnormalities in the l3-cells. I3-Cell destruction is highly 

111 



IMMUNOLOGY OF ENDOCRINE DISEASES. 

specific and the other pancreatic endocrine cells are unaffected. It appears 
that ,B-cells are lost in association with a specific autoimmune reaction, 
possibly provoked by an external agent, e.g. virus, controlled by certain 
HLA-D region genes, and directed specifically against molecules expressed 
solely on the ,B-cell. The roles of both humoral and cellular immunity in 
relation to the pathogenesis of Type I diabetes have been studied extensively 
in recent years. 

Islet cell antibodies 

Islet cell antibodies (ICA) were first described by Bottazzo et al. 20 and 
MacCuish et al., in 1974, having been detected by indirect immunofluores
cence on frozen sections of fresh human pancreas. They occur in over 70% of 
newly diagnosed Type I diabetics and are primarily of the IgG class. 
Immunofluorescence studies demonstrate reactions with the cytoplasmic 
components of all islet cell types, and ICAs have not been shown to cause 
complement-mediated ,B-cell lysis in vitro. It is unlikely that they have any 
pathogenetic role in Type I diabetes. 

More recently, complement fixing islet cell antibodies (CF-ICA) have been 
described21 • They are present in most diabetics who are ICA positive, but 
often in lower titre and they are IgG. They selectively stain ,B-cells and may be 
cytotoxic. 

Antibodies of the IgG class directed against the surface of islet cells - islet 
cell surface antibodies (ICSA) - have also been demonstrated by an indirect 
immunofluorescence technique on dispersed islets from mice and rats22 • At 
diagnosis, about 70% of Type I diabetics have ICSA, the prevalence 
diminishing with increasing duration of disease. They can mediate 
complement-dependent ,B-cell cytotoxicity, and impair ,B-cell function in 
vitro. Immunoglobulin from ICSA-containing sera from Type I diabetics can 
inhibit proinsulin synthesis as well as glucose-induced release from rat islet 
cells. Confirmation of these studies using human ,B-cells is awaited. 

Predictive significance of leA 

Various studies have demonstrated that ICA is highly predictive of Type I 
diabetes in individuals who are at increased risk of developing the disease (e.g. 
first degree relatives of Type I diabetics). In the Barts-Windsor prospective 
study of 582 first-degree relatives of Type I diabetics, six became diabetic over 
3 years and all were ICA positive l8• In another study, of 16 ICA-positive 
non-diabetics over 5 years, three developed diabetes and CF-ICA in 
particular was a good predictive factor23• Others24 have reported that the 
probability of developing diabetes in a healthy sibling or parent who is CF
ICA positive is 73%. ICA-positivity appears to be also predictive of those 
patients on oral hypoglycaemics who will eventually require insulin therapy. 

First-degree relatives of Type I diabetics may have ICA for many months 
and occasionally years before the development of overt diabetes. Even at this 
stage, however, there may be an absence of the first phase insulin response 
and selective loss of insulin release to intravenous glucose. Thus the immune 
attack on the ,B-cell may occur long before clinical manifestations of disease. 
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It is, however, equally clear that the presence of ICA and even other 
manifestations of the immune response do not inevitably predict the 
development of Type I diabetes. Recently, Bottazzo and co-workers have 
described the presence of CF-ICA in 20 of 685 unaffected first-degree 
relatives of children with Type I diabetes2s • During a 5 year follow-up, seven 
of the 20 subjects became diabetic, one continued to show CF-ICA without 
metabolic abnormality, but 12 subjects lost them without the disease 
developing. Pyke and co-workers have also studied ICA and activation of 
T -lymphocytes in two groups of Type I diabetics and their non-diabetic 
identical co-twins. They examined 12 pairs in which the diabetic twin was 
diagnosed within 5 years (in only about four of these pairs is the non-diabetic 
co-twin likely to become diabetic) and ten pairs with long discordance for the 
disease (in none of these is the non-diabetic co-twin likely to become 
diabetic). In the short duration group all 12 diabetics and ten of their non
diabetic co-twins had ICA or activated T-Iymphocytes or both. In the long 
duration group, however, who were selected because all of the non-diabetic 
co-twins had previously shown I CA, only two of these non-diabetic twins still 
had ICA or activated T-Iymphocytes. This suggests that the same immuno
logical changes can occur in the genetically identical non-diabetic co-twins of 
diabetics, but may remit without leading to the disease. So what limits the 
immune-mediated damage in those twins in whom the damage has remitted? 
Clearly, it can hardly depend on genetic predisposition alone since this study 
was performed on genetically identical twins! 

B-Cell autoantigen(s) 

The strong association of the islet cell surface antibody (lCSA) with newly 
diagnosed Type I diabetes and its possible pathogenetic role begs the question 
'which antigen(s) are these antibodies recognizing?' Lernmark and co-workers 
have recently identified a protein with a molecular weight of 64000 (64K), by 
techniques of sodium dodecyl sulphate gel electrophoresis and autoradio
graphy, which is immuno~recipitated by sera from eight out of ten newly 
diagnosed diabetic children26 • Thus, antibodies from Type I diabetics detect at 
least one human islet cell protein. Cross-reactivity with Type I diabetes sera 
and rat pancreatic islets has also been demonstrated. This autoantigen is 
thought to be a pancreatic {3-cell specific membrane component since the 
presence of antibodies against the 64K protein coincide with ICSA, which is 
also {3-cell specific, in the sera of Type I diabetic patients. Interestingly, 
preliminary observations suggest that autoantibodies against this component 
may be present long before the diagnosis of diabetes and even before the 
appearance of ICA. Attempts are now being made to isolate, characterize and 
sequence this antigen. 

Associations of ICA with other organ specific endocrine disorders 

Titres of ICA usually decline fairly rapidly after diagnosis of diabetes, 
perhaps mirroring the rate of {3-cell destruction (although this is still 
controversial). ICA is present in about 70% of newly diagnosed Type I 
diabetics, but declines to 40% after a year and 15% after 5 years. Those 
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showing persistence of leA are more likely to be HLA-B8-DR3 positive. As 
discussed previously, it has been proposed that Type I diabetes can be 
subdivided into Types la and lb. Type la accounts for 85-90% of cases and 
tends to occur at a young age, often showing seasonal variation, in subjects 
who are more commonly HLA-BI5-DR4 and with non-persistence of leA. 
Type Ib, however, is more common in females and is associated with B8-DR3 
and persistence of leA. It is often associated with other organ specific 
autoimmune disorders, especially thyroid disease2o, and even if the diseases 
are not clinically manifest, characteristic organ specific antibodies are often 
found. Indeed, it is reported that 15% of patients with idiopathic Addison's 
disease and 7-10% of patients with autoimmune thyroid disease have Type I 
diabetes. Since there is a high prevalence of thyroid autoimmunity in the 
general population, specific relationships are hard to define. Whether these 
diseases have a common pathogenetic mechanism or whether they have 
different aetiologies with a common genetic background is still undetermined. 

CELL-MEDIATED IMMUNITY IN TYPE I DIABETES 

The pancreatic islets of newly diagnosed Type I diabetics show typical 
inflammatory changes or 'insulitis'. The fact that lymphocytes seem to be 
attracted by an antigen present in /3-cells, but not in the other endocrine cells, 
supports the concept that 'insulitis' may be involved in the progressive 
destruction of insulin secreting cells. It is likely that cell-mediated immune 
mechanisms are as important for the initiation of 'insulitis' as humoral 
responses. 

Human T-Iymphocytes can be divided into two functional categories -
effector T -cells which mediate the functions of cell-mediated immunity 
(cytotoxic lymphocytes) and immunoregulator T-cells (helper and suppressor 
cells) which influence the differentiation of B-lymphocytes to synthesize im
munoglobulin and regulate effector T-cell activity. Approximately 5% of 
peripheral blood lymphocytes do not meet the criteria for either T or B 
lymphocytes - these have been given various labels including K-cells, defined 
as killer cells responsible for antibody-dependent cell-mediated cytotoxicity. 
K-cells kill non-specifically, but the destruction can be made specific by the 
reactivity of the antibodies involved. They are involved in the elimination of 
virus-infected cells and allograft rejection. 

Nerup and colleagues first reported positive leukocyte migration inhibition 
tests in patients with recent onset Type I diabetes using an antigen extracted 
from human or animal pancreas. Many studies have since been reported 
examining lymphocyte subsets in these patients. There have been consistent 
reports of increases in K-cell numbers, decreased specific and non-specific 
suppressor cell function· and the presence of activated T _cells27• These 
abnormalities tend to disappear within a few months of diagnosis. Receptors 
for the Fc part of IgG are expressed on already activated T-cells, and this 
subset appears to be the one increased in some genetically and 
immunologically susceptible, non-diabetic, first-degree relatives of Type I 
diabetics. Since a proportion of these subjects will go on to develop the 
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disease, it is suggested that lymphocytes with Fc-IgG receptors might have 
pathogenetic importance. 

Recently, Bottazzo and colleagues have reported studies on fresh-frozen 
pancreas obtained from a newly diagnosed diabetic child who died within 24 
hours of diagnosis28 . The expected 'insulitis' was found, and the majority of 
islets were devoid of insulin-secreting cells, whereas glucagon- and soma
tostatin-secreting cells were well preserved. The majority of infiltrating 
mononuclear cells were found to be T -lymphocytes. A number of lymphocyte 
popUlations were represented, mostly cytotoxic/ suppressor lymphocytes and 
killer lymphocytes. Most of the autoreactive T-lymphocytes expressed HLA
DR antigens, indicating that they were 'activated' T-cells and suggesting a 
specific immune response directed against islet antigens. A striking feature 
was that IgG was present inside the cytoplasm of islet cells, suggesting 
penetration of antibodies following injury to the cell membranes. (Similar 
events have been described in autoimmune thyroiditis and nephritis.) 

Based on studies of autoimmune thyroid disease and some preliminary 
studies in Type I diabetes, Bottazzo and colleagues have suggested that ,a-cells 
might express DR inappropriately in diabetic insulitis (this has been shown 
for thyrocytes in Graves' disease and Hashimoto's thyroiditis)28. Immune 
responses are thought to be initiated by HLA-DR positive cells presenting 
antigens to T -lymphocytes. They have suggested a new hypothesis explaining 
induction of autoimmunity in endocrine organs. It is postulated that 
interferon, which is the best inducer of DR-antigen expression, could be 
stimulated by viruses (or other environmental agents), which are present in 
relevant endocrine glands of genetically predisposed individuals without 
causing signs of infection. This might then trigger a series of events with 
aberrant DR expression, presentation of surface auto antigens and induction 
of auto reactive T -cells. These would then activate effector B- and T
lymphocytes. Subsequent development of overt autoimmune disease might 
then depend on a number of other factors such as abnormalities of the sup
pressor T-cell pathway (well documented in autoimmunity). These workers 
consider that this hypothesis might explain vague associations with viral 
infections and long latency periods before disease induction. It would also 
provide an explanation for DR-associations with various autoimmune 
diseases, including Type I diabetes. 

IMMUNOTHERAPY OF TYPE I DIABETES 

Diabetes can be prevented or reversed by immunotherapy in the BB rat. A 1-
month course of antilymphocyte serum or whole body X-irradiation will 
prevent the development of diabetes and reverse it in one-third of animals 
after development of the disease. Other approaches, including administration 
of cyclosporin A and neonatal thymectomy, have similar effects. There are, 
however, major immunological differences in this model in comparison with 
Type I diabetes, and results in humans have been much less exciting or 
convincing. There appear to be two major factors confounding current 
approaches: 
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(1) At diagnosis, about 90% of pancreatic J3-cells are already destroyed 
and abnormalities of the remaining cells are present. By this stage, 
the process is likely to be irreversible, although a small proportion of 
patients will continue to have residual insulin secretion for many 
years. 

(2) Lack of specificity of the immunosuppressive agents used. 

Of the trials that have been carried out, none has been particularly 
convincing. In a study from New Zealand, 1 year's treatment with prednisone 
(0.25mgkg-1day-l) in 17 children with recent onset diabetes was associated 
with increased urinary C-peptide excretion when compared with a control 
group. Overall, control did not improve and insulin requirements did not 
change appreciably. 

Various studies using plasmapheresis have produced variable results, some 
suggesting improvement with occasional temporary remission of insulin 
requirement. Several patients have been treated with a combination of 
antilymphocyte globulin, plasmapheresis (both over the first month), 
azathioprine and prednisone, the latter two drugs initially given in high 
dosage with a prolonged period on smaller dose29 • One patient had a 
prolonged remission off insulin, but eventually this had to be re-started. 

Immunotherapy with levamisole and interferon have produced very 
disappointing results. Other trials using antithymocyte globulin and 
prednisone have caused short-term improvements in glucose tolerance and 
reversal of the need for insulin therapy, but many side-effects have been 
recorded. Pilot studies using cyclosporin A are underway, but initial reports 
give no evidence for any long-term dramatic improvement. 

Studies already discussed have indicated that only about 50% of CF-ICA 
positive first-degree relatives of Type I diabetics will go on to develop the 
disease. It is clear, therefore, that prediction of who will develop Type I 
diabetes cannot be done with any great degree of accuracy. In addition, the 
precision of the immune response to recognize and destroy foreign antigens 
has not been met by availability of current agents to affect the immune 
response. In view of the potentially serious side-effects associated with 
currently available drugs, and their overall lack of specificity, serious 
questions need to be asked concerning the efficacy of such drug 
administration in future studies. 

IMMUNOGENETICS OF DIABETIC MICROVASCULAR DISEASE 

Duration of diabetes and quality of metabolic control are probably the major 
determinants of susceptibility to microangiopathy. Approximately 20% of 
Type I diabetics, however, do not develop clinically evident complications 
even after 30 years of disease 30. Indeed, the rate of development and severity 
of complications between individuals is very variable despite often apparently 
similar control. The Danes have described a syndrome of 'malignant' 
microangiopathy, which occurs in about one-third of their Type I diabetics. It 
is characterized by early onset and extreme severity of complications with 
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poor prognosis, whereas the remaining two-thirds of patients have a more 
benign course. The concept of other, particularly genetic, susceptibility 
factors has, therefore, arisen. 

Support for a possible immunogenetic association with microangiopathy 
comes from studies demonstrating raised values of circulating immune 
complexes and insulin-binding capacity in retinopathy and linear deposition 
of IgG on the glomerular basement membrane in nephropathy. Whether 
circulating immune complexes have a pathogenic role in microangiopathy is 
still controversial. In view of these findings, and the known associations of 
Type I diabetes with certain HLA loci, there have been many studies of the 
relationship between HLA and micro angiopathy. There have been a number 
of reports of significant associations between HLA B8, B15 and DR4 and 
retinopathy and/ or nephropathy, but this has not been confirmed by others30• 

Recently, an association between the B3 allotype of the fourth component of 
complement and microangiopathy has been reported 11. C4B3 is in linkage 
disequilibrium with DR4 and which association is primary, if either, is still 
under study. A similar association with a phenotype of the immunoglobulin 
heavy chain markers on chromosome 14 (Gm zafnbg) has also been 
reported31 • Both complement and the immunoglobulins are concerned with 
humoral immunity and statistical analysis of the data suggests that the 
association with both factors is additive, but independent. Whilst it is possible 
that these phenotypes have a direct effect on the development of 
microangiopathy, it is, perhaps, more likely that immunogenetic susceptibi
lity to micro angiopathy is located in other immune function genes in linkage 
disequilibr-ium with either the Gm or C4B loci respectively. It is possible that 
the action of such genes will at least partly explain the variable rate of 
development of complications in patients with apparently similar control. 

THE FUTURE 

Many of the earlier studies have reported 'associations' with Type I diabetes, 
but recent work has moved towards 'mechanisms' of disease development. A 
greater understanding of the immunological aspects in the early stages of 
Type I diabetes is a key also to understanding the pathogenesis of the disease. 
DNA probing of the HLA-D region in particular, and perhaps other parts of 
the HLA-system, will further emphasize the extreme polymorphism of these 
regions. Studies within and between popUlations of Type I diabetics will 
undoubtedly provide further evidence for genetic heterogeneity and, 
hopefully, will aid in understanding the disease process. Clarification as to 
whether susceptibility to the disease is controlled by a single gene or genes or 
whether a combination of different haplotypes is required for such 
susceptibility is needed. 

Further studies of the autoantigen thought to be a pancreatic l3-cell specific 
membrane component are awaited. Attempts are being made to isolate, 
characterize and sequence this antigen and other antigens are being looked 
for. 

Many attempts, mostly unsuccessful, to influence the course of Type I 
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diabetes by immunotherapy have been made. Better markers for development 
of Type I diabetes and more specific immunosuppressive agents are required. 
Molecular cloning of the genes for antigens, antibodies and lymphocyte 
receptors, as well as HLA antigens, is an important tool for analysis of those 
components involved in the development of an immune response to an 
antigen. It has been suggested that production of more specific immuno
suppressive agents might also be possible utilizing these techniques32. Indeed, 
it is likely that recent developments in molecular biology will not only provide 
a greater understanding of the pathogenesis of Type I, but might also provide 
a means of prevention and treatment. 

SUMMARY 

Diabetes mellitus can be subdivided into two major types which are 
aetiologically distinct. Studies of identical twins suggest that Type II or non
insulin-dependent diabetes has a strong inherited component, but cannot 
determine what the component is. There is no evidence for immunological 
disturbance in this disease. Type I or insulin-dependent diabetes, however, 
appears to be caused by an environmental agent (or agents), combined with 
an autoimmune reaction resulting in pancreatic ~-cell destruction in a 
genetically predisposed individual. The precise events involved, however, are 
still obscure. In the majority of cases, two genes, or clusters of genes, in 
linkage disequilibrium with HLA DR3 or DR4, control susceptibility to the 
disease. Different types of antibodies against islet cells have been observed in 
susceptible individuals, but complement fixing islet cell antibodies, CF-ICA, 
seem (at present) to be the most predictive for Type I diabetes. CF-ICA 
selectively stain ~-cells and are cytotoxic. Islet cell surface antibodies, ICSA, 
have also recently been described and these can mediate complement
dependent ~-cell cytotoxicity, and impair ~-cell function in vitro. The antigen 
provoking production of ICA has not been characterized. Most recently, by 
using sera from recently diagnosed Type I diabetics, a large band of 64000 
molecular weight has been obtained by immunoprecipitating proteins from 
human islet cells. 

Although ICA are markers for sensitization towards islet cells, this does 
not necessarily mean the development of the disease. Cell-mediated immune 
events appear to be most important at this stage and cellular abnormali
ties can be demonstrated in both newly diagnosed Type I diabetics, but also 
in genetically susceptible, otherwise normal, first-degree relatives of 
Type I diabetics. There are now consistent reports in new Type I diabetics 
of increases in K-cell numbers, decreased specific and non-specific sup
pressor cell function and the presence of activated T-cells. Receptors for 
the Fc part of IgG are expressed on already activated T-cells, and this subset 
appears to be the one increased in some genetically and immunologically 
susceptible, non-diabetic, first-degree relatives of Type I diabetics. Since some 
of these subjects will go on to develop the disease, lymphocytes with Fc-IgG 
receptors might have pathogenetic importance. Recent reports suggest that 
~-cell destruction is very specific, with sparing of glucagon- and somatostatin-
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secreting cells. Most of the autoreactive T -lymphocytes found as part of the 
insulitis express HLA-DR molecules, indicating that they are activated T
cells and suggesting a specific immune response directed against islet antigens. 
Recent hypotheses as to the mechanism of autoimmune destruction have 
included the suggestion that {3-cells might express DR inappropriately in 
diabetic insulitis. Environmental agents might then trigger a series of events 
with aberrant DR expression, presentation of surface autoantigens and 
induction of autoreactive T -helper cells. These would then activate effector B
and T -lymphocytes. Subsequent development of autoimmune disease might 
then depend on a number of other factors such as abnormalities of the 
suppressor T-cell pathway. This hypothesis might explain vague associations 
with viral infections and the long latency period before disease induction. 

The very strong evidence for an immunogenetic basis of Type I diabetes 
offers a possible means of prevention or treatment by immunosuppression. 
Results have so far been disappointing, probably because treatment is 
instituted too late and because of the lack of specificity of immunosuppressive 
agents used. Better markers for development of Type I diabetes and more 
specific immunosuppressive agents are required. The techniques of molecular 
biology might be utilized to produce more specific agents, in addition to 
providing a greater understanding of the aetiology of Type I diabetes. 
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7 
Immunogenetics of Graves' Disease 
H. TAMAI, L. F. KUMAGAI AND S. NAGATAKI 

INTRODUCTION 

The actual aetiology of Graves' disease, like that of Hashimoto's chronic 
thyroiditis, remains unknown. The condition of hyperthyroidism was initia1l1 
recognized by Parry in 1786 and recorded cases were published in 1825 . 
Subsequently, Graves, from whom the eponym has been derived, described 
three cases in greater detail in 18352• Basedow also described the condition in 
great detail in 18403• It is recognized that females are affected by Graves' 
disease much more commonly than males, as is true for virtually all thyroidal 
disorders, the reported ratios varying from 4: I to 10: 1. The familial 
occurrence of hyperthyroidism has been recognized by several investigators 
for many years. Bartels found evidence of a familial disposition in 60% of 
cases with Graves' disease4 • Pedigrees have been published that have shown a 
high incidence of Graves' disease in families; however, a definitive pattern of 
inheritance has not been established. Although hereditary factors appear to 
be involved in the pathogenesis of Graves' disease, it is apparent that a 
combination of several genetic and environmental determinants are involved 
rather than a single gene as being a predominant factor. The twin and clinical 
family studies initially demonstrated the important role of hereditary factors 
in Graves' disease. The investigation of autoantibodies and immunogenetic 
markers have further supported the hereditary importance. Furthermore, the 
greater rate of concordance of hyperthyroidism among monozygotic twins is 
also indicative of hereditary determinants in this condition. Retrospective 
studies of unselected twins demonstrated that about 50% of monozygotic 
pairs are concordant for hyperthyroidism in contrast to less than 5% of 
dizygotic pairs5. 

Graves' disease is one of the autoimmune disorders associated with 
immunogenetic influences. Therefore, it was felt that further clarification of 
the immunogenetics involved in Graves' disease would be gained by studying 
the relationship between Graves' disease and specific HLA and Gm deter
minants in a large number of families. 
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FAMILY STUDIES AS A BASIS FOR IMMUNOGENETIC 
INVESTIGATIONS IN GRAVES' DISEASE 

Consanguineous occurrence of Graves' disease has led to the suggestion that 
hereditary constitutional factors may be important in its pathogenesis. In our 
studies6,7, a total of 206 clinically and biochemically euthyroid subjects 
representing families who had two or more thyrotoxic patients within the 
second degree was studied. 69 subjects were followed for 6 months to 5 years, 
and determinations of serum concentrations of T4, T3, TSH, TRH tests and 
T3 suppression tests were performed once every 6 or 12 months. Results of 
thyroidal abnormalities found at the initial visit in the 206 euthyroid subjects 
with family histories of Graves' disease are shown in Table 7.1. Among 206 
individuals who had TRH tests at the initial visit, 29 (14%) exhibited a less 
than normal response, 150 (73%) had normal responses, and 27 (13%) 
demonstrated increased responses. T 3 suppression tests were performed in 117 
of 206 subjects; eight (7%) were T3 non-suppressible and all others were T3 
suppressible. Three subjects became clinically and biochemically thyrotoxic 
and two subjects became hypothyroid during the follow-up period. Our data 
suggested that hyperthyroidism or hypothyroidism occurs frequently among 
euthyroid relatives who have a family history of Graves' disease, and that 
thyrotoxicosis occurs frequently in TRH hyporesponders. Chopra et al. 8 

studied thyroid function, antithyroidal antibodies and human. major 
histocompatibility locus antigens in first-degree relatives (parents, siblings, 
and children) of patients with Graves' disease and Hashimoto's thyroiditis. 
The most common abnormalities in Graves' relatives were the observations of 
positive antithyroidal antibodies (25 of 75, 34%) and supranormal TSH 
responses to TRH (12 of 44, 27%). Less common abnormalities were goitre 
(10 of 92, 11 %), ophthalmopathy (l of 92, 1.1 %), T 3 non-suppressibility (2 of 
48,4.2%), elevated baseline serum TSHs (4 of 80,5%), subnormal responses 
to TRH (2 of 44, 4.5%), and detectable LATS-protector (3 of 47, 6.4%). 
Ingbar et al. 9 also studied peripheral thyroxine turnover in 12 clinically 
euthyroid relatives of five thyrotoxic patients. Circulating thyroxine half-lives 
were significantly diminished. Although thyroidal radioactive iodine uptakes 
averaged 61 % in this group, basal metabolic rates and protein bound iodine 
values were normal. Thus two distinct abnormalities in the metabolism of 
iodine were found in certain eumetabolic relatives of patients with Graves' 
disease: (1) an augmented rate of peripheral degradation of thyroxine, and (2) 
an increased thyroidal avidity for iodine. As shown in our studylO, the clinical 
picture and serum antithyroidal antibodies in 16 pairs of siblings with Graves' 
disease were compared with age- and sex-matched groups of 32 patients with 
Graves' disease who did not have a family history of any thyroidal disease 
(control patients). There were significant differen.ces in the frequency and 
mean titres of antibodies to thyroglobulin between paired-sibling patients and 
controls. Lymphoid follicles and epithelial degeneration were observed more 
often in the thyroids of paired sibling patients than in those of the controls. 
Moreover, there was a strong tendency of increased lymphocyte and plasma 
cell infiltration in the thyroids of the paired sibling patients with Graves' 
disease. Several studies have also demonstrated that both Graves' disease and 
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Table 7.1 Thyroid abnormalities in 206 euthyroid relatives with a family 
history of Graves' disease 7 

Thyroid abnormalities 

Abnormal response to TRH 
No response or hyporesponse 
Hyper-response 

T l non-suppressibility 
Positive antithyroid antibody 

TGHA* 
MCHAt 

No. of subjects 

56/206 (27.1) 
29/206 (14.1) 
27/206 (13.1) 
S/117 (6.S) 

43/206 (20.7) 
114/206 (55.2) 

The percentages of the total number of subjects are in parentheses. 
* Antithyroglobulin haemagglutination antibodies (positive titre, 2:2x 102). 

t Antithyroid microsomal haemagglutination antibodies (positive titre, 
2:2x I02). 

Hashimoto's thyroiditis are commonly found in near relatives of patients with 
Hashimoto's thyroiditis. Actually, our results from earlier studies in 
euthyroid Graves' disease suggested that thyroid function tests in subjects 
with euthyroid Graves' disease are quite variable and that euthyroid Graves' 
disease, Graves'disease, and Hashimoto's thyroiditis are closely related to 
each other and cannot be clearly separated before the clinical onset of each 
disease!!. Banovac et al.!2 reported that none of 76 euthyroid relatives of 
patients with Graves' disease had either detectable LATS or thyroid
stimulating antibodies (TSAb) in their sera, but seven of 41 sera were slightly 
positive for TSH-binding inhibiting antibodies (TBIAb). The first hint that 
autoimmune antibodies might be involved with the pathogenesis of Graves' 
disease came with the discovery that LATS was associated with the Ig fraction 
of serum proteins!3.!4. In 50 relatives of ten families, thyroidal diseases were 
found in 20%, positive LATS-IgG responses in 30%, and thyroid antibodies in 
23%15. These authors suggested the existence of a thyroid metabolic 
abnormality in the families of patients with thyrotoxicosis and argued against 
LATS as being the cause of the hyperthyroidism of Graves' disease. Bartels 
reported extensive studies in many Copenhagen families4 with a history of 
hyperthyroidism. He investigated 204 propositi with Graves' disease and 21 
with toxic nodular goitre. The incidence of Graves' disease among female 
relatives was greater than one would expect in a control population. The 
increased incidence of both hyperthyroid disorders was thought to be due to 
hereditary factors in the above studies because not only mothers and 
daughters, but also aunts were affected, so that more than environmental 
factors alone were thought to be involved!6. The sera of parents and siblings 
of 74 patients with diffuse toxic goitre were examined for antithyroidal 
antibodies 17. The incidence of antithyroglobulin and antimicrosomal 
antibodies in 57 mothers and 101 daughters was significantly higher than in 
the controls. These data also suggested that there is a hereditary influence on 
the production of antithyroidal antibodies. Organ-specific autoimmune 
diseases are found with increased frequency not only in patients with Graves' 
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disease, but also among their relatives. Subclinical serological evidence of 
autoimmunity is found in relatives even more commonly than clinical 
disease l8 • Graves'disease and thyroid antibodies have been observed more 
often than expected among patients with Down's syndrome and their 
maternal relatives I9,2o. The biological implications of these associations are 
unclear, but it is possible that common pathogenetic mechanisms are involved 
in the development of chromosomal aberrations and thyroidal autoim
munitl l . As previously mentioned, many family studies, especially euthyroid 
relatives of patients with Graves' disease, have been reported. Thyroidal 
abnormalities have been demonstrated among euthyroid relatives with a 
significantly higher incidence than in normal unrelated subjects. There are 
very few long-term follow-up studies showing the relationship between 
thyroidal abnormalities found in euthyroid relatives and the development of 
Graves' disease. These studies are being accumulated and will be reported at a 
future date. 

TSH RECEPTOR ANTIBODIES AND HLA DISEASE ASSOCIATIONS 

TSH receptor antibodies 

The concept of a genetic origin or predisposition to Graves' disease and also 
to Hashimoto's thyroiditis, has been strongly suggested4,22, and studied 
mainly by determining defects in immune surveillanceI3,23. Present concepts 
suggest that TSH receptor antibodies may be the result of antigen-specific 
suppressor cell defects, thus allowing the unabated production of TSH 
receptor antibodies24,25. Numerous investigators have reported high and 
varying incidences of positive results of increased TS H receptor antibodies in 
untreated or active Graves' disease26- 3o• The interlaboratory variations in 
results may be due to a number of factors, e.g. variations in TSH receptor 
antibody assay methodology, membrane preparative techniques, the source 
and species of thyroid glands, and purity of radioiodinated TSH. Despite 
many variable factors, the aforementioned studies have reported TSH 
receptor antibodies in about 70-80% of untreated Graves' patients. Various 
technical factors and differences in the degree of sensitivity of various assays 
may account for the lack of detection in the remaining subjects. The 
undetectability of TSH receptor antibodies could also be indicative of 
important pathophysiological variations in Graves' disease31 • Mukhtar et al. 32 

investigated the effect of various therapeutic modalities on TBIAb levels. The 
frequency of lBIAb in patients treated by carbimazole (4-18months) was 
53%; by radioiodine (6months-4years post-therapy) was 50% and by subtotal 
thyroidectomy (4-12 months postoperatively) was 17%. Antithyroidal dru9s 
per se may reduce TSH receptor antibody levels directlli. McGregor et al. 3 

demonstrated that irradiation of peripheral blood lymphocytes inhibited their 
ability to generate IgG and thyroglobulin antibodies in culture. On the other 
hand, if intrathyroidal lymphocytes are the major source of TSH receptor 
antibodies, then levels of the latter Rrobably should decrease more rapidly 
after surgery than has been observed I. 
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TSH receptor antibodies as determined by thyroid stimulating assay 

Zakarija et al. 34 correlated thyroid-stimulating antibodies (TSAb) with the 
clinical course in 187 patients with Graves' disease. In 64 patients with newly 
diagnosed hyperthyroidism, 59 were positive; 36 of 38 patients tested early in 
therapy were also positive. The incidence of positive results of thyroid
stimulating immunoglobulins in Graves' disease has been reported3S- 39 to vary 
between 61 and 91 %. Rapaport et al. 40 demonstrated that 57 of 61 patients 
with untreated hyperthyroid Graves' disease were TSAb positive (93%) using 
a sensitive, specific and practical bioassay. TSAb was undetectable in all 
normal subjects and in patients with Hashimoto's thyroiditis, non-toxic 
goitre, and toxic nodular goitre. Atkinson and Kendall-Taylor41 reported a 
thyroid stimulation assay in which T3 incremental increases were measured 
after the in vitro incubation of porcine thyroid tissues with serum. Forty-four 
of 49 serum samples in Graves' patients were positive. Smythe et al. 42 

concluded that idiopathic non-toxic goitre, toxic nodular goitre with 
functioning nodules (Plummer's disease), and Graves' disease shared, in part, 
a common pathogenesis according to determinations of TSAb using a highly 
sensitive cytochemical section bioassay. The most persuasive study 
supporting the usefulness of TSH receptor antibody measurements is that of 
Zakarija et al. 34• Twenty-eight patients received antithyroidal drug therapy 
and thyroid-stimulating antibodies were measured at the cessation of therapy. 
Thirteen patients were negative and 12 of 15 relapsed patients were positive. 
Davis et al. 43 demonstrated that after discontinuing antithyroidal drugs after 
6 months of treatment, 16 patients relapsed within 6 months of stopping 
therapy, and all patients with high levels of thyroid-stimulating antibodies 
(TSAb) at the time of drug withdrawal relapsed within 2 months, whereas all 
patients with low or undetectable TSAb activity at the time of drug 
discontinuation remained in remission. The data indicated, therefore, that an 
accurate and useful predictor of the early clinical course of Graves' disease, 
after withdrawal of antithyroidal drugs, could be made in patients with high 
or low levels of TSAb. The clinical usefulness in long-term predictability, 
however, has not proven to be nearly as good. 

TSH receptor blocking antibodies 

Interest in the understanding of TSH receptor blocking antibodies was 
initiated by the report of Matsuura et af. 44 in 1980 of a hypothyroid mother 
who was maintained euthyroid with exogenous thyroid hormone throughout 
pregnancy and gave birth to two hypothyroid sons. The authors astutely 
reasoned that the mother and offspring could have anti-TSH receptor 
antibodies that were blocking TSH action and thereby resulting in 
hypothyroidism. They confirmed their hypothesis by measuring the ability of 
antibodies contained in the ')I-globulin fractions from the three subjects to 
inhibit [12sI]TSH binding to human thyroid membranes. Several other 
investigators have extended these findings and have demonstrated the 
presence of TSH receptor blockinf- antibodies in the sera of 15-25% of adult 
primary hypothyroid patients28,4 -48. Therefore, the concept that clinical 
hypothyroidism can result from the occurrence of TSH receptor blocking 
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antibodIes appears to be established. 
Burman and Baker31 described in their recent review that if the foregoing is 

correct, our concept, that all primary hypothyroidism results from thyroid 
damage rendering the gland incapable of generating sufficient T4 and T3 to 
maintain euthyroidism and resulting in increased serum TSH levels, must be 
altered. They also suggested that the clinical utility of TSH receptor 
antibodies would be useful in the following: (1) to help diagnose Graves' 
disease when the aetiological diagnosis of hyperthyroidism may be in doubt; 
(The diagnosis of Graves' disease has implications with regards to remission, 
response to antithyroidal drugs and to radioiodine, and with regards to family 
counselling); (2) to help diagnose Graves' disease in patients with ophthal
mopathy or proptosis, especially in patients with unilateral proptosis; 
(3) to help predict the possibility that an infant will be born with 
hypothyroidism or hyperthyroidism, albeit either neonatal condition is very 
infrequent. 

HLA 

HLA is a region on chromosome 6 which includes several genetic loci. The 
effects of most of these genes are expressed on cell surfaces. HLA is 
structurally and functionally homologous to the major histocompatability 
region in mice (where it is called H-2). Many biologically important functions 
including qualitative and quantitative control of immune responses to certain 
antigens, killing of virus-infected cells, and synthesis of several complement 
components have been associated with the major histocompatability complex 
of several species49,5o. Irvine et al. 51 have observed a difference in the 
frequency of HLA-B8 between patients with recurrent Graves' disease and 
patients in remission (69% vs. 40%) and an even greater difference when 
compared with control subjects (28%). A similar conclusion was reached by 
Beck et al. 52 , who noted recurrence rates of 81% and 84% in HLA-B8 and 
HLA-Dw3 positive patients compared to HLA-B8 and HLA-Dw3 negative 
patients. The latter patients had recurrence rates of 61 % and 59% respectively. 
On the other hand, McGregor et al. 53 have shown that within a year of 
stopping a 6-month course of carbimazole treatment, 41 of 65 patients (63%) 
with Graves' disease had a recurrence. By combined analysis of the HLA
DRw3 status and the level of TSH receptor antibodies at the time of drug 
withdrawal, relapses or remissions could be predicted in 62 of 65 patients. 
One hundred and fifty patients with toxic diffuse goitres were HLA typed by 
Schleusener et al. 54• One group consisted of 101 patients with concomitant 
Graves' ophthalmopathy and/ or TSH-binding inhibiting antibodies (GBIAb). 
Forty-nine patients had neither ophthalmopathy nor TBIAb. The former 
group showed a higher prevalence of HLA-B8 and DR3 antigens compared 
to a normal control group. The latter group showed a higher frequency of 
HLApDR5, whereas the HLA-B8 and DR3 antigens were slightly below the 
normal prevalence. These data indicate an immunogenetic heterogeneity in 
patients with toxic diffuse goitre. Patients with long-term remission did not 
show a different prevalence of any of the HLA antigens compared to controls. 
In contrast, patients with Graves' ophthalmopathy and/ or TBIAb activity 
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who relapsed had a significantly higher prevalence of HLA-BS, DR3, whereas 
patients without TBIAb and eye signs who relapsed had a significantly greater 
prevalence of HLA-DR5 than the control group. However, Allannic et al. 55 

reported different results. They studied I I I unselected patients with 
hyperthyroidism due to Graves' disease who had been treated with 
carbimazole for IS months. Seventy-two patients were followed for 2 years 
after withdrawal of treatment. Of the 72 patients, 37 relapsed and 35 
remained in remission. Forty patients were DR3 positive (20 relapsed) and 32 
were DR3 negative (17 relapsed). HLA frequency was not significantly 
different in relapsed patients or in those who remained in remission. The 
authors concluded that HLA frequency cannot be used to Eredict relapse of 
hyperthyroidism due to Graves' disease. Wenzel and Lente 6 treated Graves' 
disease patients longitudinally with either PTU, methimazole (MMI), or 
perchlorate. Five of ten patients receiving PTU and eight of 13 patients 
receiving MMI attained normal TBIAb levels. TBIAb levels also decreased to 
normal in I I of IS patients receiving perchlorate. In all three groups, 
however, a decrease in T4 and T3 levels preceded the fall in TBIAb. The 
authors concluded that the immunomodulating effects of MMI and PTU 
must be minimal in vivo if present at all, assuming that perchlorate was not 
immunosuppressive. Weetman et al., however, have recently reported in 
preliminary studies that perchlorate itself decreases immunoglobulin 
synthesis in vitro57 • 

HLA AND IgG HEAVY CHAIN ALLOTYPES (Gm) IN GRAVES' DISEASE 

Population studies of HLA 

It is well recognized that inheritance patterns of disease susceptibility can be 
elucidated if the disease is associated with genetic markers, e.g. red blood cell 
groups. Such associations are helpful in specific disease diagnosis as well as 
identifying patients who may be at risk18. HLA antigens are genetic markers 
which are most often associated with autoimmune disorders and are divided 
into two morphologically and functionally distinct groups: Class I and Class 
II. Of the Class I human antigens, three different types are noted as A, Band 
C. The Class II human antigens are composed of three different types, DR, 
DQ and DP. Each tYJ?e relates to a different gene in the major histo
compatibility complex . The most important function of HLA antigens 
is the regulation of immune responses to certain antigens. In Graves' disease, 
significant differences in the frequency of certain HLA antigens compared to 
that in normal subjects have been reported by many investifators: HL_AS58, 
W559, HLA-BS60, HLA-BS, Dw36t, HLA-BS, Dw3, DRw36 , HLA-DRw354, 
HLA-DR3, DR555, and HLA-DR563. The first evidence of a significant 
association between HLAS and Graves' disease in Caucasians was reported 
by Grumet et al. 58 • Evidence of genetic control of susceptibility to Graves' 
disease was sought using HLA antigens as genetic markers. Their study was 
performed in 62 unrelated Caucasian patients with Graves' disease. The 
frequency of HLA-BS antigen among the I'atients was 47% compared to an 
incidence of 21% in controls. Grumet et al. 59 also described HLA findings in 
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44 Japanese patients with Graves' disease. The frequency of the W5 antigen 
among the Japanese patients (57%) was significantly greater than among 
controls (20%). They concluded that the occurrence of different HLA 
antigens in association with the same disease in different ethnic groups 
indicates that the use of HLA antigens as disease susceptibilitlc markers must 
be confirmed for each ethnic group under study. Farid et al. 0, in a study of 
Graves' disease in an isolated and inbred Newfoundland popUlation, reported 
an increased frequency of patients who apparently had HLA-B8 in both of 
their haplotypes. They suggested that HLA-B8 homozygocity confers an 
increased risk for Graves' disease compared to HLA-B8 heterozygocity. We 
found63 in a study of 30 unrelated probands in Japanese families that the 
antigen frequency of HLA-DR5 was significantly increased, 30%, compared 
with 5% in a control group (p<3.0 x 10-3). The association between Graves' 
disease and HLA-DR5 indicated that an HLA-linked disease susceptibility 
gene was in strong linkage disequilibrium with HLA-DR5 (Table 7.2). The 
HLA-DRw3, class II antigen, has an increased incidence of 60% in 
Caucasian Graves' disease patients compared to II % of the control 
population. One might postulate that due to their pivotal role in antigen 
presentation, a particular class II antigen might facilitate the development or 
propagation of an autoimmune response to thyroid antigens. Several studies 
have shown that Graves' disease patients who have DR w3 antigenic 
determinants develop the disease earlier and have more recalcitrant disease 

h· h' I I'k I d d' I . h 'd h 3152555864-66 W IC IS ess ley to respon to me Ica antIt yrOi t erapy , , " . 

Table 7.2 Association between Graves' disease and HLA63 

Graves' Control 
HLA- disease group 
antigens (n = 30) (n = 80) 2 Pc RR X 

DR5 9(30.0%) 4( 5.0%) 13.08 <3.0x 10-3 8.14 
DRw8 11(36.7%) 13(16.3%) 5.82 NS 3.07 

DR5 and DRw8 were determined using II and 5 sera, respectively, from the 8th 
International Histocompatibility Workshop". Pc: P multiplied by the number of 
HLA-DR antigens studied. RR, relative risk. 

Population studies of Gm 

Two groups of immune response genes have been identified and studied 
extensively in humans and in animals. One group is linked to the major 
histocompatibility complex (MHC) and the other is grouped to genes which 
control immunoglobulin (lg) allotypic determinants of· the heavy (H) chain 
group67-69. Furthermore, genes controlling the idiotypes of specific antibodies 
have been shown to be linked with the IgG H-chain gene complex7o,71. Nakao 
et al. 72 found in 1980 that the Gm (l, 2, 21) haplotype was increased in 
patients with Graves' disease or Hashimoto's thyroiditis. Farid et al. 73 also 
reported that the Gm haplotype, Gmf,b or Gmf,n,b was found in all 40 
patients with Graves' disease studied contrasted with 35 of 40 controls and 20 
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of 31 patients with Hashimoto's thyroiditis. The difference in incidence in the 
Gm haplotype between the two groups with autoimmune thyroid disease was 
significant. These results suggested that thyroid-stimulating antibodies may 
be allotypically restricted and that Gm typing is likely to be a useful genetic 
marker for Graves' disease, in addition to HLA and phenylthiocarbamide 
(PTC) testing. The frequencies of the antigens, HLA-B8 and DR3, are 
increased in Caucasians with Graves' disease62; however, the existence of 
HLA-BS, DRw3-negative patients with Graves' disease and the lack of any 
association with HLA-BS or DRw3 in Japanese patients point out the 
difficulty in interpretation of association of HLA antigens and Graves' 
disease72,74. Therefore, the existence of a polygenic background in Graves' 
disease represents a reasonable hypothesis in explaining disease susceptibility. 
The Gm genes may be in chromosome 14 and they cannot be very close to the 
HLA region 75. Nakao et af. 72 therefore postulated that their data suggested 
the existence of disease-susceptible genes linked to Gm genes, and different 
from the HLA-linked susceptibility genes. ' 

Family studies of HLA and Gm haplotypes 

Family studies represent an excellent approach to investigating associations 
between HLA antigens and diseases; however, they are generally more 
difficult to perform because they require kinships in which two or more 
siblings or other relatives (but not a parent and single child, who always share 
one haplotype) are affected with the same disease. Family studies have an 
important asset in their ability to provide information about the inheritance 
of disease susceptibility. Since complete HLA haplotypes are almost always 
inherited as a unit, family studies can be used to demonstrate HLA-linked 
disease-predisposing genes even if they are not associated with any detectable 
antigen in the population18 • Therefore, to identify the genes governing 
susceptibility to Graves' disease, we studied a large number of Japanese 
families as described below76 • We found evidence for the existence .of two 
genes controlling the susceptibility to Graves' disease, one closely linked to 
HLA, the other linked to the genecoding for the Gm allotype63 • Our studies76 

were performed in 243 members of 37 families in which two or more first
degree relatives had hyperthyroid Graves' disease, hereafter referred to as 
Graves'disease. In 27 families, 173 members were studied; 70 (40%) of them 
had Graves' disease and none had Hashimoto's disease. In the other ten 
families with 70 members, 26 (37%) had Graves' disease and 14 (20%) had 
Hashimoto's thyroiditis among first-degree relatives. After the complete 
analysis of HLA and Gm haplotypes for all members studied in each family, 
the particular HLA and Gm haplotypes that were found to be concordant in 
two members with Graves' disease in each family were defined as being the 
disease-associated haplotypes. The data in the remaining . members of the 
families were then examined to determine those in whom one or both of the 
disease-associated haplotypes was present or those in whom both were lack
ing. The findings were correlated with the presence or absence of thyroid 
disease. Representative examples of this type of analysis are shown in Figures 
7.1 and 7.2. Figure 7.1 shows the association between Graves' disease and 
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Figure 7.1 A family with Graves' disease .• , Graves' disease; a) HLA-A9, 822, CwI-; b) HLA-A9, 
851, Cw3; c) HLA-A26, 840, Cw3; d) HLA-A-, 8-, C-; p, Gm (I, 21,17,26); q, Gm(l, II, 13, 15, 
16, 17); r, Gm (I, II, 13, 10, 15, 16, 17); s, Gm (1,2,21, 17,26). From ref. 76 

2 

Figure 7.2 A family with Graves' and Hashimoto's diseases .• , Graves' disease; ., Hashimoto's 
disease; a) HLA-A2, 840, Cw3; b) HLA-A9, 8w5I, Cw-; c) HLA-A26, 840, Cw-; d) HLA-A-, 
87, Cw-; p, Gm (1,3,5,13,23); q, Gm (1,13,15,16,17); r, Gm (I, 2, 21,17,26); s, Gm (1,17,21). 
From ref. 76 

HLA and Gm haplotypes in a representative family. Haplotypes of HLA 
(a,b,c, and d) and haplotypes of Gm (p,q,r, and s) were determined by 
analysing HLA-A, -B, and -C antigens and Gm haplotypes in all members of 
the family. The disease-associated haplotypes of HLA and Gm were identified 
by determining concordant haplotypes in two members with Graves' disease. 
In the family depicted, the disease-associated haplotypes of HLA-(c) and 
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Gm(s) were identified in patients 2 and 3. Another sibling (no. 4) had the dis
ease-associated haplotypes of both H LA and Gm and also had Graves' disease. 
The other sibling [no. 5) had only the disease-associated HLA haplotype and 
did not have Graves' disease. We found that all affected siblings except one 
female shared the disease-associated haplotypes with both HLA and Gm. 
However, siblings who shared the disease-associated haplotypes did not 
necessarily have overt clinical disease. Table 7.3 shows the occurrence of 
thyroid disease in all members of 37 families in which two or more first-degree 
relatives had Graves' disease. Among 96 patients with Graves' disease, 74 
patients (two members in each family) served as the basis for identifying the 
disease-associated haplotypes. Among the remaining 22 patients with Graves' 
disease, 21 had the disease-associated haplotypes of both HLA and Gm and 
one had only the Gm haplotype. Among 97 subjects who had only one or 
none of the disease-associated haplotypes of HLA and Gm (16 with HLA, 
only 39 with Gm only, and 42 with neither HLA nor Gm), only one had 
Graves' disease. Although not shown, there was no significant difference in 
the frequency of any HLA antigen or Gm allotype between normal Japanese 
subjects and the patients with Graves' disease in the above study. We analysed 
the segreration of Graves' disease and HLA and Gm haplotypes in 15 selected 
families6 • Statistical significance of this genetic association between the 
development of Graves' disease and particular HLA and Gm haplotypes in 
each family was analysed by the sib-pair method using 62 siblings in the 
families. Siblings under lO-years-old were excluded from analysis because 
Graves' disease is rare below this age (Table 7.4). The strong association 
between the development of Graves' disease and HLA and Gm haplotypes 
indicated that there might be two genes linked to HLA and Gm respectively, 
which had a major influence on the development of Graves' disease. As 

Table 7.3 Association among Graves' and Hashimoto's diseases; HLA and Gm haplotypes in 37 
families (243 subjects) in which two or more first-degree relatives were affected with Graves' 
disease. From ref. 76 

Concordance of disease-associated haplotypes* of 

Neither 
Both HLA HLA Gm HLA nor Total 
andGm only only Gm 

Graves' 95 (74+21)t 0 0 96 (74+22) 
disease 

Hashimoto's 14 0 0 0 14 
disease 

Others 37 16 38 42 133 

Total 146 16 39 42 243 

*After complete analysis of HLA and Gm haplotypes in all members studied in each family, the 
particular HLA and Gm haplotypes that were found to be concordant in two members with 
Graves' disease in each family were defined as being the disease-associated haplotypes. 
tSeventy-four members with Graves' disease (two in each family) served as the basis for 
determining the disease-associated haplotypes. 
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Table 7.4 Association between Graves' disease and HLA and Gm haplotypes in 15 families. From 
ref. 63 

Disease-associated 
haplotypes 

of HLA and Gm allotype 
Positive* Negativet p 

Total sib Affected 17 I 
(n = 62) Unaffected 15 14 <2.0x 10-3 

Female sib Affected 14 I 
(n = 50) Unaffected 8 12 <2.0x 10-3 

Male sib Affected 3 0 
(n = 12) Unaffected 7 2 NS 

One affected sibling used to determine disease-associated haplotypes in each family was excluded 
from this analysis. The p value was calculated by Fisher's exact method. NS, not significant. 
*Positive for disease-associated HLA and Gm haplotypes. 
tNegative for either or both disease-associated HLA haplotype and Gm haplotype. 

previously mentioned, in a study of 30 unrelated probands in families, the 
antigen frequency of 30% of HLA-DR5 was significantly increased, 
compared to 5% in control groups (Table 7.2). The association between 
Graves' disease and HLA-DR5 indicated that an HLA-linked disease 
susceptibility gene was in strong linkage disequilibrium with HLA-DR5. The 
only other study of large numbers of families was reported by Farid et al. 77 • 

Fifteen families with sibling or mother-child pairs with Graves' disease were 
studied and although linkage of Graves' disease to specific HLA-defined 
haplotypes was apparent, no specific HLA antigen was found to be associated 
with the disease. It was postulated that although the actual gene associated 
with Graves' disease was randomly distributed throughout the popUlation, 
gene expression could be facilitated by DRw3, thus explaining the association 
with this particular antigen. Adams et al. 78 failed to show involvement of 
immunoglobulin genes in family studies testing for associated inheritance of 
Graves' disease and immunoglobulin allotypes. The HLA-D region is 
assumed to be comparable to the I-region of murine H-2 complex, in which 
immune response genes (lr genes), and immune suppression genes (Is genes) 
are located. Recently, it has become more evident that HLA-linked Ir genes 
or Is genes exist in man79•80 • In the murine system, it has been demonstrated 
that idiotype determinants are linked to heavy-chain constant region allotypic 
markers81 •82 , and the idiotypic determinants of antigen-specific receptors on 
lymphocyte membranes are likely to have fundamental roles in immune 
regulation. It was, therefore, assumed that two genes, HLA-linked and Gm
linked, could govern the specific immune response to certain antigens relevant 
to the development of Graves' disease. The elucidation of antigens and 
environmental or other factors involved in the pathogenesis of Graves' disease 
will, in turn, help to clarify the immunogenetic factors controlling the 
susceptibility to Graves' disease. 

134 



IMMUNOGENETICS OF GRAVES' DISEASE 

GENETIC CONTROL OF DISEASE SUSCEPTIBILITY 

Many authors have noted the occurrence of hyperthyroidism in two or more 
family members. Bartels4 found evidence of familial disposition in 60% of 
cases with toxic diffuse goitre. Because there was increased incidence of 
hyperthyroidism in the aunts of the affected parents as well as among the 
daughters and mothers, Bartels concluded that genetic rather than 
environmental factors were responsible for the increased familial incidence. 
He considered the data compatible with the hypothesis that one or more 
recessive genes could cause an underlying instability of the thyroid which 
could manifest itself in different ways. Similar studies by Martin and Fisher83 
suggested that a recessive gene was responsible in the aetiology of Graves' 
disease. Family studies in 57 male patients who had undergone subtotal 
thyroidectomies for either Graves' disease or non-toxic goitre indicated that 
genetic determinants of a complex nature a~peared to contribute to the 
pathogenesis of both thyroidal disorders 16, . Other family studies 16,85 
investigated the determination of antithyroidal antibodies in juvenile 
thyrotoxicosis. Eleven of 12 propositi had elevated antibodies and either 
antithyroglobulin or antimicrosomal antibodies were found in ten of 11 
propositi. The predisposition to form antithyroidal antibodies was postulated 
to be inherited in dominant fashion in Graves' disease as in Hashimoto's 
thyroiditis. Howell-Evans et al. 17 investigated this problem extensively by 
determining antithyroidal antibodies in sera of parents and siblings of 74 
patients with Graves' disease. The incidence of thyroglobulin and thyroid 
microsomal antigens in 57 ( mothers) and 10 1 daughters was significantly 
higher than in the controls, indicating a much greater likelihood of forming 
antithyroidal antibodies. The authors indicated, however, that the mode of 
inheritance was not simple and thought that several genes might be involved. 
The pattern of autoantibody occurrence found in relatives of Graves' disease 
patients is not consistent with simple autosomal dominant or recessive 
inheritance86,87. Moreover, recessive inheritance is difficult to reconcile with 
pedigrees showing transmission of Graves' disease through multiple 
generations88-91 . Several examples of apparent male to male transmission of 
Graves' disease rule out X-linked mechanisms in those families89,n,93. In our 
study94, two genetic models. which could not be distinguished by the affected· 
sib-pair method. were proposed: (I) an HLA-linked recessive gene with a 
frequency of 0.30 plus a Gm-linked recessive gene with a frequency of 0.10; (2) 
an HLA-linked dominant gene with a frequency of 0.08 plus a Gm-linked 
recessive gene with a frequency of 0.l0. Within the small recombination 
fraction between HLA and HLA-linked loci «5%) perturbation in gene 
frequency was not significant in our studies. Sasazuki et af. 95 reported that the 
mode of inheritance and gene frequency of HLA-linked disease susceptibility 
gene were inferred by using the affected sib-pair method developed and 
utilized by Cudworth and Woodrow96 , Day and Simons98 , Thomson and 
Bodmer98, and Svejgaard and Ryder99. Sasazuki demonstrated that the 
dominant model was clearly rejected if their data were analysed with that of 
Farid and BearlOO. Of 43 affected sib-pairs, 27 shared two, 14 shared one, and 
two shared no HLA haplotypes. It was thus possible to identify the HLA-
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linked recessive gene which had a major effect on the development of Graves' 
disease95 • Stenszky et al.101 showed from clinical and family studies in 
Hungary, that genetic variation in Graves' disease susceptibility was related to 
polymorphism at MHC loci. Among 1980 relatives of 534 index patients, 
2.9% of the siblings, 2.7% of offspring, and 3.0% of parents had Graves' 
disease. HLA haplotype combinations in affected sibling pairs were 
determined from their data and combined with data in the literature, (Farid 102, 

Chan et al. 103 and Sasazuki et al.95 ). Forty-three, 23, and one affected sibling 
pairs shared two, one and no HLA haplotypes, respectively. This distribution 
is inconsistent with simple dominant inheritance of HLA-related susceptibi
lity over a range of gene frequencies (0.2-0.4). The distribution of HLA 
haplotypes in 33 families related disease susceptibility more strongly to DR 
than to other loci. The authors suggested that the probability that an 
individual will be affected with Graves' disease can be predicted, based on sex, 
HLA genotype, and family history. 

OTHER FACTORS AS A TRIGGER FOR THE ONSET OF GRAVES' 
DISEASE 

Graves' disease is thought to be a multifactorial disease and in addition to 
hereditary influences, other factors such as 'stress', infections, environmental 
factors, etc. may play important roles as triggers for the development of 
Graves' disease. The actual event(s) precipitating Graves' disease remain(s) 
unknown. The possibility that emotional or chronic stresses may alter the 
immune system response may be raised because, after obtaining clinical 
histories, therc are associated not infrequently with the onset of the disease. 
Joasoo et al. 04 found a significantly higher frequency of complement-fixing 
antibodies to influenza B virus in patients with Graves' disease than in a 
comparable number of controls. 

CONCLUSION 

It appears highly unlikely that Graves' disease is a single entity with a simple 
pattern of inheritance. Nevertheless, a familial or hereditary predisposition 
for the development of Graves' disease has been convincingly demonstrated in 
numerous clinical and family studies. The participation of genetic factors has 
been clearly shown by the HLA association and twin studies of Graves' 
disease. There is little doubt that Graves' disease is a multifactorial entity and 
its aetiology may be heterogeneous. Further investigation of clinical, 
immunological and immunogenetic factors in members of families with 
Graves' disease will undoubtedly provide insight into the aetiological 
heterogeneity of the disorder. From our studies and a review of the literature, 
it is evident that the development of Graves' disease results from a 
combination of genetic determinants which involve the immune systems and 
undetermined factors that 'trigger' the production of thyroid-stimulating 
immunoglobulins resulting in the onset of hyperthyroid Graves' disease. 
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8 
HLA-DR Antigen Expression and 
Autoimmunity 
A. P. WEETMAN 

Products of the major histocompatibility complex (MHC) of genes play 
several key roles in the autoimmune response. Besides being predominantly 
responsible for the rejection of tissue grafts and graft-versus-host reactions, 
molecules encoded by MHC genes are directly involved in the recognition of 
antigen by T-cells. The MHC also determines to a great extent whether or not 
a particular antigen will evoke an immune response. The chapter begins with 
a synopsis of MHC antigens and their involvement in the normal immune 
response, together with a review of the factors involved in antigen 
presentation. This is followed by a summary of the recent studies which show 
that a wide variety of cells, including those from endocrine tissues, may 
express MHC class II antigens, like HLA-DR, under certain conditions. In 
the last section, the possible consequences of this phenomenon are discussed 
with regard to endocrine autoimmunity. 

THE MHC AND THE IMMUNE RESPONSE 

Classes of MHC antigens 

The MHC is known as HLA (human leukocyte antigen) in man and H-2 
(histocompatibility-2) in the mouse l . Each complex has a linked set of at least 
three gene families, which give rise to class I, II and III MHC antigens (Figure 
8.1). The genes responsible for class III antigens are implicated in 
complement synthesis and do not concern us here. Class I antigens are 
glycoproteins found on the surface of nearly all nucleated cells and platelets; 
they are encoded by the HLA-A, HLA-B and HLA-C regions in man and by 
similar genes in the H-2K, H-2D and H-2L regions in the mouse. Class II 
antigens are different glycoproteins whose cell distribution is restricted 
normally to macrophages, B-cells, dendritic cells and a small number of 
T-cells. Genes for these products were originally mapped to the H2-I region in 
mice, hence the synonymous term Ia (I-region associated) antigens. In man 

143 



IMMUNOLOGY OF ENDOCRINE DISEASES 

class II antigens are encoded in the HLA-D region. The terms class II and Ia 
will be used interchangeably in this chapter. 

Region: K 

Subregion: 

Region: o 

Subregion: DP DO DR 

MOUSE CHROMOSOME 17 

S o 

I-A I-E 

HUMAN CHROMOSOME 6 

C2 CQ Bf 

L 

B C A 

~ Class I 

~ Class II 

• Class III 

Figure 8.1 The major histocompatibility complex (MHC) of mouse and man showing the 
location of regions and subregions. The centromere lies to the left of each of the sequences 

Structure of MHC antigens 

Class I antigens 

Each of the three loci for class I antigens encodes a single 45 kd polypeptide 
which is non-covalently associated with ~2-microglobulin, a 12kd protein not 
encoded by the MHC (Figure 8.2). The class I molecule has five domains of 
which three, ai, a2 and a3, lie outside the cell membrane with ~2 
microglobulin. The fourth domain lies in the membrane itself and the fifth is 
intracytoplasmic. The loci that encode class I antigens are highly polymorphic 
and these allelic forms are expressed by variability in the al-a3 domains. 

CLASS I ANTIGEN CLASS II ANTIGEN 

Figure 8.2 The structure of class I and class II antigens. The major domains of each lie outside the 
cell; the cell membrane is shown stippled. The dotted lines within a domain represent disulphide 
bonds; the zig-zag represents the sugar residues of these glycoproteins 
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Class" antigens 

Class II antigens are encoded by subregions which are termed I-A and I-E in 
the mouse. Each antigen is composed of two non-covalently bound chains 
termed a(34 kd) and {3(29 kd) giving rise to structures All A{3 or Ell E{3' Both 
types of {3-chain are encoded in the I-A region; the a-chains arise from 
appropriately lettered subregions (All in I-A, Ell in I-E). Class II molecules 
resemble the class I 44 kd polypeptide but have only two extracellular 
domains (Figure 8.2). In man there are three HLA-D subregions, DP 
(formerly SB), DQ (formerly DC, DS, MB or LB-E) and DR2. DQ is 
homologous to I-A and DR to I-E. In the DR subregion there are genes for a 
single a and three {3-chains, whereas the DP and DQ subregions each encode 
two a and two {3-chains. It seems likely that a-chains associate primarily with 
{3-chains of the same family. 

Identification of Class I and II antigens 

Although transplantation reactions indicated the presence of MHC antigens 
in early studies, it is the vigorous antibody formation which accompanies 
such reactions that has led to the present ability to tissue-type an outbred 
population like man. Serological determination of class I and some class II 
MHC antigens is now a standard technique using well characterized sera from 
pregnant women, immunized against paternal MHC antigens by the fetus, or 
more recently using monoclonal antibodies. In most tests for aberrant class II 
antigen expression detailed below, monoclonal antibodies against non
polymorphic parts of the antigen are used, usually in combination with 
immunofluorescence techniques to assess antibody binding. 

Historically however, class II antigens were recognized by their ability to 
stimulate a mixed lymphocyte reaction (MLR) in which T-cells proliferate in 
response to non-compatible class II antigens on second-party B-cells and 
monocytes. Modifications of the MLR are still used, for instance, to detect 
DP antigens. Clearly, in the MLR the antigen is recognized by a T-cell, 
whereas serological testing relies on B-cell recognition of the antigen. It is 
now known that many apparently discrete antigens defined serologically are 
in fact heterologous when T-cells are used to identify them. Such dis
crimination is possible because of differences between the determinants 
recognized by B-and T-cell antigen receptors. 

Function 

Perhaps evolving from a primitive mechanism for recognizing members of the 
same species, MHC antigens have become key restriction elements in the 
recognition of antigens by T -cells. This means, in short, that T -cells respond 
to an antigen X in association with one particular allelic product of the MHC 
and not another l,3. Restriction is achieved by a T-cell surface receptor specific 
for both MHC antigen and X; current evidence favours the existence of a 
single T-cell receptor for both molecules4• 

A second important concept is that, broadly speaking, class I MHC 
antigens are restriction elements for cytotoxic T-cells and class II MHC 
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antigens are restriction elements for helper T -cells. In man, this dichotomy 
correlates even better with whether the T-cell bears cell surface antigens which 
react with OKT8 or OKT4 monoclonal antibodies. An elegant model has 
been proposed in which these monoclonal antibodies are considered to 
identify T-cell surface glycoproteins capable of binding to non-polymorphic 
regions of class I (for OKT8) and class II (for OKT4) antigens5• The antigen
specific T-cell receptor may then bind to the relevant antigen and 
polymorphic determinants on the MHC antigen (Figure 8.3). Thus in an 
immune response, the class of the MHC antigen is important in determining 
which subset ofT-cells is stimulated, and the polymorphic region of each class 
of MHC antigen is important as a restriction element. 

CYTOTOXIC T CELL HELPER T CELL 

CYTOTOXIC TARGET MACROPHAGE 

Figure 8.3 Interaction of class I molecule (left) or class II molecule (right) with both the T-cell 
receptor for antigen and the OKT8 or OKT4 molecule. This interpretation is based on the 
currently favoured single receptor model for T-cell recognition of antigen and MHC molecule 

Against this background, it seems that the main physiological role for class 
I antigens is to restrict the killing of antigen-bearing target cells by OKT8-
positive cytotoxic T-cells. For instance, vir ally-infected cells will only be lysed 
if they are both infected and express the appropriate class I antigen. Recently 
OKT4-positive cytotoxic T-cells have been described5 and, predictably, these 
only lyse targets expressing specific antigen in association with class II 
molecules. 

Class II antigens are expressed by the classical antigen presenting cells 
(APC), macrophages, and playa major role in antigen recognition by helper 
T -cells, which can only be stimulated or primed by co-recognition of the 
antigen and class II molecule on the APC. Thereafter the T-cell will only 
respond to antigen in association with the same class II molecule. Whether 
the subgroups of class II antigens, like DP, DQ and DR, have similar or 
distinct roles in antigen presentation is currently unclear6• It should also be 
mentioned that in vitro, class II molecules themselves (on monocytes and 
B-cells) seem capable of stimulating certain autologous OKT4-positive T-cells 
to proliferate; this is termed an autologous mixed lymphocyte reaction 
(AMLR). However, the freedom of these systems from contamination with 
foreign antigens, introduced during cell manipulations, and their in vivo 
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relevance have been questioned. 
The possession of certain class II antigens is associated with the degree of 

immune responsiveness the individual mounts to particular antigens. In mice 
the genes controlling such idiosyncrasies were mapped to the I region and 
called immune response (Ir) genes. While it seems true that genes encoding 
class II antigens are indeed Ir genes, there are likely to be other Ir genes 
outside the MHC. How might class II antigens be linked to the determination 
of immune responsiveness? Two possible mechanisms are determinant 
selection and clonal deletion7 • If a particular strain of animal responds to 
antigen X but not Y, determinant selection proposes that it is the combination 
of Y and the MHC antigen on an APC which fails to stimulate Y-specific 
T-cells; the combination of X and the same MHC molecule, however, can 
stimulate X-specific T-cells. In effect the failure to respond is at the level of 
the class II antigen on the APC. Clonal deletion implies that in a non
responder strain, the animal has antigen X-specific T-cells but not antigen 
Y -specific T -cells. The missing clones of T -cells are absent as the result of 
some Ir gene effect on the T-cell repertoire, and the failure to respond is at the 
level of the T-cell. It is probable that both mechanisms operate in vivo. 

ANTIGEN PRESENTATION 

Studies, primarily using murine macrophages, have shown that these cells 
function optimally as APC when they bear class II molecules, process the 
antigen to render it immunogenic and release interleukin-l (IL_I)8,9. Class II 
antigen expression by macrophages is not constant and therefore modulation 
by various stimuli can affect subsequent antigen presentation. It is also 
apparent that other la-positive cells besides macrophages can function as 
APC. These features of antigen presentation will be considered in turn. 

Antigen processing 

Many studies have shown that for efficient presentation a wide range of 
antigens, from whole bacteria to soluble proteins, require endocytosis, 
processing in acid vesicles and re-expression on the macrophage surface 
(possible in direct conjunction with la molecules)8. Blockage at any stage of 
antigen processing with pharmacological agents will prevent subsequent T
cell stimulation. Conversely, if an antigen is degraded by enzymes in the 
absence of APC, immunogenic fragments can be obtained which require no 
further intracellular processing for presentation. However, some antigens 
may not require any processing at all. In particular, Unanue and co-workers 
have suggested that membrane-bound antigens which persist for a long time 
may be recognized in their native state9, a concept of singular relevance to 
endocrine autoimmunity as discussed below. 

Interleukin 1 

This monokine is released by macrophages in response to a variety of signals 
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and in turn has many effects 10. In the present context, it is pertinent that 
presentation of antigen by a macrophage causes T-cell activation and 
proliferation, which depends upon the elaboration of interleukin-2 (IL-2) and 
IL-2 receptors by the T-cell. The release of IL-l by macrophages, probably in 
response to an initial signal from T -cells, stimulates IL-2 production, thereby 
enhancing the stimulating effect of antigen presentation (Figure 8.4). How 
critical a role IL-l plays is not clear. It may only be essential in antigen 
presentation to memory T-cells or to unprimed T-cells, which have never 
encountered antigen before9• In other situations, IL-l may only be facilitatory 
or indeed may not be required. 

MACROPHAGE 
IL-l 

receptor synthesis 

T CELL 

Figure 8.4 Sequence of events during antigen presentation by a macrophage. Antigen, in suitably 
processed form, is presented in association with appropriate Ia molecule to the T-cell. This 
triggers IL-I and IL-2 production, leading to T-cell division 

Modulation of macrophage la expression 

Basal levels of macrophage la expression vary between tissues and are 
dependent on a continuous influx of young la-positive macrophages8• la 
antigens are subsequently lost but can be induced again on the cells during an 
immune response. The stimulus for this is provided by lymphokines released 
by activated T -cells. The most potent of these lymphokines in the mouse and 
in man is l' -interferon ('Y-IFN) but the existence of other lymphokines with 
this property has not been excluded. Thus a major function of 'Y-IFN release 
is to enhance the immune response locally by increasing the number of 
macrophages available with antigen-presenting capacity. Class I MHC 
antigen expression is enhanced by 'Y-IFN as well as a-IFN and IHFN; 
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however, these other interferons alone have no effect on class II antigen 
expression and may actually inhibit it, if added to macrophages in vitro at the 
same time as Y_IFN 11 • 

Furthermore, several compounds decrease murine macrophage la 
expression, including prostaglandin E2, a-fetoprotein, dibutyryl cyclic AMP 
and glucocorticoids8. The first two of these may be responsible for the low 
levels of la-positive macrophages found in all neonatal tissues (except 
thymus), which in turn may contribute to the ease of inducing antigen 
tolerance at this stage of development. It should also be noted that 
hydrocortisone enhances, rather than diminishes, human monocyte HLA-DR 
antigen expression; HLA-DQ remains unchanged l2 . This species difference 
highlights the need for great caution in extrapolating any results derived from 
mice to man. 

Other antigen presenting cells 

The foregoing discussion has been confined to the macrophage and its blood
borne precursor, the monocyte. However, other cells also normally express la 
antigens and their capacity to present antigen has been extensively examined. 
Class II antigens on B-cells can be increased by cross-linking the cell surface 
immunoglobulin with anti-JL chain antibodies and by unidentified T-cell
derived lymphokines I3,14. No effect of IL-2 or Y-IFN on B-cell la antigen
expression was found in these studies. Murine splenic B-cells, B-cell tumours 
and human EBV -transformed B-cells can all present antigen, and have been 
shown to process and present it in a way similar to macrophages8,15. 

An essential difference, however, is that B-cells recognize antigen in a 
specific manner by means of their surface immunoglobulins; macrophages do 
not discriminate between antigens. Thus at the beginning of a response to an 
antigen, X, very few X-specific B-cells will be present and only these B-cells 
can present X to T-cells. At this stage macrophages would have a major role 
in initiating the response. However, as the reaction proceeds, X-specific 
helper T-cells will stimulate the clonal expansion of X-specific B-cells and 
these will then act as APe to enhance the response to X. In effect the B-cell is 
an APe which captures, or focuses, antigen4 • The large number of auto
antigen-specific B-cells infiltrating the target organs involved in auto
immunity could clearly be important in the perpetuation of disease by such a 
mechanism. The efficiency of antigen presentation by B-cells correlates quanti
tatively with the amount of Ia antigen they express l6, and presentation may be 
enhanced by exogenous IL-l in some circumstances8. Indeed, an absolute 
requirement for IL-I has been demonstrated, if B-cells are to act as APe for 
resting T -cells 17. 

Langerhans cells found in the skin and dendritic cells found throughout the 
body are strongly Ia-positive8,9. They are very effective in stimulating a MLR 
and producing antigen-specific T-cell proliferation. However, they may be 
limited in their ability to process antigen and recent experiments have shown 
that dendritic cells were unable to activate helper T-cells using soluble 
antigens; that is, they could not act as APe for those T-cells which stimulate 
B-cells to make antibodyl8. Thus these cells may have a different role to 
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macrophages in antigen presentation. Epithelial cells of the thymic cortex and 
some myeloid cells are also Ia positive under normal conditions l9,2o. Their 
role as APC has not been elucidated. 

ABERRANT EXPRESSION OF la ANTIGENS 

It is now clear that a wide variety of cells besides the APC just discussed are 
capable of expressing class II antigens under particular conditions in vivo and 
in vitro. Rat epidermal and gut epithelial cells express Ia antigens during the 
course of a graft-versus-host reaction2l and renal transplant rejection induces 
HLA-DR antigens on kidney tubule cells22 • Moreover, I'-IFN can induce Ia 
antigens on melanoma cells, fibroblasts, endothelial cells and astrocytes23-25 
and mammary gland epithelium expresses class II antigens during lactation, 
under the positive control of oestrogen and prolactin and the negative control 
of androgen26. In some cases, cells expressing Ia antigens aberrantly have 
been shown to stimulate T-cells, suggesting their capability of functioning as 
APC24,27. Furthermore, deliberate transfection of HLA-DQ genes into mouse 
fibroblasts leads to DQ antigen expression; these cells are then capable of 
presenting antigen in a suitably DQ-restricted fashion to T-cell clones28 . 

la antigen expression by thyroid follicular cells 

The thyroid has been the main endocrine organ investigated for aberrant Ia 
antigen expression. Normal human thyroid cells are class II antigen-negative 
in vivo or in primary cell culture but Ia antigens can be induced in vitro using 
lectins like phytohaemagglutinin (PHA) and concanavalin A (Con A)29. 
Furthermore, thyroid follicles from patients with Graves' disease and 
Hashimoto's thyroiditis are spontaneously HLA-DR positive in vivo30 • 

Species differences are again important since freshly dissociated thyroid cells 
from normal mice are Ia positive3l , yet rat thyroid cells neither express Ia 
antigens constitutively, nor become Ia positive in vitro with lectins29. 

The results with human thyroid cells led to the hypothesis that if HLA-DR 
antigens were induced on a thyroid cell it could then act as an APC and 
present surface autoantigens to helper T -cells. In this manner autoimmune 
thyroid disease could be initiated or perpetuated, provided other features, 
such as an agent which induced Ia antigen expression, a source of IL-l and a 
relative suppressor cell deficiency, were also presenP2. 

Regulation of thyroid la antigen expression 

HLA-DR antigens can be induced .on normal thyroid cells using lymphokines 
generated br Con A stimulation of T -cells; I'-IFN is an even better stimulus 
(Figure 8.5) 3,34. In our experience, high basal levels of HLA-DR expression 
only occur in a minority of primary thyroid cell cultures from Graves' and 
Hashimoto's patients, but the antigen can be induced on these cells by I'-IFN 
with the same time and dose response as normal thyroid cells. HLA-DQ 
antigens can also be induced by PHA or I'_IFN33. 

Thus thyroid cells express Ia antigens exactly as do other non-lymphoid 
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Figure 8.5 Photomicrograph of thyroid follicular cells in monolayer culture for 6 days with IOU 
Y-IFNjml (upper) and immunofluorescence of the same cells following staining with anti-HLA
DR monoclonal antibody (lower) (magnification x 960) 

cells in response to Y-IFN, but the response to lectins is novel. A likely 
explanation is that PHA and Con A work indirectly, stimulating y-IFN 
production by contaminating lymphocytes in thyroid cell cultures. Support 
for this is provided by use of cyclosporin A which acts on T-cells and prevents 
y-IFN and IL-2 synthesis. Addition of cyclosporin A with PHA to thyroid 
cell cultures prevented HLA-DR expression, yet cyclosporin A had no effect 
on HLA-DR induction by exogenous Y-IFW3. Moreover, in vivo HLA-DR 
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expression is largely confined to thyroid follicles adjacent to lymphocytic 
infiltrates35 , supporting the idea that lymphokines, like ')I-IFN, have a central 
role in aberrant HLA-DR expression (Figure 8.6). 

Figure 8.6 Frozen section of a Graves' thyroid gland stained with anti-HLA-OR monoclonal 
antibody and the glucose oxidase immunocytochemical technique. Activated lymphocytes and 
adjacent thyroid follicular cells are shown to be HLA-OR positive (identified by the dark 
staining). This is seen most clearly in the follicle in the upper right quarter; HLA-OR-positive 
epithelium is highlighted by the arrow heads and is adjacent to a lymphoid aggregate marked L. 
The remaining follicular cells are HLA-OR-negative. Magnification x 26. (Photograph courtesy 
of Dr J. B. Margolick) 

An intriguing question is: what prevents Ia antigen expression by normal 
human thyroid (and indeed other) cells? Perhaps ')I-IFN, produced by normal 
blood lymphocytes in vitro without stimulation36, is at too Iowa serum 
concentration in vivo, or may not have access to thyroid cells. Normally 
occurring thyroidal T-cells37 presumably are not activated and therefore 
would not release ')I-IFN locally. Finally, there may be inhibitors which 
actually suppress class II antigen expression. However, prostaglandin E2 and 
dibutyryl cAMP, known to inhibit murine macrophage Ia expression, have 
no effect on thyroidal HLA-DR expression induced by ')I-IFN33 • This could 
be another species difference or a phenomenon peculiar to the thyroid. 

Antigen presentation by thyroidal cells 

In vitro experiments have supported the possibility that HLA-DR-positive 
thyroid cells could act as APe in the autoimmune response. Normal thyroid 
cells treated with PHA to induce HLA-DR antigens were able to stimulate 
proliferation of autologous peripheral blood T-cells in an AMLR; T-cells 
from Graves' patients were stimulated by autologous thyroid cells, 
spontaneously HLA-DR-positive38 • A proportion of OKT4-positive T-cell 
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clones obtained from the thyroids of Graves' patients proliferated in response 
to autologous thyroid cells but did not display an AMLR with other Ia
positive cells39• The proliferation was blocked by anti-Ia antibodies. This 
indicates that both a class II molecule and a thyroid cell surface antigen were 
required to stimulate the T-cell clones, implying true APC function by the 
thyroid cells. 

Furthermore we have found that certain OKT4-positive thyroidal T-cell 
lines from patients with Graves' disease proliferated in response to autologous 
thyroid cells only when HLA-DR was induced by y-IFN; untreated, DR
negative thyroid cells or y-IFN alone had no stimulatory effect (Figure 8.7)40. 
Monocytes were unable to present thyroglobulin or thyroid microsomal 
antigen to these lines. This suggests that either the lines recognized these 
surface autoantigens preferentially when expressed by HLA-DR-positive 
thyroid cells or the lines responded to a different auto antigen on the thyroid 
cells. 

o 

T cells alone ~ 

T cells+ Y-IFN 0 
T cells + thyroid ~ 

cells ~ 

T CELL PROLIFERATION(cpm x 103 ) 

3 

Tcells+Y-IFN+ ~ 
thyroid cells __ 

4 

Figure 8.7 T-cell line proliferation in response to HLA-DR positive thyroid follicular cells. A 
T-cell line was derived from a Graves' thyroid by culture with IL-2. This line only proliferated in 
the presence of y-IFN-treated, DR-positive autologous thyroid follicular cells. The bar is the 
SEM 

la antigen expression in other diseases 

There has been a single case report of aberrant HLA-DR antigen expression 
by pancreatic cells in a newly diagnosed diabetic child, but the exact nature of 
these cells is unclear41 • In pre-diabetic BB rats which develop autoimmune 
insulitis, only the. pancreatic capillary endothelium is la-positive; /3-cells 
express Ia antigens late in the disease42 • Alopecia areata and Sjogren's 
syndrome are associated with organ-specific autoimmune diseases and HLA
DR-positive hair follicles and salivary gland epithelium have been found in 
the respective condition43,44. In primary biliary cirrhosis, the intrahepatic bile 
ducts may become Ia-positive45 • In Sjogren's syndrome and primary biliary 
cirrhosis, but not alopecia areata, the presence of aberrant la-positive cells 
appears to correlate with the extent of lymphocytic infiltration around the site 
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of HLA-DR antigen expression. Finally a role for la-positive astrocytes as 
APC in multiple sclerosis has been suggested by animal studies, in which 
these cells have been shown to present myelin basic protein to en
cephalitogenic T-celllines27 • Of interest is the fact that astrocytes were also 
able to elaborate an IL-l-like factor. 

ROLE OF la ANTIGEN EXPRESSION IN AUTOIMMUNITY 

From the foregoing it is apparent that thyroid and probably other endocrine 
epithelia share with many other tissues the ability to express class II antigens. 
A common thread in most of these studies has been the link between ongoing 
immunological responses and the induction of la antigens: ')I-IFN appears to 
be the key mediator. It seems likely that when T -cells are activated, for 
example during transplantation rejection, a graft-versus-host reaction or an 
autoimmune response, they will release ')I-IFN and induce class II antigen 
expression on cells in the vicinity. On this basis, HLA-DR antigen expression 
in thyroid disease and diabetes is probably a secondary phenomenon - the 
autoimmune response has already been initiated by the time it occurs. 
Moreover, macrophages are perfectly capable of presenting thyroid antigens 
to the immune system46 , and morphological evidence supports an additional 
role for dendritic cells in thyroid autoimmunit/7• The ability of macrophages 
to secrete IL-l would certainly enhance the stimulation of T -cells at the 
initiation of the autoimmune response, whereas thyroid follicular cells do not 
appear able to produce IL_1 33• 

Although la-positive endocrine cells may not initiate the autoimmune 
response, they could playa role in enhancing or perpetuating it (Figure 8.8). 
In a way, the la-positive cells would act like B-cells as APC, having a measure 
of specificity which in this case is endowed by the co-expression of the 
pertinent autoantigen with class II molecule. In vitro experiments cited above 
support this concept but the exact nature of the auto antigens recognized by 
T-cells is unknown. It also remains to be explained why such antigens 
apparently do not require processing. Could the autoimmune response itself 
modulate the way antigen is expressed on the cell surface, or does persistence 
of antigen on the cell surface allow it to escape the need for processing9? 

Other important aspects of aberrant class II antigen expression need to be 
addressed. The first is to investigate why la antigens cannot be induced on rat 
thyroid cells29 , a fact we have confirmed using both primary cell cultures and 
the FR TL5 thyroid cell line treated with lectins or with T -cell-derived 
lymphokines (Weetman and Kohn, unpublished). Autoimmune thyroiditis is 
readily induced in rats and it will be important to see whether thyroid cells 
then become la antigen-positive; the existence of a model for thyroid 
autoimmunity in wbich aberrant class II antigen expression is not found 
would argue strongly against a key role for this phenomenon in generating 
disease. 

A second area of uncertainty concerns the physiological regulation of la 
antigen expression. Is there a regulatory mechanism to decrease as well as 
increase expression? Such a molecule could have therapeutic potential. How 
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Figure 8.8 Summary of the induction and function of la-positive thyroid follicular cells in 
Hashimoto's thyroiditis or Graves' disease 

does -y-IFN stimulate Ia antigen synthesis? One possibility is via an action on 
an MHC-unlinked regulator gene, controlling all class II genes6• If this is 
correct, -y-IFN should produce coordinate expression of HLA-DP, -DQ and 
-DR antigens. Is this always the case and do these molecules have similar or 
distinct functions? 

Finally, could Ia antigen expression have a role besides converting an 
epithelial cell into an 'auto-APC'? Certainly class II antigen expression would 
make these cells targets for destruction by OKT4-positive cytotoxic cells. 
Expression of Ia antigen by keratinocytes seems to act as an attractant to 
Langerhans cells in the skin48 , raising the possibility that la-positive endocrine 
cells may alter the migration of neighbouring lymphoid cells. Is aberrant 
expression of class II antigens related to Ir gene function and the HLA-DR 
associations recognized in autoimmunity? The fact that normal thyroid cells 
can become la-positive with -y-IFN treatment does not refute this possibility; 
for instance it may be that autoimmunity is associated with a particular 
configuration of aberrantly expressed la antigen with autoantigen. Thus 
abnormal class II antigen expression by certain cells adds a new twist to the 
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concept of determinant selection. More speculative still is the possibility of a 
non-immunological role for class II antigens on endocrine cells: the proposed 
evolutionary origins of these molecules should not be forgotten. For instance, 
la antigens could reflect a stage of cellular differentiation, or they could serve 
as receptors for activation signals6• Certainly in newly diagnosed patients with 
Graves' disease or diabetes mellitus, there is an increase in the number of 
circulating la-positive T_cells49,50. The function of these cells is unknown, but 
the presence of la is widely taken as an activation marker. 

CONCLUSIONS 

This review has attempted to provide a background to the somewhat 
confusing terminology for the MHC and to review current concepts of the 
function of MHC-encoded molecules, particularly regarding endocrine 
autoimmunity. It is apparent that many of the functions for class I and class 
II antigens can be related to their differential recognition by the OKT8 and 
OKT4 glycoproteins on T-cells. Class II antigens therefore act as restriction 
elements for the presentation of soluble antigens by macrophages to helper 
T -cells. Other la-positive cells can act as APC, but the primary status of 
macrophages in antigen presentation is determined by their ability to process 
antigen and secrete IL-I. 

A wide variety of non-immune cells, including those in endocrine epithelia, 
become la-positive under certain circumstances; a central role for 'Y-IFN, 
which is· generated during an immune response, has been demonstrated in 
many instances. Thus a likely sequence in many of the examples cited above is 
that an autoimmune response against an organ, initiated by an unknown 
process, generates autoreactive T -cells which accumulate in the organ and 
release Iymphokines. Target cells then become la-positive and may exacerbate 
the autoimmune response by acting as additional APC, presenting 
autoantigen on their surfaces (Figure 8.8). This is supported by recent work 
performed in vitro with T-cell lines and clones. However, since conventional 
APC, such as macrophages and dendritic cells, are present in diseased target 
organs, together with B-cells which can act as specific APC, the exact 
contribution made by la-positive glandular epithelia to auto antigen 
presentation remains to be elucidated. The possibility also exists that aberrant 
la antigen expression may have a non-immunological function. In this rapidly 
moving section of endocrine immunology, we should not have too long to 
wait for these issues to be settled. 
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9 
Observations on Graves' 
Ophthalmopathy; Pathology and 
Pathogenesis 

R. M. POPE, M. E. LUDGATE AND A. M. McGREGOR 

Recognition of a link between the thyroid and the eye as is seen in Graves' 
ophthalmopathy (GO) has been attributed to Parry, Graves and von Basedow 
but observations relating exophthalmos to goitre can be found as early as the 
12th century. Despite the growth of a vast literature, considerable uncertainty 
exists regarding many aspects of this potentially distressing and disfiguring 
clinical condition, particularly with regard to its pathogenesis and hence to 
the management of patients with the problem. Many excellent reviews 
providing an historical perspective and emphasizing the clinical aspects of GO 
have appeared in recent yearsH. This chapter will therefore focus particularly 
on information relating to the pathogenesis of GO. 

A number of difficulties face workers in this field and before reviewing the 
av-ailable information it would seem appropriate to attempt to identify these 
to highlight their importance in the context of our understanding (or perhaps 
lack of understanding) of the pathogenesis of GO. A fundamental problem is 
the identification of patients with the disease. Although there is no doubt that 
it is relatively easy to recognize on clinical grounds the 3-5% of patients with 
severe or congestive ophthalmopathy who present with typical clinical 
features, reliable recognition of milder forms of the condition using purely 
clinical criteria such as those suggested by the American Thyroid Association 
(Table 9.1) is open to question. Using such criteria, it has been suggested that 
ophthalmopathy is detectable in between 25 and 50% of patients with Graves' 
disease. However, use of sensitive diagnostic aids such as ultrasound4 and CT 
scanning5 has shown that over 90% of all Graves' patients studied show 
evidence of extraocular muscle involvement, which, as will be discussed below 
is one of the hallmarks of the pathology of this condition. In addition, 
Gamblin and his colleagues6 reported that in 40 out of 59 (68%) patients with 
Graves' disease and no apparent eye disease, an abnormal increase in 
intraocular pressure was detectable on upward gaze, perhaps suggesting that 
these patients had subclinical ophthalmopathy. These data will be discussed 
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Table 9.1 Classification of the eye changes of Graves' disease 

Grade Suggestions for grading 

Class 0 No physical signs or symptoms 

Class I Only signs (signs limited to upper lid retraction, stare, and lid lag) 

Class 2 Soft-tissue involvement with symptoms and signs 
o Absent 
a Minimal 
b Moderate 
c Marked 

Class 3 Proptosis 3 mm or more in excess of upper normal limits, with or without 
symptoms 

o Absent 
a 3-4mm increase over upper normal 
b 5-7 mm increase 
c 8 mm or more increase 

Class 4 Extraocular muscle involvement (usually with diplopia, other symptoms, and 
other signs) 

o Absent 
a Limitation of motion of extreme gaze 
b Evident restriction of motion 
c Fixation of globe or globes 

Class 5 Corneal involvement (primarily due to lagophthalmos) 
o Absent 
a Stippling of cornea 
b Ulceration 
c Clouding, necrosis, perforation 

Class 6 Sight loss (due to optic nerve involvement) 
o Absent 
a Disc pallor or choking, or visual field defect; vision 20/20 to 20/60 
b Same, but vision 20170 to 20/200 
c Blindness, i.e. failure to perceive light, vision 20/200 

After Werner (1977). J. Clin. Endocrinol. Metab., 44, 203 

in more depth later in the context of the relationship between Graves' disease 
per se and ophthalmopathy. However, they serve for the present to illustrate 
that selection of patients on clinical grounds alone may provide an 
unrepresentative population of patients for study, with all the attendant 
implications for the interpretation of data resulting from such studies. 

The second major difficulty in the study of GO patients has been that of 
obtaining adequate, representative tissue samples. In the vast majority of 
cases, samples for study have come from the orbital contents of patients either 
undergoing decompressive surgery for severe or congestive ophthalmopathy, 
from patients undergoing squint surgery with stable 'burnt out' eye disease or 
at autopsy. The latter source was particularly used in many of the early 
studies involving collection of data from both controls and patients dying 
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from untreated thyrotoxicosis. Whilst all three sources of tissue have proved 
useful and a great deal of worthwhile data has been obtained from them, one 
point that should be stressed is that their use has resulted in examination of 
patients with advanced disease, in whom one might expect to find only the 
relatively non-specific end-stage features of the condition. The important and 
large group of patients who at present defy adequate study in this way are 
those with early but progressive disease, the very group that must be looked at 
in more depth in order to appreciate underlying pathogenetic mechanisms 
with any clarity. 

These problems together with the fact that to date, no satisfactory animal 
model of the condition exists, must somewhat temper our interpretation of 
the available data. Bearing these points in mind it is appropriate to consider 
the pathological features which have been recognized in GO before 
considering current thoughts on the pathogenesis itself. 

PATHOLOGY 

Extraocular muscle histology 

Histological changes are present in a number of orbital tissues, though the 
most significant pathological changes are seen in the extraocular eye muscles 
themselves. These muscles are macroscopically characteristically enlarged by 
anything up to 8 times their normal size, with a rubbery firm texture (Figure 
9.1). Studies of the muscle at a light microscopic level have shown this 
enlargement to be secondary to a combination of features, including 
interstitial oedema, together with a cellular infiltrate. In those cases of early 
disease which have been studied this is sparse and composed to a large extent 
of mature lymphocytes with a few plasma cells and macrophages (Figure 9.2). 
Focal collections of cells are present and there may also be a diffuse cellular 
infiltrate. In addition, small numbers of mast cells can be found, often in a 
perivascular distribution 7. Detailed information regarding the nature of 
cellular subsets of lymphocytes etc. is, to date, not available. As the disease 
progresses and the lymphocytic infiltrate increases, enlargement and 
proliferation of interstitial fibroblasts occur and it seems likely that these 
latter cells are the source of increased amounts of glycosaminoglycans (GAG) 
which are present in the oedema fluid 8• As hydrated fonus of GAG occupy 
between 100 and 1000 times the volume of non-hydrated molecules, it 
becomes tempting to propose that it is the increase in extracellular fluid 
volume resulting from accumulation of these compounds in their hydrated 
form which is responsible for the increase in the volume of the muscles 
themselves. With progression of disease activity, involving further fibroblast 
proliferation and collagen production within the perimysium, muscle fibre 
bundles become progressively compressed and as a result atrophy. Extension 
of fibrous tissue from the muscles into the periorbital fat has been recognized 
and the overall histological appearances are of dense orbital scarring by the 
time the so-called 'end stage' of the disease is reached. 

The degree of involvement of extraocular muscle appears to be rather 
variable as, although histological changes such as those described above are 
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Figure 9.1 Extraocular muscle enlargement (top) at postmortem in a patient with Graves' 
ophthalmopathy as compared with a normal control (bottom). Reproduced with permission 
from Jacobson, D. H. et al., (1984). Endocrine Rev., 5, 200 

usually present in all muscles, the inferior and medial recti show both the 
earliest and most severe changes, and in addition there may be considerable 
differences between the degree of involvement of the right and left eyes in any 
given individual. 

Although a number of early reports suggested that extraocular muscle 
fibres showed definite degenerative changes with such features as loss of 
muscle striations and the presence of giant fibres with irregular and equal 
staining, these findings were in retrospect probably artifactual to a large 
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Figure 9.2 Immune cell infiltration of extraocular muscle tissue from a patient with Graves' 
ophthalmopathy on light microscopy 

extent. More recent light and electron microscopic studies of extraocular 
muscle9,lo show that in the vast majority of cases, there is no abnormality of 
the muscle cell itself, with good preservation of muscle striations and only 
occasional cells showing disordered architecture or destruction of the 
sarcolemmal membrane. There is considerable muscle fibre atrophy but this 
seems likely therefore to be a secondary phenomenon resulting from the 
presence of fibrosis within the extraocular muscle as a whole, rather than to a 
primary destructive process affecting the muscle cells themselves. 

The significance of these morphological observations remains unclear but 
the overall picture is one of enlargement of the extraocular muscles which 
show characteristic interstitial histological changes and further, probably 
secondary changes in other orbital tissues. 

Histological changes are present in the lacrimal gland (which shows similat 
but less marked changes to those seen in the eye muscles) and in orbital fat, 
which may show a variable degree of thickening of connective tissue septa 
between lobules and a mild focal mononuclear cell infiltrate. These changes 
are, however, felt by the majority of workers to represent secondary rather 
than primary effects. 

Extraocular muscle characteristics 

There are many features of extraocular muscle which may be responsible for 
their unique involvement in GO. Extraocular muscle is derived embryologi
cally from neuroectoderm rather than from the mesoderm which forms other 
skeletal muscle 11 • A number of fibre types have been described in eye muscle 
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but the predominant types appear to be: 

(I) twitch fibres of 25-50 JLm diameter with an abundant cytoplasm and 
many mitochondria; 

(2) smaller slow fibres 9-15 JLm diameter. 

In addition Ringel et al. 12 have described in monkeys a third fibre type which 
is found to be significantly different to other types of skeletal muscle fibre. 
This has a coarse appearance and unique histochemical profile. They 
proposed that this fibre appeared more prevalent in the medial rectus muscle. 
Unfortunately equivalent studies have yet to be performed in man and 
certainly the detailed modern histochemical techniques applied to human 
tissues in studies of the myopathies have not been applied to extraocular 
tissue from GO patients. 

In accordance with its specialized functions the innervation of extraocular 
muscle is complex with a remarkably high ratio of nerve to muscle fibres (I: 5 
or 6 as compared with the I: 50 of the semitendinosus muscle). Many muscle 
spindles are present as are structures sometimes referred to as pallisade nerve 
endings which may be functioning as mechanoreceptors within the sensory 
system. The distribution of muscle spindles between the various extraocular 
muscles appears to be uniform with no concentration of spindles in those 
muscles most severely affected in GOl3. 

Physiological differences between extraocular and other skeletal muscles 
have also been demonstrated once again in accordance with specialized 
functions of eye muscle. A rapid twitch response is seen as is a high tetanic 
fusion frequency with rapid recruitment of fibres. 

Other workers have shown that extraocular muscles have an extraordi
narily profuse and variable blood supply and have also convincingly 
demonstrated the presence of a lymphatic system within the orbit, though this 
does not involve the eye itself, which as an extension of the central nervous 
system is therefore without lymphatics. 

Clinical consequences of extraocular muscle involvement 

There are therefore several embryological, morphological and functional 
reasons why extraocular muscle may be preferentially involved in GO. Many 
of the clinical features of this condition are readily explained by the 
pathological changes which have been described. Thus any pathological 
process which results in an increase in the volume of the orbital contents, 
which are confined posteriorly by the bony orbit itself results in anterior 
movement of the globe. Postmortem studies performed by Rundle in 1944 
showed that an increase of as little as 4 ml in the volume of the tissues within 
the orbit produced up to 6mm of proptosis. When one appreciates that the 
average total volume of the six extraocular muscles in each orbit is 4 ml and 
that potential exists for considerable enlargement of each extraocular muscle, 
a mechanism for the production of proptosis becomes clear. In addition, the 
occurrence of such changes at the apex of the orbit can compress the optic 
nerve and result in the well-recognized forms of optic neuropathy seen in 
severe cases of GO. Diplopia is of course a well-recognized clinical feature of 
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GO and this is related to tethering of extraocular muscles by fibrosis which is 
occurring within and around them. Recent work correlating the risk of 
developing optic neuropathy with eye movements and the volume of retro
orbital muscles in fact suggests that a combination of these two measurements 
provides the best clinical index of risk for optic nerve damage. Earlier theories 
that the muscles were frankly myopathic have been rendered less tenable 
following electromyographic studies and saccadic velocity tests which show 
no evidence of a myopathy on formalized testing3• Inflammation and oedema 
may result in conjunctival injection with swelling, and a combination of these 
two features may produce corneal exposure and irritation, manifested by 
discomfort (often described as a gritty sensation in the eyes) and in the early 
stages, excessive lacrimation. 

NATURAL HISTORY 

Considerable controversy has surrounded the important question of (I) 
whether GO and autoimmune thyroid disease represent differing presenta
tions of the same problem, or (2) the two conditions are in fact separate 
entities which tend to frequently occur together. If the latter situation is the 
case, we must consider what the nature of the association is. Does thyroid 
dysfunction ever exist without some evidence of ophthalmopathy (or vice 
versa)? The importance of achieving an understanding of these two points is 
clear, as by defining the true relationship between these two problems it may 
prove possible to clarify the presently poor appreciation of the natural history 
of ophthalmopathy and direct future research appropriately. Computerized 
tomography of the orbit5 has been shown in several studies to be valuable not 
only in evaluating the orbital muscles in GO (Figures 9.3, 9.4), but also in 
helping to resolve what may be a difficult differential diagnosis between GO 
and other causes of exophthalmos. In Enzman's series of 13 patients with 
Graves' disease who had no clinical signs of orbital involvement, five (40%) 
had orbital CT evidence of muscle enlargement. In addition 50% of a group 
of patients with what appeared clinically to be unilateral ophthalmopathy had 
CT evidence of bilateral disease. 

Functional impairment (with tethering secondary to fibrosis) of the 
extraocular muscles, particularly involving the inferior and medial recti, is 
believed to be responsible not only for the characteristic ophthalmoplegia of 
GO which was discussed earlier but also for the abnormal rise in intraocular 
pressure on upward gaze which is seen in a percentage of patients with eye 
disease. In one series similar pressure changes were seen in 68% of 59 
patients without clinical evidence of ophthalmopathy~ but other workers 
report changes in 20-25% of all Graves' patients studied 14• Clear evidence 
from a number of sources therefore shows the presence of eye disease in a 
percentage of Graves' patients who show no outward signs of ocular 
problems. 

In addition, a normal distribution of the degree of proptosis in Graves' 
patients has been reported from Japan15 (Figure 9.5) which is not in keeping 
with the concept that two populations of Graves' patients exist, one with and 
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Figure 9.3 Computerized tomographic scan of the orbits in a patient with Graves' 
ophthalmopathy showing in particular the enlarged medial recti muscles with crowding of the 
apex of both orbits in the area of the optic nerve 

Figure 9.4 Computerized tomographic scan in the coronal plane of the orbits of a patient with 
Graves' ophthalmopathy demonstrating enlargement of the extraocular muscles 
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Figure 9.5 The frequency of distribution of eye protrusion in healthy subjects (A), and patients 
with Graves' disease (B) and Hashimoto's thyroiditis (C). Reproduced with permission from 
Amino, N. et 01. (1980). J. Clin. Endocrinol. Metab., 51, 1233 

one without eye disease. There also appears to be a symmetrical distribution 
of the time of onset of eye symptoms around the time of diagnosis of 
hyperthyroidism16 (Figure 9.6). However, there remains a group of Graves' 
patients who appear not to have evidence of eye involvement at the time of 
study, despite the use of a variety of diagnostic aids. It is not known whether 
this group would, if followed for a sufficient period of time, develop 
ophthalmopathy. Further studies in this area are needed before one can 
confirm the belief of many clinicians, that ophthalmopathy is an invariable 
event in Graves' patients. 

There is also debate regarding the possibility that ophthalmopathy exists 
without thyroid dysfunction. Many groups have published series of patients 
showing no apparent evidence of thyroid dysfunction in the presence of 
ophthalmopathy, but there is a growing body of evidence to suggest that such 
patients may develop thyroid dysfunction if sufficiently sensitive tests of 
thyroid function are used and the patients are followed for long enough17,18. 

If Graves' disease and GO are part of the same disease spectrum then one 
might expect to see a similar pattern of inheritance between the two 
conditions. This on present evidence seems not to be the case with a 
female / male ratio of 6: 1 being seen in Graves' disease and a ratio which may 
be closer to 2: 1 in ophthalmopathy. However, detailed studies of the HLA 
associations of Graves' disease per se are limited 19 and require further work, 
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Figure 9.6 The time of onset of eye symptoms in relation to the diagnosis of hyperthyroidism with 
the number of patients experiencing eye symptoms within each 6-month period expressed as a 
percentage of the whole group. Reproduced with permission from Gorman, C. A. (1983). Mayo 
Clin. Proc., 58, 517 

possibly using more specific antisera. There are, to date, no published large
scale studies of ophthalmopathy patients. Once again, the spectre of patient 
definition and diagnosis rears its head as such studies could only be made 
truly comprehensive with the use of an as yet undefined diagnostic test which 
will reliably identify all patients with both clinical and subclinical disease. 

Although the above comments refer to patients with Graves' disease, it is 
well recognized that the same ocular problems may occur in patients with 
Hashimoto's thyroiditis who may be hypothyroid, again perhaps implying 
that ophthalmopathy is a distinct condition which is almost invariably found 
in association with one of a variety of forms of autoimmune thyroid 
dysfunction. 

Insufficient data currently exist to dogmatically favour the concept of 
either one or two diseases. 

PATHOGENESIS 

Graves' ophthalmopathy is a condition in which the histological features, 
clinical course (particularly in terms of its response to immunosuppressive 
treatment) and close association with autoimmune thyroid disease (AITD) 
very strongly suggest an autoimmune aetiology. It is, however, true to say 
that not all the criteria for defining a disease as being autoimmune have been 
met (Table 9.2). Considerable effort over a number of years has centred on the 
investigation of a variety of possible pathogenetic mechanisms. Two lines of 
thought have emerged. 

Firstly, is the eye disease causally related to events occurring in the thyroid 
gland and secondly, might there be specific pathogenetic mechanisms 
involving the orbital tissues in an unique fashion and independently of events 
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Table 9.2 Autoimmune disease; criteria for establishment of a 
disease as autoimmune 

(l) Association with other autoimmune diseases 

(2) Autoantibodies or immune cell-mediated events 

(3) Target organ lymphocytic infiltration 

(4) Autoantigen isolated and characterized 

(5) Animal model produced with autoantigen 

(6) Disease transferred with serum or cells 

(7) Disease responsive to immunosuppression 

occurring within the thyroid itself? The following discussion will follow these 
two theories separately, accepting that this is an artificial situation and will 
then attempt to draw together such conclusions as can be made from each 
section. 

Thyroid-eye association 

Possible ways in which thyroidal disease might influence the orbit include: 

(I) The effect of alterations in thyroid hormone status; 
(2) An anatomical connection between thyroid and orbit; 
(3) Circulating thyroid-directed autoantibodies and their corresponding 

antigens may be deposited in orbital tissues in either native or 
complexed form and initiate damage; 

(4) True cross-reaction between thyroid-directed antibodies and putative 
orbital antigens may occur; 

(5) The effect of cell-mediated responses which, although directed 
against thyroidal antigens, have an effect on the orbit. 

Effects of alteration in thyroid status 

Thyroid status has been implicated in the pathogenesis of autoimmune 
disease via an effect on suppressor T-cell function (Volpe in ref. 3). Early 
suggestions that a specific immunological defect resulted from such changes 
have, however, not been borne out by several recent studies20 • There is debate 
regarding the consequences of hypo- or hyperthyroidism on eye status. The 
majority of GO patients have either treated or untreated hyperthyroidism but 
there is no significant correlation between severity of hyperthyroidism and 
severity of eye disease. In addition, many reports exist documenting the 
worsening of eye disease in patients who have become hypothyroid. An 
inhibitory effect of T3 levels on glycosaminoplycans production from skin 
fibroblasts in culture has also been reported2 • This may be of relevance in 
such cases, but is clearly not the complete explanation. It is, therefore, the 
practice of many physicians to aim to rapidly achieve and maintain the 
euthyroid state in all individuals with GO in the belief that abnormal thyroid 

171 



IMMUNOLOGY OF ENDOCRINE DISEASES 

status will tend to accelerate the progression of ophthalmopathy, though 
evidence for a causal relationship between the two is at present anecdotal 
only. 

An anatomical connection 

Well-known work exists suggesting a role for radiographically demonstrated 
lymphatic connections between the deep cervical nodes and both thyroid and 
orbiez. Whilst this connection (which has not been demonstrated anatomic
ally) could provide a means whereby antigen, antibody and lymphocyte 
transfer could take place between thyroid and orbit with resulting orbital 
damage, lymphatic flow in this direction has been said to depend on negating 
the effects of gravity by assuming the recumbent position and the relevance of 
this link remains unclear. 

Antigen, antibody or immune complex deposition and cross-reactivity 
between thyroid and putative orbital antigens 

The presence of many auto antigens and their respective autoantibodies in 
AITD raises the possibilities that (l) circulating antibodies, antigens or 
immune complexes may be deposited in the orbit and initiate immunologi
cally mediated damage, or (2) there may be immunological cross-reaction 
between thyroid-directed autoantibodies and either a normal or in some way 
modified component of the orbital tissues. Many authors have presented data 
to show an affinity of eye muscle for thyroglobulin (Tg) or Tg-antiTg 
complexes23,z4, and Kriss' groupZ5 demonstrated that vesicles which had been 
synthesized and contained Tg were lysed by patients'lymphocytes. However, 
these effects were also produced by lymphocytes from controls and are likely 
to be non-specific. Subsequent work by Feldt-Rasmussen and othersZ6 failed 
to show any correlation between ophthalmopathy and the presence or levels 
of either Tg or anti-Tg. Wall's groupZ7 have used Tg-specific monoclonal 
antibodies (McAbs) to show that Tg could not be identified in normal eye 
muscle and that immune complexes did not bind specifically to their eye 
muscle membrane preparation. More recently these workers, using similar Tg
specific McAbsz8 have studied the relationship between Tg and an orbital 
connective tissue (OCT) membrane preparation. These antibodies bound to 
both Tg and the OCT preparation, suggesting that a Tg-like antigenic site was 
present in the preparation, though this was not felt to be Tg itself, as the 
activity was not present in the cytosol fraction of OCT and could not be 
solubilized. Sera from 50% of patients also reacted with the preparation and 
this activity correlated closely with the level of T g antibodies. Whilst this is an 
interesting observation it is unlikely to be of pathogenic significance in GO 
since no correlation between serum binding to OCT membrane and the 
presence, duration or severity of ophthalmopathy was observed. The present 
balance of evidence would therefore support the thesis that Tg or anti-Tg do 
not playa pathogenetic role in GO. 
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Thyroid directed autoantibodies and TSH 

A number of other antibodies have also been studied in this context. There is 
no relationship between LATS, TSI, TBII or thyroid microsomal antibody 
and ophthalmopathy26,29. TSH itself has also been studied in detail. There is 
no evidence that TSH itself causes ophthalmopathy but fragments ofTSH in 
association with a serum immunoglobulin from patients with GO have been 
reported to stimulate GAG production in the mouse Harderian gland30. The 
validity of this model is questioned by many since the Harderian gland is not 
represented in man and the work has not been confirmed by other groups. 
There has been one report of a monoclonal antibody to the TSH receptor 
which stimulates both thyroid activity and collagen synthesis from fibroblasts 
which, if confirmed, provides an interesting potential mechanism for the 
stimulation of orbital fibroblasts in GO. It seems reasonable to state that 
those antibodies which are currently regularly identified in AlTO and are 
directed against thyroidal antigens do not playa pathogenic role in GO. The 
concept of cross-reactivity between thyroid/ orbital shared antigens and as yet 
undefined autoantibody remains valid and merits further study. 

Cell-mediated responses 

That cell-mediated immune responses (CMI) play an important role in AlTO 
is unequivocal, though many details of the mechanisms involved are not 
understood, and there is controversy over some central issues, particularly in 
relation to proposed defects in specific suppressor T-cell subsets3!. These have 
been demonstrated by the results of modified Migration Inhibition Factor 
(MIF) tests which are regarded by their proponents as central to an 
explanation of the pathogenesis of AlTO and yet have proved difficult to 
reproduce in the hands of others32. In view of the potential errors and 
difficulties involved in performing such tests without a pure antigen 
preparation (and none are currently available), it has not been possible to 
study the suggestion that T-cell responses may be directed against orbital 
tissues by 'thyroid-specific' T-cells, though evidence for orbital tissue-specific 
CMI will be discussed later. 

Finally, if thyroid directed immune responses have an effect on orbital 
tissues one might expect to see in the orbital tissues a dramatic response to the 
removal of the thyroid gland, either surgically or by radioablation with \311. 
Difficulties arise in the assessment of response to such measures, however, as 
the natural history of GO is variable. The majority of patients tend to have 
relatively mild disease which does not progress rapidly, but a small 
proportion (perhaps 2-5%) have rapidly progressive ocular changes and 
prove a difficult management problem. In both groups, however, there is a 
pronounced tendency for the eyes to become quiescent after a period of years. 
In addition the difficulties of accurate assessment of the severity of 
ophthalmopathy have already been discussed, and it is not ethical to conduct 
controlled studies of such treatment modes in patients with anything but the 
very mildest disease. With these caveats, data from Werner33 and Pequegnat34 
failed to show a reduction of progression of eye disease with either surgery or 
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adequate radioablation .. Many clinicians also have anecdotal evidence in 
individual patients of a rapid worsening of ophthalmopathy following both 
modes of treatment. This view is, however, not held by ales. 

Ophthalmopathy as a non-thyroid-related disease process 

What is the evidence that ophthalmopathy occurs in response to an immune 
response directed at orbital tissue-specific antigens? From an historical 
viewpoint the first experimental data came in 1968 from Pisarev and later 
from Singh and McKenzie36 , whose work suggested that a serum Ig from 
some patients with GO could promote histological changes and GAG 
synthesis in mouse Harderian gland. This activity was distinct from LATS 
activity in over 50% of the Ig-positive patients studied. These findings 
stimulated a search for orbital tissue-directed humoral and cell-mediated 
responses which continues to date. The advent of modern immunological 
methodology, particularly with respect to the development of improved 
immunoassay techniques and the use of monoclonal antibodies, has 
facilitated work in this area but it remains fraught with potential pitfalls. 

Cell-mediated immune responses 

Many groups have studied eMI using the MIF test, which measures the 
production of lymphokines by sensitized T-cells in the presence of their 
specific antigen. Mahieu and Winand first reported MIF production using a 
preparation of orbital muscle and fat in 1972 and their work was extended by 
Munro et al. 31 who found MIF production in response to a crude orbital 
muscle antigen preparation and suggested that this did not correlate with 
MIF production in response to a thyroid antigen preparation. They inferred 
from this that a specific retro-orbital antigen was being recognized by their 
patients' lymphocytes and that it was likely that a different lymphocyte 
popUlation was involved in recognition of thyroidal antigen. This finding 
supported the concept that the ophthalmopathy and thyroid disease were 
separate entities. One perhaps surprising feature, given the very crude nature 
of the antigen preparation, was the remarkable separation of results between 
controls and patients with exophthalmos in this study (p<0.0005). 

Other indices of lymphocyte activity have also been studied. Inhibition of 
leukocyte adherence has been assessed with conflicting results37,38 and 
blastogenesis has been reported after in vitro incubation of lymphocytes from 
GO patients with a lacrimal gland preparation. 

To date the information relating to T-cell subsets in peripheral blood in GO 
is limited. We have reported two cases with active ophthalmopathy who had 
increased numbers of activated (Ia+) T -cells and abnormal helper I suppressor 
ratios (2.5 and 3,2 in the respective patients; normal 1.9 ± 0.2). These changes 
reverted to normal during therapy with cyclosporin. In contrast, in a series of 
55 patients40, an elevation of suppressor I cytotoxic OKT8+ cells was found in 
cases with severe ophthalmopathy; once again the changes reverting to 
normal when immunosuppression (in this case with corticosteroids) was 
instituted. There is still other data which suggests a decrease in numbers of 
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peripheral activated T-cells in Graves' patients with or without ophthalmo
path/1 and clearly more work is needed to clarify the true position in this 
important area. It may well be, of course, that the most relevant information 
will only be obtained from studies of lymphocytes obtained from within the 
eye muscles of GO where the presumably small numbers of antigen-specific 
T-cells may be concentrated. The difficulties of obtaining such tissue seem 
almost insurmountable, particularly as tissue would be required from patients 
with recent onset, active ophthalmopathy. A promising attempt to at least 
partially solve this problem has been the use of human extraocular muscle 
cells in an in vitro culture system to study the effects of GO patients' 
lymphocytes42 • To date only very preliminary data has been published 
showing Tg-independent muscle cell lysis by lymphocytes from one patient 
with GO. It is important that parameters of immune activity other than cell 
lysis be studied in this system, perhaps particularly looking for production (in 
a specific manner by GO patients' lymphocytes) of lymphokines which 
stimulate fibroblast activity. Further reports from this group are awaited with 
considerable interest. One problem with the use of cloned eye muscle cells (at 
least in our hands) is their frustratingly slow growth rate; this may partially 
explain the lack of new data in this field. The system could also be extended 
to study CMI to a variety of other orbital tissues in an attempt to define the 
nature of the orbital antigens and in this context the work of Sissons43 should 
be recalled. Lymphocytes from patients and controls stimulated GAG 
production from orbital fibroblasts in culture. This work needs to be repeated 
using HLA-matched tissue and lymphocytes to minimize non-relevant 
interactions. 

The evidence which currently exists for the presence of CMI to orbital 
antigens continues to be debated. The reproducibility and relevance of these 
findings will remain unclear until the precise antigen(s) involved are defined. 
The question of whether such phenomena represent primary or secondary 
events in pathogenetic terms has not been answered. In the light of recent 
advances in our understanding of the relevance of HLA class II antigen 
expression in autoimmune states there is scope for a great deal of work using 
a variety of orbital tissues as targets, in an attempt to answer these questions. 

Humoral aspects 

The relevance of thyroid-directed antibodies in relation to GO was discussed 
earlier in this article. It has been thought for some time that orbital 
auto antigens existed and that corresponding autoantibodies should be 
identifiable in patients. 

Kodama et al. 44 were the first to use McAbs prepared against a variety of 
orbital tissues to try and identify auto antigens and hence (using an ELISA
based system) the corresponding autoantibodies in patients' serum. Although 
their initial results appeared most encouraging they subsequently showed a 
high degree of non-specific binding between their ELISA antiserum enzyme 
conjugate and blood-derived IgG contaminating their eye muscle 
preparation. A variety of biochemical manipulations of the antigen were 
required to try and eliminate these responses and the resulting ELISA data 
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showed a marked reduction in specific activity. They have since published 
showing inability to identify specific human eye muscle-binding activity in 
GO patients' sera despite the use of a variety of techniques, and concluded 
that the sera of patients with GO does not contain eye muscle-specific 
antibodies. However, more recent data from this group28 suggests that sera 
from 50% of patients with GO reacted with a binding site in an orbital CT 
membrane preparation and that the activity correlated closely with Tg 
activity, despite the finding that the OCT membrane-binding site did not 
appear to be Tg itself. This work was discussed earlier. 

There have been other reports of the detection of retro-orbital antigen
specific antibodies in GO patients. Atkinson et al. 29 described an Ig (which 
they termed ophthalmopathic immunoglobulin) using an ELISA assay 
system and a 1000OO'x g porcine eye muscle membrane preparation. This was 
detected in 64% of patients with active, untreated GO, in 25% of patients with 
active disease on steroid treatment and in only 16% of those with inactive 
disease. Only one of 22 patients without clinical evidence of eye disease 
reacted in the assay. In defining the specificity of binding using membrane 
preparations from other tissues the authors showed that there was specific 
binding only to the eye muscle membrane preparation. In addition there was 
no correlation with TBII, microsomal or Tg antibodies, and the putative 
immunoglobulin did not react with Tg itself. It was suggested that the assay 
might be useful as a marker of disease activity and hence in further studies 
into the pathogenesis of the condition. Another attempt to identify 
HEMMemb-specific antibodies used an immunoprecipitation technique with 
1251 Staph. protein A 47. The results of this study were expressed as an index 
which took account of non-specific binding of the radio-labelled protein A 
directly to the sample and highly significant differences were seen between 
patients and controls (p<0.001). No such differences were seen when skeletal 
muscle membrane was used and the addition of anti-Tg antibodies in a wide 
range of dilutions produced no change in the results, suggesting that the 
binding was Tg-independent. The authors have subsequently correlated the 
level of antibody with disease activity and have also attempted to purify their 
antigen preparation prior to assessing the effects of treatment on antibody 
levels. The results of these studies are awaited with interest but it should be 
stressed that once again, other workers have reported difficulties in 
reprod ucing these findings 48. 

Many of the difficulties encountered in the demonstration of eye tissue
specific antibodies result from the crude nature of the antigen preparation 
and the resulting strong possibility that different preparations contain varying 
antigenic determinants. Until a uniform purified antigen preparation can be 
prepared it remains difficult to interpret the above data and to draw any 
conclusions in terms of the pathological relevance of humoral activity against 
retro-orbital tissues as measured in the serum. 

Infectious agents as potential sources of cross-reacting antigens 

Evidence that antigenic determinants may be shared between two apparently 
unrelated tissues is available from other sources, particularly with regard to 
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cross-reacting determinants between micro-organisms and human tissues. 
Weiss and Ingbar4S have shown a saturable binding site for bovine TSH on a 
number of micro-organisms and other workers have demonstrated the 
appearance of thyroid epithelium-binding antibodies in patients who have 
suffered infection with Yersinia enterocolitica organisms. The occurrence of 
Yersinia reactive antibodies in animals immunized against human thyroid 
epithelium membranes provides further support for this thesis, and increasing 
numbers of reports describe the appearance of bacterial antigens in a number 
of autoimmune diseases46 • Whether or not these observations have 
pathogenic significance remains to be investigated, but the potential 
implications are clear. Similar studies should be carried out to assess their 
relevance to ophthalmopathy. 

CONCLUSIONS 

Despite accumulation of a considerable literature on GO we still remain 
remarkably ignorant about the underlying pathogenetic processes and the 
link with AlTO. Limited access to relevant pathological tissue has 
undoubtedly been the major problem. This may be resolved by recent 
developments in tissue culture techniques. Until such time as the relevant 
antigenic determinants against which the autoimmune assault is directed are 
defined, the present confusion and controversy surrounding GO will 
continue. Efforts therefore need to be directed urgently, with techniques that 
are already available, towards attempting to define the tissues against which 
the autoimmune process is directed and, in particular, the relevant 
autoantigenic constituents within these tissues. 
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10 
Autoimmune Thyroid Disease in 
Pregnancy and the Postpartum Period 
R. JANSSON AND A. KARLSSON 

Pregnancy represents a specific immunologic situation because the fetus is 
recognized by the maternal immune system as an allograft which needs 
protection from being rejected by the mother. Numerous factors have been 
proposed as possible mediators of an immunosuppressive effect on an 
antifetal allograft response1,2. These include local mechanisms in the placenta, 
presence of serum inhibitory factors and/ or maternal cellular hypo reactivity 
(Table 10.1). However, the primary events behind the "development of 
tolerance against the fetal allograft are still largely unknown. 

Table 10.1 Factors that have been implicated in the suppression of the 
immune response during pregnancy 

Hormones (oestrogens, progesterone, HCG, placental lactogen) 
Pregnancy-associated plasma proteins (e.g. PZ-protein) 
Immune complexes 
a-Fetoprotein 
Prostaglandins 
Lymphokines 
Fetal suppressor lymphocytes 
Maternal blocking antibodies 
Reduction of T-helper and B-cell numbers in maternal circulation 

Understanding the mechanisms of immunological tolerance during 
pregnancy is of importance for the study of reproduction. However, 
knowledge in this field may be even more important to the understanding of 
the course and cure of autoimmune diseases, which are characterized by an 
abnormal regulation of immunological tolerance.· Studies of autoimmune 
thyroid diseases have provided us with an understanding of autoimmune 
processes not only in the thyroid but in other organs as well. Similarly, it may 
be assumed that the expanding research on autoimmune thyroid disease in 
pregnancy will contribute to our knowledge of autoimmunity in general. 
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In this chapter three aspects (Table 10.2) of the influence of pregnancy on 
autoimmune thyroid disease will be presented and discussed: (I) maternal 
disease activity during pregnancy; (2) fetal disease due to transplacental 
transfer of autoantibodies; and (3) transient maternal disease in the 
postpartum period. First, however, a short review of autoimmune thyroid 
disease will be given. The normal physiological alterations in thyroid 
hormone levels and iodine metabolism that occur during pregnancy will not 
be considered. For this topic the interested reader is referred to some recent 
reviews3•4• 

Table 10.2 Aspects of autoimmune thyroid disease in relation to pregnancy 

Reduced activity of maternal disease in pregnancy 

Fetal disease due to transplacental passage of autoantibodies 

Transient aggravation of maternal disease in the postpartum period 

AUTOIMMUNE THYROID DISORDERS 

Autoimmune disorders in general are characterized by the presence of 
auto aggressive lymphocytes and the production of autoantibodies. The 
relative pathogenetic importance of the cellular and humoral immune 
responses may differ in various disorders. In autoimmune thyroid disease the 
production of autoantibodies seems fundamentaI5•6 • The most important 
autoantibodies are directed against the TSH receptor, thyroglobulin and the 
thyroid microsomal antigen (Figure 10.1). 

TS H receptor antibodies produce Graves' thyrotoxicosis by mimicking the 
effect of pituitary TSH on specific receptors localized in the surface 
membrane of thyroid follicular cells. This leads to an overproduction of 
thyroid hormones and a breakdown of the pituitary feedback regulation of 
thyroid function. High levels of thyroid hormones are found in the circulation 
and a high thyroidal turnover rate of iodine can be demonstrated by 
radioiodine uptake measurements. 

Autoimmune thyroiditis is characterized by lymphocytic infiltration of the 
thyroid gland. This may cause goitre (Hashimoto's thyroiditis) and! or 
destruction of the thyroid epithelium (atrophic thyroiditis). In both cases 
thyroid function may be impaired leading to hypothyroidism. Autoantibodies 
in autoimmune thyroiditis are generally directed against the thyroid 
microsomal antigen and! or thyroglobulin (Figure 10.1). Some observations 
suggest that autoantibodies against the thyroid microsomal antigen ma;' have 
a functional role in the development of autoimmune thyroiditis. The 
microsomal antigen is localized in the membrane of endocytic vesicles that 
carry uniodinated thyroglobulin from the endoplasmic reticulum to the apical 
surface of the thyroid follicular cell. Recent data suggest that the microsomal 
antigen is identical to or at least closely attached to the thyroid peroxidase 
enzymes. This enzyme is exposed on the apical surface and necessary for 
iodination of thyroglobulin. Thus it is possible that the microsomal antigen-
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Figure 10.1 Thyroid autoantibodies of importance in autoimmune thyroid disease. Antibodies 
bind to the receptor and thereby activate a membrane-bound adenylate cyclase to generate 
cAMP - thyroid-stimulating antibodies (TSAb). This signal causes a biochemical cascade 
stimulating thyroid hormone production and secretion, and eventually leads to Graves' 
thyrotoxicosis. The thyroid microsomal antigen is localized in the membrane of endocytotic 
vesicles which carry thyroglobulin from the endoplasmic reticulum to the apical cell surface, 
where thyroglobulin is being iodinated. Antibodies against the thyroid microsomal antigen 
(MsAb) and thyroglobulin (TgAb) are found in autoimmune thyroiditis 

antibody reactions can impair iodination and thereby thyroid hormone 
production. 

Most autoimmune disorders are associated with certain haplotypes of 
HLA-DR (class II) antigens. The HLA-DR3 antigen is over-represented 
among patients with Graves' disease, whereas in autoimmune thyroiditis the 
picture is more complex (Table 1O.3/. The atrophic variant of autoimmune 
thyroiditis seems to be associated with HLA-DR3, whereas HLA-DR5 has 
been found to be over-represented among individuals with the goitrous 
(Hashimoto) variant. However, cross-reactivity between HLA-DR4 and 
HLA-DR5 antisera (N. R. Farid, personal communication) may cast doubt 
on the validity of such observations in some of the older studies. In a recent 
population study it was found that the HLA-DR4 antigen was prevalent 
among euthyroid women with thyroid microsomal antibodies and this 
association was even stron~er in those of the women who developed 
postpartum hypothyroidism I . The molecular basis for the genetic linkage 
between HLA-DR haplotypes and disease is not completely understood. The 
recent observation of HLA-DR antigen expression on thyrocytes in 
autoimmune thyroid disease, but not in normal thyroids, seems to provide a 
clue for our understanding of the autoimmune process II. 
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Table 10.3 Associations between autoimmune thyroid disorders and HLA
DR haplotypes in Caucasians 

Graves'thyrotoxicosis 

Autoimmune thyroiditis 
atrophic variant 
goitrous variant 
postpartum hypothyroidism 
postpartum painless thyroiditis 

HLA-DR3 

HLA-DR3 
HLA-DR5 (?) 
HLA-DR4 
HLA-DR3, HLA-DR5 (?) 

MATERNAL THYROID DYSFUNCTION DURING PREGNANCY 

The prevalence of thyrotoxicosis during pregnancy is about 1-2 per 1000 
pregnancies3.4. Thyrotoxicosis is associated with a significant increase in the 
frequency of premature labour and low birth weight infants3 and congenital 
malformations l2 • In severe thyrotoxicosis the fetal loss rate is increased as 
well4. Available evidence suggests that mild to moderate thyrotoxicosis is not 
harmful to the continuation of the pregnancy. Fertility is impaired in severe 
thyrotoxicosis but may be regained when the thyrotoxic state has been 
brought under control by treatment. The patient should therefore be told of 
an increased risk of pregnancy after initiation of treatment. 

Hypothyroidism during pregnancy is probably more common than 
thyrotoxicosis and mild cases may remain undetected due to lack of typical 
symptoms. Severe hypothyroidism is a cause of infertility whereas mild to 
moderate hypothyroidism appears to have a minimal effect on the 
reproductive capacity. The reports on the outcome of pregnancy in 
hypothyroid women with respect to fetal loss rate and the fetal development 
are contradictoryI3.14. The diagnostic methods used in many of the older 
studies are not accepted today and, secondly, iodine deficiency may have been 
more important than maternal hypothyroidism for the outcome of the 
pregnancy. It is well established that iodine deficiency is one very important 
cause of cretinism and intellectual disability in areas with endemic goitres 15. 

The fetal thyroid begins to produce hormones at about the 12th week of 
gestation but the pituitary-thyroid axis is not established until the fourth or 
fifth month of gestation l6 . It appears that the normal fetal development 
depends upon adequate amounts of fetal as well as maternal thyroid 
hormones. Fetal thyroid hormone production is of the greatest importance. 
Athyreotic infants of euthyroid mothers show some lack of thyroid 
hormones, and may have impaired fetal development17• The transplacental 
passage of thyroid hormones is minimal and the extent to which maternal 
thyroid hormones are necessary for fetal development is not yet clear. 
However, a role also of maternal hypothyroxinaemia in causing congenital 
neurological damage in iodine deficiency states is increasingly suspected. 
Recent experimental studies in rats have shown that maternal iodine 
deficiency is associated with embryonic thyroid hormone deficiency 
throughout gestationl8 . Further, maternal hypothyroxinaemia in rats on 
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normal diet results in abnormally low triiodothyronine and thyroxine tissue 
concentrations throughout gestation, and the reduction is most pronounced 
prior to the onset offetal thyroid hormone production l9 . 

With respect to the human situation it appears that maternal 
hypothyroidism compatible with fertility is unlikely to be severe enough to 
harm the fetus. Fetal thyroid hormone production is the most important 
factor and iodine deficiency should thus be avoided. Irrespective of these 
considerations it is certainly desirable to give thyroxine to a hypothyroid 
woman during pregnancy. Elevations in serum TSH alone with normal levels 
ofT4 and T3 probably have no effect on the fetus since TSH does not cross the 
placenta (Table 10.4). 

Table 10.4 Placental transfer of substances that are of importance for the 
course and treatment of autoimmune thyroid disease in pregnancy 

Transplacental passage without difficulty 
Iodide 
Antithyroid drugs 
Maternal IgG, e.g. TSH receptor antibodies 
TRH 

Minimal passage 
T3 
T. 

No passage 
TSH 

INFLUENCE OF PREGNANCY ON AUTOIMMUNE ACTIVITY 

It has been well known to the clinician for many years that some patients with 
autoimmune disorders, as for example rheumatoid arthritis, may improve 
considerably during pregnancy20. The frequent amelioration of symptoms in 
pregnant women with Graves' disease was reported already in the 1920s21 and 
a similar remission of goitrous hypothyroidism was reported in 197522. 

Systematic studies on maternal disease activity in women with autoimmune 
thyroid disease during pregnancy have been performed by Amino et al. 
(Figure 10.2)23. These investigations have shown that mild cases of 
hypothyroidism spontaneously remit, which incorrectly had been attributed 
to transplacental transfer of fetal thyroxine to the mother in previous reports. 
Similarly, there is a spontaneous improvement of thyrotoxicosis in late 
pregnancl1,24. This usually leads to a reduction of the dose of antithyroid 
drug required and sometimes the treatment may even be stopped. 

Some women with inactive thyrotoxicosis may experience a transient mild 
activation of the disease in early pregnancy24. Further, hyperemesis 
gravidarum, which may occur early in pregnancy, has been associated with 
transient thyrotoxicosis (Figure 10.3). This may involve a stimulating effect of 
placental HCG on the thyroid25,26. 
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Figure 10.2 The relation between pregnancy and autoimmune disease activity as typically found 
in thyroid disorders. (Adapted from Amino et al. 23) 
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Figure 10.3 A case with recurrent thyrotoxicosis and hyperemesis gravidarum during two 
pregnancies. The woman was first seen early in her first pregnancy when she suffered from 
hyperemesis gravidarum. Thyrotoxic thyroid hormone values were found and the condition 
remitted without treatment. She remained euthyroid during pregnancy and was lost to follow-up 
in the early postpartum period. In her second pregnancy hyperemesis recurred. Again she was 
found to be thyrotoxic and again a spontaneous remission occurred during pregnancy. A 
transient flare-up was observed in the postpartum period. Finally, I Y2year after the second 
pregnancy, permanent thyrotoxicosis developed. FT31 = serum-free triiodothyronine index 
(reference range 1.2-2.8) 

Thyroid microsomal and thyroglobulin antibod~ tit res fall in women with 
autoimmune thyroid disease during pregnancy2 ,28. A similar decline in 
thyroid-stimulating activity has been reported in women with Graves' 
thyrotoxicosis29. Also, a reduction of total IgG (but not IgA, IgE or IgM) 
levels, albeit much smaller than that of the autoantibody titres, is observed 

186 



AUTOIMMUNE THYROID DISEASE IN PREGNANCY AND THE POSTPARTUM PERIOD 

both in women with autoimmune thyroid disease and in healthy pregnant 
women2• 

FETAL AND NEONATAL THYROID DISEASE DUE TO 
TRANSPLACENTAL PASSAGE OF AUTOANTIBODIES 

Thyroid autoantibodies are typically of IgG class and thus may cross the 
placental barrier to reach the fetal circulation (Table 10.4). The passage of 
thyroid microsomal and/ or thyroglobulin antibodies does not seem to have 
any harmful effect on the thyroid development in the fetus, as women with 
autoimmune thyroiditis give birth to healthy children30• 

TSH receptor antibodies may, on the other hand, have severe effects in the 
fetus and neonatal infant. TSH receptor-stimulating antibodies cause fetal 
thyrotoxicosis by stimulating the fetal thyroid. This mal lead to retarded 
growth, goitre, cardiac failure and intrauterine death3,. In the neonatal 
period the thyrotoxic state continues, neonatal thyrotoxicosis, and treatment 
with antithyroid drugs may be required for 1-3 months. Eventually the 
disease subsides in parallel with the disappearance of antibodies from the 
circulation of the neonate (Figure 10.4). 

If the mother is treated with an antithyroid drug during pregnancy the fetus 
will be treated as well, as these drugs cross the placenta easily (Table 10.4). 
The placental passage is higher for methimazole than for propylthiouracil. It 
is important to avoid unnecessarily high doses of the antithyroid drug, as 
otherwise the fetus becomes hypothyroid and may develop a goitre. For this 
reason some clinicians prefer propylthiouracil to methimazole. For the same 
reason many give antithyroid drugs without adding thyroxine (which crosses 
the placental barrier poorly) to the treatment schedule since this enables the 
lowest possible dose of the antithyroid drug to be administered. However, 
empirical data do not confirm that these theoretical considerations are 
clinically importane 1• The aim of the treatment should be to keep the mother 
on the borderline between euthyroidism and thyrotoxicosis3,4. 

The neonatal thyrotoxicosis may not develop until several days after 
delivery because of a residual effect of antithyroid drugs received during the 
fetal period. Children born to mothers treated for thyrotoxicosis should there
fore be kept under close observation for the first 7-10 days after delivery. 
Features suggesting neonatal thyrotoxicosis are an initial weight loss that is 
greater than normal, irritability, tachycardia, goiter and exophthalmos. Treat
ment should be given immediately, since without treatment the mortality rate 
is over 10%. Premature craniosynostosis is another serious complication32• 

Most cases of fetal and neonatal thyrotoxicosis develop in women with 
active Graves' thyrotoxicosis. It has been estimated that one out of 70 
pregnant women with thyrotoxicosis will deliver a child with neonatal 
thyrotoxicosis. It should, however, be observed that TSH receptor
stimulating antibodies may be present in high concentrations also in an 
euthyroid woman who previously has been treated with thyroidectomy or 
radioiodine because of Graves' thyrotoxicosis (Figure 10.4) or in a woman 
with coexisting autoimmune thyroiditis, which may prevent the development 
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Figure 10.4 TSH receptor antibody levels and thyroid hormone values (T4) in a case of neonatal 
thyrotoxicosis. (Courtesy of Dr I. Tessin, Molndal Hospital, Sweden). The disease was detected 
3 weeks after delivery. The mother had a history of subtotal thyroidectomy for Graves' 
thyrotoxicosis to years earlier. She was not on any drug treatment. 

The infant was treated with methimazole and later thyroxine was added. The methimazole 
treatment was interrupted 41 days after delivery and within a few days the disease recurred. The 
analyses of TS H receptor antibodies, which were done in retrospect with a radioreceptor assay 
(TRAK, Henning Berlin Gmbh, Berlin, West Germany; reference range <3 U II), still showed a 
high level at that time. Probably the duration of treatment could have been shortened since later 
the antibody levels were normalized 

of thyroid overactivity. In such rare cases monitoring offetal heart rate can be 
of help to decide if the mother should be treated with an antithyroid drug 
(and thyroxine to prevent maternal hypothyroidism) in order to protect the 
fetus from thyrotoxicosis. A fetal heart rate over 160 beats per minute is 
suggestive of active fetal thyrotoxicosis33 • 

A prerequisite for the development of fetal or neonatal thyrotoxicosis is 
very high levels of TSH receptor-stimulating antibodies34,35. We now have 
access to convenient assay methods based on competitive inhibition by 
receptor antibodies of labelled TSH binding to solubilized TSH receptors. It 
has been suggested that TSH receptor antibodies should be checked in the 
third trimester of pregnancy in all women with autoimmune thyroid disease36• 

Certainly such a determination is desirable in women with Graves' disease, 
and in women with autoimmune thyroiditis accompanied by very high levels 
of thyroid microsomal antibodies (Table 10.5). In such cases there may be a 
coexisting Graves' disease not manifesting itself due to autoimmune 
destruction (or inhibition?) of the thyroid gland. 
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Table 10.5 Women with autoimmune thyroid disease in whom there is a risk 
of fetal or neonatal thyrotoxicosis in the offspring, due to transplacental 
passage of TSH receptor-stimulating antibodies 

Active Graves' thyrotoxicosis (especially if exophthalmos and/ or 
pretibial myxoedema is present) 

Inactive Graves' thyrotoxicosis after previous treatment with surgery 
or radioiodine* 

Autoimmune thyroiditis with coexisting Graves' thyrotoxicosis* 

*These women may be on treatment with thyroxine 

Not all TSH receptors have stimulatory properties. Some may bind to but 
not stimulate, the receptor and antagonize the effect ofTSH. Such antibodies 
have been found in rare cases of autoimmune thyroiditis and have been 
implicated in the development of transient neonatal hypothyroidism37•38• As 
with neonatal thyrotoxicosis, the hypothyroidism remits spontaneously as the 
maternal antibodies disappear from the circulation of the infant. These 
children are detected in the national screening programmes for congenital 
hypothyroidism and they will receive thyroxine therapy, as it is important to 
start treatment as soon as possible in congenital hypothyroidism. Usually all 
infants are treated for 1-3 years until a trial off treatment is made to 
determine if hypothyroidism is permanent or transient. 

Complex alterations in fetal and neonatal thyroid function may occur in 
the rare cases where combinations of stimulating and blocking TSH receptor 
antibodies are present in the same individual. Depending on the affinities and 
the relative titres of these antibodies the infant can develop alternating 
periods of hypothyroidism and thyrotoxicosis until euthyroidism is finally 
reached as the antibodies disappear from the circulation of the neonate39• 

Recently it was suggested that congenital hypothyroidism could be caused 
by transplacental passage of maternal antibodies having thyroid growth 
inhibitory action40. The investigators claimed that such growth-blocking 
antibodies were found in the serum of 15 out of 34 women who had given 
birth to children with congenital hypothyroidism. Surprisingly, the mothers 
showed no signs of thyroid dysfunction and had no history of thyroid 
autoimmunity. These remarkable findings must await confirmatory reports 
from other laboratories. 

POSTPARTUM THYROID DISEASE 

Already in 1948 a detailed report was published by Dr H. E. W. Roberton on 
women developing clinical hypothyroidism following pregnancy41. In 
Christchurch, New Zealand, Roberton had observed the common occurrence 
of this condition, which could be ameliorated by giving thyroid extracts. 
Often, however, a spontaneous remission was seen. Although it was 
associated with endemic goitre due to iodine deficiency, Roberton noticed 
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that in two women it had developed in England before they settled in New 
Zealand and he anticipated that 'if looked for, it would be found in the 
goitre-free countries in women who have undergone thyroidectomy and in 
families with a history of goitre'. 

In the years following a few patients with postpartum primary myxoedema 
were described but otherwise the 'Roberton syndrome' remained unknown. It 
was rediscovered in 1976 when Amino et al. published their first report on six 
Japanese women with transient postpartum hypothyroidism42 • At about the 
same time a new form of thyroid inflammatory disease, 'painless' or 'silent 
thyroiditis', was described from North America. This syndrome was 
characterized by thyrotoxicosis with a low radioiodine uptake in the thyroid 
(in contrast to Graves' thyrotoxicosis with a hi~h uptake) and it was found to 
have a predilection for the postpartum period4 • 

In recent years a number of case reports and a few systematic prevalence 
studies have disclosed the common occurrence of thyroid dysfunction in the 
postpartum period. In Japanese and Swedish prevalence studies on 
un selected groups of women who were followed in the year following 
delivery, thyroid dysfunction (thyrotoxicosis and/ or hypothyroidism) was 
found in 5.5% and 6.5%, respectively, of the women tested44,45. In both these 
studies thyroid microsomal antibodies were detected in most of the women 
who developed hypothyroidism. Secondly, TSH receptor-stimulatinf 
antibodies (TSAb) were found in some women with thyrotoxicosis alone4 • 

Amino et af. later suggested that in women who experience a relapse of 
Graves' thyrotoxicosis in the postpartum period, the TSAb assays may not be 
sensitive enough to allow early detection of these antibodies23 • Thus, in 
almost all women who develop postpartum thyroid dysfunction an 
underlying autoimmune thyroiditis and/ or Graves' thyrotoxicosis is to be 
suspected. 

The symptoms of the postpartum thyroid dysfunction may be mistaken for 
postpartum fatigue and a consequence of lactation and therefore may go 
unrecognized. The transient nature of the disease adds to the diagnostic 
difficulty. The development of postpartum hypothyroidism is accompanied 
by goitre development in most cases. Often a history of previous goitre 
and/ or thyroid dysfunction or a family history of autoimmune thyroid 
disease is present. Usually the disease recurs after a subsequent pregnancy 
(Figure 10.5) and sometimes even after a miscarriage or abortion. 

In some populations (for example in some parts of North America and in 
Japan) postpartum hypothyroidism is preceded by clinical thyrotoxicosis 
with a low radioiodine uptake. The severity of this 'destruction-induced' 
thyrotoxic phase may differ and depend on the amount of thyroid 
iodoproteins that are released. Thyroid iodine contents differ in various 
popUlations because of iodine intake. In popUlations with a high iodine 
intake (as in North America and in Japan) the thyrotoxic phase may be more 
pronounced causing the clinical syndrome of 'painless' or 'silent thyroiditis ,46. 

When carefully looked for a similar but mostly subclinical thyrotoxic phase is 
found also in a population with a lower iodine intake (as in Sweden) prior to 
the development of postpartum hypothyroidism47 • Taken together these 
observations suggest that autoimmune postpartum thyroiditis is character-
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Figure 10.5 Recurrent autoimmune postpartum thyroiditis. The woman was first investigated 
2months after delivering her first baby, a boy. A thyrotoxic phase with thyroid hormones within 
the reference range was followed by goitrous hypothyroidism (TSH 140mU /I; reference range 
<5 m U /I). No treatment was instituted and the woman became euthyroid within a year 
postpartum. She remained euthyroid during her second pregnancy. Four months after giving 
birth to a girl she again was found to be thyrotoxic. Six weeks later she was hypothyroid (TSH 
83 m U / I) and thyroxine was instituted. Withdrawal of the medication has not yet been attempted. 
FT41 = serum-free thyroxine index (reference range 57-145). MsAb = serum thyroid microsomal 
antibodies (by Thymune-M haemaglutination assay, Wellcome, Beckenham, UK) 

ized by an initial destructive phase 1-5 months postpartum followed by the 
subsequent development of hypothyroidism (Table 10.6 and Figure 10.5). 

In the typical case the degree of hypothyroidism correlates well with the 
titre levels of thyroid microsomal antibodies, not only in the postpartum 
period but also in early pregnancy (Figure 10.6). Thus, the early pregnancy 
titre may be used to predict the development of postpartum hypothyroid
ism23,45. The predictive value of thyroid microsomal antibodies may be 
strengthened further by analysis of microsomal antibody IgG subclasses48 • 

Thus, postpartum hypothyroidism was associated with the IgG I subclass, 
whereas the level of the IgG4 subclass was similar in women who developed 
postpartum hypothyroidism and those who did not. Microsomal antibodies 
of subclasses IgG2 and IgG3 were of low concentrations in all women. It is of 
interest that antibodies of subclass IgG I have the ability to fix complement, in 
contrast to antibodies of subclass IgG4. Thyroglobulin antibody titres have 
been low or undetectable in women with postpartum thyroiditis and are 
accordingly of no predictive value23,45,46. 

A complex pattern may be found in women with a predisposition for both 
autoimmune thyroiditis and Graves' thyrotoxicosis. In these patients the 
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Table 10.6 Typical features of autoimmune postpartum thyroiditis 

Transient flare-up of pre-existing autoimmune thyroiditis 

Initial thyrotoxic phase (often symptomless) that occurs 1-5 months 
postpartum and is characterized by a low radioiodine uptake in the thyroid 

Transient hypothyroidism and goitre developing 3-12 months postpartum 

The natural history of the disease is still unknown. Probably some of the 
women develop permanent hypothyroidism in later life. 

First trimester 
of pregnancy 

TSH 4-8 (n"" 1) 

TSH <4 (n'=22) 

Delivery 2 5 7 10 
months postpartum 

12 

Figure 10.6 Changes in serum thyroid microsomal antibody (MsAb) titres (log scale) in 
pregnancy and the postpartum period. Results (mean ± SEM) are presented for three groups of 
women divided according to the maximal postpartum TSH observed. (Adapted from Jansson el 
01.45 with permission from the Journal of Clinical Endocrinology and Metabolism) 

destructive and hypothyroid effects associated with the microsomal anti
bodies sometimes seem to be counteracted by the stimulatory effect of TSH 
receptor-stimulating antibodies. This could explain why euthyroidism may be 
maintained after delivery in a woman with high titres of thyroid microsomal 
antibodies, and why occasionally an initial episode of low radioiodine uptake 
thyrotoxicosis may be followed by high radioiodine uptake thyrotoxicosis49 • 

Finally, women previously treated for Graves' thyrotoxicosis with antithyroid 
drugs or surgery may, following delivery, develop hypothyroidism if they 
have thyroid microsomal antibodies45 • 

The accumulated evidence supports the assumption that postpartum 
thyroid disease results from an altered immunotolerance following 
pregnancy-induced immunosuppression in women with latent or subclinical 
autoimmune thyroid disease (Figure 10.2). Thus, thyroid microsomal 
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antibody titres change in a typical way in pregnancy and the postpartum 
period (Figure 10.6). A decrease during pregnancy is followed by an increase 
after delivery28.45. A peak level is reached around 6 months postpartum before 
the tit res decline again. One year postpartum the titres have reached a steady 
state level which is similar to the titre before pregnancy. At the same time 
hypothyroidism and goitre have decreased or disappeared in most cases. 
Interestingly, parallel changes are observed in total IgG and IgG subclass 
levels both in these women and in healthy postpartum women with no signs 

'of autoimmune thyroid disease47 • Thus, the changes of thyroid microsomal 
antibody titres may reflect a general immunoregulatory rebound pheno
menon after delivery. Probably the activation of Graves' thyrotoxicosis in the 
postpartum period is due to similar changes of TSH receptor antibody titres, 
since the temporal occurrence of thyrotoxicosis coincides with that of 
hypothyroidism in women with thyroid microsomal antibodies45 • 

The data presented above suggest that autoantibodies (predominantly 
thyroid microsomal antibodies and in some cases TSH receptor-stimulating 
antibodies) have important roles in the development of the postpartum 
thyroid syndromes. In postpartum autoimmune thyroiditis (but not 
postpartum Graves' thyrotoxicosis) the number of circulating K-Iymphocytes 
increases at the time of the postpartum aggravation23 • The number of B
lymphocytes has been reported to increase at time of thyrotoxicosis in both 
postpartum autoimmune thyroiditis and Graves' thyrotoxicosis but no 
consistent changes in the number of total T-Iymphocytes or helper or 
suppressor/cytotoxic phenotypic T-cells have been observed in peripheral 
blood23 • Within the thyroid a local accumulation of B-Iymphocytes and T
lymphocytes with the helper phenotype but a low number of T-Iymphocytes 
with the suppressor-cytotoxic phenotype has been found 50. Taken together, 
these findings indicate that autoantibodies produced within the thyroid also 
might act in conjunction with K-cells and complement to cause cytotoxic 
destruction of thyrocytes. 

CONCLUSIONS 

Pregnancy is an important regulator of disease activity both in autoimmune 
thyroid disease and in other autoimmune disorders. Typically, amelioration 
of disease activity during pregnancy is followed by a rebound in the 
postpartum period, which may cause a transient disorder in otherwise 
apparently healthy women with a subclinical state of disease and/ or a genetic 
disposition for disease. Therefore autoimmune disease is much more 
prevalent in the postpartum period than during pregnancy. On the other 
hand, autoimmune disorders are more troublesome to manage during 
gestation due to fetal considerations and transplacental p~sage of thyroid 
antibodies that may cause thyroid dysfunction in the fetus and the neonatal 
infant. 

Future research in this field will provide insight into the regulatory 
mechanisms involved in immune tolerance in pregnancy and the rebound of 
the postpartum period. Prospective studies will delineate the natural history 
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of the postpartum thyroid disorders, and clarify which women are likely to 
develop permanent disease later in life. From a practical point of view it 
should be stressed that we have already learned, by screening for 
autoantibodies, to predict the development of maternal thyroid disease 
during and after pregnancy and to detect infants at risk for fetal and neonatal 
thyroid disease. 
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