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Preface 

Endocrine autoimmunity is the archetype for autoimmune disorders in general. 
In the four decades since autoimmunity was postulated as the aetiological 
mechanism in experimental and human autoimmune thyroiditis, there has been 
a continual development of this idea, not only to encompass conditions affecting 
other endocrine tissues, but also to identify the exact immunological processes 
involved. We now know far more about the genetic and environmental 
susceptibility factors in endocrine autoimmunity and have a detailed molecular 
knowledge of the interactions occurring within the target organs. As part of the 
shared immunogenetic predisposition, these disorders occur together more 
frequently than expected by chance (the autoimmune polyglandular syndromes) 
and the endocrinopathies in these syndromes are also associated with other 
autoimmune diseases, in particular pernicious anaemia and vitiligo. While most 
books on endocrine autoimmunity have tended to ignore these associated 
disorders, they are so frequent that this book includes a discussion of their 
pathogenesis. The overall purpose of the book is to present recent advances in 
our understanding of the immunology of endocrine autoimmunity which will be 
of interest to immunologists, endocrinologists and general physicians. 

The two major autoimmune endocrine disorders are thyroid disease and type 
1 diabetes mellitus. Chapter 1 provides an introduction to autoimmune thyroid 
disease by considering the various animal models of autoimmune thyroiditis 
and their relation to the human condition. Clearly, such studies have had a 
fundamental impact on our understanding of disease pathogenesis. Perhaps the 
major development over the last decade has come from the identification of 
target autoantigens. In the case of the thyroid these are now well characterized 
and considered in detail in Chapter 2. The next three chapters concern the three 
major disorders of thyroid function caused by autoimmunity, namely auto
immune hypothyroidism (Chapter 3), Graves' disease (Chapter 4) and post
partum thyroiditis (Chapter 5). Each of these chapters considers predisposing 
susceptibility factors, the role of autoantibodies and pathogenic mechanisms. A 
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frequent accompaniment of autoimmune thyroid disease, especially Graves' 
disease, is thyroid-associated ophthalmopathy. This is perhaps the most difficult 
management problem for a thyroidologist, and new approaches to treatment 
will only come from improvements in our understanding of disease mechan
isms. These are considered in detail in Chapter 6. 

The second major autoimmune endocrinopathy is type I diabetes mellitus. 
Once again there have been major advances in our understanding of the nature 
of~ cell autoantigens and these are detailed in Chapter 7. Chapter 8 contains a 
comprehensive review of animal and human type I diabetes in terms of 
pathogenesis. 

Other endocrine tissues are less frequently the target of autoimmunity and 
these are considered in the next three chapters. Chapter 9 considers auto
immune Addison's disease and its relation to the polyglandular autoimmunity 
syndromes. Although rare, Addison's disease is a serious condition where, once 
again, molecular techniques have had a huge impact in identifying the target 
autoantigens. Less is known about the role of autoimmunity in premature 
ovarian failure, a frequent condition likely to be due to a number of different 
aetiologies, of which autoimmunity is only one. Chapter I 0 contains a detailed 
overview of the clinical background to premature ovarian failure and the 
evidence that autoimmunity plays a role, in at least some of these cases. 
Although the pituitary is the master controller of the endocrine system, and 
therefore of crucial importance to normal endocrine function, autoimmunity 
seems to affect this gland rarely. A detailed survey of pituitary autoimmunity is 
provided in Chapter II. 

Finally, as already stated, Chapters 12 and 13 consider pernicious anaemia 
and vitiligo in detail. Both of these are frequent accompaniments of auto
immune endocrinopathies and recent advances in the understanding of the 
pathogenesis of these two diseases has matched that of the classical endocrino
pathies. 

As well as the authors of these chapters, I would also like to thank Mrs 
Kathryn Watson for her excellent secretarial help in Sheffield and to all at 
Kluwer for their assistance in producing this book. 
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Series Editor's Note 

Over the last 30 years there has been a continuing and exponential increase in 
the understanding of basic immunology mechanisms and their application to 
the practice of medicine. The aim of this series is to provide a comprehensive 
and up-to-date review of the scientific basis and clinical relevance of a variety of 
immunologically-based diseases. The series, producing three new volumes a 
year, will cover the majority of specialist areas of medicine with diseases of 
immunological importance and over a four-year cycle will aim continuously to 
update knowledge and experience in the individual specialist areas. The series is 
designed for the general or specialist physician or the clinical scientist with an 
interest in clinical or related problems. We intend to provide in single volumes a 
synthesis of information which is otherwise difficult to assemble from original 
papers which are often produced in a variety of specialist medical and 
immunological journals. 

G. Bird and K. Whaley 
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1 
Animal models of autoimmune 
thyroiditis: recent advances 
Y. M. KONG 

INTRODUCTION 

Since the last review in this series in 1986, which focused on the induced model 
of murine experimental autoimmune thyroiditis (EAT) for Hashimoto's thyr
oidities (HT) [1], there have been major advances in our understanding of the 
pathogenic and regulatory mechanisms in autoimmune thyroid disease. These 
advances have stemmed from new knowledge at the cellular and molecular level 
of T cell development and interactions with other cell types, and techniques 
applied to gene cloning and sequencing of thyroid autoantigens. In the interim 
10 years, there have been several extensive reviews on EAT induced with thyroid 
antigens, usually thyroglobulin (TG), and spontaneous autoimmune thyroiditis 
(SAT), arising from selective breeding in chicken and in rodent colonies 
exhibiting autoimmune diabetes [2-8]. Some recent papers also correlated 
findings between both animal and human autoimmune thyroid disease [4-6]. 
This review will concentrate on studies in the last 6-7 years, primarily in the 
mouse and rat, where major developments have advanced our understanding of 
autoimmune diseases. 

GENETIC FACTORS CONTROLLING SUSCEPTIBILITY 

Major histocompatibility complex (MHC) class II genes 

One major advance in immunology has been the increased understanding of the 
significant role of MHC class II and class I genes in influencing the respective 
selection and/or deletion of CD4+ and CDS+ T cell subsets during ontogeny, 

A.P. Weetman (ed.), Endocrine Autoimmunity and Associated Conditions. 1-23. 
• 1998 Kluwer Academic Publishers. 
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thereby shaping the T cell receptor (TCR) repertoire [9]. Thus, the early 
immunogenetic studies in congenic, recombinant strains within the murine 
MHC (H2) also correlate with specific selection of the autoreactive TCR 
repertoire. Genetic susceptibility, as defined by mononuclear cell infiltrates in 
the thyroid and T cell proliferative response to TG, but not the universal 
autoantibody production, was mapped to the class II H2A region of H2k.s and 
not H2b,d,f strains [reviewed in Reference 1]. Susceptibility is unaltered by the 
mammalian source of TG chosen for immunization, the adjuvant applied or 
when only mouse (M) TG in multiple doses is used. It should be noted, however, 
that MTG generally induces more severe thyroid inflammation than hetero
logous TGs, partly because MTG has unique thyroiditogenic epitope(s) stimu
lating the autoreactive T cells in mice, in addition to conserved epitopes shared 
with heterologous TGs. The use of congenic strains in the rat has also shown 
RT.1c strain to be susceptible and RT.1u to be resistant [10]. In SAT, breeding 
between the BUF (RT.1 b) and BB/Wor (RT.1 u) rat, a diabetes model, has linked 
SAT to RT.1 b' dissociating it from pancreatic insulitis under RT.1 u influence 
[11 ]. The role of H2E, the other murine class II region, is less clear; susceptible k 
strains express H2E molecules while similarly susceptible s strains do not. H2E 
molecules are known to participate in shaping the TCR V~ gene repertoire in 
conjunction with MMTV (murine mammary tumour virus; also known as mls) 
superantigen expression [12]. 

The extent of class II gene regulation is driven home by the selective use of 
transgenic models provided with murine or human (H) MHC (HLA) class II 
transgenes. When we introduced H2AaAb transgene from susceptible k 
haplotype into resistant BlO.M (H2r) mice which express only endogenous 
H2A but not H2E molecules, severe thyroiditis involving up to 80% of the gland 
was observed in AakAbk• mice, compared with none to moderate inflammation 
in Aak Abk- sibs [13]. Susceptibility was likewise acquired after the introduction 
of HLA-DRB1 *0301 (DR3) transgene into BlO.M mice [14]. Similar to EAT
susceptible strains, thyroid inflammation was observed after either MTG or 
HTG immunization. Since endogenous Hi. molecules were also present, it 
appears that resistance in B I O.M mice is due more to the absence of appropriate 
class II molecules for clonal selection than to the stimulation of regulatory T cell 
subset suppressing EAT induction. 

To define the precise role of DR3 molecules in the absence of H2 molecules, 
we introduced the DR3 transgene into class II-negative H2Ab0 mice. Both 
MTG and HTG immunization induced moderate to severe thyroiditis in DR3+ 
mice [14]. The responsiveness to MTG was specific for DR3 molecules, since the 
introduction of HLA-DRBl * 1502 (DR2) ~-chain transgene, in conjunction 
with an Eak transgene to aid DR2 expression, into Abo mice resulted in 
essentially negative response (Table 1.1 ); in contrast to DR3+ mice, most 
DR2+ mice did not exhibit thyroiditis and anti-MTG titres were negligible (at 
1:800 dilution). This allelic specificity demonstrates that HLA polymorphism is 
a determinant in EAT susceptibility to MTG. It should be noted that, in the 
DR2 ~-chain transgenic mice with the HLA-DRa homologue, Eak, transgene, 
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Table 1.1 Induction of EAT with mouse TG after HLA-DRB I *0301 (DR3) but not after HLA
DRBI *1502 (DR2) gene transfer into H2Ab0 mice 

Transgene 
expression 

DR3+ E+ 
DR3-e 
DR3 E-

DR2+ E+ 
DR2- E+ 
DR2- E-

MTG antibody 
(O.D. at 
1:800) 

0.95±0.20 
<0.2 
<0.2 

0.29 ±0.11 
<0.2 
<0.2 

Thyroiditis" 

No. mice H'ith %thyroid involvement 
Incidence 

0 >0-10 >10-20 >20-40 >40--80 (%) 

2 2 3 2 100 
6 I 14 
6 0 

7 0 
5 17 
7 13 

"Mice were immunized with 40 )lg MTG and 20 ~tg LPS i.v. 3 h later on days 0 and 7, and were killed on day 28 

H2E (ErlEpb) molecules may also be expressed. Although it is clear that both 
DRrE+ and DRTE+ mice responded very poorly to MTG immunization, H2E 
restriction in normal k strains have been reported in T cells responding to HTG 
[15] and a 17-mer TG epitope [16]. Thus, it remains to be determined whether 
the response to HTG is polymorphic in the same degree or if the same 
thyroiditogenic epitopes in the large TG molecule (660 kDa) are involved. 

The DR3 molecules apparently function as regular antigen presenters in vivo, 
since the proliferative responses of T cells from MTG- and HTG-immunized 
DR3+E- mice, respectively, to MTG (Figure 1.1A) and HTG (Figure l.lB) were 
blocked by monoclonal antibody (mAb) to the DRP chain. These findings 
support HLA-DR3 association with HT reported in some patient studies, but 
not in others [cited in Reference 14]. The data further implicate TG as a relevant 
autoantigen in the human, not just a diagnostic tool to be replaced by thyroid 
peroxidase (TPO). Further studies with TG or other thyroid antigens and their 
peptides in mice given DR- or DQ-region genes as they become available will 
help clarify specific MHC control in autoimmune thyroid disease without the 
complication of linkage disequilibium. 

Bearing in mind that humans are polygenic, early studies in F 1 mice have 
shown that susceptibility is dominant. However, the use of lipopolysaccharide 
(LPS) as adjuvant rather than the stronger but non-physiological complete 
Freund's adjuvant (CFA), has revealed that F 1 mice develop less severe 
thyroiditis [I ,5]. In addition to heterozygosity, human class II genes with 
different specificities generally co-exist. Thus, similar to other autoimmune 
disease models, we tested an H2Ea transgene in susceptible Bl O.S mice which 
do not express H2E molecules; the resultant E+ BlO.S mice displayed reduced 
thyroiditis, indicating a moderating effect due to H2E expression [13]. Indeed, 
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DR3 mAb A mAb 8 

+ 

+ 

+ 

0 5 1 0 15 20 25 30 35 0 5 10 15 20 25 30 35 

mean CPM x 10-3 ± SE 

Figure 1.1 TG presentation to spleen cells from MTG-immunized or HTG-immunized mice was 
blocked by mAb to the HLA-DR~ chain. (A) Spleen cells from MTG-immunized DR3+E mice 
showing reduced proliferative response to MTG in the presence of mAb to DR~ and to mouse 
CD4; immunized DRTE- mice did not respond to MTG stimulation. (B) Spleen cells from HTG
immunized mice showing reduced proliferative response to HTG in the presence of mAb to DR~ 
and to mouse CD4. [3H]Thymidine uptake was measured after 4 days in culture in the presence of 
mAb only (background c. p.m., open bar) or 40 Jlg!ml of TG plus mAb (black bar); control spleen 
cells were cultured without mAb or TG (open bar) or with TG (black bar) 

with the availability of DNA typing and transgenic mouse models, interactions 
of class II genes which may result in an interplay between protective and 
susceptible traits in autoimmune disease are increasingly receiving investigative 
attention [17]. 

MHC class I genes 

Class I genes are also involved in clonal selection and/ or deletion of autoreactive 
CDS+ TCR repertoire [9]. As reviewed previously [1], the use of H2K- and D
end recombinant strains has shown the D-end to play a definite role in reducing 
autoantibody production and/or thyroiditis. Whether the D-end is involved 
depends on the particular H2A/D combination and may include H2E influence 
in some strains [13, 18). The K-region exerts some effect on autoantibody level 
and incidence or severity of thyroiditis. Both K and D molecules are involved in 
thyroid target cell destruction by cytotoxic T cells (Tc) after MTG priming, 
demonstrating the importance of class I restriction at the effector/target cell 
level as in natural disease [19,20). The early suggestion of genetic differences 
within the murine thyroid affecting susceptibility has not been corroborated by 
more recent studies in the rat [21]. 
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Autoreactive TCR repertoire 

As mentioned above, the autoreactive TCR repertoire is largely shaped by MHC 
class II and class I molecules since ontogeny, as further evidenced by class II 
gene transfer of susceptibility traits [13, 14]. Since the large and partially 
sequenced MTG molecule [22] has many unidentified, unique and shared 
epitopes and no known immunodominant epitopes, the specific TCR gene 
usage cannot be determined until more thyroiditogenic TG epitopes are 
identified. Indeed, partly because there are a number of such epitopes on TG, 
there is increasing evidence that the TCR repertoire is sufficiently diverse and 
flexible to respond to different autoepitopes under the same MHC umbrella. 
EAT susceptibility to MTG is unaltered in some k or s strains despite multiple 
MMTV-influenced deletions (CBA) or soo;., genomic deletions (SJL, C57BR) of 
V~+ T cells. The plasticity of the TCR repertoire is apparent when EAT 
induction is unaffected by 50-70% TCR V~ genomic deletions in congenic 
strains of susceptible BlO.K mice [23]. Moreover, after the introduction into 
CBA mice of an irrelevant V~8.2 transgene, which represented about 76"/o and 
90% T cells in the CD4+ and CDS+ subsets, respectively, EAT induction with 
MTG in these CBA-V~8.2 k/k mice was unabated [24]. On the other hand, 
thyroid inflammation in CBA-V~8.2 k/q mice was significantly reduced; the q 
haplotype is intermediate in EAT susceptibility. As discussed above, hetero
zygosity as found in polygenic man may be protective, diminishing the host's 
capacity to recognize multiple thyroiditogenic epitopes. 

Non-MHC factors 

Compared with the major influence of MHC genes, a number of non-MHC 
genes, many unmapped, contribute in a minor way to antibody levels, 
thyroiditis incidence or inflammation [1]. The dissociation between autoanti
body titres and extent of thyroiditis is well documented [25], even when small 
(12-18mer) TG peptides are used for immunization [26-28]. Thus, sex hor
mones [29] and lgh V-gene complex [30] with influence primarily on anti-MTG 
levels have little bearing on thyroid pathology. 

Studies on MTG-induced EAT in aging mice, however, show age of induction 
to be a crucial factor in the severity and chronicity of thyroiditis. Immunization 
of 2-month-old mice led to 1 00'% incidence and more severe destruction lasting 
up to 18 months, compared with incidences of 60% in 6-month-old and 38%, in 
12-month-old animals [31]. The duration of chronic disease is also dependent 
upon non-MHC background genes in different strains. 

Other genetic and environmental factors may also affect thyroiditis incidence 
and/or severity in susceptible animals [see Reference 4]. Briefly, in SAT models, 
the incidence in BUF rat has decreased with time and now thymectomy or 
immunization with rat TG in CFA is required [32], whereas intentional 
inbreeding resulted in the extreme manifestations of OS chicken [7,8] and a 
highly thyroiditis-prone line derived from the diabetic BB/Wor rat [33]. One 
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nonobese diabetic (NOD) mouse colony has a > 77% incidence of thyroiditis 
[34], in contrast to 10-18% in most colonies [35]. The contributing factors are 
unknown; diabetes in NOD mice is favoured by conditions of low microbial 
load, but whether this same environment affects thyroiditis in this model is 
unknown. In thymectomized and irradiated PVG/c rats with an altered T cell 
compartment, the incidence of thyroiditis is increased by orally introduced 
microbial flora [36]. Others have studied the effect of increased and prolonged 
iodine intake which appears to have a greater effect on SAT than EAT models 
[4,14]; its role is addressed below. Diet may also influence EAT incidence and 
severity in mice [37], but reduction is associated with a highly caloric breeder 
chow not generally in use for maintenance. 

PATHOGENIC T CELL MECHANISMS 

TCR V~ gene usage 

Thyroiditogenic T cells in CBA/ J mice infiltrating the thyroid are mostly TCRcx/ 
~+ [38]. Because CBA/J mice have about 25% V~8+ T cells and these cells have 
been implicated in several autoimmune diseases, we examined their thyroidito
genicity by in vivo depletion or in vitro enrichment ofV~8+ T cells with V~8 mAb 
or the superantigen, staphylococcal enterotoxin B (SEB), prior to adoptive 
transfer. As shown in Table 1.2, the highly enriched V~8+ population did not 
transfer thyroiditis, indicating that they are not a major player in MTG-induced 
EAT. These findings have recently been confirmed in the same mouse strain [39]. 

Examinations of the thyroidal infiltrates from HTG-immunized CBA/J mice 
[40] or from NOD colony with a high incidence of thyroiditis [41] have 
suggested biased TCR V~ gene usage. In CBA/J mice, restricted TCR use is 

Table 1.2 Noninvolvement of V[38+ T cells in MTG-induced EAT as shown by adoptive transfer 

Thyroiditish: 

MTG antibodyh 
No. mice with %thyroid involvement 

In vitro (mean log2 
Ex pt. activator" titre±SE) 0 >0-10 > 10-20 >20-40 

SEB 1.5±0.3 4 
MTG 6.2 ± 1.8 2 2 

2 F23.1 1.0±0.0 5 
MTG 11.7 ±0.2 6 

Modified from Fuller eta/. [38]. 

"Spleen cells from MTG-immunizcd CBA/J mice were cultured for 3 days with SEB (0.5 rtg/ml). SEA (0.003 ftg/ 
ml). V~8 mAb (F23.1. 5 r•g/ml) or MTG (20 r•g/ml). and 2 x 107 viable cells were injected i.v. into normal 
recipients on day 0. 

hDetermined on day 14. 
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reflected by the clonal selection of two CDR3 motifs on thyroidal V~l3+ T cells 
after HTG immunization. In a subsequent study, the same motifs are observed 
in recipient thyroids following adoptive transfer of MTG-primed and -activated 
T cells [42]. Although the TG epitope driving clonal expansion of these V~l3+ T 
cells is unknown, the data suggest that the autoepitope is shared between HTG 
and MTG. Moreover, unlike SEB (Table 1.2), SEA activates MTG-primed T 
cells to transfer thyroiditis and the transfer population contains activated V~13+ 
T cells (Qiang Wan et al., unpublished data). Our identification of V~l3 CDR3 
motifs among other v~+ T cells by adoptive transfer of MTG-primed cells is in 
contrast to the multiple V~ gene usage recently observed in a similar transfer 
protocol [39]. In addition to our primers being different, another divergence 
could be our examination of individual recipient thyroids for clonal expansion 
rather than pooling the thyroids [39]. 

Composition and kinetics of thyroid-infiltrating cells 

The temporal participation of CD4+ and CDS+ T cells at the time of EAT 
induction in mice and their subsequent infiltration into the thyroid during 
development has been followed by using two synergistic pairs of rat mAbs, each 
pair recognizing nonoverlapping epitopes on CD4 or CDS molecules [43]. The 
early predominance of CD4+ T cells in the thyroid with a CD4:CDS ratio of 7, 
which declines to about 2 by day 17 [44], is corroborated by the finding that 
treatment with CD4 mAbs up to day 14 post-immunization interferes with EAT 
induction. Similarly early treatment with CDS mAbs reduces infiltration slightly 
without enhancing antibody production, indicating the lack of pre-existing 
CDS+ suppressor T cells (Ts). In situ analysis by immunocytochemical staining 
for up to 6 weeks reveals the same reduced but shifting CD4:CDS ratio between 
2.4 and 3.0 [45]. This shift in ratio reflects the increase and decline of CDS+ T 
cells with no significant variations occurring in the CD4+ subset. On day 70, 
total thyroidal T cells remain at about 30'1'(, with a ratio of about 2; throughout 
this period, macrophages are stable at 30-35'Yo, and B cells at < 2-6% [43]. 
Thyroid inflammation shows little change up to IS months after immunization 
[31]. Similarly in rat EAT, there is a high number of CDS+ T cells and few B cells 
[10]. In BUF SAT brought on by neonatal thymectomy, a CD4:CDS ratio of I is 
present for several months [46]. 

In the adoptive transfer protocol in which CD4+ T cells are preferentially 
expanded with MTG during the 3-day in vitro activation period, the total 
thyroidal T cells could reach 56%, [47]. There is also a substantial infiltration of 
CDS+ T cells possibly due to recruitment, resulting in a CD4:CDS ratio of 
about 1.7. Cyclic changes in %CDS+ T cells, similar to the active immunization 
protocol, are also observed. In contrast to our immunohistochemical studies 
cited above, a reverse CD4:CDS ratio determined by flow cytometry of pooled 
thyroid suspension at a later interval after transfer has been reported [4S]. These 
workers also observed the same reverse ratio in their granulomatous model 
derived by including mAb to interleukin (IL)-2 receptor or interferon (IFN)-y 
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during in vitro activation [49,50]. The differences in results could be due to 
different mAbs used and in situ analysis versus pooled suspensions at a later 
time point. It is clear, however, that any shift in subset ratio with time can only 
be observed by in situ analysis of sequential samples after either active 
immunization or adoptive transfer; the subtle differences are unlikely to be 
discernible in the peripheral blood leukocytes. 

Effector mechanisms 

AT cell-mediated disease is likely to evoke a number of mechanisms leading to 
damage, including the production of inflammatory cytokines [2]; the mechan
isms are not mutually exclusive. CD4+ T cells in induced EAT proliferate in 
response to signals generated by class II molecules presenting TG epitopes on 
macrophages and/or dendritic cells. B cells are not required for EAT induction 
[51], although complement-fixing antibodies could participate in damage at late 
stages. Anti-CD4 treatment up to 14 days after MTG immunization interferes 
with EAT development [43]. These CD4+ T cells are also the ones responding to 
TG and initiating SAT after the removal of regulatory T cells. They then aid in 
recruiting macro phages and cos+ Tc to the thyroid by producing T H 1-type 
inflammatory cytokines. While it is difficult to demonstrate directly cytotoxic 
activity in situ, our initial demonstration of Tc differentiating in the presence of 
CD4+ T cells and destroying thyroid epithelial cells in a class !-restricted 
manner [19] has been confirmed by a number of laboratories [20,33,52]. Both 
CD4+ T cell clones and CDS+ Tc clones from the T cell depletion model 
produce IL-2, IFN-y and tumour-necrosis factor [52,53]. The reduction in 
thyroid pathology and a Tc phenotype after anti-IFN-y treatment throughout 
EAT development in porcine (P) TO-immunized mice further shows the 
involvement of IFN-y in pathogenesis [54]. Another important inflammatory 
cytokine forTH 1 cell activation is IL-l, which can serve as an adjuvant for EAT 
induction with MTG, similar to LPS; its early administration can also prevent 
induction of Ts [55]. 

Once the CD4+ and CDS+ subsets are established in the thyroids, they appear 
independent of each other; mAb treatment to one subset essentially leaves the 
other intact in either the active induction or adoptive transfer regimen [43,56]. 
The effector function of CDS+ T cells is in contrast to another report [4S]. As 
illustrated above, the TCR repertoire is quite versatile. Indeed, in MTG
immunized, class !-deficient (~2m- I_) BlO.K mice, thyroid inflammation is as 
severe as in BlO.K mice [57]. However, the presence of macrophages appears 
dependent on both subsets, since only combined treatment with anti-CD4 and 
anti-CDS can clear the thyroids completely of T cells as well as macrophages 
[43]. The cyclic changes shown by only the CDS+ subset [45,47] is intriguing. It 
is unknown at present whether the early cells are MTG-driven Tc and the later 
arrival represent CDS+ Ts, which have been observed after vaccination with 
irradiated MTG-activated T cells. In the granulomatous model in which both 
mononuclear and polymorphonuclear cells are observed and anti-MTG produ-
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cing B cells may play a role [59], CDS+ T cells have been reported to aid its 
resolution [60]. 

Short and long-term effects of immunotherapy 

Using synergistic pairs of CD4 and CDS mAbs highly efficient in depleting T 
cells in vivo, we have examined the immediate and long-term effects of 
immunotherapy by injecting the mAbs singly or in combination on days 21 
and 25 after MTG immunization. On day 2S, the thyroids show significant 
reduction in inflammation after either anti-CD4 or anti-CDS treatment [43]. 
The most efficacious regimen is combining the CD4 and CDS mAb; > 50'Yo of 
the thyroids are purged of all inflammatory cells, including macrophages. On 
day 70, control thyroids continue to display a CD4:CDS ratio of 2, while those 
from anti-CD4-treated mice show elevated percentages of CDS+ T cells and 
those from anti-CDS-treated mice contain primarily CD4 + T cells. After 
combined therapy, the very few lesions that can be found in some mice have a 
subset ratio of 1. Since T cell subsets have been undergoing recovery from the 
thymus, the newly emerging T cells apparently do not enter the thyroid, despite 
continuing antigenic stimulus as reflected by ongoing MTG antibody produc
tion. Thus, the short two-dose therapy has a long-lasting effect. 

After reimmunization of such treated groups on day 70 and assay for EAT on 
day 9S, only control rat lgG- or anti-CDS-treated groups exhibit the equivalent 
of a secondary response with high MTG antibody titres and severe inflamma
tion [61). By contrast, most mice treated with anti-CD4 or combined mAbs 
show the equivalent of a primary response, apparently following a re-establish
ment of self tolerance. Thus, efficient clearance of both T cell subsets from the 
thyroid can eliminate immunological memory of thyroiditogenicity. Although 
such treatment is usually not required for autoimmune thyroid disease, this 
approach can serve as a model for other autoimmune diseases. 

Other treatments have included recombinant (r) hiL-10 or mAbs to IFN-y, 
intercellular adhesion molecule-1 (I CAM-I) and lymphocyte function
associated antigen-! (LFA-1 ). Treatment with multiple rhiL-1 0 doses during 
MTG immunization moderates thyroid inflammation in association with 
apoptotic T cell death and reduced cytotoxicity without affecting antibody levels 
[62), and the same group shows doses of anti-IFN-y to have similar effects in 
PTG-immunized mice [54]. Both anti-ICAM-1 and anti-LFA-1 in multiple 
doses reduce thyroid infiltration in rat EAT [63). The immunosuppressive agent 
FK 506, given after the appearance of TG antibodies in thymectomized and 
irradiated rats, reduces thyroid infiltration and ICAM-1 expression [64]. In 
murine transfer EAT, anti-ICAM-1 shows no effect, but anti-rx4 (VCAM-1) 
integrin can lower thyroid inflammation [65]. These treatments deal with 
moderating EAT development and are unlikely to have long-term effects. 
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T CELL REGULATION IN NATURAL AND ACQUIRED RESISTANCE 

Genetic susceptibility and the constant presence of circulating TG in conjunc
tion with periodic, environmental, polyclonal stimuli do not generally result in 
autoimmune thyroiditis, as discussed elsewhere [1,5]. Only by immunization of 
susceptible mice with MTG plus adjuvant, including LPS and riL-l~ [55], or 
with MTG alone in repeated doses can EAT be induced. The use of syngeneic 
MTG injections without adjuvant [25] has provided us with several clues into 
self tolerance and autoimmunity. 

(i) Autoreactive T cells are not clonally deleted and can respond to self 
peptides without 'molecular mimicry'; 

(ii) Natural resistance is normally operating; only 50% of animals develop 
thyroiditis, whereas IOou;;, produce MTG antibodies, albeit contingent 
upon continuing MTG administration. In humans, autoantibodies are 
often found without thyroid dysfunction; 

(iii) Clonal anergy is not of major importance in maintaining self tolerance. 

Although it could be argued that repeated MTG injections stimulate 
production of cytokines, especially IL-2, thereby overcoming anergy, this does 
not explain how self tolerance can be strengthened with MTG to prevent EAT 
induction with adjuvant or why depletion of certain T cell subset results in low 
incidence of SAT, as described below. 

Induction of resistance (suppression) with mouse thyroglobulin (MTG) 

The three protocols we have found efficacious in inducing resistance in 
susceptible mice to EAT induction are: two 100 J.lg doses of deaggregated (d) 
MTG [55,66], LPS 24 hr before two sub-tolerogenic, 20 J.lg doses of dMTG [67], 
and thyroid-stimulating hormone (TSH) infusion for 3-4 days [66,67]. All three 
protocols lead to reduction in or prevention of thyroid inflammation, T cell 
proliferative response to MTG and autoantibody production. The link among 
all three is the 3- to 5-fold increase of circulatory MTG level over a period of 
~ 2-3 days. Since this can be achieved physiologically by means of TSH 
infusion, we have hypothesized that one function of circulatory TG is to 
maintain a low level of Ts, holding autoreactive T cells in abeyance against low 
levels of periodic stimuli in the environment [I ,5]. As mentioned above, normal 
tolerance can be re-established after EAT induction if the animals are given 
immunotherapy combining CD4 and CDS mAbs, a two-dose regimen that 
purges the thyroid of inflammatory cells [ 61 ]. 

When the circulatory TG level is raised by exogenous or endogenously 
released MTG, self tolerance is heightened to such a degree that the host is 
resistant to strong immunogenic challenge with MTG plus adjuvant. This 
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induced resistance is durable, lasting for at least 2-3 months [68]. It is 
transferable with T cells which require 2-3 days to expand/differentiate, and 
exerts its effect on the afferent phase to prevent EAT induction [69,70]. Induced 
resistance is mediated by a cyclophosphamide-insensitive population of CD4+ 
regulatory T cells: depletion of CD4 +, but not CDS+, T cells in the tolerized host 
abrogates resistance [71]. Moreover, MTG-induced resistance cannot be over
come by the infusion of normal immunocompetent cells [71] or rescued by IL-2 
administration [55], arguing against clonal anergy as the major mechanism of 
resistance. 

Others have induced suppression with milligram amounts of orally adminis
tered heterologous HTG [72] or PTG [73] and challenged the mice with HTG or 
MTG, respectively. Since both heterologous TGs contain foreign epitopes, 
hyporesponsiveness rather than strong suppression to HTG-induced EAT was 
observed, and T cell proliferation, but not the anti-MTG response, was reduced 
in PTG-fed mice after challenge with MTG. After inducing tolerance by 
injecting HTG [74], PTG or HTG + PTG [75] and challenging with MTG, we 
have also observed suppressed proliferation to the shared epitopes but, with 
time, thyroiditis was observed, suggesting that MTG has unique, thyroidito
genic epitope(s) not shared with other TGs. The cells mediating oral tolerance 
have not been defined. 

CD4+ regulatory T cells 

We [71] and others [76] have confirmed that resistance induced by MTG 
injection is mediated by CD4+ T cells and the characteristics of suppression 
have been described above. Although T HI and T H2 cells are involved in the 
production of certain cytokines which promote and moderate various disease 
states [77], and although IFN-y, a TH1-like cytokine, has been implicated in 
EAT pathogenesis [54], it is unknown at present whether T H2-like cells or 
cytokines mediate the induced resistance. Thus, we have used the term, CD4+ 
Ts, to distinguish them from TG-reactive inducer T cells (Ti), which may 
become T H 1-like cells. To understand the requirements for suppressor activa
tion, which takes 2-3 days [66,69] but lasts for > 2-3 months [68], we have 
examined when resistance becomes irreversibly induced. riL-l~' used as an 
early inflammatory cytokine produced by antigen-presenting cells, interferes 
with activation ofTs efficiently when given 3 h after dMTG. It is less efficacious 
24 h after dMTG and is ineffective when given 3 h before dMTG [55] (Table 
1.3). The short half-life of IL-l indicates that, in reference to the tolerogenic 
signal, the timing of this second signal is critical in diverting the commitment of 
Ts toward Ti. 

We next used a non-depleting rat CD4 mAb which modulates surface CD4 
for about 3 days without depleting this subset in vivo. Reducing the surface CD4 
molecules at the time of tolerance induction with dMTG has no effect on the 
expansion/differentiation of CD4+ Ts, but the presence of low levels of CD4 
mAb interferes with their suppressive action on Ti during immunization [78]. 
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Table 1.3 Time-dependency of rl L-1 ~ interference with induction of resistance 

Pretreatment 

MTG 
dMTd' rfL·f{i" Ah 
(days (mean 

-17. -10) Dose Time±dMTG /og2 titre) 

+ < 1.0 
+ 10000 u -3 h 7.6 
+ 10000 u +3h 16.6 
+ 10000 u +24 h 9.1 

16.3 

Adapted from Nabozny and Kong [55]. 

Tee// 
pro/if: 

eration 

(Sf) 

<1.0 
<1.0 

4.3 
<1.0 

6.8 

0 

4 

Thyroiditis: no. mice H'ith 
% thyroid inrolvement 

>0-10 >10-20 >20-40 >40-80 

4 
2 
2 

I 
2 

3 
2 

"100 J.lg dMTG before MTG and LPS immunization on days 0 and 7; data from day 28. 
"riL-l~ was given i.v. before(-) or after ( +) dMTG. 
cp<O.OI. 

This interference suggests the need for close proximity between Ts and Ti, and 
may implicate local cytokine involvement. High doses of the same non
depleting CD4 mAb has also been shown to interfere with MTG immunization 
and induces a suppressor population [79]. One T H2-like cytokine, riL-10, but 
not riL-4, interferes with the in vitro activation of MTG-primed cells for 
adoptive transfer [80], and moderates EAT development in vivo [62]. However, 
more studies are required to determine whether T H2-like or other cytokines, 
such as TGF-~, play any major role in the inhibition by Ts at the critical afferent 
phase of EAT induction. 

The small increase of circulatory TG level, attainable by TSH infusion for 3-4 
days, leading to suppression of thyroid infiltration by CD4+ T cells, demon
strates the likelihood of this effect operating periodically in vivo [67]. That low 
levels of Ts exist in nature is supported by two T cell depletion protocols in 
which a particular T cell subset is removed to enable the remaining Ti to induce 
SAT. One protocol entails the removal of an Lyt-1 +,2,r (CD4+) subset in EAT
resistant mice before transfer into nu/nu mice to permit the subsequent 
development of SAT [81,82]. EAT resistance may involve a number of different 
mechanisms; however, since resistance in BlO.M mice appears to be due to a 
lack of appropriate class II molecules rather than the presence of Ts [14]. 
Another protocol depletes a CD5bright subset from F 1 responder donors before 
transfer into 'B' mice, resulting in SAT [53,83]. These data help pinpoint the cell 
types which might have been depleted in the course of thymectomy with or 
without irradiation in mice [84] and rats [46,85]; the animals subsequently 
develop SAT. 
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Induction of resistance with idiotype-bearing T cells 

In general, after in vivo triggering of autoreactive Ti, a population of idiotype
bearing T cells expand and differentiate, which may or may not lead to frank 
thyroid dysfunction. To examine if such cells can induce anti-idiotype regulatory 
T cells, we have used irradiated, MTG-primed and -activated spleen cells [58], 
and others have employed an MTG-derived thyroiditogenic cell line [86] and a 
PTG-derived, cytotoxic CDS+ hybridoma [87] to vaccinate mice. In addition to 
reduced thyroiditis observed by others in the challenged mice, we also found 
lowered antibody response. While irradiated CD4+ T cells alone are sufficient 
for vaccination, full protection requires both CD4+ and CDS+ Ts [58]. A 
synergistic effect is observed between dMTG- and the weaker vaccination
induced resistance, since a regimen of subtolerogenic doses of dMTG preceding 
one dose of irradiated cells affords stronger protection than either alone [88] 
(Table 1.4). It is possible that both mechanisms operate in vivo, with normally 
low MTG levels activating CD4+ Ts and idiotype-bearing T cells activating 
idiotype-specific CD4+ and CDS+ Ts, particularly if autoreactive Ti have been 
triggered to some extent. Anti-idiotype antibodies are involved in protecting 
mice vaccinated with PTG-derived hybridoma against PTG-induced EAT [89]. 
Whereas these antibodies play a role in shared epitope-induced EAT which lasts 
for only weeks [90], their role in protecting against MTG-induced EAT which 
lasts for up to 18 months [31] is unknown. 

AUTOANTIGENS AND THYROIDITOGENIC PEPTIDES 

Since the chemical and physical properties of thyroid autoantigens are discussed 
in Chapter 2, this section will deal only with autoantigens and their peptides 
that have been tested in experimental models. 

Table 1.4 Synergistic suppression of EAT induction by pretreatment with a single dose of MTG followed by 
irradiated spleen cells 

day -28 

dMTG 

dMTG 
dMTG 

Pretreatlnen{' 

day -21 

dMTG 

dMTG 
dMTG 

Modified from Nabozny eta/. [88]. 

day-7 

ySC 
ySC 

dMTG 

MTG 

antihod/' 
(mean /og2 titre± SE) 

15.00±0.8 
<I 

16.0±0.5 
<I 
<I 

Thyroiditis 

incidenceh 
(%) 

100 
50 

100 
17 

100 

"Each mouse was given 20 ~g dMTG and/or 2.0 x 107 irradiated MTG-primed and -activated (ySC) at the 
intervals shown and was challenged i. v. with 20 rrg MTG and 20 ~g LPS on days 0 and 7. 

bDetermined on day 28. 
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TGs and TG epitopes 

Not only is TO the prototype antigen that has been used to induce EAT for 
more than 30 years, its importance as a potential initiator of autoimmunity 
eventuating in thyroid damage in nature has recently been reinforced. In 
addition to the OS chicken long known for unusual susceptibility and responses 
to TO [7], TO autoreactivity has been observed in recent SAT models. 
Manipulation of the T cell subset compartment followed by transfer into 'B' 
mice results in thyroiditis development and isolation of TO-reactive T cell lines 
and clones [53]. TO-reactive T cell lines from the thyroiditis-prone subline of 
BB/Wor rat adoptively transfer thyroiditis and exhibit cytotoxicity [33]. The 
NOD-H2h4 mouse, bearing EAT-susceptible genes from both the k haplotype 
and the NOD strain which responds to MTO-induced EAT (Kong and David, 
unpublished data), develops a low incidence of thyroiditis and exhibits auto
antibodies to MTO [91]. Neither the BB/Wor- nor NOD-derived strain 
produces antibodies to TPO. Moreover, our HLA-DR3 transgenic mice respond 
to either HTO or MTO immunization, supporting TO as an important, and not 
merely a bystander, autoantigen [14]. 

It is unknown at present which TO epitopes are thyroiditogenic in DR3+ 
transgenic mice, but they undoubtedly include epitopes shared between MTO 
and HTO. Early reciprocal stimulation studies of MTO- or HTO-primed cells 
for adoptive transfer and generation of Tc have revealed the presence of 
thyroiditogenic, shared epitopes between HTO and MTO [92]. The observations 
of two identical CDR3 motifs on thyroidal V~13+ T cells after either HTO [40] 
or MTO [42] immunization also demonstrate the importance of shared 
epitopes. That some of the shared epitopes are also conserved in PTG and 
bovine (B) TO has been inferred by earlier studies [5]. While one should bear in 
mind in using rodents that there is ample evidence indicating unique thyroidito
genic epitopes on MTO not shared with heterologous TOs [5,74,75], they have 
not been identified. Thus, studies have focused on peptide derivatives from 
heterologous TOs [26-28,93,94], of which the complete amino acid sequence of 
HTO and BTO and partial sequence of PTO and RTO are known. The recent 
sequencing of 287 amino acids (less than one-ninth) from the C-terminus of 
MTO [22] confirms the conservation of these small peptides. That no immuno
dominant epitopes have emerged from these studies of shared/conserved 
epitopes supports our earlier hypothesis that conserved and MTO-unique T cell 
epitopes contribute to the total thyroiditogenicity of MTO [74]. 

Since TO is a prominent antigen in several SAT and certainly in EAT models, 
it is perhaps not too surprising that excessive intake of dietary iodine, related to 
iodination of TO and enhanced immunogenicity, increases thyroiditis incidence 
and/or severity [91,95,96]. However, the TO-reactive lymphocytes from 
thyroiditis-prone BB/Wor rat recognize TO regardless of iodine content [97]. 
Furthermore, most iodine residues normally are incorporated into the four 
primary hormonogenic sites on TO [98], and, as reviewed recently [5], necropsy 
studies in Caucasians, black Americans and Japanese show that the distinct 
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ethnic/genetic differences in susceptibility are little influenced by environmental 
factors such as high iodine intake in the USA compared with the UK, and in 
coastal regions of Japan compared with mountainous regions [99,100]. Whether 
iodination is really critical for immunogenicity of TG is better addressed using 
defined peptides to induce EAT, wherein the antigenicity can be clarified by in 
vitro expansion of primed cells, followed by adoptive transfer of thyroiditis to 
demonstrate thyroiditogenicity. In such studies, both an 18-mer [28] and a 40-
mer [93] pathogenic peptide contain one tyrosine which was not iodinated prior 
to immunization, while a 14-mer closer to the HTG C-terminus and sharing 5 
amino acids with human TPO does not contain tyrosine [101]. Another 17-mer 
has no tyrosine but induces moderate thyroiditis [27] and contains a 9-mer 
pathogenic peptide which can be presented by either H2Ek and H2A' molecules 
in two different haplotypes [I 02]. 

Since T cells responding to these peptides are not expanded by culture with 
intact TG, it was necessary to examine the importance of iodine residues after 
priming with intact TG or peptide. Testing with a 12-mer peptide from the 
hormonogenic site at position 2553, it was determined that the peptide was not 
thyroiditogenic unless the tyrosine had been substituted with thyroxine (T4) 
[94]. However, since non-iodinated, thyronine (TO)-containing peptide was not 
compared, we undertook to determine if iodination was indeed required for site 
2553 to be an autoepitope and if other primary hormonogenic sites were 
likewise immunogenic and required iodine residues. By comparing three pairs 
of 12-mer peptides 1-12, 2549-2560, 2559-2570, containing TO or T4 at 
positions 5, 2553, or 2567, respectively, we found that, of the three T4-contain
ing peptides, hT4(5) and hT4(2553), but not hT4(2567), stimulated MTG
primed or HTG-primed T cells in vitro, with hT4(2553) being the stronger. 
However, as shown in Table 1.5, hT0(2553) is also stimulatory. Comparing 
hT0(2553) and hT4(2553), both activated MTG-primed, or peptide-primed, T 
cells to transfer thyroiditis [14]. A summary is presented in Table 1.6. hT4(2553) 
is highly stimulatory in vitro for self-primed and hT0(2553)-primed cells, while 
hT0-(2553) is less stimulatory for hT4(2553)-primed cells. Since hT0(2553)
primed cells have never seen the iodinated peptide, iodination appears to 
enhance binding affinity in vitro. Given the differences in in vitro reactivity, it is 
not surprising that hybridomas can be selected to respond only to T4- but not 
TO-containing peptide which was not used for priming, as reported recently 
[103]. The marked immunogenicity of non-iodinated hT0(2553) and the poor 
antigenicity of hT4(5) and hT4(2567) demonstrate that immunogenicity of a 
conserved hormonogenic site depends more on its amino acid composition than 
on T4 substitution [14]. The secondary role of iodine residues in TG is also 
supported by the findings that none of these peptides are immunodominant and 
that only by vigorous immunization can TO or T4 at either position 5 or 2553 
lead to mild thyroiditis, but only in H2k and not in susceptible H2s strains [I 04]. 
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Table 1.5 Capacity of TO-containing synthetic peptide derivatives of HTG to induce EAT or 
primeTcells 

No. mice [ 3 H) Thymidine uptake 
Immuni:-:ing ll"ith thyroid In vitro mean CPM±SE 
antigen infiltration" activatorh (stimulation index) 

MTG 4/6 2400 ± 300 
MTG 23 100 ± I 700 (9.8) 

hT0(5) 016 5 200 ± 300 
MTG 4600 ± 100(<1.0) 
hT0(5) 4 200 ± 600 ( < 1.0) 

hT0(2553) 016 3200 ± 100 
MTG I 500 ± 200 ( < 1.0) 

hT0(2553) 45 800 ± 4 300 (14.4) 

"Mice were immunized i.v. with 20 ~g MTG or 100 ~g peptide derived from HTG(l-12) or (2549-2560)+20 ~·g 
LPS on days 0 and 7, and their thyroids examined on day 28. 

hSplcen cells from day 28 were cultured at 9 x I 05 /wcll for 4 days with 20 ~g/ml MTG or 5 ~g/ml peptide. 

Table 1.6 Capacity of hT0(2553) and hT4(2553)-containing synthetic peptide derivatives to 
induce EAT and cross-stimulate each other for adoptive transfer 

In vitro 
No. mice 

lmmuni:-:ing with thyroid 
antigen infiltration" Activatorh Stimulation index Adoptive transfer' 

MTG 4/4 MTG 9.0 Yes 
hT0(2553) 2.7 Yes 
hT4(2553) 9.5 Yes 

hT0(2553) 0/6 MTG 1.3 No 
hT0(2553) 17.0 Yes 
hT4(2553) 23.2 Yes 

hT4(2553) 0/6 MTG <0.1 No 
hT0(2553) 2.1 No 
hT4(2553) 51.9 Yes 

Adapted from Kong eta/. (14]. 

"Mice were immunized i.v. with 50 ~g MTG or peptide on day 0 (tail base) and day 7 (hind footpads), and their 
thyroids examined on day 28. 

bLymph node cells were activated for 3 days in the presence of irradiated spleen cells with 20 ~·glml MTG or 
peptide hT0(2553) or 5 ~·glml peptide hT4(2553), both derived from HTG(2549-2560). 

'Peptide-activated cells were injected at twice the cell number of MTG-activated cells into normal recipient mice 
and thyroid inflammation was assessed on day 14. 
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TPO and TSHR in EAT induction 

Porcine TPO induces thyroiditis in H2b mice, a haplotype resistant to EAT 
induction with TG [I 05]. A 15-mer is found to be thyroiditogenic and at a 
different site from the five amino acids shared with HTG [101]. Limited by 
quantity, the use of mouse TPO awaits production by recombinant technology. 
Similarly, the unavailability of mTSHR has led workers to attempt hTSHR 
immunization as a means of producing a Graves' disease model but with limited 
success. In a study with congenic strains, repeated immunization with hTSHR 
or peptides led to antibody production, transient variations of T3 levels and 
thyroiditis in H2q and H2s mice, but not in H2d mice; there were inconsistent 
gender variations among the strains [106]. On the other hand, others reported 
producing thyroiditis in H2d and NOD mice, which can be transferred, with 
extracellular domain raised in bacteria as a fusion protein [107]. Using rTSHR 
extracellular domain produced in insect cells, antibodies blocking TSH binding 
but not thyroiditis have been reported in a number of strains including H2d mice 
[10S-110]. With larger quantities available, efforts to produce TSHR antibodies 
that have stimulatory or inhibitory activity and thyroiditis are continuing. As 
reviewed elsewhere [6, 111], others have examined Graves' disease lymphocytes 
and thyroid tissues in athymic and SCID mice, which have served primarily as 
hosts for the study of interactions of transferred cells and not as actual animal 
models of Graves' disease. 

SUMMARY 

It is clear in both HT and animal models that the major players are the T cells 
and their subsets. Thus, the recent major advances have paralleled our under
standing of T cell immunobiology and their interactions with MHC class II 
molecules presenting small T cell epitopes to the appropriate TCR repertoire. 
There are convincing data from studies on T cell regulation to suggest: 

(i) Both CD4+ and CDS+ T cells contribute to pathogenicity by producing 
inflammatory cytokines, expressing adhesion molecules, and direct cyto
toxicity on target cells; 

(ii) Immunotherapy with anti-CD4 and anti-COS mAbs not only demon
strates each subset's involvement but also their independence within the 
thyroid, whereas the efficient clearance of both subsets and macrophages 
by combined immunotherapy reveals the secondary involvement of 
inflammatory macrophages and the potential of removing memory T cells 
and re-establishing self-tolerance; 

(iii) CD4+ regulatory T cells exist and are maintained by circulatory TG 
threshold in nature to suppress periodic autoimmune stimuli, with 
idiotype-specific CDS+ Ts and antibodies as possible back-up; 
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(iv) The TCR repertoire is highly adaptable and can respond to different, 
small TG epitopes presented on different MHC molecules. 

Two other major advances of note are the complete or partial sequencing of 
several mammalian TGs including the mouse, and the finding of HLA-DRBl 
polymorphism as one determinant in EAT susceptibility in transgenic mice. The 
potential of TG as an initiator and not a bystander autoantigen is confirmed by 
data from SAT models showing a primary role for TG. Given the high 
homology in mammalian TGs, the study of conserved epitopes in rodents, some 
of which are identical to the human, is justified. Indeed, studies of conserved, 
primary hormonogenic sites as well as other uniodinated pathogenic peptides 
have revealed the secondary role of iodine residues in TG immunogenicity. 
Necropsy studies in several countries also confirm the importance of genetic/ 
ethnic factors over dietary/environmental factors. That HLA (e.g. DR3) 
association with HT is difficult to affirm appears related to the lack of 
immunodominant epitopes, plasticity of the TCR repertoire, HLA-DR/DQ 
linkage disequilibrium as well as possible interactions between these loci. 
HLA-DR and -DQ transgenic models and the use of defined epitopes may help 
dissect such influences. 

Finally, it is often said that no model represents HT in every aspect but that 
induced EAT is less representative than any SAT model. Excluding the OS 
chicken which harbours other abnormal features, the major similarity between 
HT and other SAT models appears to be the unpredictable time of onset. Given 
that the appropriate MHC, the autoantigen and the TCR repertoire are already 
present, it seems likely that, similar to induced EAT, HT is also induced, but the 
actual second signals or triggering factors, ultimately affecting the T cells, may 
vary among the polygenic humans. Otherwise, studies in TG-induced EAT 
would not find such parallels in the human. 
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2 
Thyroid autoantigens 
M. LUDGATE 

INTRODUCTION 

The thyroid gland, which has a central role in the control of metabolism via T 3 

and T4 hormones, is the target of the most common autoimmune diseases [1]. 
The thyroid hormone precursor is thyroglobulin (TG), which is iodinated on 
tyrosine residues. A fraction of these residues is coupled to form T 4, which is de
iodinated to form T 3. Both the iodination and coupling steps are catalyzed by 
thyroid peroxidase (TPO). The thyroid is under the control of the hypothalamic/ 
pituitary axis: thyrotropin releasing hormone (TRH) acts on the pituitary 
resulting in the release of thyrotropin (TSH) which modulates the growth, 
differentiation and function of the thyroid via the TSH receptor (TSHR). TRH 
and TSH levels are themselves under the control of T 4 and T 3, in a negative 
feedback which results in the maintenance of homeostasis [2]. 

Three of the thyroid-specific proteins, TG, TPO and the TSHR are directly 
implicated in the production of thyroid hormones and have been identified as 
major autoantigens in a spectrum of diseases ranging from primary myxoedema 
(PM) and Hashimoto's thyroiditis (HT), in which the immune-mediated 
destruction of the gland results in hypothyroidism (Chapter 3), to Graves' 
disease (GD) in which antibodies to the TSHR act as TSH agonists with 
consequent hyperthyroidism (Chapter 4). 

In recent years considerable progress has been made in defining the transcrip
tion factors which are implicated in thyroid-specific expression ofTG, TPO and 
the TSHR. As already mentioned, TSH controls the differentiated function of 
the thyroid and increases in cAMP levels result in the up-regulation of the 
transcription of TG and TPO; thyroid stimulating antibodies (TSAb) of GD 
mediate the same effect. Characterization of the promoter regions of TG and 
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TPO have not identified classical cyclic AMP response elements (CREs) and 
their transcription seems to be controlled by TTF-1 (expressed in the thyroid 
and the lung) and PAX-8 (expressed in the thyroid and kidney). Regions in the 
promoters of all three thyroid autoantigens which bind these factors have been 
identified, although the control of TSHR expression is more complex since, in 
some circumstances, increased cAMP results in down-regulation of the receptor 
[3]. A detailed description is beyond the scope of this chapter which will 
concentrate on the structure/function characteristics of TG, TPO and TSHR, 
particularly as relates to their role as autoantigens. The possibility that other 
thyroid proteins may be autoantigens will also be discussed. 

THYROGLOBULIN 

Gene structure, similarities and variants 

TG is a homodimeric (2 x 330 kDa) glycosylated iodoprotein, with a sedimenta
tion rate of 19 S, which accumulates in the thyroid follicular lumen. Its 
abundance and degree of iodination vary greatly depending on the activity of 
the gland. Immunoreactive TG is also found in the plasma where its role, if any, 
remains unknown. 

The TG promoter is translated from an 8.4 kb mRNA encoded by a large 
( > 250 kb) transcription unit on the long arm of chromosome 8, distal to the c
myc locus [4]. Cloning and sequencing of the human [5] and bovine [6] TG 
cDNAs have provided a detailed picture of the primary structure of the protein. 
Following a 19 amino acid signal peptide, the polypeptide chain is composed of 
2748 residues. Analysis for internal homology led to its subdivision into four 
regions, A-D from the amino to the carboxyl terminus. Domain A is composed 
of 10 type I repeats containing about 60 amino acids including 24 highly 
conserved residues, 6 of which are cysteines. Domain B ( 1439-1486), contains 
three type II repeats of a shorter motif. Domain C (14860-2111) is composed of 
the repetition of a type III motif existing as two subtypes, sharing a similar 
pattern of cysteine residues and both repeated twice. Domain D is the remaining 
600 residues which has no internal homologies. 

Structure/function relationships have emerged from the comparison of its 
primary structure with that of iodothyronine-containing peptides. In the 
coupling reaction, one iodotyrosine is considered as the electron donor and the 
other as the acceptor, the latter being the hormonogenic site. Four tryptic 
peptides containing thyroid hormone have been isolated from TG of various 
species and sequenced [7]. The corresponding tyrosine residues have been 
identified in the primary structure. Two of them map at sub-terminal positions 
(residues 5 and 2746 in the human sequence) and correspond to sites involved 
preferentially with the synthesis ofT 4 and T 3, respectively. The two other sites 
are at positions 1290 and 2553. 

Comparison of the primary structure of TG with available polypeptide 
sequences revealed a significant similarity between domain D and the whole 
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sequence of acetylcholinesterase (AChE) [8], between domain A and the 
invariant chain of class II antigens [9] and also GA 773, a major gastrointestinal 
tumour-associated antigen [1 0]. In all cases the similarity is suggestive of a 
common ancestor but does not reveal functional relationships. 

In terms of its role as an autoantigen, the similarity with AChE has been 
suggested as a possible link between the thyroid and eye orbit which might 
explain the eye disease which frequently accompanies autoimmune thyroid 
disease, thyroid-associated ophthalmopathy (TAO; Chapter 6), which is briefly 
discussed below. Potentially of more significance is the similarity with the 
invariant chain of the major histocompatibility complex (MHC) class II antigen. 
In the absence of endogenous peptide for antigen presentation, a portion of the 
invariant chain, known as the CLIP peptide, is inserted into the groove of the 
class II antigen ensuring its correct folding and localization at the cell surface 
[11]. Thus antigen presenting cells bearing peptides sharing similarities with TG 
are generated, which in susceptible individuals may be sufficient to trigger 
normally anergic TG-specific T cell clones. The predisposition to autoimmune 
thyroid disease is the consequence of multiple genes, including HLA-DR, in 
particular DR3 and DRS. In elegant transgenic studies, the human DR3 gene 
has been introduced into mice normally resistant to the induction of thyroiditis 
using TG as an immunogen, and the animals subsequently developed disease 
(see Chapter 1). 

Apart from the heterogeneity related to glycosylation and hormone content, 
analysis of TG eDNA has revealed variations in primary structure as the 
consequence of alternative splicing. Minor transcripts in which one or two 
exons are missing have been sequenced in bovine and human species, and 
alternative splicing in all regions of human TG mRNA has been described 
[12]. A 1.1 rat TG mRNA, which encodes the first five exons followed by a short 
carboxyl terminal unrelated to TG, seems to be up-regulated by TSH [13]. The 
function and relationship of these minor transcripts to the role of TG as an 
autoantigen, or indeed as a hormone precursor are unknown. 

TG as an autoantigen 

Despite its central role in the function of the thyroid gland and the fact that most 
progress in animal models of thyroid autoimmunity has been made using TG, 
this autoantigen is generally regarded as a bystander in human disease since TG 
antibodies probably have no pathological rule. Despite this, and in an attempt to 
determine whether TG antibodies in normal individuals and patients vary, 
several different approaches have been applied to try to define the antibody 
epitopes of TG. Screening a lambda gtl1 human thyroid library with hetero
antibodies (rabbit anti-human TG) revealed 10 epitope-bearing segments and 
demonstrated that the 22 amino acids at the carboxyl-terminus of the protein 
contain a highly reactive epitope. When extensive screening was performed 
using sera having higher titres of TG antibodies predominantly from patients 
with HT, either individually or pooled, not a single positive plaque was isolated 
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[14]. An indirect approach was used to identify autoepitopes ofTG, based on the 
sequence similarity between TG and AChE: the same library was screened with 
a rabbit anti-AChE antibody and two clones encoding virtually identical TG 
peptides were isolated. Subsequently they were shown to be recognized by 
patients with autoimmune thyroid disease and thus could be considered as an 
autoepitope [15]. 

These results, which demonstrate that the majority of TG autoantibodies are 
directed against conformational or iodine-containing epitopes and that a major 
heteroepitope is located at the C-terminus of TG, are at variance with a more 
recent study which has employed fragments of TG expressed as a bacterial 
fusion protein [16]. Seven immunoreactive peptides were identified: none of 
them included a hormonogenic site and five of them were located in the central 
part of the molecule. Further progress in identifying the predominantly 
conformational autoepitopes will require site-directed mutagenesis studies of 
the type already applied to TPO and the TSHR (see below), but the production 
of monoclonal antibodies which compete with human sera for TG binding 
should also be informative [17]. 

THYROID PEROXIDASE 

Gene structure, similarities and variants 

TPO is a glycosylated haemoprotein bound to the apical plasma membrane of 
thyroid follicular cells with its catalytic domain facing the colloid space. It seems 
to exist in two molecular forms of 105 and 110 kDa and was identified as the 
major antigenic component of the thyroid microsomal antigen [ 18, 19]. This was 
confirmed by one of the cloning strategies in which a thyroid expression library 
was screened with microsomal autoantibodies and a polyclonal antibody to 
porcine TPO, and many of the clones isolated were proved to be identical. The 
primary structure of human TPO was subsequently elucidated by sequencing its 
eDNA [20,21]. It contains 933 amino acids, including a putative signal peptide, 
five potential glycosylation sites and 21 cysteine residues which may be 
implicated in disulphide bonds: there is evidence for at least one disulphide 
bond creating a loop in the protein [22]. Analysis of hydropathy profiles 
indicates that the protein is anchored in the membrane by a 25 amino acid 
segment located near the C-terminus. 

The extracellular domain has similarities with myeloperoxidase, indicative of 
a common evolutionary origin, and the C-terminus extension has two domains 
encoded by modules belonging to the epidermal growth factor and complement 
C4b families. The TPO gene is located on the short arm of chromosome 2 [23]. It 
comprises 17 exons and 16 introns and extends over 150 kb [24]. Comparisons 
with other peroxidases has suggested that one of the histidines, at position 407 
or 494, is the proximal and that at 414 is the distal haem binding site in TPO 
[25]. 

The major transcript of TPO is 3.1 kb (TPOI) but there are a number of 
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splice variants. The most abundant has 171 bp in exon 10 spliced out, resulting 
in a protein 57 amino acids shorter (TP02), which was suggested might explain 
the 105 kDa species. Several lines of evidence argue against this. When full 
length TPO is transfected into a non-thyroidal cell, the 105/110 doublet is 
obtained [26]. Furthermore an antibody to the 57 amino acids unique to TPOI 
revealed the same 105 I 110 kDa doublet [27]. In the same study, using antibodies 
to various regions of TPO, no proteins which could be the product of the other 
variants described [26,28] were detected, indicating that only the full length 
transcript is translated and consequently responsible for all enzymatic activity. 
Variations in glycosylation or other post-translational modification must 
explain the two molecular forms. 

TPO as an autoantigen 

Unlike TG, antibodies to the thyroid microsomal antigen have been shown to be 
capable of fixing complement and participating in antibody-dependent cellular 
cytotoxicity (ADCC), both mechanisms which would lead to immune destruc
tion of the thyroid gland, autoimmune hypothyroidism (Chapter 3). This 
condition is associated with high titres of antibodies to the thyroid microsome 
and, with the demonstration that TPO is the major component of this antigen 
complex, it seemed logical to assume that the biological activity of microsomal 
antibodies is directed to TPO. This has been confirmed indirectly in the case of 
ADCC, since preincubation of sera with TPO dramatically reduced their 
cytotoxicity for porcine thyroid follicular cells [29]. Results of studies aimed at 
determining whether TPO autoantibodies are able to fix complement are 
awaited. 

In common with TG autoantibodies, those against TPO are also present in 
normal individuals, although their reported prevalence varies. Thus it became 
relevant to characterize the B cell epitopes of the protein to identify putative 
disease-specific epitopes which might improve diagnostic assays and also to 
determine whether autoantibodies inhibit the enzymatic activity of TPO. 
Currently there is a debate between groups finding linear sequential epitopes of 
TPO and those who consider that, again like TG, the majority of TPO 
autoantibodies bind conformational 3-dimensional epitopes. 

In one of the original studies to clone human TPO, a major epitope, C2, was 
identified which was recognized by 95% of HT sera and two-thirds of patients 
with autoimmune thyroid disease [30]. Subsequently C2, and a second fragment 
C21, were delimited by screening a TPO epitope library using autoimmune 
thyroiditis sera, as antigenic linear hot spots, C2 ( 590-622) and C21 (71 0-722) 
[31], and these have been confirmed in other studies in which fragments ofTPO 
have been expressed as various bacterial fusion proteins [32,33]. Furthermore it 
has been shown that autoantibodies affinity purified on the larger (590-675) C2 
fragment retain their activity in a radio-immunoassay which employs the intact 
full length human protein [34]. 

In more recent studies, the reactivity of TPO antibody-positive sera from 
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normal individuals was not found to be different from patients with auto
immune thyroid disease [35]. The frequency of antibodies to a 513-633 fragment 
(which contains C2) was greater in HT patients than in GD [36], although both 
groups of patients had similar frequencies of antibodies to a 633-933 fragment 
(which contains C21). 

The definition of conformational epitopes is less straightforward, as exempli
fied by the limited progress made with TG autoepitopes. One approach involves 
the production of monoclonal antibodies which may be capable of competing 
for TPO binding with autoantibodies and whose reaction with various peptide 
fragments of TPO can be elucidated to build up a map of the contact residues 
involved [37]. Chimeric molecules in which portions of myeloperoxidase have 
been substituted into TPO and expressed in eucaryotic cells have shown that 
autoantibody recognition does not require the amino terminal 121 amino acids 
[38]. 

Of 13 monoclonal antibodies which bind non-denatured TPO and were used 
to screen a TPO epitope library, only one, mAb 47 [39], was shown to bind a 
linear sequence which corresponded to the C21 epitope. However the binding of 
human TPO FAb fragments, generated in combinational libraries, was not 
found to be diminished by mAb 47 and it was concluded that this epitope is 
not recognized by autoimmune thyroiditis sera [40]. However, even though the 
FAbs generated resemble serum autoantibodies in terms of affinity, most 
evidence suggests that the heavy and light chain pairs formed do not reflect the 
combinations found in vivo [41]. 

Thus the data from the linear and conformational camps complement rather 
than contradict each other and we can conclude that TPO autoantibody 
epitopes bind to the carboxyl end of the extracellular domain of the molecule, 
with contact residues at 590-622 and 710-722. There is no difference between 
normal and autoimmune thyroid disease autoepitopes in general, but HT sera 
seem to recognize preferentially the C2 region. Since the proximal and distal 
histidine residues, which constitute the active site, are located some 200 residues 
upstream from the antigenic hot-spot, it seems unlikely that TPO autoanti
bodies would inhibit enzymatic activity, although allosteric interference might 
create this effect. Data to investigate this point are contradictory and would be 
facilitated by the expression of enzymatically active TPO on a non-thyroid 
background. To date, most systems tried, including baculovirus [42] and yeast 
[43], generate inactive enzyme, and the fact that most autoantibodies retain their 
immunoreactivity with these TPO proteins also argues against their being 
inhibitory. 

THYROTROPIN RECEPTOR 

Gene structure, similarities and variants 

The human TSHR is a member of the G protein-coupled receptor family. It is a 
glycoprotein of 744 amino acids, with 398 residues comprising the large 
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extracellular domain (ECD), a feature shared with the receptors for the other 
glycoprotein hormones, luteinizing hormone (LH) and follicle stimulating 
hormone (FSH), and shown to be involved in hormone binding (see below). 
The remaining 346 residues are arranged into seven membrane spanning 
regions, characteristic of the G protein-coupled receptors [44]. There are six 
potential N-linked glycosylation sites and 11 cysteines in regions predicted to be 
outside the cells. An odd number of cysteines is a feature of receptors which 
cross link. Recent studies [45] have confirmed those from the pre-cloning era 
[46], showing that the receptor undergoes post translational modification into 
two subunits, A of Mr 55 kDa which is the ECD, and B of Mr 40 kDa, the 
membrane spanning regions, the two held together by disulphide bonds. 
Furthermore, quantitative western blot analysis has revealed that the B subunit 
is more abundant than the A subunit, suggesting that the latter can be shed from 
the thyrocyte surface and this shedding is increased in the presence ofTSH [47]. 
Whether this is the activation mechanism has yet to be resolved, but the fact that 
trypsin treatment (see below) increases cAMP levels would tend to support this 
theory [48]. The ECD of the receptor is comprised of a number of leucine-rich 
repeats, modules which are found in a number of other proteins particularly 
those involved in protein-protein interactions such as RNAsin. The crystal 
structure of this protein has recently been obtained and by analogy a doughnut 
structure for the ECD of the receptor has been proposed [49]. 

The TSHR shares similarity with the LHR and FSHR, which is approxi
mately 70°/t, when comparing the membrane spanning regions and 45% in the 
ECD. The gene for the TSHR is located on the long arm of chromosome 14 [50]. 
It comprises 10 exons, (1-9 encoding the ECD and 10 the membrane spanning 
region) and 11 introns, spanning about 100 kb. The major TSHR transcripts are 
4.6 and 4.4 kb and are the consequences of differing polyadenylation. In 
addition a number of alternative transcripts have been described, the most 
abundant being of 1.3 and 1.8 [51]. They seem to be the product of exons 1-8 or 
1-9, followed by a short intronic sequence containing a stop codon. Proteins 
which could be the translation products of these transcripts have yet to be 
demonstrated although if expressed they would not be membrane bound 
(lacking exon 10) and thus could be circulating TSH binding proteins analogous 
to that for growth hormone. The LHR and FSHR also have a number of 
alternatively spliced variants but, as in the case of the TSHR, their patho
physiological role remains conjectural. 

The TSHR has a central role in the pathogenesis of toxic adenoma and 
congenital hyperthyroidism, since point mutations leading to single amino acid 
changes can result in the constitutive activation of the receptor. Similarly, loss of 
function mutations are associated with congenital hypothyroidism [reviewed in 
Reference 52]. However in the case of autoimmunity the receptor seems to be a 
bystander, since a mutation originally thought to be implicated in autoimmunity 
(Pro52Thr) has been found in 12% of the normal population and when 
characterized in vitro was found to behave like the wild type TSHR in signal 
transduction and hormone binding studies [53]. 
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The TSHR as an autoantigen 

The TSHR is the target of a heterogeneous collection of autoantibodies: TSAb, 
usually measured by their ability to increase cAMP levels in thyroid cells (very 
potent TSAb also stimulate phospholipase C); thyroid blocking antibodies 
(TBAb), which inhibit TSH-mediated cAMP production and thyrotropin 
binding inhibiting immunoglobulins (TBII) which are routinely assayed using 
porcine thyroid membranes and I 125 -labelled bovine TSH [reviewed in Refer
ence 46]. These differing antibodies may co-exist in the same patient and also 
TSHR antibodies having no agonist or antagonist activity but able to bind 
directly to a TSHR preparation in a western blot [54]. 

TSHR autoantibodies are known to be directly involved in pathogenesis, as 
elegantly demonstrated in nature by their placental transfer and subsequent 
development of hyper- or hypothyroidism in neonates of mothers having TSAb 
or TBAb respectively. These conditions are transient, in keeping with the half
life of an immunoglobulin [55]. The recent demonstration of TSHR in the fat of 
young rats suggests that receptor antibodies may also be implicated in thyroid
associated ophthalmopathy [56] although thyrotropin receptors have yet to be 
found in adult human fat from any location (see Chapter 6). 

Since the cloning of the TSHR it has been possible to develop binding and 
bioassays using cell lines stably transfected with the human TSHR, which 
escape many of the practical problems associated with non-recombinant 
methods yet display a good correlation with them and may even be more 
sensitive [57 ,58]. An important point to emerge from the development of these 
assays is that a single gene product expressed in a non-thyroidal cell is sufficient 
to couple both to Gs and Gq and is able to account for all TSAb/TBAb/TBII 
activities detected with thyrocytes, and it is not necessary to invoke the existence 
of other sub-types or components of the TSHR. Having said that, a minority of 
untreated Graves' sera are negative for TSAb and TBII, regardless of how they 
are measured. It is worth noting that most assays for receptor antibodies are 
performed in the absence of NaCl, sometimes with isotonicity maintained with 
sucrose, and these conditions are known to increase the natural constitutive 
activity of the unliganded receptor [59], thereby making it easier to be triggered 
by an agonist such as TSAb. Stimulation of cAMP production in vitro also 
requires relatively high concentrations of serum or IgG (1 in 10 dilution) 
indicating that circulating levels of these antibodies and their affinity for the 
receptor are low, although local effects in the thyroid, a major site of TSHR 
antibody production, are sufficient to result in clinical hyperthyroidism. 

In an attempt to understand why receptor antibodies may be TSH agonists or 
antagonists, and with the aim of developing improved assays for diagnosis and 
prediction of clinical outcome, considerable effort has gone into attempting to 
define the regions of the TSHR involved in the binding and bioactivity of TSH, 
TSAb and TBAb. The main findings of the two groups who have contributed 
most to this difficult area are as follows: 
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(i) Numerous discontinuous residues (of the ECD oftheTSHR) comprise the 
high affinity TSH binding site. 

(ii) Binding sites for TSH/TSAb/TBAb are dissimilar in the amino part of the 
ECD and similar at the carboxyl end of the ECD. 

(iii) Residues 1-260 are required for the binding of all three ligands [reviewed 
in Reference 60]. Some of these findings are in agreement with those 
reviewed by Kohn eta!. [61]. 

(iv) The high affinity TSH binding site is located in the carboxyl terminus of 
the ECD, implicating in particular Tyr 385, and residues 295-302 and 
387-395, especially the cysteine residues. 

(v) TSH agonist activity acts through the amino end of the ECD, particularly 
thr 40 and residues 30-33, 34-37, 42-45, 52-56 and 58-61. 

Binding to different regions of the receptor provide some explanation for the 
existence of antibodies having agonist or antagonist activities, but the fact that 
TBAb inhibit the activity of both TSH, and TSAb and that TBAb can be 
transformed into TSAb by the addition of anti-human immunoglobulin [62], 
imply the existence of other mechanisms, e.g. variation in pi or degree of 
glycosylation. Progress in this area awaits elucidation of the mode of TSH 
activation. Studies of the constitutive mutations of the receptor mentioned 
above indicate that the TSHR is in a constrained conformation in the absence 
of hormone, which prevents it coupling to the G protein. Point mutations can 
modify the structure sufficiently to relax that constraint. Recently mild trypsin 
treatment has been found to do the same; by removing a portion of the receptor, 
probably located in the 317-366 region, the cAMP response to bovine TSH was 
slightly decreased [48]. In earlier studies, TSAb were shown to retain their 
bioactivity, in common with human TSH, whereas bovine TSH activity was 
reduced on human thyroid cells treated with trypsin [63]. The physiological 
relevance of these observations and whether TSH itself has proteolytic activity 
remain to be resolved. 

Finally, access to recombinant forms of receptor should enable the establish
ment of animal models of Graves' disease and PM. Results so far are promising 
for the latter, since it is possible to induce TBAb and thyroiditis in mice by 
hyperimmunization with recombinant TSHR [64]. However less progress has 
been made in Graves' disease, although some studies have produced antibodies 
which, at high concentrations, have weak stimulatory activity [65] and some 
animals have transiently reduced or elevated T4 levels [66]. The less than perfect 
receptor preparations used may be one reason for the failure to induce TSAb 
and a second may be the fact that TSAb are predominantly of the kappa light 
chains, which comprise about one-third of immunoglobulins in man but only 
5'1'(, in mice. However, if TSAb prove to be unique to the human condition, this 
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would be further evidence that their agonist activity is attributable to more than 
a mere coincidence of heavy and light chain variable regions. 

OTHER THYROID-ASSOCIATED AUTOANTIGENS 

The possible involvement of the TSHR in thyroid-associated ophthalmopathy 
has already been mentioned. Another candidate antigen is a 64 kDa protein, 
cloned by screening a thyroid expression library with autoimmune thyroid 
disease sera. It was shown to be expressed in the thyroid and extraocular muscle 
but not skeletal muscle, by northern blotting; the broader tissue distribution 
obtained by RT-PCR studies probably reflects illegitimate transcription. The 
protein shares similarity with tropomodulin, which interacts with tropomyosin, 
both being components of the cytoskeleton [reviewed in Reference 67]. 

Prior to its cloning, the Na + /1 symporter was described as an autoantigen 
[68]. Some 150 sera were screened for their ability to inhibit the uptake of iodide 
but not rubidium and one positive was found from a 55-year-old female having 
HT and autoimmune gastritis. The rat symporter has recently been cloned [69]. 
It has 12 membrane spanning segments, a molecular weight of 80 kDa and is 
expressed predominantly in the thyroid and, to a lesser extent, in the stomach 
and salivary gland. The protein has been expressed in a prokaryotic system as a 
fusion protein and almost 90% of GD patients were shown to have antibodies to 
it [70]. The real prevalence is probably between these two extremes, as in the first 
study detection depended on the antibody inhibiting the symporter rather than 
just binding to it and previous extensive western blotting studies with thyroid 
antigens have not identified an 80 kDa band with the majority of GD sera, 
which would be predicted from the second study if it were accurate. 

FUTURE PROSPECTIVES 

A variety of techniques has been used to identify and characterize thyroid 
autoantigens: screening expression libraries, generation of combinatorial 
libraries, site directed mutagenesis, chimera studies, production of monoclonal 
antibodies, prokaryotic and eukaryotic expression, etc. A current goal is the 
ability to perform X-ray diffraction to analyse antigen/antibody and receptor/ 
ligand interactions, which would require crystals of TPO and the TSHR. Several 
eukaryotic expression systems have already been tried but despite generating the 
quantity required, the proteins are inactive either as enzymes (TPO) or in TSH 
binding. 

More progress is being made in the T cell cloning area as both TPO and the 
TSHR have been stably transfected into EBV-transformed B cells, which can 
thus assume the role of antigen presenting cells. There is little doubt that studies 
of this type, coupled with transgenic mouse experiments permitting the 
dissection of the human autoimmune response, will yield real insights into the 
pathogenesis of autoimmune thyroid disease. 
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3 
Autoimmune hypothyroidism 
A. P. WEETMAN, R. S. MciNTOSH and P. F. WATSON 

Autoimmune hypothyroidism is the prototype for autoimmune diseases, and is 
one of the most common, with a prevalence of around 1% in Caucasian women 
and 0.5'Y<J in men. The chronicity of the disease, the characterization of 
autoantigens (Chapter 2) and the availability of several animal models (see 
Chapter 1) have all helped in its study. This chapter provides an overview of the 
main features of autoimmune hypothyroidism and summarizes recent research 
on its pathogenesis. 

CLINICAL FEATURES 

Epidemiology 

Autoimmunity is by far the most common cause of spontaneous (non
iatrogenic) hypothyroidism in iodine-sufficient areas, accounting for over 90°/rJ 
of cases. Hypothyroidism develops gradually, and clinically apparent disease 
represents the culmination of ongoing thyroid damage over many months or 
years. This is evident from the high frequency of focal thyroiditis in the general 
population: up to 45% of women and 20'Yo of men in the UK and USA have 1-
10 foci ofthyroiditis/cm2 at routine autopsy, with more severe thyroiditis(> 10 
foci/cm2) occurring in 5-15% of women and 1-5% of men [1,2]. The presence of 
focal thyroiditis is strongly correlated with circulating thyroglobulin (TG) and/ 
or thyroid peroxidase (TPO) antibodies, discussed further below [3]. 

In the most detailed survey of autoimmune hypothyroidism to date, in which 
a population from the North East of England was followed for 20 years, the 
mean incidence of spontaneous hypothyroidism was 3.5 I 1000 women/year and, 
for men, 0.6/ 1000/year [4]. The mean age at diagnosis was 58-59 in both sexes, 
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although there was a steady accumulation of cases over time. However, in 
extreme old age the proportion of the population with autoimmune hypo
thyroidism falls and this may reflect the fact that healthy centenarians are a 
self-selected group with a resulting low frequency of autoimmunity [ 5]. There are 
also racial variations, thyroiditis being less frequent in black and Japanese 
Americans than in white Americans [2]. 

Presentation 

The goitrous form of autoimmune thyroiditis (Hashimoto's thyroiditis) often 
presents with a small to large goitre without overt hypothyroidism; the gland is 
firm or even hard, and occasionally irregular, giving rise to the suspicion of 
malignancy. This possibility should be taken seriously, as coincidental thyroid 
tumours are not diminished (or increased) in frequency in this condition, while 
the uncommon B cell lymphoma of the thyroid is strongly associated with long
standing Hashimoto's thyroiditis [6]. Pain in an enlarging thyroid suggests the 
presence of a lymphoma, but can also rarely occur as part of the inflammatory 
process. Serum thyroid stimulating hormone (TSH) levels are the best initial 
guide to thyroid status, an elevated value despite normal circulating thyroxine 
(T 4) levels being termed subclinical hypothyroidism; there is an increased risk of 
future overt hypothyroidism in such patients [4]. Indeed, T4 treatment often 
improves non-specific symptoms such as fatigue in patients with subclinical 
hypothyroidism. 

Patients without an obvious goitre (atrophic thyroiditis or primary myx
oedema) generally only come to attention when symptomatic hypothyroidism 
is apparent, although the widespread use of TSH assays and a low threshold for 
suspecting the diagnosis mean that the classical features of hypothyroidism are 
less common nowadays. A number of conditions may be associated with 
autoimmune hypothyroidism (Table 3.1) including the autoimmune poly
glandular syndromes (Chapter 9). 

Treatment 

It would be difficult to find a more straightforward (or cheap) treatment than T4 

replacement, as doses can now be matched precisely to the patient's require
ments using a sensitive TSH assay. In turn this means that immunosuppression 
is unlikely to be useful in this condition, unless a risk-free and simple one-off 
treatment could be used which would then only have the advantage over T4 of 
not requiring the patient to take tablets each day. Compliance can be a problem 
with T 4 replacement, and patients should receive an annual check of TSH levels 
initially, with the interval between testing increasing to every 3 years if the TSH 
is repeatedly normal. 

Goitre size usually decreases over a year or two on T 4 replacement and 
thyroidectomy is only indicated rarely, when there is a suspicion of tumour or in 
patients with painful thyroiditis, which responds poorly to steroids [7]. T 4 
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Table 3.1 Disorders associated with autoimmune hypothyroidism 

Autoimmune polyglandular syndromes type l (uncommon) and type 2 (common)- see Chapter 9 

Individual, non-endocrine components of these syndromes: 
Vitiligo (Chapter 13) 
Pernicious anaemia (Chapter 12) 
Alopecia areata 
Leucotrichia 

Other organ-specific disorders: 
Myasthenia gravis 
Coeliac disease 
Dermatitis herpetiformis 
Chronic active hepatitis 
Idiopathic thrombocytopenic purpura 

Non-organ-specific disorders 
Rheumatoid arthritis 
Systemic lupus erythematosus 
Systemic sclerosis 
Sjogren's syndrome 
Polymyalgia rheumatica 

replacement is life-long, although remissiOns have been reported in 5-lO'Yo 
patients, particularly in those who have TSH-receptor (TSHR) blocking 
antibodies, discussed below [8]. The duration of such remissions is unknown 
and at present it is questionable whether withdrawal ofT 4 is warranted; we do 
not attempt this. 

PATHOLOGY 

In keeping with the diversity in clinical features, a spectrum of histopathological 
features occurs in autoimmune thyroiditis [9]. The frequent occurrence of focal 
thyroiditis has already been noted: thyroid follicles are generally normal in this 
entity, although there may be destruction of those adjacent to the infiltrate. The 
factors which determine if and how focal thyroiditis progresses to more serious 
thyroid damage are unknown. 

Diffuse thyroiditis is the key feature of both goitrous and atrophic thyroiditis, 
although the infiltrate is far more extensive in the former. There is a dense 
accumulation of lymphocytes, plasma cells and macrophages, with germinal 
centre formation. Thyroid follicles are destroyed and therefore their number in 
histological sections is obviously reduced; the remaining follicular cells show 
evidence of injury, with hyperplasia and oxyphilic metaplasia (Hiirthle or 
Askanazy cells; Figure 3.1 ). 

In both forms of thyroiditis, there is also fibrosis, but this is far more 
prominent in atrophic thyroiditis, in which the lymphocytic infiltrate may be 
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Figure 3.1 Lymphocytic infiltrate and Askenazy cell change in the thyroid follicular cells in 
Hashimoto's thyroiditis (photo courtesy of Dr. Judith Channer; original magnification x400) 

rather modest (Figure 3.2). There is no good evidence that goitrous thyroiditis 
precedes the atrophic form. Although goitre usually reduces with T4 treatment, 
histological features remain remarkably stable over 20 years [I 0]. Rarely, 
histological changes of Graves' disease may also be seen ('hashitoxicosis') and 
clinically such patients may fluctuate rapidly from thyrotoxicosis to hypo
thyroidism or vice versa. 

PREDISPOSING FACTORS 

Immunogenetics 

As with autoimmune diseases in general, predisposition to autoimmune 
hypothyroidism depends on the interplay between genetic, endogenous and 
environmental factors. The relative contribution of each is not clearly defined 
and in any case varies between patients. This is most clearly shown in juvenile 
autoimmune hypothyroidism, in which the strength of the genetic contribution 
is far more clearly evident than in the commoner adult form of the disease [II]. 
As the influence of environmental factors clearly depends on an individual's 
exposure, such factors are more likely to be important in older patients, and 
perhaps in those with no family history. There have been no properly conducted 
monozygotic twin surveys in autoimmune thyroiditis, and variable disease 
penetrance over a long time period poses a particular problem in organizing 
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Figure 3.2 Prominent fibrosis and moderate lymphocytic infiltrate in atrophic thyroiditis (photo 
courtesy of Dr. Judith Channer; original magnification xlOO) 

such a study. However, by analogy with Graves' disease (Chapter 4), which 
shares many of the immunological features of autoimmune hypothyroidism, 
only around 30% of such twins would be expected to be concordant. Siblings of 
adult patients with Hashimoto's thyroiditis have around a 50°/,J chance of 
developing thyroid autoantibodies [12]. When examined using modern assays, 
no clear pattern of inheritance for autoantibody production can be discerned, 
despite initial suggestions of it being an autosomal dominant trait [13]. 

HLA genes have received the most attention as potential susceptibility genes, 
although their influence in autoimmune hypothyroidism seems much less 
important than other disorders, such as Graves' disease and type 1 diabetes 
mellitus (Chapters 4 and 8). Initial studies showed no clear HLA associations 
with autoimmune hypothyroidism overall, but primary myxoedema was found 
to have an association with HLA-BS and -DR3, which of course are in linkage 
disequilibrium (14,15]. Subsequently, Hashimoto's thyroiditis was associated 
with HLA-DR5 [16] and in both types of disease, the HLA alleles conferred a 
relative risk of around 3.5. This dichotomy in HLA association provided strong 
evidence that these two diseases were separate entities, but subsequent studies 
have failed to confirm the split. A summary of the results in Hashimoto's 
thyroiditis is provided in Table 3.2. In German patients with primary myx
oedema, the clearest association was with HLA-DR5 (relative risk 4.6) and 
there was no association with HLA-DR3 (25]. 
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Table 3.2 Association of HLA-DR types with Hashimoto's thyroiditis in Caucasians 

Reference 

17 
18 
19 
20 
21 
22 
23 
24 

Country 

Denmark 
Canada 
Hungary 
Canada 
Canada+UK 
UK 
USA 
UK* 

Association Relative risk 

Dw5 2.2 
DR4 5.0 
DR3 3.3 
DRS 4.2 
DR4+DR5 2.9+3.8 
DR3 2.2 
None None 
None None 

*A meta analysis included in this paper concluded that the strongest association was with HLA-DR3 (relative 
risk 2.3) and HLA-DR4 (relative risk 1.6); there was no significant association with HLA-DR5 

Part of the reason for these heterogeneous results lies in the quality of 
serological reagents used for typing in the earlier studies; up to 25% of such 
types may be incorrect. Modern molecular methods are superior in this regard. 
It is also likely that even within Caucasian populations there is genetic variation 
in susceptibility, and of course this may also have altered over time. Certainly, 
HLA associations with autoimmune hypothyroidism are very different in other 
races. HLA-Bw46 and -DR9 are associated with Hashimoto's thyroiditis in 
Chinese patients from Hong Kong [26], whereas in Japanese the strongest 
association is with HLA-DRw53, and -DR9 to a lesser extent [27]. Another 
recent Japanese series found an association with HLA-DQw4 [28]. In Korean 
patients with TSHR blocking antibodies and atrophic thyroiditis there is a 
significant association with HLA-DR8 and HLA-DQBI *0302 [29]. 

Clearly, no one HLA specificity confers susceptibility for autoimmune 
hypothyroidism and it is also obvious that the relative risks involved are small, 
implicating genetic loci outside of the HLA region. The association of both 
primary myxoedema and Hashimoto's thyroiditis with HLA-DR3 is similar to 
the association found with other autoimmune disorders, including endocrino
pathies, and may reflect a non-specific enhancing effect that DR3 (or an allele in 
linkage disequilibrium with it) has on the autoimmune response in general. 

The non-HLA genes which contribute to susceptibility are unknown. Several 
candidates have been proposed, including genes encoding immunoglobulins and 
T cell receptors (TCR), but these associations have not been substantiated [23]. 
A high prevalence of autoimmune hypothyroidism has been reported in Down's 
syndrome and in kindreds with familial Alzheimer's disease, implicating the 
influence of a gene on chromosome 21 [30]. As with Graves' disease, there is an 
association between a polymorphism of the CTLA-4 gene on chromosome 2q33 
and autoimmune hypothyroidism in English Caucasians [31]; this remains to be 
confirmed in other groups of patients. Autoimmune thyroiditis is found in 21-
88% of patients with Turner's syndrome, with an inconsistent association with 
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the 46 XiXq form [32]. This suggests a role for a gene on the X chromosome but 
its identity and effect are unknown. The best approach to solving the puzzle of 
the immunogenetics of autoimmune hypothyroidism will be to perform linkage 
studies on large numbers of multiply affected families, initially using micro
satellite polymorphisms to identify chromosomal regions of potential impor
tance. Automated molecular techniques have greatly facilitated such an 
approach and several groups are already proceeding with such an analysis. 

Non-genetic factors 

The female prevalence of autoimmune hypothyroidism seems most likely to be 
due to the influence of sex hormones, based on the results from studies of their 
influence on animal models of autoimmune disease [33]. Hormonal changes in 
pregnancy seem to predispose to a later exacerbation in the severity of 
autoimmune thyroiditis (Chapter 5). Prolactin, as well as sex hormones, may 
play a role, as asymptomatic autoimmune thyroiditis is more common in 
women with hyperprolactinaemia [34]. Another potential endogenous influence 
is low birthweight, which is associated with an increased prevalence of thyroid 
autoantibodies in middle age [35]. Hormonal influences again seem likely to 
account for this effect. 

Of the candidate environmental factors, dietary iodide seems the most clearly 
established, although again the best evidence comes from animals with 
spontaneous or experimental autoimmune thyroiditis [36]. However, epidemio
logical surveys do implicate iodide in the human disorder. For instance, the 
introduction of iodization programmes into iodine-deficient regions is asso
ciated with a subsequent increase in the prevalence of thyroid autoantibodies 
and lymphocytic thyroiditis [37,38]. Iodide is toxic to iodide-deprived thyroid 
cells, possibly by forming toxic oxidized iodide compounds, although more 
general immunomodulatory effects are also possible. 

There is no clear evidence that infection plays a role in susceptibility, although 
equally there is nothing definitive to rule this out [39]. However, viral infections 
of the gland (subacute thyroiditis) are not associated with an increased 
prevalence of autoimmune thyroiditis. Autoimmune hypothyroidism was more 
frequent than expected in the survivors of the atomic bomb in Nagasaki, and 
there is supporting evidence that other types of low dose irradiation may also 
predispose individuals to the development of thyroid autoimmunity [40]. 
Exacerbation of pre-existing autoimmune thyroiditis follows the administration 
of tX-interferon (tX-IFN) and other cytokines for malignancy or hepatitis [41]. 
Whilst the doses of cytokines used are massive, it is possible that other events 
(e.g. stress, infection) could non-specifically perturb cytokine levels and pre
cipitate autoimmune thyroiditis in otherwise predisposed individuals. The only 
other drug which clearly exacerbates autoimmune thyroiditis is lithium, 
probably by a direct effect on regulatory T cells [42]. 
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TCELLS 

It is clear from animal models of autoimmune thyroiditis that autoreactive T 
cells play a major role in the immunopathology [43] and there is abundant 
evidence for a parallel function in chronic thyroiditis. The thyroid itself 
represents the key site of autoreactivity though autoimmune responses can be 
detected at other locations including the draining lymph nodes, bone marrow, 
and the peripheral circulation [44]. The majority of the T cell phenotypic and 
functional studies described below have been performed on the more readily 
available peripheral blood population and it remains unclear to what extent 
these studies reflect the immune processes to be found within the target tissue. 

T cell phenotypes 

Studies of circulating T cell subsets in Hashimoto's thyroiditis have produced 
conflicting results, with an increased, decreased, and normal CD4+:CD8+ ratio 
being reported [45-50]. There is a consensus that activated (HLA-DR +) T cells 
are increased in the circulation in autoimmune thyroiditis. Within the thyroid 
infiltrate, CD4+ cells are in the majority and many of these are DR+ [51-53]. 
Most of the intrathyroidal T cells express the ex~ T cell antigen receptor (TCR). 
A minority of T cells expressing the y8 TCR have been detected in thyroid 
infiltrates in Hashimoto's thyroiditis [54,55], but results have been conflicting 
[56], and their immunopathological function remains unclear. However, the 
recent description of a y8 TCR + thyroid cell-specific cytotoxic T cell clone 
derived from the thyroid infiltrating lymphocytes in Graves' disease suggests a 
role for this class ofT cells in autoimmune thyroiditis [56]. 

Restriction of the TCR repertoire at the site of autoimmune attack would 
suggest a role for a selected subpopulation ofT cells in the disease aetiology and 
would have important therapeutic implications [57]. The question of T cell 
restriction in autoimmune thyroid disease remains controversial. In the case of 
TCR V~ gene usage there is no apparent restriction of gene usage. However, 
studies based on Vex gene reverse transcription-polymerase chain reaction (RT
PCR) demonstrated some evidence of restriction (4-5 of 18 Vex families) in 
intrathyroidal T cells in Graves' disease and Hashimoto's thyroiditis [58,59]. 
This restriction was still evident, though less marked (12-17 of 18 Vex families), 
when the same approach was used to analyse TCR gene usage in fine needle 
aspirates from Hashimoto patients [60]. These results have not been confirmed 
by others even when the analysis was limited to the activated (IL-2 receptor 
positive) population [61 ,62]. While it is reasonable to assume, a priori, that early 
in the autoimmune response there may be a pauciclonal or even monoclonal T 
cell response, by the time of clinical presentation this process is likely to have 
diversified by epitope spreading to produce a poly clonal pattern of TCR V gene 
usage [63]. However, the recent description of restriction in the intrathyroidal 
CDS+ population in Hashimoto patients [64] suggests that there may be 
important differences in the selective accumulation of different T cell pheno-
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types even during the course of a chronic autoimmune process, though the 
possible immunopathological role of this subpopulation remains to be fully 
explored. 

Functional studies 

Thyroid-reactive T cells have been readily detected in the periphery and thyroid 
infiltrate using assays based on measuring T cell proliferation and the produc
tion of a cytokine, migration inhibition factor (MIF). The identification of a 
defect in thyroid-antigen -specific suppressor T cells was based on the extensive 
use of the MIF assay [reviewed in Reference 65]. A central piece of evidence for 
this defect was the inhibition of MIF release from Hashimoto T cells, stimulated 
by thyroid antigens, when co-cultured with normal T cells, the suggested source 
of an active suppressor T cell population [66,67]. However the assay has been 
difficult to reproduce [68], and the use of allogeneic T cells in the co-culturing 
experiments does not serve to clarify the specificity and mechanism of any 
suppressive effect. Similar suppressive effect have been described in other cell 
mixing experiments, using mitogen-driven autoantibody production as an index 
of stimulation [69,70], though the physiological relevance of these phenomena 
remains unclear, and the evidence suggests that any defect in suppressor activity 
appears to be non-specific [71, 72]. The suggestion that a specific defect in T cell 
suppressor activity may contribute to the pathogenesis of autoimmune thyr
oiditis presents an interesting possibility, but given the dearth of conclusive 
evidence remains an area of some controversy [73, 74]. 

Relatively weak T cell proliferative responses against TG and TPO can be 
observed in many patients and these can, generally, be increased by the removal 
of CDS+ cells from cultures, where they exhibit a non-specific suppressor 
activity [75,76]. Attempts to identify the key T cell epitopes for TPO have 
centred around the use of overlapping peptides and recombinant TPO fusion 
proteins to stimulate circulating T cells from autoimmune thyroiditis patients. A 
dominant epitope has not been identified and there is considerable heterogeneity 
in responses both within and between different patients [77-81]. The relevance 
of these studies to the aetiology of autoimmune thyroid disease remains to be 
demonstrated, and it is clear that, in the case of TPO, the means by which 
antigen is supplied, either exogenously or endogenously (by thyroid follicular 
cells or transfected cell lines), can have profound effects upon the proteolytic 
processing of antigen and subsequent peptide epitope presentation [82]. 

A number of studies has demonstrated the production of cytokines by 
intrathyroidal T cells. In vitro cultures of Hashimoto T cells show a high 
potential for the release of tumour necrosis factor-a (TNF-a) and y-IFN [83-
85]. In addition, T cell clones derived from Hashimoto glands exhibit low levels 
of IL-4 production, suggesting the predominance of a T H 1 pattern of cytokine 
expression but others have found no specific pattern of T HI or T H2 cytokine 
secretion [86]. The subsequent development of the RT-PCR technique enabled 
the detection of in vivo cytokine gene expression with high sensitivity, and has 
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been used to demonstrate a mixed T H 1 and T H2 cytokine expression profile in 
Hashimoto tissue [87,88] while another, quantitative study demonstrated a 
predominately T H 1 cytokine profile [89]. The role ofT cells in thyroid injury is 
discussed below. 

B CELLS 

The antibody (Ab) response in autoimmune hypothyroidism can readily be 
divided by the antigens recognized. Most patients have serum Ab to TG and 
TPO, and more rarely, TSH-R; these antigens are considered in Chapter 2. 

Epidemiology and pathology 

Anti-TG Ab were the first human autoantibodies to be delineated [90] and for 
many years, haemagglutination remained the method of choice for their 
detection. Recently, enzyme-linked immunoassays (ELISA) and sensitive radio
immunoassays have been developed which provide more quantitative data and 
are more sensitive [91], although these have no major clinical advantage over 
haemagglutination. The type of assay employed determines the frequency of 
anti-TG Ab in various study populations: around 5-10% of healthy women are 
Ab positive by haemagglutination or ELISA, whereas 15-20% are positive by 
radioimmunoassay; the frequency in men is 10-fold lower [4,91]. In such 
individuals, there is a close association with focal thyroiditis, and a proportion 
will progress to overt hypothyroidism over a 20 year period [3,4]. TG Ab are 
found in the majority of patients with autoimmune hypothyroidism, but almost 
always in association with TPO Ab; in contrast, TPO Ab may be positive 
without TG Ab being positive. The pathogenic role of TG Ab remains unclear. 
They do not fix complement, due to the wide spacing between the major 
epitopes on TG, which prevents IgG cross-linking. They may play a role in 
antibody-dependent cell-mediated cytotoxicity, as this can be demonstrated in 
vitro [92]. Some TG Ab also bind to TPO, so-called TGPO Ab [93], and these 
may reflect a degree of antigenic cross-reactivity which could explain the 
frequent association between TG and TPO autoreactivity. 

Unlike TG Ab, TPO Ab can fix complement and there is abundant 
complement activation in the thyroids of patients with autoimmune thyroid 
disease [94], suggesting that this is a major pathogenetic mechanism for thyroid 
injury. However, the TPO antigen is sequestered, being localized to the follicular 
luminal border of thyroid cells, and therefore access to TPO by Ab presumably 
depends on some other type of injury, such as T cell-mediated damage, before 
TPO Ab can participate in antibody-dependent cell-mediated cytotoxicity [92]. 
Finally, some TPO Ab can inhibit TPO enzymatic function in vitro, which could 
contribute to hypothyroidism, but the importance of this has been questioned 
[95]. 

TSHR Ab are classically associated with Graves' disease, stimulating cyclic 
AMP accumulation and leading to hyperthyroidism and goitre (Chapter 4). 
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However, some patients with autoimmune hypothyroidism also display reactiv
ity towards the TSHR, causing inhibition of binding of TSH or inhibition of 
receptor function [96,97]. TSH-binding inhibiting immunoglobulins (TBII) are 
detected by a radio ligand assay, measuring the inhibition of binding of labelled 
TSH to the TSHR after binding of patient lgG. Some Ab inhibit TSH activity in 
vivo and in vitro; these are termed TSH-stimulating-blocking Ab (TSBAb). 
Whereas some TSBAb have TBII activity (i.e. act through blocking TSH 
binding), others do not and appear to block steps subsequent to TSH binding; 
this latter activity has been partially characterized using rabbit polyclonal sera 
to TSHR peptides [98], and by other methods (see below). TSBAb may cause or 
contribute to hypothyroidism [99], and are polyclonal in origin [I 00]. 

Molecular analysis 

Molecular analysis of the Ab response to TG has been somewhat limited to date 
because of the lack of a convincing pathological role for these A b. Historically, 
the molecular analysis of TG Ab, like that of TPO and TSHR Ab, has followed 
three phases; analysis of serum TG Ab subclass and light chain restriction, 
production of TG Ab-secreting B cell hybridomas, and the use of phage display 
combinatorial libraries. Sequencing analysis of lgG TGAb has been reported 
from peripheral blood, thyroid tissue and cervical (thyroid draining) lymph 
node B cells in several patients with Hashimoto's thyroiditis, using both 
hybridoma and phage display techniques [101-103]. The somewhat limited 
number of sequences reported to date indicate a moderate degree of restriction, 
with members of the heavy chain (V H) 3 and V H4, kappa chain (V K) I and V Kill, 
and lambda chain (V ~c) I forming the majority of sequences. However, these are 
among the most commonly found families in the normal adult repertoire. There 
is evidence for somatic hypermutation in many of the TG Ab sequences 
reported, indicating an antigen-driven immune response. A correlation between 
the amount of somatic hypermutation and the affinity ofTG Ab from the lymph 
node of a patient with Hashimoto's thyroiditis has been described, emphasizing 
this point [ 1 03]. 

The molecular nature of the Ab response to TPO is the best characterized 
among the thyroid autoantigens, with the majority of sequences derived from 
combinatorial libraries from Graves' patients [reviewed in Reference 104]. 
However, the similarity of these sequences with those from Hashimoto patient
derived combinatorial libraries ([105] Mcintosh eta!., submitted), and a single 
Hashimoto patient-derived monoclonal Ab [106], together with the similarity in 
behaviour ofTPO Ab from various patient groups, suggests that their derivation 
and activity are comparable. The great majority of sequences reported to date 
are from IgGK Ab; a much lower apparent titre of IgG/c than lgGK TPO Ab 
appears to be a common pattern in patients with autoimmune thyroid disease 
[92,104]. TPO Ab are restricted mainly to VH1, VH3, VKI and VKIII family 
members; as in the TG repertoire, these are among the most common V 
families. Despite this, certain V regions are 'over-represented' in the repertoire 
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described to date; in particular, VH 1-2, VHl-3 and V K012 (from the V KI family) 
have been isolated from a number of different patients. Although the V xO 12 
region is frequently found in the TPO Ab repertoire, and is associated with 
reactivity to a single epitope on TPO (see below), the frequency of the V xO 12 
region in unselected phage display libraries indicates only a small fraction of 
V x012-containing phage bind TPO. This emphasizes the point that V region 
analysis alone has not been sufficient to elucidate the features of TPO Ab 
reactivity. 

Analysis of cloned Ab to the TSHR will more readily allows discrimination 
between the various TSHR Ab activities. Several reports detailing the cloning of 
human Ab to the TSHR have been published, but sequence data are only 
provided in two of these reports, both dealing with material from Graves' 
patients. In two other reports, TSHR Ab from patients with primary myx
oedema are described [107,108]. Interestingly, although B cell lines rather than 
clones formed the bulk of the material in one of these studies, the two lines from 
a primary myxoedema patient both displayed TSAb activity, whilst many of the 
lines from the Graves' patients displayed both TSAb and TSBAb activity [108]. 
Several of the reports detailing the cloning of TSHR Ab from Graves' patients 
also indicate that activities other than TSAb are present, and conversely, 
hypothyroid patients often have detectable TSAb activity [109]. It therefore 
appears likely that the various TSHR Ab types are shared between different 
patient groups, and that the relative activities of the different TSHR Ab (rather 
than simply presence or absence) may be responsible for different presenting 
symptoms. However, several features of the Ab studied to date suggest that they 
do not adequately represent the biologically active TSHR Ab repertoire. Most 
importantly, the concentration of Ab required for in vitro functional assays has 
been orders of magnitude above that anticipated [110]; the cloning ofTSHR Ab 
equivalent to those active in vivo in both hypothyroid and hyperthyroid patients 
has therefore still to be achieved. 

Antigenic structure 

Although the TG Ab response is somewhat heterogeneous, there is apparent 
restriction of most patient-derived TG Ab to two or three conformational 
epitopes [102]. Epitope recognition has been determined for only four of the 
sequenced TG Ab, with two clones each binding to two different epitopes [102]. 
In contrast to the TPO Ab response, there is no sequence consensus between 
these clones and the epitope recognized. Analysis of the inhibition of binding of 
patient sera TG Ab using the mapped Ab indicates a heterogeneous pattern of 
binding within patients with Hashimoto's thyroiditis, with similar behaviour 
exhibited by Graves' patient sera [102]. However, too few examples of TG Ab 
from patients have been mapped to allow detailed analysis of epitope structure. 

A great deal more is known concerning the epitopes present on TPO; as 
stated above, the similarity in sequences and activities of Ab to native (non
denatured) TPO from Graves' and Hashimoto patients is indicative of a 
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similarity in the Ab response. In contrast, some of the TPO Ab to denatured 
(linear) fragments of TPO, present in a minority of patients, show differences in 
binding patterns between Graves' and Hashimoto patients [111]. Two comple
mentary systems defining Ab reactivity to native TPO currently have been 
reported, one based upon murine mAb and the other on Graves' patient 
combinatorial library-derived FAb fragments [104,112]. Reagents from both 
are reported to block the binding of the majority of TPO Ab activity in patient 
sera, although the two have never been adequately compared. The structure of 
the major immunodominant region is comprised of two neighbouring domains; 
Ab containing the V KO 12 light chain bind only one of these domains. However, 
the location of the immunodominant region on native TPO is still a matter of 
conjecture [104]. 

Although unequivocal dissection of the various TSHR Ab activities will result 
from cloning studies, progress has been made in separating the various activities 
using mutated forms of the TSHR. Several regions of the large N-terminal 
extracellular domain of the TSHR have been investigated to determine the 
binding sites of TSH and TSHR Ab [97]. This work has been carried out using 
TSHR mutants in which regions or residues have been mutated or replaced with 
sequence from the homologous luteinizing hormone receptor. A large body of 
work indicates that TSH binding is affected by mutation of residues at various 
sites in the first extracellular domain whereas TSAb activity and TSBAb activity 
appear to act respectively at N-terminal and C-terminal sites within this region 
[109,113,114]. 

THYROID FOLLICULAR CELLS (TFC) 

Role of HLA class II molecule expression 

The discovery that TFC express HLA class II molecules in autoimmune thyroid 
diseases, but not under normal circumstances, led to the hypothesis that this 
could initiate or perpetuate the autoimmune response, with the TFC under these 
circumstances acting as antigen presenting cells [115]. However, y-IFN is the 
key regulator of class II expression, and the close correlation between the 
presence of y-IFN-containing T cells and class n+ TFC demonstrates that a 
lymphocytic thyroiditis is required for class II to be expressed by TFC [116]. 
Thus, TFC are unlikely to initiate autoimmune hypothyroidism. 

A role in disease maintenance has also been questioned [117], as it is now 
known that certain (particularly naive) CD4+ T cells require a costimulatory or 
second signal in addition to the recognition of class II molecule plus peptide by 
the T cell receptor. The best defined costimulatory signals are B7 -1 ( CD80) and 
B7-2 (CD86) which signal through CD28 or CTLA-4 molecules on the T cell 
surface. TFC fail to express either B7 molecule, even after y-IFN stimulation 
[118,119]. 

We have recently re-examined the potential for class II+ TFC to present 
antigen, using a model system based on presentation of influenza virus 
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haemagglutinin peptide toT cells by HLA-DR-matched TFC [119]. For clones 
which were dependent on B7 co-stimulation, class II+ TFC were unable to act as 
antigen presenting cells. In contrast, two T cell clones did not require the B7 
costimulatory signal and could be stimulated by class II+ TFC, albeit less well 
than by conventional antigen presenting cells. Furthermore, co-culture of the 
B7-dependent T cells overnight with class II+ TFC plus antigen induced specific 
anergy. Subsequently, we have shown in alloresponses that such anergy is Pas
dependent for CD45RA + T cells, but Pas-independent for the CD45RO+ 
population, in which anergy can instead by reversed by IL-2 (Marelli-Berg et 
a!., submitted). 

Thus, the role of class II expression by TFC can be viewed teleologically as a 
mechanism to induce peripheral tolerance in naive and memory T cells which 
would otherwise be capable of autoreactivity. For instance, y-IFN released 
during an episode of subacute thyroiditis induces class II expression on TFC, 
which is protective in those individuals who are predisposed to thyroid 
autoimmunity because they have less rigorously imposed central tolerance 
(Figure 3.3). However, once thyroid autoimmunity is firmly established, via 
conventional antigen presenting cells, B7-dependence may not be an issue, in 
which case class n+ TFC could present autoantigens and perpetuate the 
response. In addition, high local concentrations of IL-2 could overcome the 
TFC-induced anergy in CD45RO+ T cells. In support of this possibility, 
intrathyroidal T cells appear to be resistant to tolerance induction in vitro [120]. 

Other immunologically relevant molecules 

TFC may also interact with the immune system by their expression of a number 
of other molecules. Under normal conditions, TFC do not express the 
intercellular adhesion molecule ICAM-1 (CD54), but this can be induced by 
stimulation with y-IFN, IL-l and TNF, and immunohistochemistry reveals 
striking ICAM-1 expression by the remaining TFC in Hashimoto's thyroiditis 
[121,122]. Such ICAM-1 expression is associated with an enhanced capacity to 
bind T cells (via LFA-1) and, as a result, increased susceptibility toT cell
mediated cytotoxicity. TFC do not express ICAM-2 but do express LFA-3 
which binds to CD2 on the T cell surface and thus acts as another molecule for 
T cell adhesion [122,123]. CDS+ T cell clones and lines have been established 
from patients with Hashimoto's thyroiditis and animals with experimental 
autoimmune thyroiditis which are capable of killing autologous TFC in an 
HLA class !-restricted fashion [124, 125]. In addition, there are abundant 
intrathyroidal CDS+ T cells in Hashimoto's thyroiditis containing perforin, 
which is a marker for functionally activated T cells in situ [126]. Minor 
infiltrating populations of CD4+ and ex~+ CD4 ens- T cells in Hashimoto's 
thyroiditis also contain perf orin, indicating a diversity of potentially cytotoxic T 
cells, whose potential for injury will be enhanced by TFC adhesion molecule 
expression. 

Although the infiltrate is the major source of intrathyoidal cytokines, as 

52 



AUTOIMMUNE HYPOTHYROIDISM 

VIRAL THYROIDITIS 

Tcell infiltrate 
with autoreactive ./ 
potential y- IFN "/ ® ®® • 

@ / 
'-- Class II expression 

Anergy: Pas-dependent 
and-independent 

AUTOIMMUNE THYROIDITIS 

IL-2 overcoming 
anergy in 

CD45Ro+ cells IFN y- --..... 
@)@) / +IL-2 

0~/ 
~ / I @ '-.. Class II expression 

Classical '----/ 
antigen presenting Stimulation of B7-independent 
cells supplying B7 Tcells 

Figure 3.3 Possible outcomes following expression of HLA class II molecules by thyroid 
follicular cells 
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discussed above, TFC also release TNF, IL-Ia, IL-6, IL-8, IL-12, IL-13 and IL-
15 [127-130]. Production of these cytokines is enhanced by y-IFN, IL-l and 
TNF, so that a cascade may exist whereby a small lymphocytic infiltrate 
releasing cytokines could stimulate the production of cytokines by TFC, which 
in turn would increase the size and activity of the infiltrate and so on (Figure 3. 
4). 

Sublethal complement attack is another stimulator of cytokine production by 
TFC. Increased circulating levels of terminal complement complexes are found 
in Hashimoto's thyroiditis, and complexes can also be visualized around the 
thyroid follicles by immunohistochemistry, indicating the formation of mem
brane attack complexes (MAC) [94]. However, like most nucleated cells, TFC 
are relatively resistant to the lytic effects of homologous complement attack, 
due, at least in part, to their expression of complement regulatory proteins, 
including CD46, CD55, CD59 and MAC inhibitory protein/homologous 
restriction factor [131]. Fluid-phase S protein (vitronectin) is also detectable by 
immunohistochemistry in Hashimoto's thyroiditis and probably also regulates 
MAC formation. Despite relative resistance to lethal injury from MAC, 
complement attack has a number of adverse functional effects on TFC, 
including a reduction in their responsiveness to TSH, which could contribute 
to hypothyroidism [132]. In addition, sublethal complement attack causes IL-l 
and IL-6 release, mentioned above, reactive oxygen metabolite formation and 
prostaglandin E2 production, all of which could play a role in the intrathyroidal 
inflammatory process [133]. 

Another mechanism contributing to sublethal tissue injury in autoimmune 
thyroiditis could be loss of cell-cell communication as a result of abnormalities 
in connexin production and gap junction assembly. This has been demonstrated 
in experimental autoimmune thyroiditis [134], although the events leading up to 
these connexin abnormalities have not been elucidated: candidates include T 
cell-derived cytokines, but the abnormalities are maintained on subsequent 
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culture of the isolated TFC, which argues against such a simple explanation. 
Extension of this work to the human counterpart may provide fresh insights into 
the pathogenesis of autoimmune hypothyroidism. 

SUMMARY 

It is now 40 years since the first recognition of autoimmune thyroiditis in its 
experimentally-induced and spontaneous forms. A vast body of research has 
been undertaken on this prototypic organ-specific autoimmune disease, which 
we have summarized in detail elsewhere [135, 136]. The application of modern 
techniques promises at last to unravel the immunogenetics of autoimmune 
hypothyroidism; it now seems clear that the HLA region plays only a minor 
role in susceptibility and the new knowledge derived from the planned linkage 
studies should be important in our understanding of the aetiology of both this 
disease and the other disorders frequently associated with autoimmune hypo
thyroidism. It will be more difficult to identify which environmental and 
endogenous factors are responsible for susceptibility. These will differ between 
individuals and may well have operated at a distant time. 

A spectacular development in the last 10 years has been the molecular 
definition of the three main thyroid autoantigens, which now permits detailed 
studies of the T cell and antibody response in autoimmune thyroiditis. Although 
both T and B cell responses are po1yclonal at presentation, it seems intuitive that 
initially there is an oligoclonal response; identifying this would shed new light 
on pathogenesis. With regard to effector mechanisms, a plethora have now been 
identified and it seems likely that the TFC themselves play a role in these 
intrathyroidal events by expression of HLA, adhesion and complement reg
ulatory molecules and production of cytokines. The relative importance of each 
of these, especially in relation to the evolution of thyroid dysfunction, remains to 
be established. 
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4 
Graves' disease: progress to date and 
future prospects 
A. M. McGREGOR and J.-P. BANGA 

The history of Graves' disease can be characterized by four distinct eras: the 
first, beginning in the 1820s led to the clinical description of the disease by Parry 
(1825), Graves (1835) and von Basedow (1848). The second era, beginning in 
the 1940s, saw the introduction of therapeutic strategies using antithyroid drugs 
[1] and radioactive iodine [2] which were directed specifically at the thyroid and 
could both modify and cure the disease. The third era began in 1956 with the 
classic description by Adams and Purves [3] of a factor in the serum of patients 
with hyperthyroid Graves' disease which stimulated thyroid function; the so 
called long acting thyroid stimulator (LATS). The fourth and final era, which 
brings us to the present time began with the cloning of the thyrotropin (TSH) 
receptor by Vassart and his colleagues in 1989 [ 4; Chapter 2]. As a result of these 
crucial observations and the intervening contributions of many other clinicians 
and scientists we understand far better the clinical disease and its pathogenesis 
[5,6]. 

Graves' disease is an organ-specific autoimmune disease which is almost 
unique in being due to autoantibodies which stimulate thyroid function. These 
antibodies function by binding to the cell surface membrane of thyroid follicular 
cells and specifically to the TSH receptors expressed on these cell membranes. 
The TSH receptor is a member of the 7-transmembrane spanning domain G 
binding protein coupled receptor family and through its activation by TSH 
receptor antibodies, stimulation of adenylate cyclase leads to the increase in 
synthesis of thyroid hormones and the subsequent clinical syndrome of 
hyperthyroid Graves' disease [7-9]. While there has been considerable progress 
in our understanding of the disease there is still much to learn. Despite a clear 
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understanding of the pathogenetic mechanisms involved in the induction of 
hyperthyroidism it is disappointing that this knowledge has had absolutely no 
impact on our management of the disease. Similarly, while we recognize 
aetiologically that the disease is multifactorial in its origin with major contribu
tions from genetic, constitutional and environmental factors, defining precisely 
what these factors are and their specific contributions has proved difficult. 
Finally despite the cloning of the TSH receptor in 1989, we continue to be 
frustrated in our efforts to express the whole mature TSH receptor and to define 
the interactions at the molecular level, between determinants of the immune 
system and the receptor, which are central both to the induction and the 
maintenance of the disease. Until these issues are resolved and a credible animal 
model of hyperthyroid Graves' disease is available, prospects for disease 
prevention or even modification of the disease by treatment directed at the 
aberrant autoimmune response rather than at the thyroid cell itself look 
unlikely. This chapter seeks to highlight where the field has reached but also 
where the gaps remain. 

HYPERTHYROID GRAVES' DISEASE 

Patients presenting with hyperthyroid Graves' disease exhibit the classical 
symptoms and signs of hyperthyroidism. The cause of their hyperthyroidism is 
likely to be Graves' disease when clinical assessment demonstrates diffuse rather 
than nodular enlargement of the thyroid gland associated with symptoms and 
signs suggestive of thyroid-associated ophthalmopathy (Chapter 6). Laboratory 
investigations which demonstrate diffuse uptake of radioisotope on a thyroid 
isotope scan, coupled with the presence of circulating autoantibodies, particu
larly to the TSH receptor or to thyroid peroxidase, confirm the diagnosis. A 
number of other characteristics further define the disease and emphasise its 
autoimmune nature [5,6]. 

As an organ-specific autoimmune disease (Table 4.1) it runs in families and 
may be associated both in the index patient and in his or her family with other 
organ-specific autoimmune diseases. The disease occurs 7-10 times more 
frequently in women than in men though when it does occur in men it tends to 
be both more severe and to be associated with a higher relapse rate following 
antithyroid drug medication. Occuring in women, it is of interest that the 
disease tends to remit during pregnancy often with a post-partum exacerbation. 

The peak age of occurrence of the disease is during the third and fourth decades 
of life. It has been reported in all racial groups. Studies in the north-east of 
England suggest an incidence of hyperthyroidism of 1-2 cases/ 1000 population/ 
year [10]. In areas of the world were iodine intake is adequate Graves' disease is 
the most common cause of hyperthyroidism and accounts for about 7 5% of all 
patients presenting with hyperthyroidism to an endocrine service. Prior to the 
introduction of specific treatments for modifying the disease, the natural history 
of hyperthyroid Graves' disease was one of relapses and remissions, though at 
least 1 0'% of this untreated population died from the disease. 
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Table 4.1 Characteristics of Graves' disease 

Organ-specific autoimmune disease 
Runs in families 
HLA associations 
Female predominance 
Target-organ lymphocytic infiltration 
Immune system activation with circulating: 

Activated (HLA-DR+) T cells 
Thyroid-specific autoantibodies 

Autoantibodies transmit disease 
No animal model? 

AETIOLOGY 

As an organ-specific autoimmune disease, the evidence from studies in patients 
with other diseases in this group such as insulin-dependent diabetes mellitus 
(IDDM) suggest that Graves' disease is likely to be a member of the group of 
polygenic multifactorial diseases. Aetiological factors of multifactorial diseases 
which are likely to require consideration when considering the development of 
Graves' disease are defined in Table 4.2. 

Table 4.2 Elements of multifactorial diseases which need to be considered as contributors 
towards the development of Graves' disease 

Genetic 

Genes 
Number 
Specific 
Predisposing 
Dose 
MHC 
Non-MHC 

Twins share 
Genes 
Uterine environment 

Constitutional 

Age 
Sex 
Developmental stage 
Birth weight 
Homeostatic mechanisms 

Biochemical 
Physiological 
Immunological 

Maternal factors 
Ethnic group 

Temperament 
Pregnancy 
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Environmental 

Time 
Geography 
Climate/seasonal changes 
Infectious agents 
Socioeconomic status 
Occupation 
Education 
Diet (iodine intake) 
Stressful stimuli 
Medication 
Toxins 
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Genetic factors 

Association studies using polymorphic markers of potential candidate genes 
and appropriate control populations have had an important role in defining 
linkage between genetic markers of determinants within the immune system and 
Graves' disease [5,6,11]. Due to the crucial role of the major histocompatibility 
complex (MHC) genes and their products in determining the immune response 
and particularly antigen presentation, much effort has focused on the associa
tion between Graves' disease and the genes that encode the HLA antigens in the 
MHC region on the short arm of chromosome 6. Associations have been sought 
with genes in the class I, class II and class III regions [I 2]. The highly 
polymorphic class II region genes have been defined by direct sequencing and 
the polymorphisms determined by PCR amplified DNA products using allele
specific oligonucleotide probes. Conventional serological typing has repeatedly 
defined associations in Caucasians with Graves' disease and the class II HLA
DR3 molecule [5,6]. The relative risk of this association however, has always 
been disappointingly small and never greater than 4. 

Many other HLA associations reported have tended to be weaker and have 
usually been attributed to linkage disequilibrium. More recently claims for a 
stronger association with an HLA DQA1 *0501 phenotype have been made by 
some authors [13,14], particularly when studying male patients with Graves' 
disease [15] but these observations have not been confirmed by others [16]. Of 
interest, however, in non-Caucasian populations has been the ability to define 
particular HLA haplotype associations with the presence or absence of anti
body activity to the TSH receptor [17, 18] and also resistance to autoimmune 
thyroid disease on the basis of HLA-DQ genetic analysis [19]. All the evidence 
available to date, however, points to HLA genes playing only a minor role in 
susceptibility to Graves' disease. Recent studies in families with multiple 
affected members which have sought evidence of linkage of MHC genes and 
Graves' disease have either failed to find evidence of linkage [20] or only been 
able to show linkage with the presence of thyroid autoantibodies rather than 
with Graves' disease itself [21 ]. 

A search for non-MHC genes which might contribute to the development of 
autoimmune thyroid disease has provided little evidence to support the view 
that genes for immunoglobulins or the T cell receptor have a major role to play 
in the development of Graves' disease [6]. Graves' disease has been associated 
with a polymorphism for an antagonist of the interleukin-1 receptor [22]. Of 
particular interest have been recent reports of an association with CTLA-4. Like 
CD28, CTLA-4 binds the B7 molecule on antigen presenting cells and thus is 
likely to have a crucial role in the co-stimulatory signal transduced by the B7 
molecule necessary for regulation ofT cell activation. While an initial American 
study suggested an association between a polymorphism of the CTLA-4 gene 
and Graves' disease [23] it seems much more likely that this association will be 
with organ-specific autoimmune diseases in general rather than with Graves' 
disease in particular [24]. 
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Not surprisingly in the search for genetic linkage, the target autoantigen, the 
TSH receptor itself, has also attracted attention. Initial claims that a poly
morphism in the extracellular coding region of the human TSH receptor gene 
might be associated with Graves' disease have not been confirmed [25]. In more 
recent studies using a series of microsatellite markers within the TSH receptor 
introns, studies with large multiple affected families with Graves' disease failed 
to show any significant role of the TSH receptor gene locus in the genetics of 
Graves' disease [26]. Increasingly, workers in the field have begun to recognize 
that, with the large number of genes likely to be relevant and the disappointing 
results obtained to date using the candidate gene approach, alternative 
strategies are necessary. Efforts are increasingly directed towards genome-wide 
searches that will allow definition of the spectrum of genes that contribute to the 
development of Graves' disease. With the development of large numbers of 
highly polymorphic marker loci such as microsatellites, automated genome 
searching and access to sufficient numbers of sib-pairs from affected families 
with Graves' disease by multicentre collaboration, prospects for finally defining 
the genes which contribute to the development of Graves' disease seem more 
hopeful. How significant the genetic contribution is remains uncertain. 

Constitutional factors 

The marked prevalence of hyperthyroid Graves' disease in women over men and 
the difference in disease severity between the two sexes imply that oestrogens 
and androgens influence disease development and maintenance. Studies in 
animal models of autoimmune disease show beyond doubt the importance of 
these sex hormones in modifying autoimmune disease [27]. The role of 
glucocorticoids is less clear but autoimmune thyroid disease developing after 
treatment of hypercortisolism is well described [28]. 

Aberrations in the immune system itself have had a considerable role as 
potential initiators of the autoimmune response [5,6]. In this context, indirect 
evidence based on peripheral blood T cell subset numbers and functional assays 
of so called suppressor T cell function using peripheral blood lymphocytes and 
crude thyroid antigen preparations have suggested that a suppressor T cell 
lymphocyte defect underlies the development of Graves' disease. These observa
tions remain controversial and replicating them has proved difficult [5,6]. A 
further area of intense interest in considering aberration in the immune system 
as the initial insult in the development of Graves' disease has been the 
demonstration of the expression of MHC class II antigens on thyroid cells from 
patients with Graves' disease but not thyroid cells from normal controls [29]. 
The assumption was that this process would permit the thyroid cell to take on 
the role of an antigen-presenting cell and, therefore, induce aT cell response. 
Considerable evidence has accumulated, however, which demonstrates beyond 
doubt that the expression of MHC class II is a secondary event which relies on 
the secretion of y-interferon by T lymphocytes within the thyroid [30,31]. There 
is evidence to suggest that viral infection of the thyroid may be capable of 
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inducing MHC class II expression on thyroid cells. Whether this would be 
sufficient to induce autoimmunity is uncertain particularly as we now know that 
in order for activation to occur, naive T cells not only require the initial signal of 
MHC class II molecule with an antigenic peptide in its groove presented to the T 
cell receptor, but in addition need a second co-stimulatory signal via the B7 
molecules which bind to the CD28 or CTLA-4 receptor on the T cell. If this 
second signal is not provided, T cell anergy rather than stimulation (peripheral 
tolerance) results. 

Environmental factors 

In animal models of autoimmune thyroid disease where thyroglobulin is the key 
autoantigen, dietary iodine depletion which results in the production of poorly 
iodinated thyroglobulin prevents the development of thyroiditis [32; Chapter 1]. 
In situations of iodine deficiency, humans who have their iodine stores 
replenished show increased evidence of thyroiditis and the development of 
thyroid autoantibodies. The mechanisms remains uncertain, although an 
influence on MHC antigen expression has been suggested [33] and the relevance 
for the development of Graves' disease is likewise uncertain [5,6]. What is not in 
doubt, however, is that in studies of the frequency with which Graves' disease is 
the presenting cause of hyperthyroidism across Europe, hyperthyroid Graves' 
disease is a more common cause of hyperthyroidism in areas which are iodine 
replete rather than iodine deficient. Similarly it is of interest that in the UK, 
where the major source of iodine is from cow's milk, there is considerable 
variation in the annual human intake of iodine, with the highest levels being 
achieved during the winter, and the major peak of onset of hyperthyroid Graves' 
disease seems to follow this peak of iodine intake. Whether this association is 
coincidence or causal is again uncertain. 

A considerable literature has accumulated on the contribution which stressful 
life events may make to the development of hyperthyroid Graves' disease [34]. In 
a number of different settings studies of patients with Graves' disease continue 
to identify stressful precipitating events which were not present in control 
populations [35]. Trying to prove this association beyond doubt and under
standing the mechanism has proved difficult. The well recognized impact of 
stress on the hypothalamic-pituitary axis and the known interactions between 
this axis and immune function suggest that relief of acute stress-induced 
immune suppression may be followed by a rebound of immune hyperactivity 
which, in those who are predisposed, might result in development of Graves' 
disease. 

The other major environmental factor which has been implicated in the 
development of autoimmune diseases in general is that of infectious agents 
[36]. Whilst a considerable literature has accrued there is little firm evidence to 
support what seems a very likely aetiological agent. Studies are clearly 
complicated by the fact that an initial insult is likely to pre-date by many 
months the development of frank clinical hyperthyroidism: at this stage, 
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evidence of infection is unlikely to be obtained either in the peripheral blood or 
the thyroid which is, in any case, not always accessible for study. Of interest, 
however, is the fact that attacks of allergic rhinitis, presumably through the 
production of cytokines, may result in the recurrence of hyperthyroid Graves' 
disease [37]. Further evidence that cytokines may have the ability to induce 
autoimmune thyroid disease come from studies in which cytokines have been 
used in the treatment of malignancies or hepatitis and been shown to induce or 
exacerbate pre-existing autoimmune thyroiditis [3S-40]. 

THE ROLE OFT LYMPHOCYTES 

T lymphocytes have a central role in the normal immune response and their 
phenotypic subdivision into CD4+ and CDS+ lymphocytes defines functional 
characteristics, the CD4+ cells being predominantly helper cells and the CDS+ 
being predominantly cyotoxic. The organ-specific autoimmune diseases are 
characterized by lymphocytic infiltration of the target organ and the infiltrate 
is predominantly of T cells. In Graves' disease studies have sought to define 
phenotypically the T cell distribution both in the peripheral blood and in the 
thyroid gland [5,6]. Studies initially examining non-specific functional charac
teristics of these T cells have evolved to examine T cell responsiveness towards 
putative autoantigens. Phenotypically, within the peripheral blood in patients 
with untreated hyperthyroid Graves' disease, CDS+ T cell numbers are reduced 
and levels of HLA-DR + (and CD25+, activated) T cells are increased. Inter
pretation of the phenotype of intrathyroidal T cells is made difficult by the 
impact of antithyroid medication on the T cell infiltrate. Against this back
ground, the dominant T cell phenotype is CD4+. Functional studies with T cells 
obtained from the peripheral blood or thyroid glands of patients with Graves' 
disease have failed to show any single dominant epitope within the TSH receptor 
against which these T cells might be directed [41-43]. More recently however it 
has been suggested that recognition of residues 15S-176 of the TSH receptor 
may be a relevant early event in onset of disease [44]. 'Epitope spreading' almost 
certainly accounts for the fact that, at the stage of the disease at which the T cells 
are studied, a multitude of epitopes is recognized and these will differ from 
patient to patient and almost certainly from those relevant at the time of disease 
induction [45]. 

In animal models of autoimmune disease, marked restriction of the T cell 
receptor variable gene repertoire by T cells recognizing relevant autoantigens 
suggested that these diseases might have an oligoclonal or even a monoclonal 
basis to their pathogenesis. Considerable effort has therefore been invested by a 
number of groups in examining the T cell antigen receptor variable region genes 
of the two non-covalently linked rt and ~ chains of the human T cell receptor. 
Despite early claims of restricted V rt gene usage by intrathyroidal T cells from 
patients with Graves' disease [46,47], the results have not been confirmed by 
several other groups [4S,49]. This seems hardly surprising: patients with Graves' 
disease present late, long after the initial insult, and it is to be expected that, 
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through epitope spreading, T cells will have been exposed over time to a number 
of epitopes from a variety of target autoantigens. Wide usage ofT cell receptor 
genes, with a resulting polyclonal T cell response is, therefore, a much more 
likely situation. Surprisingly, however, reports of oligoclonal expansion of T 
cells continue to appear [50]. 

While T cells are likely to have a direct pathogenetic role in destructive 
thyroiditis, acting via direct cytotoxic mechanisms [51], through cytokine 
production [52,53] or even through the induction of apoptosis of thyroid cells 
by interleukin-1-induced Fas expression on these cells [54], their role in Graves' 
disease, following antigen recognition, is primarily in helping B cells in autoanti
body production. The mechanisms leading to the selection of these relevant 
intrathyroidal CD4+ T cell populations in Graves' disease are a continuing focus 
of research [55]. 

PATHOGENESIS 

Following the initial description of the presence in sera of patients with 
hyperthyroid Graves' disease of LATS [3], a vast literature has accumulated on 
the characterization and measurement of this activity. The major milestones 
(Table 4.3) in this process have demonstrated that: (i) the activity is due to an 
immunoglobulin; (ii) these immunoglobulins stimulate thyroid function in 
Graves' disease and (iii) this bioactivity is mediated by the binding of these 
immunoglobulins to the thyroid follicular cell basement membrane TSH 
receptor. The successful cloning of the TSH receptor, its successful expression 
in CHO cell lines and the use of assay systems based on these lines has proved 
beyond doubt that these antibodies stimulate cell function through their 
interaction with the TSH receptor [75]. The disease is, therefore, due to 
thyroid-stimulating antibodies (TSAb). The lymphoid cells in the thyroid are 
only one of a number of sites in which these antibodies are synthesized [77]. 

Prior to the cloning of the TSH receptor a major limitation in our attempts to 
understand the pathogenesis of Graves' disease was the lack of sensitivity and 
specificity of assay systems used to measure the antibody activity. The develop
ment of robust and yet sensitive and specific radio receptor type assays, in which 
TSAb are assayed by their ability to inhibit the binding of radio labelled TSH to 
thyroid membrane preparations, has allowed the development of commercial 
assay systems [63]. The development of bioassay systems using both human 
primary thyroid cell culture systems [68] and the rat FRTL5 thyroid cell line 
[65], and the increased sensitivity achieved with these assay systems with the use 
of hypotonic medium [70], has clarified the existence of a spectrum of TSH 
receptor antibody activities which range from antibodies which bind to the TSH 
receptor and stimulate thyroid function (TSAb) on the one hand, so leading to 
hyperthyroid Graves' disease, to antibodies which bind to the TSH receptor but 
fail to stimulate thyroid function and may be associated, by blocking the 
receptor (TSH receptor-blocking antibodies; TBAb), with the subsequent 
development of hypothyroidism [71, 78, 79]. 
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Table 4. 3 Pathogenesis of thyroid stimulation in Graves' disease 

1956 Adams DD and Purves HD [3] 
Long-acting thyroid stimulator (LATS) 

1958 McKenzie JM [56, 57] 
Mouse bioassay 

1964 Kriss JP eta!. [58] 
LATS is an immunoglobulin 

1964 McKenzie JM [59] 
LATS crosses placenta- neonatal hyperthyroidism 

1967 Adams DD and Kennedy TH [60] 
LATS-protector (LATS-P)- human thyroid stimulator 

1973 Mehdi SQ and Nussey SS [61] 
Graves' immunoglobulins inhibit binding of 125! labelled TSH 

1974 Smith BRand Hall R [62,63] 
Radioreceptor assay- thyrotropin binding inhibiting immunoglobulins (TBII) 

1974 Adams DD eta!. [64] 
LATS-P stimulates human thyroid in vivo 

1980 Ambesi-Impiombato eta!. [65,66] 
FRTL5 rat thyroid cell line 

1980 Matsuura Net a!. [67] 
Transplacental TBII - neonatal hypothyroidism 

1981 Rapoport B eta!. [68,69] 
Human thyroid cell bioassay 

1982 Kasagi K eta!. [70] 
Increased bioassay sensitivity- hypotonic medium 

1983 Konishi J eta!. [71] 
Blocking antibodies to TSH receptor in primary myxoedema 

1983 Zakarija MJ [72,73] 
TSH receptor antibodies - restricted heterogeneity 

1989 Vassart G et al. [4,8, 74-76] 
Cloning of TSH receptor 

The original self-infusion of sera from patients with hyperthyroid Graves' 
disease, which induced thyroid stimulation in the recipient [64], and the clear 
evidence of the induction of transient neonatal hyperthyroidism in the offspring 
of mothers with hyperthyroid Graves' disease whose TSAb activity was present 
at sufficient levels to induce transient hyperthyroidism in the offspring due to 
passage of the antibody across the placenta [59], provide overwhelming 
evidence of the pathogenetic role of TSAb. With modern assay techniques 
almost all patients with untreated hyperthyroid Graves' disease have TSAb 
detectable in their serum. These antibodies are only detectable in patients with 
autoimmune thyroid disease and are therefore disease specific. They demon
strate immunoglobulin light chain restriction [72] and tend mainly to be of the 
IgG 1 subclass [73], suggesting that they are oligoclonal. Like TSH itself, these 
antibodies in patients with Graves' disease cause cyclic AMP-mediated release 
of thyroid hormone and thyroglobulin, and stimulate iodine uptake, protein 
synthesis and thyroid growth. In patients treated with antithyroid drugs TSAb 
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activity falls in response to treatment, tends to rise again or fail to respond to 
treatment in patients who relapse and finally disappears when the disease is 
cured, usually in response to treatment with radioactive iodine or surgical 
subtotal thyroidectomy [5,6]. 

Characterization of the TSH receptor at the molecular level and its successful 
expression have led to a number of strategies, based on the establishment of 
mutations and chimeras of the receptor, which seek to examine the structure/ 
function relationships between TSH and receptor antibodies with the TSH 
receptor [80-86]. These studies, which are discussed in detail in Chapter 2, will 
in the longer term presumably lead not only to a clear understanding of the 
interaction of TSH and TSH receptor antibodies with the receptor but also 
allow discrimination between the sites of interaction of TSAb and TBAb with 
the extracellular domain of the TSH receptor. Crucial to our understanding of 
all of these interactions is the need to recognize that the normal functioning 
TSH receptor is a three-dimensional structure on the cell membrane and that 
the B cell (antibody) epitopes on this autoantigen which are recognized by TSH 
receptor antibodies are almost certainly conformational in nature and depend 
on the three-dimensional structure of the mature whole receptor [87-89]. In this 
context, any studies seeking to interpret interactions of TSH or these antibodies 
with the receptor are only of relevance when the correct maturation (e.g. 
appropriately glycosylated) and conformational nature of the receptor can be 
assured. 

Repeated claims have been made that modification of the TSH receptor as a 
self-antigen provides a target organ explanation for the development of 
hyperthyroid Graves' disease. Whilst a number of variants of the TSH receptor 
have been described, with more careful study most have been shown to be 
germline and to correspond to polymorphisms which are also present in normal 
controls [90]. From all of the data accumulated to date it seems much more 
likely that the primary structure of the TSH receptor expressed on the surface of 
the Graves' follicular cell is no different from that on the normal follicular cell. 

TREATMENT 

Treatment of Graves' disease relies on the thionamide group of antithyroid 
drugs, radioactive iodine or surgical subtotal thyroidectomy [91]. There remains 
considerable variation amongst thyroidologists across the world as to which 
modalities of treatment are used and the order in which they are used [92]. 
Likewise a significant literature has accumulated on the impact which these 
various modes of therapy may have on the natural history of Graves' disease 
itself, particularly as assessed by changes in TSH receptor antibody activity in 
response to treatment [5,6]. These studies have been extended by observations 
which provide evidence that antithyroid drugs may contribute to the induction 
of remission in patients with hyperthyroid Graves' disease by acting directly on 
the immune system [93,94]. The area remains controversial. 

Considerable controversy has also surrounded the issue of 'resting the 
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thyroid' as proposed in 1991 by Hashizume and colleagues [95]. They provided 
evidence to support the view that combining antithyroid drugs with thyroxine 
initially, and then maintaining thyroxine after stopping the antithyroid drugs, 
was associated with a continuing reduction ofTSH receptor antibody levels and 
a reduction in the recurrence of hyperthyroidism. Subsequent studies have failed 
to replicate these results [96-98]. Despite the best efforts to devise appropriate 
protocols for the use of antithyroid drugs for the management of Graves' disease 
[99], variables such as dietary iodine intake [100], genetic background, the sex of 
the patient, the severity of the disease at the time of presentation, and the size of 
goitre make standard regimens more difficult to define. Evidence continues to 
accumulate, however, which suggests that the response to treatment of the 
disease is greatest with higher dosages of antithyroid drugs and that these 
regimens are associated with higher rates of disease remission [101,102]. The 
doses recommended would certainly achieve levels of antithyroid drug in the 
thyroid which would be likely to modify the autoimmune response there. With 
the cloning of the TSH receptor, evidence has been generated using human TSH 
receptor transfected CHO cells that the response to antithyroid drug medication 
may be determined by the epitopes on the receptor which particular patients' 
TSH receptor antibodies recognize [1 03]. These preliminary studies on small 
numbers of patients need both to be extended by the authors themselves and 
replicated by independent laboratories. 

THE FUTURE 

As suggested initially we now understand well both the clinical syndrome of 
hyperthyroid Graves' disease and the TSH receptor antibodies which are 
responsible for inducing the disease. A number of key issues are being or still 
need to be addressed (Table 4.4). The critical actions of TSH receptor 
antibodies, which in binding either block or stimulate the TSH receptor, are 
the subject of intense current investigation. Whether all of the reagents and 
assay systems are yet in place to draw definitive conclusions is open to 
speculation. Understanding of the aetiology of the disease remains disappoint
ing. In the next few years genome-wide screens may well begin to identify those 
individuals who are at risk. It remains disappointing too that for all the progress 
in our understanding of this disease, treatment is still largely directed at 
inhibiting thyroid hormone synthesis or destroying the thyroid. The controversy 
that surrounds the immunological mechanisms which lead to the development 
of hyperthyroid Graves' disease and the search for potential aetiological agents 
such as infectious organisms will continue so long as we fail to recognize the 
clinical setting of 'pre-Graves' disease'. Definition of those at risk may well help 
to define this group of individuals who need to be followed clinically, 
biochemically, immunologically and microbiologically in the period before 
overt disease develops. 

It seems unlikely that characterization of the interactions between T cells and 
B cells with the TSH receptor,in order to define the T and B cell epitopes on the 
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Table 4.4 Graves' disease - future directions 

Aetiology 
Who is at risk? 
Genome-wide screen in multiplex families 

Pre-Graves' disease 
Characterize 

TSH receptor antibodies 
Produce human monoclonal antibodies 
Improve assay systems 
Characterise structure/function interactions with TSH receptor 

TSH receptor 
Purify in bulk whole native receptor 
High level expression whole mature receptor 
Obtain crystals (three-dimensional structure) 
Characterize T and B cell epitopes 

Animal models 
Establish truly representative models 
Test beds of therapy 

Treatment 
Prevent onset/treat disease 
Aim to direct it at aberrant autoimmune response 

receptor against which the autoimmune response is directed, will be successfully 
achieved without establishment of the three-dimensional structure of the TSH 
receptor. Success in achieving the latter goal will require the purification of very 
large amounts of the native human TSH receptor or success in achieving high 
level expression of the whole mature solubilized receptor. Attempts to achieve 
this have to date been disappointing. In this context our own efforts have been 
directed towards the use of the baculovirus insect expression system [104]. This 
system is recognized as being ideal for the expression of membrane proteins, 
achieves high levels of expression, is relatively easy to use and ensures 
appropriate post-translational processing of the nascent protein so that a 
mature three-dimensional structure is expressed. While the system has worked 
well we have only had success in expressing the extracellular domain of the 
human TSH receptor using the baculovirus system and this has been the 
experience of others. 

With the low level of expression of TSH receptors on the thyroid follicular cell 
membrane, access to sufficient material for receptor characterization, assay 
systems, and the bulking up of receptors for structural studies has proved 
difficult. Attempts to try and address this problem have sought to develop 
specific monoclonal antibodies directed against the receptor. Although there 
has been considerable success in establishing mouse monoclonal antibodies 
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directed against the receptor [105], concerns have continued to exist about the 
relevance of non-species-specific antibodies and on these grounds considerable 
effort has been expanded on trying to establish human monoclonal antibodies to 
the TSH receptor. Using the immunoglobulin gene combinatorial library 
approach, organ-specific, high affinity IgG class autoantibodies directed against 
a variety of target autoantigens have been successfully cloned [106]. The 
antibodies which result resemble patient serum autoantibodies in terms of their 
affinity, specificity and epitope recognition, and the ability to generate such 
antibodies against the TSH receptor will provide exceedingly important 
reagents not only for defining the pathogenetically relevant autoantigenic 
eptiopes but also for defining the structure/function relationships between these 
antibodies and the TSH receptor. An alternative approach to establish human 
monoclonal antibodies to the TSH receptor, which has been adopted with some 
success in our laboratory, has made use of Epstein-Barr virus-transformed B 
lymphocytes from patients with hyperthyroid Graves' disease [1 07]. These 
immortalized peripheral blood B cell lines produce TSH receptor antibodies of 
the lgG class. This methodology and the products generated offer the potential 
of crucial reagents for characterization of the antibody-antigen interaction in 
Graves' disease. 

With the cloning of the TSH receptor, further developments in methodology 
for the detection of TSH receptor antibodies have, not surprisingly, resulted; in 
addition, the availability of CHO cells expressing either wild type or chimeric 
human TSH receptors is allowing clearer definition of the spectrum of anti-TSH 
receptor antibody activities detected in the serum of patients with autoimmune 
thyroid disease [1 08]. A sensitive method of in vitro transcription and translation 
which generates nascent TSH receptor polypeptides, with assessment by 
immunoprecipitation of the binding of TSH receptor autoantibodies, offers a 
further strategy for detecting these antibodies without the need for bioassay 
systems [109]. Studies using flow cytometry with CHO cells expressing high 
numbers ofTSH receptors on their surface make clear the very low level ofTSH 
receptor autoantibody activity present in the sera of patients with Graves' 
disease [11 0] and, therefore, continues to highlight the need for increasing 
sensitivity in the assay systems for the detection of this antibody activity. 

As is clear from most of the work that has been discussed in this chapter, a 
major impediment to developments in our understanding of hyperthyroid 
Graves' disease has been the lack of an appropriate animal model. A great deal 
of effort has been invested, both historically and since the cloning of the TSH 
receptor, in this area of research but to date with very little success. Without the 
establishment of a robust and representative animal model attempts to begin to 
focus therapeutic strategies on the aberrant immune response rather than on the 
thyroid gland itself will be hindered. The report recently by Kohn and his 
colleagues [Ill] of the induction of a Graves'-like disease in mice immunized 
with fibroblasts transfected with the TSH receptor and an MHC class II 
molecule looks as though finally this goal may be achievable, although thyroid 
lymphocyte infiltration was not detected. On the other hand we have recently 
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established an antibody-mediated model of hypothyroidism using large frag
ments of the extracellular domain of the TSH receptor. Small variations in the 
size and subregions of this domain results in the presence or absence of thyroid 
lymphocytic infiltration. It therefore appears that using animal models it is 
possible to dissect out distinct events in autoimmune thyroid disease including 
not only altered thyroid gland function but also whether or not infiltration 
develops. 

In the context of treatment, and ideally prevention of the development of 
Graves' disease, research strategies will need to focus on early identification of 
individuals at risk of the development of the disease and of therapies which 
might then modify or abrogate directly the potential or early autoimmune 
response. Considerable publicity has been associated, at least in animal models 
of autoimmune disease, with therapeutic interventions which rely on the 
concept that prior administration of oral antigen reduces the subsequent 
response when the animal is re-exposed to the antigen. The induction of 'oral 
tolerance' [112] in this way may be due to clonal anergy, apoptosis of affected T 
cells or the induction of inhibitory cytokines. Of great potential interest is the 
relevance of this form of immune modulation for human autoimmune thyroid 
disease, in the light of recent animal data on thyroglobulin-induced thyroiditis 
[113,114]. 

Despite the relatively benign nature of hyperthyroid Graves' disease, char
acterization both of the target autoantigen and of the pathogenetic autoanti
bodies suggests that we are in an excellent position to capitalize on this 
information over the next few years in furthering our understanding, particu
larly of the aetiology of the disease, the interaction of TSH receptor antibodies 
with their target autoantigen and the potential for modifying the disease by 
directing therapies towards the immune process itself. 
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5 
Postpartum thyroiditis 
J. H. LAZARUS, L. D. K. E. PREMAWARDHANA and A. B. PARKES 

In 1948 H.E.W. Roberton, a general practitioner in New Zealand, described the 
occurrence of lassitude and other symptoms of hypothyroidism relating to the 
postpartum period [1]. These complaints were treated successfully with thyroid 
extract. The syndrome remained generally unrecognized until the 1970s, when 
reports from Japan [2] and Canada [3] rediscovered the existence of postpartum 
thyroid disease (PPTD) and recognized the immune nature of the condition. A 
number of reviews of the condition are available [4-7]. 

CLINICAL FEATURES 

Postpartum thyroiditis is characterized by the development of transient thyro
toxicosis and/ or hypothyroidism during the first 6 months of the postpartum 
period. Hypothyroidism is permanent in up to 25-30% of women. 

Prevalence 

A variable prevalence (from 3 to 17%) has been reported worldwide because of 
wide variations in the number of women studied, the frequency of thyroid 
assessment postpartum, diagnostic criteria employed and differences in hor
mone assay methodology [8-13]. However, there is a general consensus that the 
disease occurs in 5-9% of unselected postpartum women [6, 14]. Recent studies 
have emphasized that women with type I diabetes have a three-fold incidence of 
PPT over non-diabetics [15]. In these cases there is a strong association with 
thyroid antibodies. PPT is also more likely to occur in a woman who has had a 
previous episode, as discussed below. 
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Clinical spectrum 

Transient thyrotoxicosis presents at about 14 weeks postpartum followed by 
transient hypothyroidism at a median of 19 weeks. Very occasionally the 
hypothyroid state is seen before the thyrotoxicosis. PPT is usually associated 
with the presence of thyroid antibodies. In one series from Wales [16], the 
condition was not seen in thyroid antibody-negative women. Thyroid peroxidase 
(TPO) antibodies are normally found, occasionally accompanied by thyro
globulin (TG) antibodies. In less than 5%, TG antibodies are the only marker. 
PPT occurred in 5oo;;, of 152 TPO Ab women (as ascertained at 16 weeks 
gestation), compared with 239 control women and studied monthly for 12 
months postpartum. Of the antibody-positive patients, 19'% were thyrotoxic 
alone, 49% hypothyroid alone and the remaining 32'Yo had thyrotoxicosis 
followed by hypothyroidism (Figure 5.1 ). Although the clinical manifestations 
of the thyrotoxic state are not usually severe in PPT, lack of energy and 
irritability are particularly prominent even in antibody-positive women who do 
not develop thyroid dysfunction. In contrast, the symptomatology of the 
hypothyroid phase may be profound. Many classic hypothyroid symptoms 
occur before the onset of thyroid hormone reduction and persist following 
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Figure 5.1 Postpartum thyroid dysfunction showing modest transient thyrotoxicosis followed by 
severe transient hypothyroidism. Blood samples were obtained weekly. Note significant post
partum rise in TPO antibody. RAIU, radioiodine uptake. +, FT4 pmol/L; *-, FT3 pmoi!L; •. 
TSH mU/L; *· TPOAb U/ml 
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recovery of hormone levels. Early accounts of PPT noted an anecdotal 
association of depression with thyroid dysfunction in the postpartum period. 
More recently, depressive symptomatology has been quantitated by Harris et al. 
[17] in a large number of postpartum, TPO antibody-positive women and 
compared with an age-matched control group of TPO antibody-negative 
postpartum women. The data clearly show an increase of mild to moderate 
depression in the antibody-positive women irrespective of thyroid status. Some 
indication of the excess of depressive symptomatology was seen as early as 6 
weeks postpartum. There is no clear explanation for these findings but it is 
possible that antibodies modulate neurotransmitter function, and it is known 
that there are cytokine receptors in the brain [18]. The possibility that thyroid 
antibodies are a marker for a specific genotype related to depression also 
requires investigation. A large double-blind randomized placebo controlled trial 
of thyroxine (T 4) 100 f.lg per day, administered from 6 weeks to 24 weeks in TPO 
antibody-positive women (as ascertained at 16 weeks gestation), failed to show 
any significant effect of T 4 on the frequency and severity of depressive 
symptomatology [19]. 

Diagnosis 

Many changes can occur in thyroid function after pregnancy. In women with a 
previous history of thyroid dysfunction, such as Graves' disease or Hashimoto's 
disease, an exacerbation of these conditions may be seen. Postpartum thyroiditis 
is associated with an immune rebound in women with pre-existing thyroid 
antibodies. The reason for the dramatic increase in antibody titres is not clear 
but is presumably related to removal of the so-called immunosuppression 
observed during normal pregnancy. Thyrotoxicosis in the postpartum period 
may be due to a recurrence or the development of new Graves' disease or to the 
thyrotoxic phase of postpartum thyroiditis. Symptoms of thyrotoxicosis are 
much more evident in Graves' disease. As postpartum hyperthyroidism is a 
destructive process, radioiodine uptake will be very low at early and late times 
after isotope administration. TSH receptor antibodies are not seen unless there 
is co-existing Graves' disease. Thyrotoxicosis due to postpartum thyroiditis is 
diagnosed by a suppressed TSH together with an elevated free T 4 or free 
triiodothyronine (T 3), or elevation of free T 4 and free T 3, with either criterion 
occurring on more than one occasion. In addition Graves' disease should have 
been excluded, for instance by 99rnTc scanning or measurement of TSH receptor 
antibodies. If possible a normal range of thyroid hormone concentrations 
should be derived in the postpartum period as they fall into a narrower range 
than the general population. Antibodies to T 4 and T 3 may cause confusion in 
diagnosis but are infrequent and modern assays are less susceptible to such 
interference [20]. 

Hypothyroidism in the postpartum period occurs at a median of 19 weeks, 
but has been observed as late as 36--40 weeks after the birth. The symptoms are 
often dramatic and may develop before the decrease in thyroid function is noted. 
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The most frequent symptoms are lack of energy, aches and pains, poor memory, 
dry skin and cold intolerance. In the authors' series, hypothyroidism is defined 
as either TSH >3.6 mU/L, together with free T4 <8 pmol /L or free T3 <4.2 
pmol!L, or TSH 10 mU/L on one or more occasion. The use of thyroid 
ultrasonography has demonstrated diffuse or multifocal echogenicity, reflecting 
the abnormal thyroid morphology and consistent with the known lymphocytic 
infiltration of the thyroid [21] (see Figure 5.2). The destructive nature of the 
thyroiditis is also shown by the increase in urinary iodine excretion in the 
thyrotoxic as well as the hypothyroid phase of the syndrome [22]. There is also 
evidence that an early rise in serum TG (a further indicator of thyroid 
destruction) may help in the identification of those women at risk of PPT [23]. 

Follow up and course of the syndrome 

While the thyrotoxicosis of PPT always resolves, several long term studies of the 
hypothyroid phase have documented persistence in 20- 30% of cases [24]. The 
immunological associations of this are discussed below but a recently completed 
9-year follow-up assessment of TPO antibody-positive women (at 16 weeks 

Figure 5.2 Ultrasound of thyroid gland from a patient with postpartum thyroid dysfunction 
showing hypoechogenicity, consistent with destructive thyroiditis 
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gestation) showed that the rate of development of hypothyroidism was 
significantly greater ( 48% versus 8%) in those who had had PPT than in those 
who were euthyroid but TPO antibody-positive [25]. Recurrence of transient 
PPT has been observed in small numbers of patients [26], while a recurrence rate 
of 30-40% was noted in larger series [27]. In one large group of women, 
extensively studied in two pregnancies, there was a 70% chance of developing 
recurrent PPT after a first attack and a 25°;(, risk even if the woman was only 
TPO antibody-positive without thyroid dysfunction during the first postpartum 
period [28]. 

IMMUNOLOGY OF PPT 

There is abundant evidence that PPT is an immunologically mediated disease 
[29]. Biopsy of the thyroid in this syndrome shows lymphocytic infiltration 
similar to that seen in Hashimoto's thyroiditis [30]. Other aspects of the 
autoimmune nature of the condition are considered below. 

Thyroid antibodies 

Amino et al. [2] first documented the association of postpartum thyroiditis with 
high titres of thyroid antibodies, and the dramatic rise of microsomal (TPO) 
antibody titre after delivery was clearly shown in the study of Fung et al. [11] 
(Figure 5.3). Furthermore, gestation and the postpartum period are character
ized by fluctuations in the immune response, and the postpartum increase in 
thyroid antibodies appears to be a reflection of a general enhancement of 
immunoglobulin synthesis. Interestingly, the pattern of transient antibody 
increase in microsomal antibody levels was also observed for serum total IgG 
and lgG isotype levels but not for lgM, lgA or lgE, or indeed for antibodies 
against viral and bacterial antigens [31]. Analysis of the IgG subclass distribu
tion in postpartum thyroiditis showed that microsomal antibodies were 
associated with IgG1 or lgG4 subclass, with only minor contributions from 
IgG2 and lgG3 [32]. However, Hall et al. [33] showed a significant elevation in 
the levels of IgG2 and lgG3 subclass microsomal antibodies in women who 
developed biphasic thyroid dysfunction, the elevation of IgG3 coinciding with 
the period of thyrotoxicosis. More recently, a study using an ELISA for lgG 
subclass-associated microsomal antibody activity calibrated against an external 
reference standard [34] showed a four-fold increase in IgG1 activity in the PPT 
group over 12 months postpartum, IgG3 being low during this time and IgG4 

constant. IgG2 was also elevated. In contrast, no variation in IgG subclass
associated microsomal antibody activity was found between TPO antibody
positive euthyroid women and women with PPT, during the postpartum year in 
another study [35]. 

Clearly the application of varying methodologies to the measurement of IgG 
subclass distribution has contributed to these results. The rapid perturbation of 
the immune system in the postpartum year contrasts with the relatively stable 
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Figure 5.3 Mean titres of microsomal (TPO) antibody during pregnancy and during the 
postpartum period in a group of women studied prospectively from 16 weeks gestation. Number 
of women in brackets. Antibody titres are compared to the initial ones set at 100%. (From Fung et 
a!., 1988 with permission.) 

situation seen in chronic Hashimoto's thyroiditis (see Chapter 3). It is therefore 
noteworthy that, using a technique of epitopic profiling of TPO antibodies 
(epitopic fingerprinting), fingerprint constancy occurred regardless of fluctua
tions in antibody levels [36] (Figure 5.4). Thus, despite marked variations in 
TPO epitopic profiles among different individuals, the temporal constancy 
suggests inheritance of the fingerprint of this antibody. Although the antibody 
response is dramatic, its precise role in the immunopathogenesis of the 
condition remains to be determined. Most probably, the antibody titre is merely 
a marker of disease and the immunological damage is mediated by lymphocyte
and complement-mediated mechanisms, discussed below. 

Complement 

The strong association between thyroid antibodies and the development of PPT 
is clear [8,9,11,13,37,38] and, in our experience, PPT does not occur in women 
in the absence of elevated thyroid antibodies at any time during the postpartum 
year. However, only around 50% of TPO antibody-positive women become 
symptomatic. Studies on antibody functional affinity [35] and IgG subclass 
distribution [34] in PPT suggest that, as in other autoimmune diseases, 
activation of the complement system may have a role in pathogenesis. 
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Figure 5.4 TPO antibody epitopic profiles (fingerprints) in four women (HI, H2, H5, H6) who 
developed postpartum thyroid dysfunction. Sera were characterized at delivery (D) and at the 
indicated months after delivery. Four immunoglobulin Fab fragments, reactive with the A I, A2, 
Bl and B2 domains in the immunodominant region as TPO (shown on the right), were used to 
compete for serum TPO antibody binding to C25I]TPO. Percentage inhibition by each Fab 
fragment is shown by a bar with shading corresponding to the diagram of the TPO domains on 
the right. (Adapted from Jaume et al., 1995 with permission.) 

To quantify the interaction of the complement system with thyroid antigen/ 
autoantibody complexes, we have developed two assay techniques, one based on 
the haemolysis of sheep erythrocytes in the presence of excess complement [39] 
and, the other an ELISA for the quantitation of complement C3b, immobilized 
as a result of classical complement pathway activation [40]. Applying these 
techniques to the study of PPT, we have shown that not only is there activation 
of the complement system by thyroid-directed autoantibodies [41], but also that 
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complement activation is related to the extent of the thyroiditis [42] and 
correlates with the severity of the thyroid dysfunction [43] (Figure 5.5). 

The presence of a thyrotoxic phase in some cases of PPT, when Graves' 
disease has been ruled out [44], is an unusual clinical presentation of classical 
Hashimoto's disease. This could be the result of a low level, destructive 
mechanism, possibly complement-mediated, resulting in the leakage of iodo
proteins into the circulation, causing thyrotoxicosis [45]. The released hormone 
would, however, be in the form of a macromolecular complex which would 
require enzymatic cleavage to release the active form of the hormone into the 
circulation, a process normally catalysed by TPO [ 46]. Such a mechanism could 
explain the elevated serum TG concentration [23] and high iodine excretion [22] 
seen at this time. However, an alternative explanation is that this phenomenon is 
the result of a sublethal complement attack on the thyroid follicle. 
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Figure 5.5 Mean serum bioactive TPO antibody activity in TPO antibody-positive postpartum 
women. •· 75 women, euthyroid for whole period; .6., 44 women with transient thyroid 
dysfunction during the year; T, 29 women with persistent thyroid dysfunction. The dotted line at 
the top shows the time period during which antibody levels in the transient dysfunction group were 
significantly higher (p < 0.05) than euthyroid group. In the persistent dysfunction group, signifi
cantly higher TPO antibody levels were observed at all time points. (Adapted from Parkes eta/. [41] 
with permission.) 
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Antibody-directed complement attack on nucleated cells can result in two 
quite distinct pathophysiological mechanisms [47]. Under the influence of a 
sublethal complement attack the metabolic activity of cells is increased via a 
number of mechanisms, including a rapid rise in both intracellular Ca2+ ions 
[48] and cAMP [49]. In the thyroid cell these metabolic changes would mimic 
the action ofTSH [50] leading to the up-regulation ofTPO [51] and secretion of 
thyroid hormones into the circulation with a consequent thyrotoxicosis. How
ever, in this situation one might expect to see an increase in radioiodine uptake 
(i.e. true hyperthyroidism) which is not seen in PPT. Should the complement
mediated attack be more severe, destruction of thyroid follicular architecture 
would ensue with a resulting loss of thyroid function, leading eventually to 
hypothyroidism. As the degree of complement activation increases the transient 
hyperthyroid phase of the PPT could be missing altogether, the resulting PPT 
being characterized by hypothyroidism alone. In the most severe cases, damage 
to thyroid follicular architecture could be extensive and terminal, resulting in a 
persistent Hashimoto-like hypothyroidism. 

In other forms of autoimmune thyroid disease where complement activation 
has been suspected, it has been possible to measure elevated levels of the C5-C9 
membrane attack complex (MAC) in patient serum [52]. However, despite an 
exhaustive search, we have been unable to detect elevated MAC levels in serum 
samples from postpartum women who subsequently developed PPT [53]. 

T cell function 

During pregnancy, maternal immune reactions are regulated to prevent rejec
tion of the fetal allograft [54]. Both humoral and cell-mediated immunity have 
been reported to be depressed during pregnancy. Specifically, the CD4+ T cell 
population was found to be decreased during pregnancy by some workers [55-
57], but these data were not replicated by others [5S-60]. More recently, a 
prospective study of lymphocyte subpopulations in TPO antibody-positive 
pregnant women and antibody-negative controls showed a significant fall in 
the CD4+ /CDS+ ratio in late pregnancy and into the postpartum period in the 
controls [61]. In contrast, women who subsequently developed PPT had a 
significantly higher CD4+ /CDS+ ratio and T cell activtion than in normal 
TPO antibody-negative women. In addition, CD45RA + T cells were also 
significantly elevated in those women destined to develop PPT, and it is possible 
that this subset serves as a marker in this respect. Thus, both humoral and 
cellular immune reactions are involved in the development of PPT but the exact 
role of the alterations in different T cell subsets requires further clarification. 

Immunogenetics 

A possible role for HLA antigens in the pathology of autoimmune thyroid 
disease, and PPT in particular, has been postulated for some time (see Chapters 
3 and 4). Initially, no association between HLA-A or -B phenotypes and PPT 
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could be found [62]. However, Tachi et al. [63] reported a higher frequency of 
HLA-A26, -Bw46 and -Bw67, together with a significantly lower frequency of 
HLA-Bw62 and -Cw7 in women with postpartum hypothyroidism. Later, an 
increased frequency of HLA-Al and -B8 in women with this condition was 
reported [64]. 

Several HLA class II specificities have also been associated with PPT, in 
particular HLA-DR3, DR4 and DR5 (65]. Farid et al. [66] reported an 
increased frequency of HLA-DR3 and DR5, and later, DR4 [67] in women with 
transient hypothyroid PPT. Higher frequencies of DR4 in women with PPT 
have also been observed [68,69]. Other groups [70,71] have shown a relatively 
strong association with DR5, confirmed by our own studies [72]. However, an 
earlier study in Wales [64] identified an association between PPTand DR3. Both 
studies, however, found a negative association between PPT and HLA-DR2. 
Tachi et al. [63] also reported a negative association between PPT and HLA
DR2, together with an increased frequency of DR3. The frequency of HLA
DQ7 is also raised in PPT and this is likely to be a consequence of the increase in 
DR5, since both DRll and DR12 are in linkage disequilibrium with DQ7 [72]. 

Based on an interpretation of these HLA-DR frequencies, it was suggested 
that PPT is an early manifestation of Hashimoto's thyroiditis [70]. This seems 
plausible as Hashimoto's thyroiditis has variously been associated with an 
increased frequency of HLA-DR3, DR4 and/or DR5, an increased frequency 
of HLA-DQ7 and a negative association with HLA-DR2 [66,73-78] and is in 
accord with our own hypothesis, based on clinical and laboratory findings, that 
PPT and Hashimoto's thyroiditis share a common aetiology [24]. A positive 
association between an HLA specificity and disease pathology is generally 
interpreted in one of two ways. Firstly, it may indicate that the disease locus is 
in linkage disequilibrium with the HLA locus. When interpreted in this way, the 
data reported by ourselves [72] and others [63,64,66-71] are relatively weak but 
do not exclude this possibility. Alternatively, the HLA specificity itself may have 
a direct role in disease process. A complex antigen will produce a number of 
epitopes when processed within antigen-presenting cells and not all these will be 
physically compatible with the peptide groove of particular HLA molecules. 
Thus, the polymorphic forms of the HLA molecules may be one factor 
influencing the ability of an antigen-presenting cell to present a particular 
species of antigenic peptide and so modulate disease susceptibility. This may be 
of particular importance in autoimmune thyroid disease where, despite the large 
number of potentially antigenic peptide sequences within the three known 
protein antigens, only a very restricted set of antigenic epitopes are known to 
exist [80,81]. 

The class III area of the HLA complex encodes several proteins which are 
important in the pathogenesis of autoimmune disease (especially tumour 
necrosis factor-ex, heat shock protein 70 and complement). We have measured 
the allotype frequency of three complement proteins, Bf, C4A and C4B, and 
found significant differences in their overall frequency distribution in women 
with PPT. These findings are similar to those reported by Ratanachaiavong et al. 
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[82] in Graves' disease, an autoimmune thyroid disease which is also associated 
with an increased frequency of HLA-DR3. This may indicate linkage disequili
brium with candidate genes in the class III region, hue could equally be 
interpreted on a functional basis, as the pathogenesis of PPT is known to be 
linked to activtaion of the complement system [41,43]. 

RECENT DEVELOPMENTS 

An intriguing study reported by Pop et al. [83] compared a number of 
developmental variables in a group of children born to mothers with TPO 
antibodies measured at 32 weeks of pregnancy and compared these with a large 
number of children whose mothers had no thyroid antibodies during gestation. 
A significant decrement in IQ (10 points) was found at age 9 in the children of 
antibody-positive mothers, after allowing for confounding factors. The reason 
why maternal antibodies may be related to subsequent mental impairment is not 
clear and these important findings require confirmation. A possible explanation 
may be the existence of low or low/normal maternal T 4 concentrations in early 
pregnancy. 

These data add strength to previous suggestions by ourselves [16] and others 
[6,84,85] that there is a strong case for routine screening for thyroid antibodies 
in early pregnancy in all women. 
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6 
Thyroid-associated ophthalmopathy 
R. M. CUDDIHY AND R. S. BAHN 

CLINICAL FEATURES 

Graves' disease (GD) is an autoimmune disease in which autoantibodies 
directed against the thyrotropin receptor (TSHR) are produced. Interaction of 
these stimulatory antibodies with the TSHR on thyrocytes results in hyper
thyroidism (Chapter 4). Thyroid-associated ophthalmopathy (TAO) is the eye 
disease that commonly accompanies GD. Approximately 20-25% of patients 
with Graves' hyperthyroidism have clinically evident TAO [1]. However, subtle 
ocular involvement can be demonstrated in the vast majority of patients when 
sensitive imaging techniques such as orbital ultrasonography are used [2]. 
Conversely, although approximately 10°;(, of patients with TAO have the 
characteristic eye changes without current or past evidence of hyperthyroidism 
('euthyroid ophthalmopathy'), the vast majority of these patients have labora
tory evidence of autoimmune thyroid disease, including antibodies to thyroid 
peroxidase or to the TSHR [3]. Finally, there is a close temporal relationship 
between the onset of hyperthyroidism in GD and the development of clinically 
significant TAO; eye involvement precedes or follows the onset of TAO by 18 
months in 85% of affected individuals [1]. 

Patients with TAO may describe a 'gritty' sensation in the eyes, sensitivity to 
light, double vision, increased tearing, visual blurring and an orbital pressure
type discomfort. Physical examination may reveal proptosis (forward pro
trusion of the eyes), extraocular muscle dysfunction, periorbital and eyelid 
oedema, conjunctival chemosis (swelling) and injection (redness), lid lag and 
retraction (or 'stare'), and exposure keratitis (corneal injury due to corneal 
drying) [4] (Figure 6.1). The majority of clinically affected patients experience 
only minor signs and symptoms of TAO, including mild chemosis, injection and 
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Figure 6.1 Patient with goiter, proptosis and moist, hyperaemic skin 

lid oedema, that improve spontaneously within approximately 6-24 months [5]. 
However, in 10% of patients, the disease progresses for several years from onset 
and one or more of the symptoms becomes severe. Progression is generally 
followed by a plateau phase of approximately 1- 3 years. Subsequent resolution 
is gradual and generally incomplete. 
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Treatment options for symptomatically severe TAO include corticosteroids, 
orbital radiotherapy and orbital decompression surgery [4]. Double vision may 
be improved with prisms in spectacle lenses or extraocular muscle surgery may 
be indicated. Controversy exists concerning whether the form of treatment 
chosen for Graves' hyperthyroidism (thyroid ablation with radioiodine, anti
thyroid drugs or thyroidectomy) affects the development or worsening of TAO 
[6]. A well-accepted exacerbating factor for TAO is smoking; there are more 
smokers among GD patients with TAO than among those without TAO or 
normal controls [7]. Further, TAO patients who smoke are more likely to have 
severe eye disease than are non-smokers with TAO. The incidence of GO is 
highest in women under 50. However, the disease tends to be more severe in 
men and in patients older than 50 [8], perhaps reflecting the historically higher 
rate of smoking in men than in women. 

Pretibial dermopathy (PTD) is a diffuse or nodular thickening of the skin of 
the anterior lower leg that is associated with Graves' hyperthyroidism and TAO 
(Figure 6.2). The characteristic dermal changes occur only rarely on other parts 
of the body, often following local trauma. PTD is clinically evident in only a 
small proportion of patients with GD. It occurs primarily in patients with 
significant TAO, and is preceded in onset by TAO in 78% of cases [9]. Thyroid 
acropachy is a condition that is seen essentially only in patients who have both 
TAO and PTD [10]. It is characterized by soft tissue swelling and clubbing of the 
terminal phalanges with periosteal new bone formation in the hands and feet 
(Figure 6.3). 

HISTOPATHOLOGY 

Histological examination of orbital tissues from patients with TAO reveals an 
accumulation of hydrophilic glycosaminoglycans (GAGs) and oedema within 
the perimysial connective tissues investing the extraocular muscle cells and 
within the connective tissue compartments of the orbit [11]. This process 
produces gross enlargement of the extraocular muscle bodies and swelling of 
the orbital fatty connective tissue. As a result, the globe is displaced anteriorly 
(proptosis) and periorbital oedema may arise due to venous obstruction. 
Histological examination of the extraocular muscle fibres during the acute 
phase of the disease shows them to be intact; in later stages, the muscles may 
become fibrotic and atrophic due to chronic inflammation and compression by 
the surrounding swollen connective tissues [12]. Histological examination of 
dermal tissues affected by PTD, and of the distal digits in patients with 
acropachy, reveals a similar pattern of GAG accumulation, oedema and fibrosis 
[10). In addition to an accumulation of GAGs, orbital tissues from patients with 
TAO contain an infiltration of activated mononuclear cells. Both CD4+ and 
CDS+ T lymphocytes are present, with a slight predominance of the latter [13]. 
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Figure 6.2 Patient with the plaque-like variety of pretibial dermopathy 

ROLE OF CYTOKINES 

Particular cytokines, including interferon-y (IFN-y), tumour necrosis factor-~ 
(TNF -~), and interleukin-1 a (IL-l a), are present adjacent toT cell aggregates in 
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Figure 6.3 Patient with acropachy of the distal phalanges 

orbital connective tissues in TAO [14]. These cytokines are produced primarily 
by the activated lymphocytes and macrophages in the orbit. IFN-y and IL-l rt 
are potent enhancers of GAG production by cultured orbital fibroblasts and are 
likely involved in stimulating the accumulation of this substance in affected 
orbital tissues [15]. 

Other paracrine effects of cytokines in TAO include stimulation of the 
expression of certain immunomodulatory proteins on orbital fibroblasts. 
Among these proteins is a 72 kDa heat shock protein (HSP) that has been 
shown to be present on the cell surface [16, 17]. This protein aids in the 
protection of cells under stress, but may also play a role in intercellular antigen 
processing [18]. In addition, human leukocyte antigen (HLA)-DR expression 
has been demonstrated in endomysia! fibroblasts surrounding extraocular 
muscle fibres and in fibroblasts residing in the orbital fatty connective tissues in 
TAO [19]. This antigen is normally present on activated cells (including T cells, 
monocytes, B cells, macrophages and endothelial cells) that are capable of 
presenting antigens to CD4+ lymphocytes. HLA-DR expression on orbital 
fibroblasts in TAO is probably stimulated by IFN-y produced locally by 
infiltrating lymphocytes. It is possible that orbital fibroblasts are thus able to 
participate directly in the autoimmune process by functioning as antigen
presenting cells. Adhesion molecules are important receptors for a variety of 
interactions between immunocompetent cells, connective tissue cells and extra
cellular matrix [20]. Strong immunoreactivity for intercellular adhesion mole-
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cule-1 (ICAM-1] is demonstrable on endomysia! fibroblasts and throughout the 
connective tissue in the orbit [21]. ICAM-1 expression can be stimulated in vitro 
on orbital fibroblasts by treatment with IFN-y, IL-l rx or TNF-rx [22]. It is likely 
that these cytokines function similarly in vivo and that the resulting ICAM -1 
expressed on orbital lymphocytes in TAO acts to aid in the recruitment of 
activated lymphocytes into the orbit. 

The functional classification of helper (CD4+) T lymphocytes is based on the 
profile of cytokines that are secreted [23]. In general, type I (T HI] cells produce 
IFN-y, IL-2 and TNF-rx; type II (TH2] cells secrete IL-4, IL-5, IL-6 and IL-13. 
T H 1 cells are involved primarily in cell-mediated responses, while T H2 cells 
provide efficient help for B-cell activation and antibody production. In addition, 
T H2 cells and their secreted cytokines may play a protective role in some 
autoimmune diseases [24]. It is of interest that the T H1 cytokine IFN-y 
stimulates fibroblasts to produce GAG and to express immunomodulatory 
proteins, processes likely to be important in early disease pathology. In contrast, 
IL-4 (a T H2 cytokine) is a potent stimulator of orbital fibroblast proliferation 
[25], a process that may result in the fibrosis of extraocular muscles seen in late
stage disease. It may be that T H 1 cells infiltrate the orbit at the onset of the 
disease and that the advent ofT H2 cell clones signals the phase of resolution. IL
l, a macrophage product that is also produced by orbital fibroblasts in TAO 
[14], may be an important mediator throughout the course of the disease (Table 
6.1). 

Table 6.1 Role of cytokines in thyroid-associated ophthalmopathy 

Disease stage Early Progressive/plateau Late/resolution 

Clinical signs and Chemosis Proptosis Fixed diplopia 
symptoms Periorbital oedema 

Eye discomfort 

Cytokines involved IFN-y IFN-y IL-4 
TNF-cx TGF-~ IL-l 

IL-l IL-l 

Effect of cytokines Stimulation of ICAM, Stimulation of Stimulation of 
on orbital HLA-DR, and glycosaminoglycan proliferation 
fibroblasts HSP-72 surface synthesis 

expression 
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TARGET CELL AND AUTOANTIGEN 

Controversy exists concerning whether orbital fibroblasts, adipocytes or extra
ocular muscle cells are the autoimmune targets in TAO [1,26]. Gross pathologi
cal examination of orbital tissues from patients with TAO reveals extraocular 
muscles that are oedematous and may be enlarged several-fold [11]. This 
striking observation led investigators to believe that the extraocular muscle cell 
was the autoimmune target in TAO. As a result, early studies using enzyme
linked immunosorbent assays were aimed at the identification of autoantibodies 
that recognized soluble preparations of eye muscle [27 ,28]. Tissue preparations 
used in these studies contained a mixture of components, including eye muscle, 
connective tissue and circulating blood cells, that did not allow specific 
identification of the cell type or protein against which sera were reactive. Later 
immunoblotting studies using cultured human extraocular muscle cells or 
orbital fibroblasts allowed for the examination of single cell types and early 
characterization of potential autoantigens [29,30]. These studies, however, 
yielded no consensus concerning which cell (or antigen) serves as the relevant 
target in TAO. 

As discussed above, orbital fibroblasts in TAO show surface expression of 
several immunomodulatory proteins, including a 72 kDa HSP, HLA-DR and 
ICAM-1. Similarly, expression ofHLA-DR and HSP-72 by extraocular muscle 
fibres in TAO has been reported [26]. Expression of these proteins on the two 
cell types suggests that both may be involved in the autoimmune process in 
TAO. However, these observations do not clarify whether either one functions 
as the primary target cell. It may be that inflammatory cytokines within the 
involved orbit affect nearby cells in a paracrine manner. In an attempt to 
identify the target cell in TAO, Grubeck-Loebenstein and colleagues examined 
the proliferation of T cell lines established from the orbital tissues of patients 
with TAO in response to orbital tissue preparations [31]. These investigators 
documented HLA class !-restricted proliferation of orbital lymphocytes in 
response to autologous orbital and skin fibroblasts. However, T cells did not 
proliferate when exposed to crude eye muscle extract, autologous peripheral 
blood mononuclear cells, allogeneic cells or purified protein derivative of 
Mycobacterium tuberculosis. These data strongly support the concept that 
fibroblasts in the orbit and skin, recognized by activated T cells, are the target 
cells in TAO and PTD. 

An extraocular muscle protein of 64 kDa has been studied extensively as a 
potential target antigen in TAO [29]. Immunoreactivity against this protein was 
found to be present in thyroid and extraocular muscles, but absent in other 
skeletal muscle. The corresponding autoantibodies are detectable in sera from 
75'% of patients with severe, active, orbital inflammation of short duration and 
in 50% of patients having lid lag, without other signs of progressive ophthalmo
pathy [32,33]. Normal individuals who possess anti-64 kDa antibodies tend to 
have low-titre reactivity. Similarly, circulating autoantibodies directed against 
orbital fibroblasts have been detected in patients with GD and TAO. These 
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autoantibodies recognize a 23 kDa fibroblast protein and are present in the sera 
of 56% of GD patients and in 15% of normal individuals [34]. Because these eye 
muscle and fibroblast autoantibodies are present in normal sera and are 
detectable inconsistently in TAO sera, they are unlikely to play a primary role 
in pathogenesis. They may arise secondarily as a result of the local inflammatory 
process in the orbit, and may be directed against cytoskeletal components that 
are common to many cells [35]. 

The TSHR is known to be the autoantigen involved in the hyperthyroidism of 
GD. The relevant autoantigen(s) involved in TAO and PTD has not been 
identified. It has been suggested that a shared autoantigen present in thyroid, 
ocular and dermal tissues serves as a common target against which the 
autoimmune process is directed in GD. If this were proven to be the case, the 
close clinical association between Graves' hyperthyroidism, TAO and PTD 
could be explained. The TSHR, or a closely related protein, would seem to be a 
likely candidate for such a cross-reactive antigen. As a result, several groups of 
investigators have sought its presence in orbital and dermal tissues. Our 
laboratory has demonstrated the presence of RNA corresponding to a 705 bp 
fragment of the extracellular domain of the human TSHR in orbital fibroblasts 
obtained from patients with TAO [36]. Other investigators, using somewhat 
different primers and PCR systems, have also identified full-length or variant 
TSHR transcripts in orbital connective tissues [37~39]. Similarly, cultured 
human pretibial skin fibroblasts have been shown to produce transcripts 
encoding the TSHR extracellular domain [40]. Immunoblotting studies with 
human TSHR antibody and TAO sera demonstrated several specific bands in 
fibroblast preparations, suggesting that a protein species antigenically related to 
the TSHR is present in these cells [41]. No TSHR RNA or protein has been 
detected in eye muscle cells. Whether the TSHR (or a related protein) is a target 
antigen common to thyroid, orbital and dermal tissues is unknown at present 
and awaits further study. 

IMMUNOGENETICS OF TAO 

It is a well known clinical axiom that autoimmune thyroid disorders tend to 
cluster in families [42]. It is not uncommon to find families with many affected 
individuals, some of whom have GD with or without TAO, while others have 
Hashimoto's thyroiditis or postpartum thyroiditis [43]. Even in the same 
individual, the clinical course of autoimmune thyroid disease may begin as 
hypothyroidism due to Hashimoto's thyroiditis and evolve into Graves' hyper
thyroidism (hashitoxicosis). Thus it appears that these disorders have a genetic 
basis, and that many autoimmune thyroid disorders (including GD with or 
without TAO, Hashimoto's thyroiditis, atrophic thyroiditis, silent thyroiditis, 
and postpartum thyroiditis) may be closely related from a genetic standpoint. It 
is also likely that these conditions are not determined solely by genetic 
inheritance, but depend on other non-genetic or environmental factors (see 
Chapters 3, 4 and 5). This concept is supported by the relatively low 
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concordance rates (between 20 and 50%1) for these disorders in genetically 
identical monozygotic twins [44,45]. However, regardless of the other factors 
involved, population studies and analyses of affected family members have 
shown that genetic factors exert the primary influence on predisposition to 
autoimmune thyroid diseases. 

Specific HLA loci have been reported to be increased in frequency in patients 
with GD who have clinically apparent TAO. Several investigators have noted 
that GD patients possessing the HLA-B8 allele, or the tightly linked HLA-DR3 
specificity, are at high risk for the development of TAO [46,50]; others have not 
reproduced these findings [51,52]. A closer association between TAO and HLA
B8 than between TAO and HLA-DR3 has been reported, and it has been 
suggested that HLA-DR 7 may increase the risk for TAO in the presence of B8 
[46]. Associations between TAO and DQA1 *0501 [53] or TAO and 
DRB3*0202/ *0202 heterozygosity [54] have also been noted. In addition, 
HLA-DR4 was reported to be increased in frequency in Caucasians with GD 
and TAO [47]. Both HLA-DR4 and HLA-DR13 (DRw6] are increased in 
American blacks with GD and TAO, while the frequency of HLA-DR5 is 
increased in blacks having GD without clinical evidence of TAO [55]. In the 
Japanese population, euthyroid TAO was found to be associated with increased 
frequencies of HLA-B40, -DR9, -DQw3, -Dwl5, -B12 and -Cwl [56]. Finally, 
certain HLA specificities (e.g. Dqw3.1, Bl2 and DR2] have been reported to be 
negatively associated with the occurrence of TAO, presumably providing 
protection [46,57]. Despite these reported genetic associations, family studies 
using lod scores have failed to demonstrate linkage between the DR3 locus [58] 
or the HLA-DQ beta locus [59] and GD or TAO. Thus, while it is clear that 
particular HLA loci confer some degree of susceptibility to GD or TAO, they do 
not appear to be the major genetic determinants of these disorders [60]. More 
extensive family studies, perhaps using microsatellite-based large-scale screen
ing methods, will be needed in order to identify the gene(s) conferring highest 
risk for GD and TAO. 

It has been suggested that certain non-HLA alleles, rather than functioning 
primarily as genes influencing susceptibility to disease, may act to modify the 
course of an existing autoimmune disease. The interleukin-1 receptor antagonist 
(IL-1ra) A2 allele has been shown to be associated with increased severity of 
several autoimmune diseases, including alopecia areata [61], systemic lupus 
erythematosus [62] and nephropathy in insulin-dependent diabetes mellitus [63]. 
Our studies, while finding no association between the IL-1ra A2 allele and GD 
itself, have suggested that the IL-1ra A2 allele may be associated with increased 
disease severity as defined by the presence of extrathyroidal manifestations of 
GD (i.e. TAO, PTD and acropachy) [64]. We found a carriage rate for this allele 
of 29°/c, in 28 patients with GD who did not have TAO, PTD or acropachy. 
However, the carriage rate was 42% in 98 patients with GD and TAO, 57'% in 
seven patients with GD, TAO and PTD, and 63% eight in patients having GD, 
GO, PTD and acropachy. Clearly, the number of patients studied with the 
extrathyroidal manifestations is too small (and thus prone to type II statistical 
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error) to reach a definite conclusion. However, studies of the IL-l ra A2 allele in 
larger populations of patients with TAO, PTD and acropachy are warranted in 
order to further explore its potential association with the severity of GD. 

Our understanding of the mechanisms by which particular genes may 
function as susceptibility genes is based on the concept that autoimmunity 
results from an abnormal immune response to a normal self-antigen [65]. Thus, 
it seems unlikely that a polymorphic self-antigen would confer risk for an 
autoimmune disorder. We have, however, documented an association between 
the occurrence of GD and the presence of a polymorphic form of the TSHR in a 
Caucasian female population [66,67]. In contrast, study of a population in the 
UK by another group of investigators failed to reproduce these findings [68]. In 
further analyses of our population, we found that three of five patients having 
GD with TAO, PTD and acropachy carried the TSHR polymorphism (60%), 
and that four of 10 GD patients who had TAO and PTD (but not acropachy) 
possessed this polymorphism (40%). However, only seven of 55 GD patients 
with TAO, who did not have clinically evident PTD or acropachy, carried the 
TSHR polymorphism (13'Yo) [66]. Because of the small number of affected 
individuals within these each of these subgroups, and the multiple comparisons 
made between groups, no statistical significance can be attached to these 
observations. However, these findings suggest that the codon 52 TSHR 
polymorphism is another genetic factor (in addition to the IL-lra A2 allele) 
that may act to modify the course of GD towards greater clinical severity. 

CONCLUSION 

Graves' hyperthyroidism, TAO and PTD (and likely acropachy) are auto
immune conditions that are clinically closely associated. That these conditions 
are manifestations of a single autoimmune disease is suggested by (i) their close 
temporal profiles in presentation; (ii) the evidence of thyroid autoimmune 
disease common to affected individuals; (iii) the similarities in histopathology 
seen in the diverse regions involved; and (iv) the sharing of particular 
susceptibility genes among individuals who manifest several of these conditions. 
Controversy exists concerning whether extraocular muscle cells or orbital 
fibroblasts are the autoimmune targets in TAO. However, if TAO, PTD and 
acropachy are indeed manifestations of a single autoimmune disease, it seems 
likely that a cell common to the orbit, pretibial skin and distal digits (i.e. the 
fibroblast) would be involved. Further, TAO and PTD are characterized 
histologically by an accumulation of GAG and the presence of particular 
cytokines in affected tissues. Certain of these cytokines are potent stimulators 
of GAG synthesis in vitro by orbital and pretibial fibroblasts. It is likely that this 
same process occurs in the orbit and pretibial skin in TAO and PTD. The 
resulting accumulation of GAG, oedema and inflammation in orbital and 
dermal tissues leads to development of the characteristic clinical signs and 
symptoms of these conditions. Further insight into the pathogenesis and 
treatment of TAO and PTD awaits information concerning the specific 
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autoantigen(s) involved. The link between these conditions and thyroid auto
immunity may be explained in the future by the identification of an autoantigen 
common to fibroblasts and thyrocytes. 
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7 
Beta cell antigens 
A. PLESNER and A. LERNMARK 

INTRODUCTION 

Insulin-dependent (type 1) diabetes mellitus (IDDM) is classified as an 
autoimmune disorder, since it is associated with specific autoimmunity towards 
the insulin-producing cells in the islets of Langerhans. The disease process that 
results in IDDM is not fully understood and whether it is initiated by 
endogenous or exogenous antigens, or a combination, remains to be clarified. 
The clinical onset of IDDM is characterized by weight loss and an abrupt or 
gradual onset of hyperglycaemia; dependence on insulin injections to sustain 
life; presence of different types of islet cell autoantibodies in more than 90% of 
patients, although this is not possible to document in the individual patient and 
lymphocytic infiltration of the islets of Langerhans (insulitis) in about 60% of 
patients [I ,2]. While mononuclear cell infiltration of the pancreatic islets was 
described in the last century, it was not until 1965 that a systematic study [1] 
documented the presence ofinsulinitis in patients with IDDM of short duration. 
Later it was demonstrated that the ~ cells were specifically eradicated [3]. 
Subsequent observations that organ-specific autoimmune diseases are more 
common among patients with IDDM [4-6] and that IDDM was associated 
with certain HLA types [7,8] further supported the notion of IDDM as an 
autoimmune disorder. The demonstration of islet cell antibodies (ICA) using an 
indirect immunofluorescence test on frozen sections of human blood group 
pancreas [9, 1 0] was additional evidence of islet autoimmunity. Possible etiologic 
mechanisms in IDDM are summarized in Table 7.1. ICA reacted, however, not 
only with the ~cells, but with all islet endocrine cells [11]. As indicated above, 
the ~cells are specifically lost in IDDM and it was therefore difficult to envisage 
a role for ICA in the pathogenetic process. Alternative assays, such as binding of 
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Table 7.1 Possible aetiologic mechanisms in insulin dependent (type I) diabetes 

Hypothetical series of events: 
Stage 1: 
- Genetic susceptibility: HLA·DQ2, DQ8 or both 
- Environmental factors initiate ~cell destruction: 

Latent virus infection (Coxsackie B) 
Virus lysis (rubella, mumps) 
Toxin necrosis (nitrosamines) 

Stage II: 
- HLA-DQ (A I *0301, Bl *0201, Bl *0302) restricted peptide presentation to initiate 

an immune response eventually leading to insulitis 

Alternative hypothetical series of events: 
Stage 1: 
- Environmental insults, for example: 

Gestational infections (congenital rubella) 
Toxins 

- Islet antigen presentation which will occur on all HLA types: 
GAD65 antibodies formation 

- IDDM2, IDDM12 or other susceptibility genetic factors 

Stage II: 
- HLA-DQ2, DQ8 acceleration of~ cell autoreactivity but only to select autoantigens 

antibodies to the surface of living ~ cells were, therefore, tested in the search for 
a subset of autoantibodies which would reflect the loss of~ cells [6,12]. A variety 
of islet cell preparations [13,14]. and insulin-producing islet tumour cell lines 
[15,16] was used to demonstrate that many patients with recent onset IDDM, as 
well as their first degree relatives, had islet cell surface antibodies [14,15,17]. 
Since immunoglobulin is not thought to permeate cells, IDDM would be 
associated with at least two types of autoantibodies, one type would be detected 
by standard immunofluorescence by binding primarily to autoantigens present 
intracellularly, and another type would recognize autoantigens expressed on the 
cell surface. The latter type of autoantigens could represent receptor or 
transport molecules. Interestingly, although further studies are needed, auto
antibodies interfering with glucose transport [18], or glucose-stimulated insulin 
release [19], have been detected in serum from patients with recent onset IDDM. 

The diverse set of reactions between IDDM autoantibodies and miscella
neous islet cell preparations suggested that IDDM sera would recognize 
different autoantigens. It was assumed that the inflammatory process in the 
islets resulted in the generation of~ cell autoantibodies directed against not one 
but several autoantigens. In addition, it could not be excluded that the 
autoantibodies would detect different epitopes on the same autoantigen. Finally, 
the autoantibody profile seemed likely to differ between patients [11 ]. 

Novel methods for the identification and study of membrane proteins [20-22] 
made it possible to use IDDM sera in immunoprecipitation experiments with 
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radioactively labelled islets. The islets were isolated from human or rodent 
pancreas and used to identify islet autoantigens by analysing the immune
precipitate by gel electrophoresis [12,23,24]. These experiments showed that 
about 80% of new onset patients had antibodies which immunoprecipitated a 64 
kDa protein from the human islet extracts. In some sera a 38 kDa component 
was also detected [23]. The demonstration of the 64 kDa protein was followed 
by about 8 years of research until it was shown that the immunoprecipitated 64 
kDa protein had glutamic acid decarboxylase activity [25]. This elegant 
demonstration came shortly after a report that patients with both stiff man 
syndrome and diabetes have not only ICA, but also antibodies detecting a band 
by immunoblotting that was similar to 64 kDa [26]. 

The human islet 64 kDa protein was identified as a novel isoform (GAD65) of 
glutamic acid decarboxylase (GAD) [27]. Both 65 kDa and 67 kDa GAD were 
also present in the brain of humans [28] and rodents [29]. In human islets, 
GAD65 is unique to the ~ cells and little, if any, GAD67 is expressed [30]. 
Numerous subsequent studies confirmed that autoantibodies to GAD65 are 
strongly associated both with progression to and with the onset of IDDM [for 
reviews and standardization of GAD65 autoantibodies see References 31-36]. 
The interest in islet autoreactivity therefore shifted from a mere registration of 
whether islet cell autoantibodies were present or not, to autoantigen-specific 
analysis, which is both precise and reproducible and allows the autoantigen 
specificity to be expressed quantitatively. Although immune-precipitation was 
used in initial studies to identify autoantigens, a number of approaches have 
subsequently been used in attempts to detect additional autoantigens. In one 
approach, candidate autoantigens were tested: this resulted in the discovery of 
insulin as an autoantigen [37]. In another approach, islet cell expression libraries 
were screened with IDDM sera which resulted in the discovery of the ICA512 
[38] and IA-2 [39] autoantigens (Table 7.2), as well as others which are discussed 
below. 

Insulin is a truly ~ cell-specific protein and would seem to be the ultimate 
autoantigen in IDDM. Using iodinated insulin it was demonstrated that almost 
50% of children with new onset IDDM had insulin autoantibodies (IAA) [37]. 
This observation was followed by a large number of confirming investigations 
[40,41]. and a demonstration, although still unresolved, that the IAA may 
primarily be directed towards proinsulin [42,43]. Insulin and proinsulin are 
uniquely associated with the islet ~ cells although low levels may be expressed in 
the thymus are of possible importance for tolerance induction [44]. 

The ICA512 autoantigen was detected by screening an islet expression library 
with IDDM serum [45] and the presence of autoantibodies reacting to the 
product of a full-length eDNA clone, IA-2, was confirmed [39]. In earlier 
studies, it was demonstrated that trypsin treatment of immunoprecipitated 64 
kDa protein generated three major fragments of relative molecular mass 50 
kDa, 40 kDa and 37 kDa [46,47]. While the 50 kDa fragment is from GAD65, 
the 3 7 kDa is the cytoplasmic tail of the I CA512 /lA-2 protein [ 48] and the 40 
kDa from the isoform IA-2~ isoform [49]. The presence of ICA512 antibodies is 
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Table 7.2 Recombinant ~cell autoantigens- high sensitivity autoantibodies 

Antigen Nature, location and autoantibody assay 

Pro insulin I Insulin 

GAD 

ICA 512/IA-2 

IA-2~ /Phogrin 

Beta cell specific I 0 kDa and 6 kDa proteins stored in secretory granules. 
Less than I 0';1,, of proinsulin is secreted. 
Standardized radioligand ( e251]-insulin) assay detects insulin 
autoantibodies (IAA) in about 50% of new onset IDDM children. 
Less in adults. 

Two isoforms of 65 and 67 kDa are expressed in human islet cells. 
GAD65 (formerly 64 kDa protein) seems ~ cell-specific. Also 
expressed in the brain and other non-neuronal locations. 
Standardized radioligand (e5S]- or eHJGAD65) assay detect 
autoantibodies (GAD65 antibodies) in about 80% of new onset lDDM 
children and adults. GAD67 antibodies are found primarily in 
GAD65 antibodies positive sera. 

Beta cell receptor-type protein tyrosine phosphatase (PTPase) first 
detected as a 40 kDa tryptic fragment of the 64 k Da protein. Expressed 
as a transmembrane molecule in the secretory granules of the ~ cells 
and other secretory cells. The cytoplasmic end has all autoantibody 
epitopes. 
Standardized radioligand ( [35S]- or [3H]IA-2) assay detects auto
antibodies (ICA512 antibodies or IA-2 antibodies) in about 50% of 
new onset IDDM children and adults. ICA512 antibodies are unique to 
IDDM, develop after GAD65 antibodies and closer to the clinical 
IDDM onset. 

Beta cell PTPase isoform of IA-2 representing a 37 kDa tryptic 
fragment of immunoprecipiated 64 kDa protein. IA-2~ is 74'Yo 
homologous to IA-2 and the two molecules share most of the 
autoantibody epitopes. Radioligand (e's]- or [3 H]IA-2) assay detects 
autoantibodies (IA-2~ antibodies) in about 50% of new onset IDDM 
children and adults. Not formally standardized. 

age dependent and the highest diagnostic sensitivity is observed in young age at 
onset IDDM patients [50]. It has been suggested that ICA512 antibodies may 
mark rapid progression to clinical onset among immune marker-positive first 
degree relatives [51]. It has been suggested that the autoantibody reactivity to the 
three autoantigens, GAD65, insulin and ICA512, delimit the ICA immuno
fluorescence reaction [52]. Taken together, IDDM is therefore strongly asso
ciated with three autoantigens, GAD65, insulin and ICA512 (IA-2/IA-2~) 
(Figure 7.1 ). 

Subsequent to the discovery of these three autoantigens, a number of 
approaches have been used to detect not only autoantibodies, but also T cell 
reactivity to a growing number of autoantigens [for recent reviews see 
References 31,53,54]. It is however impossible to distinguish between auto
reactivity, which is primary and pathogenic, and autoreactivity which is 
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GADGS 

16.2% 

lA A 

Figure 7.1 Venn diagram of the diagnostic sensitivity(%) of GAD65, ICA512 and insulin (IAA) 
autoantibodies in IDDM 

secondary to a primary ~ or islet cell destruction (Table 7.1 ). It cannot be 
excluded that the autoreactivity which develops after an initial lesion itself adds 
to the pathogenesis of ~ cell killing. In this review, we will summarize recent 
data on ~ cell antigens detected by different methods. The focus will be on 
human IDDM, but comparisons will be made to the spontaneously diabetic 
NOD mouse and the BB rat. The underlying hypothesis, summarized in Table 
7.1, is that a specific autoantigen is the target in an immune attack on the ~cells. 
The alternative hypothesis is that autoreactivity to multiple autoantigens is the 
result of a primary destructive process resulting in autoimmune reactivity to 
multiple ~ cell antigens. 

IDDM is often referred to as aT cell-mediated disease. This notion is based 
primarily on adoptive transfer of IDDM in animal experiments (Chapter 8). In 
man there is no evidence that ~ cell killing is achieved solely by T cells without 
the involvement of a full immune response, including a variety of~ cell-specific 
autoantigens. The immune response would include uptake and processing of 
autoantigen by antigen presenting cells (macrophages, dendritic cells and B 
lymphocytes), activation and differentiation of CD4+ T cells followed by dual 
activation of both CDS+ T cells and antibody-producing B lymphocytes. A 
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B lymphocyte-CD4 T cell interaction to perpetuate the immune response may 
also be critical. The question is not so much whether ~ cell killing is achieved 
solely by T cells, but to what extent the loss of ~ cells is associated with a 
particular type of immune response. Recent discussions often focus on the 
possibility to simplify the mechanisms by describing the immune response as a 
T H 1 or T H 2 type response dependent on what T cell cytokines are produced. 

AUTOIMMUNE ASPECTS 

Although the aetiology of IDDM is not known, there is a general assumption 
that it is an autoimmune disease. As indicated above, this notion is based on 
specific lymphocytic infiltration of the endocrine pancreas, association with 
other autoimmune disorders, HLA association, and with the high diagnostic 
sensitivity of islet cell antibodies (ICA) and autoantibodies to specific auto
antigens, such as GAD65, insulin and ICA512 (IA-2). It is still questionable 
whether IDDM would fulfill criteria based on Koch's postulates to define the 
aetiology of an autoimmune disease: 

(1) demonstration of circulating or cell-bound autoantibodies; 

(2) recognition of specific antigens against which the antibodies are directed; 

(3) production of antibodies against the antigen in experimental animals; 

( 4) appearance of pathological changes similar to those in human disease of 
actively sensitized experimental animals. 

So far, IDDM seems to fulfill three of these criteria. Autoantibodies have 
been demonstrated and specific antigens such as GAD65, insulin and ICA512 
have been identified. Antibodies against both GAD65 and insulin have been 
produced, but, the fourth postulate is not yet convincingly fulfilled. 

Early studies with insulin immunizations using crude insulin and complete 
Freund's adjuvant and major species barriers showed insulitis in immunized 
animals [55]. Subsequent experiments, however, indicated that the purer the 
insulin, the less severe the insulitis. It is yet to be determined whether 
immunization with GAD65 or ICA512 induces insulitis. Koch's postulates 
transposed to autoimmune disease may however be an oversimplification that 
will be of little help in our attempts to understand the aetiology and patho
genesis of IDDM. On the other hand, the nature of the initiating or triggering 
antigen(s) still remains to be determined (Table 7.1 ). This task is complicated 
not only by the large variety of autoantibodies, which have been associated with 
IDDM but also by the difficulty in studying preclinical IDDM, at the time when 
the disease is initiated. Investigations at the time of clinical onset probably 
represent late events since in some patients developing IDDM, the autoanti
bodies have been present for many years. Ascertainment of non-diabetic 
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subjects for longitudinal studies have often used autoantibodies as inclusion 
criteria. The presence of the antibody marker may signify that the autoimmune 
response has been established. Once a triggering antigen has been identified, it 
will be critical to elucidate the mechanisms by which that antigen is able to 
induce ~ cell killing and the subsequent development of clinical IDDM. In the 
following, we will discuss the different autoantigens identified so far. We have 
divided the autoantigens into recombinant autoantigens with high or low 
prevalence of autoantibodies, respectively. 

RECOMBINANT AUTOANTIGENS - HIGH PREVALENCE OF 
AUTOANTIBODIES 

Based on detection of circulating autoantibodies, several autoantigens have 
been associated with the pathogenesis of autoimmune IDDM. Serum or plasma 
is used to detect the autoantigen either by immunoprecipitation or immuno
blotting. The highest diagnostic sensitivity and specificity has been achieved 
when the autoantibody analyses are carried out with serum and recombinant 
autoantigens in non-solid phase assays. Three autoantigens, GAD65, insulin 
and ICA512 (IA-2 and IA-2~) will first be discussed (Table 7.2). 

Insulin 

Insulin has been tested as a candidate autoantigen. Insulin autoantibodies 
(IAA) were, however, not convincingly demonstrated until e251]-insulin was 
used in a radioligand binding assay [37]. In the first study, it was carefully 
documented that the patients with IAA had not been given insulin before the 
clinical diagnosis. The prevalence of IAA at clinical diagnosis was about 40'Yo; 
however, later studies in an assay with prolonged incubation show a higher IAA 
frequency at onset [41,56]. The overall prevalence is dependent on age: IAA are 
more common among young children than among adolescents or adults [57,58]. 
So far, it has not been possible to distinguish IAA from insulin antibodies 
formed in response to daily subcutaneous insulin injections. IAA have been the 
subject of several comprehensive reviews [54,59]. 

It has long been possible to detect insulin antibodies using radiolabelled 
insulin. Numerous radioimmunoassays for insulin have been developed and 
there is a large number of methods to separate free from antibody bound 125I
labelled insulin. In an early assay for insulin, free insulin was absorbed to 
activated charcoal while in other assays, the free insulin is allowed to remain in 
the supernatant after the antibodies, including the insulin-antibody complexes, 
are precipitated with a second antibody or polyethylene glycol (PEG) [59]. A 
combination of these two assay systems was used in the IAA assay that reached 
the highest diagnostic sensitivity and specificity in several international 
standardization workshops [60,61]. After the ELISA tests or similar solid phase 
analyses had failed, [62,63] the IAA radiobinding assay used has two steps. The 
first is to treat the serum or plasma with acid charcoal to displace antibody-
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bound insulin and to remove free insulin, which otherwise would compete with 
the radioactive insulin which is added to the neutralized sample. The samples 
are then incubated with or without an excess of non-radioactive insulin to 
demonstrate specific binding. Free and antibody-bound insulin is finally 
separated by PEG in the presence of carrier immunoglobulin [61]. Prolonged 
incubation and the use of larger volumes of sera seem to increase the sensitivity 
of the assay [56,58,64]. 

The role of insulin as an autoantigen in the pathogenesis of IDDM is still not 
understood. It remains to be determined when and why insulin is processed and 
insulin peptides presented. Using insulin analogues and mutated insulin in the 
IAA assays with serum from primarily first degree relatives who later developed 
IDDM, an IAA epitope was tentatively located to the B chain [65]. The IAA 
epitope is different from that detected by insulin antibodies in the hypoglycae
mic insulin antibody syndrome (Hirata's disease). The association between IAA 
and HLA may help to define epitope restriction. Among first degree relatives to 
IDDM patients, IAA was reported to be associated with DR4 [66] (the DR4 
subtype is still unclear) as well as with linked DQAI alleles [67]. Further studies 
are required to clarify the IAA epitopes, their possible HLA restriction and 
compare them with the epitopes for the insulin antibodies which develop after 
the initiation of insulin therapy. Insulin antibodies are more frequent and 
develop to higher titres among DR4+ IDDM patients [68]. Many more B 
lymphocytes are committed to production of IgG anti-insulin among recent 
onset IDDM patients than in controls [69]. It cannot be excluded that the 
immune response to human insulin injected subcutaneously may be different 
from that to endogenous insulin or proinsulin. 

The diagnostic sensitivity and specificity of IAA for IDDM have been 
assessed in numerous studies of selected patients [56,64,0], population- and 
Diabetes Registry-based studies of consecutively diagnosed patients and 
matched controls [57,71,72], as well as among first degree relatives progressing 
[41,73,74] or not [75,76] to IDDM. While the diagnostic specificity is high 
(99°/.,), there are major differences in sensitivity (40-80%) depending on the type 
of assay used and whether recent onset patients have been studied [57,58,71,77]. 
Although IDDM primarily develops among children and young adults with no 
family history of IDDM, there are more studies on select first degree relatives 
followed to diagnosis than on individuals in the general population. In contrast 
to the view that IAA predicts IDDM among autoantibody-positive first degree 
relatives who have been followed to onset of IDDM, it may be argued that IAA 
have low predictive value (3%) in children and young adults in the general 
population [57]. Large follow-up studies of marker-positive individuals detected 
by screening the general population [78, 79]. will be required to define the 
predictive values of IAA for IDDM alone, or in combination with other 
autoantibodies (GAD65 and ICA512) and genetic markers. 

It is a common theme in IDDM research that T cells with specific T cell 
receptors (TCR) to autoantigen peptides or epitopes, have been difficult to 
identity and clone. The T cell epitopes of interest are those which are detected on 
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either HLA class II molecules by TCR on CD4+ (autoreactive helper cells), or 
HLA class I molecules on CDS+ (autoreactive cytotoxic T cells) T cells. Such T 
cell clones have been produced in the spontaneously diabetic NOD mouse [80]. 
In summary, insulin and perhaps proinsulin [42,81] are significant autoantigens 
in insulin dependent diabetes. The positive predictive value ofiAA for IDDM is 
still not fully established, but current data indicate that IAA in combination 
with GAD65, ICA512 or both autoantibodies may have predictive values as 
high as 50-70%. The mechanisms of insulin autoantigen processing, HLA class 
II presentation and susceptibility in DR4-DQ8 positive individuals need to be 
established. 

Glutamic acid decarboxylase (GAD) 

Before their identification, GAD65 autoantibodies (GAD65 antibodies) were 
known as 64 kDa autoantibodies, detectable in serum samples from children 
with newly diagnosed IDDM by immunoprecipitation of detergent extracts of 
radiolabelled human islets [23]. The 64 kDa protein was linked to GAD based 
on the observation of unusually high 64 kDa autoantibody titres in patients with 
stiff-man syndrome, a rare neurological disorder which has a 25% coincidence 
with IDDM [25,26,82,83]. Cloning GAD in a human islets showed the 64 kDa 
protein to be a novel isoform of GAD, GAD65 [27] also present in human brain 
[28]. The two isoforms of GAD, GAD65 and GAD67 are both expressed in 
neurons and both catalyse the formation of the main neuroinhibitor y
aminobutyric acid (GABA) from L-glutamate [84,85]. In contrast, the role of 
GAD65 and GABA in the islets of Langerhans remains elusive [86-88]. 
However, following the demonstration of GAD65 as the major autoantigen in 
IDDM [27,83,89-91], special interest has been focused on this autoantigen since 
administration of GAD65 to spontaneously diabetic NOD mice prevents or 
delays the onset of IDDM [92,93]. Following intervention, GAD65 not only 
prevents overt IDDM, but also reduces the degree ofT cell proliferation to 
other implicated autoantigens [93]. Therefore, it has been speculated that 
GAD65 plays a primary role in the initial stages of IDDM pathogenesis. 

Studies of the GAD gene have demonstrated at least two human non-allelic 
isoforms of 65 kDa (GAD65) and 67 kDa (GAD67) (Table 7.3) encoded by 
separate genes presumably derived from a common ancestral GAD gene 
[27,28,94,95]. Sib-pair analysis suggest that the GAD2 but not the GADJ gene 
is linked to IDDM susceptibility [96]. Different biochemical features and the 
differential expression patterns found between man, mouse and rat are 
summarized in Table 7.3. 

In contrast to man, several biochemical isoforms have been detected in 
porcine brain, and four isoforms with distinct properties have been identified 
in rat brain [97-99]. Cloning and characterization of the 67 kDa isoform from 
rat islets proved complete identity with rat brain GAD67 [29,100]. The overall 
deduced amino acid sequence homology between human islet and brain 
GAD65 or GAD67 is near 100%, whereas the two isoforms are approximately 
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Table 7.3 Biochemical features of GAD65 and GAD67. and their respective differential 
expression pattern in man, mouse and rat 

Feature 

Chromosome, gene 
Molecular weight 
Hydropathy 
Location 
Regulation 
Half-life 
pi 
Expression 

GAD65 

10, GAD2 (5.6 kb transcript) 
65 kDa 
Amphiphilic, membrane-bound 
Synaptic-like microvesicles 
PLP/ATP activity 
20 to 30 h 
About 6.7 
Human, mouse and rat brain 
Human~ cells 

GAD67 

2, GAD I (3.7 kb transcript) 
67 kDa 
Hydrophilic 
Cytosolic 
GABA biosynthesis 
2-3 h 
6.9 to 7.1 
Human, mouse and rat brain 
Low levels in human islets 

65% identical. The N-terminal region has only 40% amino acid identity between 
the two isoforms compared to 80% in the remaining sequence [27,28,100,101]. 
There are major homologies between mammalian e.g. human, murine and 
feline, sequences. 

Both isoforms associate into dimers of approximately 120 kDa, but differ in 
their interaction with the GAD cofactor, pyridoxal L -phosphate (PLP). The 
activity of GAD65 is regulated by the bolo-apoenzyme cycle whereas GAD67 is 
primarily regulated at the level of expression [87 ,98,99, 102,1 03]. Furthermore, it 
has been demonstrated that GAD65 consists of two subunits, an a and a ~ 
subunit [104,105] whereas GAD67 is recognized as a single entity following 
immunoprecipitation or Western blotting [30,89]. 

An early attempt to determine the function of pancreatic GAD was assessed 
by incubating rat islets with 14C-labelled glucose, which showed specific 
incorporation into both GAD and GABA, but at 2-4 times higher in GABA, 
suggesting an apparent intracellular compartmentation of GAD [1 06]. It was 
later shown that GAD65 is co-localized with synaptophysin which is found in 
synaptic-like microvesicles also in the islet ~ cells [107-110]. GAD65 is most 
often found membrane bound to these microvesicles whereas GAD67 is usually 
cytosolic, but both isoforms can exist in both forms (Table 7.3). Both isoforms 
of GAD have, to a lesser degree, been detected in testis, ovary and colon 
[84,88, 111]. 

Although high GAD activity and high concentrations of GABA have been 
detected in islets, at levels comparable with those encountered in the CNS, the 
physiological function of GAD and GABA in the pancreas remains an enigma 
[112, 113]. Neural and endocrine systems of vertebrates utilize GABA for 
regulatory and trophic roles, and both paracrine and metabolic effects of islet 
GABA have been proposed [113,114]. In contrast to serotonin, which is co
localized with insulin to the ~ cell secretory granules [115], GABA is found in 
small neurosecretory vesicles. Co-secretion with insulin does not seem to occur 
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[112] and insulin secretagogues do not affect GABA secretion [116]. It was 
proposed that inhibition of arginine stimulated glucagon secretion by GABA 
would be explained by the binding of GABA to GABAA receptors present on cr 
cells [117]. However, inhibiting the binding of GABA to its receptor with 
bicuculline, which specifically interferes with the post-synaptic GABAA recep
tors, did not influence glucose-induced inhibition of glucagon release [116]. No 
alteration in the secretion of insulin by ~ cells or somatostatin by delta cells has 
been found following treatment with GABA [112]. If GABA serves as a fuel 
generated by a pathway alternative to glycolysis, GABA could play a role in ~ 
cell energy metabolism by generating NADH and ATP in the 'GABA shunt', i.e. 
the cycle of reactions which include GAD and GABA transaminase [53, 113]. 

The autoantibody response to GAD in IDDM seems to be heterogeneous 
since immunoprecipitation assays have demonstrated the combined precipita
tion of both GAD65 and GAD67 in metabolically labelled rat but not human 
islets of Langer hans [89, 118, 119]. Comparison of GAD65 and GAD67 ex
pressed after transfection to a fibroblast cell line [89] or expressed by in vitro 
transcription and translation [90, 120] revealed that 70-80% of IDDM sera 
recognized GAD65 whereas only 10-20% recognize GAD67 [120-122]. Shortly 
after the report that the 64 kDa protein had GAD activity, several assays to 
detect GAD autoantibodies were developed, including ELISA [123], immuno
precipitated GAD activity [124,125] and radioimmunoassays [126] with GAD 
from brain homogenates. The availability of recombinant human GAD65 
eDNA made it possible to label GAD65 with either 35S, 3H or 14C by coupled 
in vitro transcription and translation [90,91,127]. This approach allowed the 
development of precise and reproducible radioligand binding assays to detect 
GAD65 antibodies, as demonstrated in two international standardization work
shops [35,36]. This assay system is now widely employed to detect a variety of 
autoantibodies including ICA512, [52,128,129], ICA69 [130] or 21-hydroxylase 
in Addison's disease [131]. The advantage of the in vitro generated labelled 
autoantigen seems to be the direct labelling during biosynthesis, which may not 
harm critical conformational epitopes which may be affected by iodination or 
biotinylation and perhaps lost when recombinant GAD is absorbed to plastic in 
an ELISA test. 

The highest diagnostic sensitivity of GAD65 antibodies has been found at the 
onset of IDDM [120,124,130,132] when about 80% of patients have GAD65 
antibodies. The sensitivity is lower in young boys [120, 124] but does not seem to 
decrease with increasing age, as is the case for IAA and ICA512 antibodies 
[50,132]. The frequency of GAD65 antibodies is increased among first degree 
relatives and predicts IDDM [83,128,130,133]. The positive predictive value for 
IDDM of GAD65 antibodies alone or in combination with other islet auto
antibodies is probably 50-60%. However, prospective studies in which all first 
degree relatives, and not only those identified because of ICA positivity and loss 
of ~ cell function, are needed. Investigations of antibody-positive individuals 
following screening in the general population are also needed. The diagnostic 
specificity is about 99% [90,121]. The frequency (1%) is the same as that of all 
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newborns who will develop diabetes over a lifetime [53]. Although newborn 
children may have GAD65 antibodies [134, 135], it is unclear to what extent they 
predict IDDM and how frequent they are temporary. When do GAD65 
antibodies appear if they are not present at birth? The presence of GAD65 
autoantibodies at diagnosis has been suggested to be associated with a more 
rapid loss of ~ cell function, i.e. indirectly indicating a short remission period 
[91,136]. Within 2 years after diagnosis, levels of GAD65 antibodies decrease 
somewhat, but the prevalence of GAD65 antibodies in long-term patients is 
surprisingly high [83, 137]. 

The availability of simple, precise and reproducible assays has resulted in 
GAD65 antibodies, as well as GAD67 antibodies analyses in a large variety of 
disorders to better understand the diagnostic sensitivity of this IDDM marker. 
The presence of GAD65 antibodies is very high among patients with the 
autoimmune poly endocrine syndrome-! (APS-1; Chapter 9), whether or not 
the patients develop diabetes [138,139]. Both GAD65- and GAD67-specific 
autoantibodies were detected in Swedish non-diabetic patients with Graves' 
disease [140], and also in Japanese, who more often have both diseases. 
[136,141]. GAD65 antibodies were not increased in frequency among patients 
with idiopathic Addison's disease without diabetes [131]. 

The availability of GAD65 and GAD67 eDNA has made it possible to 
mutate GAD65 to study the autoantibody epitopes [142-145]. It is important 
in this respect that IDDM-associated GAD65 antibodies do not recognize 
linear GAD65 epitopes, for example when the antigen is blotted onto nitro
cellulose, since conformational epitopes are lost [142,146]. Deletion mutants, 
which for example, can be used with sera from stiff man syndrome [146-148], 
may not yield interpretable results with IDDM sera. Using 10 different human 
monoclonal ICA (MICA 1-10) [149-151] several GAD65 epitopes have been 
identified: N-terminal region (starting at position 39 for MICA 8/9); middle 
region (amino acid position 245-449 for MICA 4/6 and 10), and C-terminal 
region (amino acid position 450-570 for MICA 113 and 7). The results of these 
MICA isolated from three IDDM patients were supported in a study with 
GAD65 I 67 chimeric molecules using sera from consecutively diagnosed IDDM 
children [143] demonstrating that the middle (El) and C-terminal (E2) region 
antibodies dominate. In addition, it was observed that an increase in antibody 
levels to the C terminal (E2) region was associated with conversion to IDDM 
[143]. In these studies, the GAD65 autoantibody epitopes are detected by IgG 
anti-GAD65; however, the epitope specificity, as well as HLA association for 
IgM, IgA and IgE anti-GAD65, as well as for IgG 1-4 subclasses need to be 
determined. Since somatic mutations of the GAD65 antibody molecules most 
likely are antigen driven by CD4+ T cell-dependent mechanisms [150,152]. it is 
critical to determine GAD65 T cell receptor epitopes. 

Peripheral blood mononuclear cell (PBMC) reactivity to GAD65 at onset of 
IDDM and in high-risk relatives have been reported [153-155]. Significant 
proliferation expressed as a stimulation index was reported in 47-67% of newly 
diagnosed IDDM patients, and was higher among ICA-positive (63-68%) than 
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in ICA-negative relatives (11 %) with no effect ofiCA titre, HLA-type or gender 
[153]. GAD67-reactive PBMC have also been demonstrated in both prediabetic 
(40%) and diabetic patients (38%) [156]. The relevance of cell proliferation in 
response to GAD67 is unclear and GAD67 immunodominant epitopes have not 
been identified [157]. 

Overlapping GAD65 peptides were used to study binding to HLA-DQ 
[158,159] and DR [160]. GAD65 peptides with strong homology to the PC-2 
Coxsackie virus antigen bound strongly to DQ8 but not to DQ7 and DQ9 
[159, 161]. Mutagenesis of anchor residues of the peptide identified the impor
tance of hydrophobic residues for pocket 4 binding. However, no DQ-restricted 
T cell proliferative responses have been detected so far to this epitope [162, 163]. 
DRBI *0401-restricted GAD epitopes have been defined by two cloned T cell 
hybridomas detecting the sequences 115- 126 and 254- 262 [160]. One of these T 
cell epitopes was also detected with T cells isolated from three adult IDDM 
patients [163]. In the latter study, a number of other T cell peptide epitopes were 
identified (Figure 7 .2). However none of the T cell lines proliferated in response 
to the Coxsackie B4 PCV-2 antigen peptide [163]. It is possible that the binding 
is not strong enough to induce tolerance by positive selection in the thymus. 

The mechanisms by which the GAD65 (and other islet cell autoantigens) 
autoantigen is processed and presented on HLA-DR or DQ molecules remains 
to be elucidated. The possible role of molecular mimicry is still unclear. Based 
on experiments in spontaneously diabetic NOD mice, it has been proposed that 
immunization with peptides from either insulin or GAD65 would be capable in 
preventing human Type I diabetes [92,93, 164]. Peptides have been eluted and 
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Figure 7.2 GAD65 epitopes reconized by T cell lines from three recent onset adult patients with 
insulin-dependent diabetes mellitus. [Reproduced from Endl eta/, J Clin Invest. 1997;99:2405- 15. 
by copyright permission of the American Society for Clinical Investigation] 
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sequenced from both DQS and DQ2 molecules to define peptide binding motifs 
of these IDDM-associated HLA class II molecules [165]. Such motifs may be 
useful to identify GAD peptides which may be involved in IDDM pathogenesis 
or perhaps of aetiological importance. Similar approaches will be needed to 
determine GAD65 peptide binding to HLA class I molecules to define GAD65-
dependent cytotoxic T cells (CTL). A recent study has demonstrated the 
presence of MHC class I restricted CDS+ CTL specific for a naturally processed 
GAD65 peptide in peripheral blood of newly diagnosed IDDM patients [166]. 
CDS+ T cells have been observed in insulitis but their peptide-dependence and 
HLA class I restriction, i.e. their target, has yet to be elucidated. 

IA-2/ICA512 

Antibodies to islet proteins distinct from the 64 kDa protein were identified in 
human diabetic sera by trypsin treatment of immunoprecipitation products [46] 
with radiolabelled rat insulinoma cell which lack expression of both GAD65 
and GAD67 [47,167]. The limited proteolytic cleavage of the immunoprecipitate 
revealed three different antibody specificities binding fragments of molecular 
mass (Mr) 37 kDa, 40 kDa and 50 kDa (Table 7.2). The 50 kDa immuno
precipitation moiety could be bound by GAD65 antibodies whereas the 37 kDa 
and 40 kDa fragments appeared to be derived from a different protein since 
neither recombinant GAD65 or GAD67 competed for autoantibody binding to 
their 64 kDa precursor [16S]. Subsequently, islet cell antigen 512 (ICA512) was 
identified from an islet eDNA expression library by screening with sera from 
IDDM patients [3S,45]. (Table 7.4). Simultaneously, the 37 kDa/ 40 kDa protein 
shown to be almost identical to ICA512 was isolated and expressed in a human 
insulinoma subtraction library, and designated islet antigen 2 (IA-2) [39]. The 

Table 7.4 Biochemical features of IA-2 and IA-2~, and their respective expression pattern in 
man, mouse and rat. 

Feature 

Gene 
Molecular weight 
Tryptic fragment Mr 
Protein 
Hydropathy 
Location 
pi 
Expression 

IA-2 

3. 6 kb transcript 
106 kDa 
40kDa 
PTP protein 
Amphiphilic 
Secretion granules 
7.09 
Human brain, pituitary, pancreas 
and tumour cell lines 
Mouse CNS and neuroendocrine 
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/A-2~/Phogrin 

5.4 kb transcript 
IIOkDa 
37 kDa 
PTP protein 
Amphiphilic 
Secretion granules 
Predicted 5.66 
Human brain and islets 

Rat islets 
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3.6 kb eDNA of IA2/ICA512 revealed a 979 amino acid protein (106 kDa) with 
sequence homology to receptor-type protein tyrosine phosphatases (PTP), 
which catalyse the removal of phosphate groups from tyrosine residues by 
protein tyrosine kinase [39,169]. In contrast to most other identified transmem
brane PTP, which contain two tandem copies of the PTP domain, the 
intracellular segment of IA-2 only contains one copy. Apart from being present 
in various insulinoma cell lines, the IA-2 gene has also been found in normal 
human brain, pituitary, pancreas and brain tumour cell lines [170]. This suggests 
that IA-2 is a tissue-restricted PTP which is part of the PTP family, which 
includes leukocyte CD45 and neural tissue PTP. The function of IA-2 in the islet 
~ cells remains unknown, but transmembrane PTP regulate cell growth and 
proliferation, cell cycle and cytoskeletal integrity in response to external stimuli 
[171]. Since IA-2 is an integral membrane protein in the insulin secretion vesicle 
it is possible that it is of importance to signal internalization of vesicular 
membrane components [170]. 

Further analysis of the association between IA-2 and the 37 kDa and 40 kDa 
tryptic fragments of immunoprecipitated 64 kDa revealed that only the 40 kDa 
moiety is a product of the intracellular domain of IA-2 [48,169]. The 37 kDa 
fragment was identified as derived from a different, although related protein, 
IA-2b (described below). However, both fragments share common epitopes 
which has complicated their identification as distinct proteins, as well as having 
specific sites unique to either fragment. 

The availability of recombinant IA-2 enables studies of the importance ofiA-
2 in the pathogenesis of IDDM by assaying for specific autoantibody and T cell 
reactivity and possibly establishing IA-2-specific immunotherapy. Initially, 
autoantibodies against islet tryptic fragments of 37 kDa/ 40 kDa protein were 
detected in 50% of new onset IDDM patients and 67% of prediabetic twins 
[47,51]. These data have been further supported by several recent data 
demonstrating a diagnostic sensitivity of about 50-60% and specificity of 98-
99% [ 48,172, 173]. Several investigators believe that the combined GAD65 
antibodies, IAA and IA-2 antibodies tests may replace ICA testing [52, 
128,173] (Figure 7.1). 

In vitro transcribed and translated IA-2 eDNA has been used to determine 
autoantibody epitopes. First, although the cytoplasmic PTP-like domain is 
homologous to other tyrosine phosphatases, phosphatase activity has not been 
detected [45,48]. The ectodomain is unique and does not show homology to 
known proteins. Second, similar to GAD65, the autoantibody reactivity is 
directed to the cytoplasmic domain. Sera from patients with recent onset IDDM 
contain antibodies which react to at least four cytoplasmic domains [174]. Two 
were mapped to the juxtamembrane domain (amino acid positions 605-620 and 
605-682) and an additional two in the PTP-like domain (amino acid positions 
777-937 and 687-979). The majority of IDDM sera (83%) reacted at the PTP
like domain followed by the juxtamembrane (56°/c>) and reactivity (39%) with 
both domains [174]. This heterogeneity is not understood, but may be explained 
by HLA restriction since IA-2 (ICA512) in lOOM is associated with DQ8 
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[173, 175]. Before a discussion of diagnostic sensitivity, specificity and predictive 
value of ICA512/IA-2 autoantibodies for lOOM, a novel isoform of IA-2, IA-
2~, will be discussed. 

IA-2~ 

A novel transmembrane PTP, IA-2~ (Table 7.4), which is closely related but 
distinct from IA-2, was identified from eDNA libraries of a mouse neonatal 
brain [169], human colon carcinoma cells [176] and human islets [49]. The 
intracellular domain of the two ~ cell IA-2 isoforms show 74% amino acid 
identity, but the core sequence differs by only one amino acid, whereas part of 
the extracellular domain only shows 26% identity. Similar to IA-2, IA-2~ is 
primarily expressed in pancreatic islets and brain. The IA-2~ (also referred to as 
IAR or phogrin) eDNA was used in in vitro transcription and translation to 
prepare a radiolabelled autoantigen to demonstrate that about 50% of new 
onset patients have IA-2~ autoantibodies [48,49, 176]. Most IA-2 autoantibody
positive sera react with both isoforms. However, some lOOM sera have been 
found which distinguish between unique epitopes on either IA-2 or IA-2~ [49]. 

The successful cloning of IA-2~ also seems to solve the problem of the origin 
of the 37 kDa fragment which is immunoprecipitated with diabetic sera as it is 
able to block binding of radiolabelled 37 kDa tryptic fragments prior to 
immunoprecipitation [48]. Limited proteolysis suggests that IA-2~ is the 
precursor of the 37 kDa fragment [169, 176]. The diagnostic sensitivity ofiA-2~ 
for lOOM is about 50% and the specificity 99%. IA-2~ reactivity is very similar 
to IA-2 and it is unclear as yet whether IA-2~ should be included in the panel of 
IDDM autoantigens. It is possible to determine the extent IDDM sera may 
contain autoantibodies detecting epitopes unique to either IA-2 or IA-2~. For 
example, an IA-2/IA-2~ hybrid molecule can be constructed and used as an 
autoantigen to maximize sensitivity and specificity. Future studies also need to 
define T cell epitopes and the apparent effect of age at onset on the diagnostic 
sensitivity, as well as association between HLA and the IA-2/IA-2~ autoanti
bodies. The subcellular distribution and the function of the two IA-2 isoforms 
also need to be clarified, as well as when and why these two sister molecules are 
recognized as autoantigens associated with development of lOOM in about 50-
60% of the patients. 

RECOMBINANT AUTOANTIGENS- LOW PREVALENCE OF 
AUTOANTIBODIES 

The following molecules have all been implicated as tentative autoantigens in 
lOOM either based on their ability to block the binding of diabetic sera to 
pancreas sections, or their detection by the use of selected sera from lOOM 
patients to screen different expression libraries (Table 7.5). Some of the 
molecules are candidate autoantigens because of observations in experimental 
animals or in other diseases of autoimmune character. A frequent problem is 
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Table 7.5 Recombinant~ cell autoantigens -low sensitivity or questionable autoantibodies 

Antigen Nature, location and autoantibody assay 

ICA69 Endocrine and exocrine 69 kDa protein. The rat but not the human 
ICA69 is homologous to a 17 amino acid peptide (ABBOS) of BSA. 
Western blotting but not radioligand assay detected ICA69 antibodies 
in 30'/'o of ICA-positive first degree relatives later developing IDDM. 
Assay not standardized. 

38 kD jun-B 

Carboxypeptidase H 

Heat shock protein 

Aromatic-L -amino 
decarboxylase 

DNA 
topoisomerase II 

Transcription factor expressed in the nucleus of many cells including 
islet ~ cells. 
T cell responses found in most recent onset IDDM patients. 
Immunoblotting detected jun-B antibodies in 33'X, IDDM new onset 
patients. 
Assays not standardized. 

A 52 kDa converting enzyme expressed in islet cell secretory granules. 
Not ~cell specific. 
Immunoblotting detected CPH antibodies among ICA-positive first 
degree relatives but a radioligand assay failed to detect an increased 
frequency of CPH antibodies in new onset patients. 
Assays not standardized. 

One of several HSPs inducible under hyperthermic conditions. 
Sequence homology with GAD65. 
ELISA test with recombinant murine hsp60 indicate an increased 
frequency of antibodies in Japanese IDDM and rheumatoid arthritis 
patients. Assay not standardized. 

AADC is a cytoplasmic 51 kDa protein expressed in the ~ cells and 
other cells synthesizing biogenic amines. 
Radioligand ([35S]AADC) assay detect AADC autoantibodies 
in 51% APS I patients without and with IDDM but not 
necessarily in new onset IDDM patients. Assay not standardized. 

Nuclear 170 kDa enzyme which is expressed in ~cells and many 
other cell types. May be a marker for autoimmunity. 
Autoantibodies to both full-length and fragments of DNA 
topoisomerase type II have been detected in 48% IDDM patients. 
Assay not standardized. 

that initial publications appear with, as later realized, too few IDDM and 
control sera. Currently, the importance of this group of putative autoantigens 
remains to be determined, since many are only based on a single publications 
which have not yet been confirmed. However, some of these autoantigens have 
been cloned which will permit the production of a significant amount of protein 
for further characterization. 
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ICA69 

Initially an islet cell antigen of 69 kDa (ICA69) (Table 7.5) was identified as a 
membrane-bound protein in rat insulinoma cells by crossreactivity with anti
bodies to bovine serum albumin [177]. ICA69 was cloned from a human islet 
eDNA expression library, the structural gene was designated ICA1, and it was 
mapped to human chromosome 7p22 [178]. The open reading frame of ICA69 
predicts a 482 amino acid protein with some sequence homology to bovine 
serum albumin, a milk protein that was proposed to be a triggering factor of 
IDDM [177,179]. 

The highest expression of ICA69 mRNA was reported in human pancreatic 
islets and brain, and in rodent islet cell lines, testis, islets and brain [178-180]. 
These data correlate with Western blot analysis of human and mouse tissue 
which also revealed high levels of ICA69 in brain, testis, pancreas and islet cell 
lines. Further analysis detected that ICA69 is not islet cell specific, but is 
expressed at similar levels in human endocrine and exocrine pancreas [181]. 
The function of ICA69 currently remains elusive. 

Autoantibodies against ICA69 detected by immunoblotting occur in 20-30% 
of sera from prediabetic individuals, and in recent onset patients and are 
independent of other islet autoantibodies such as ICA or IAA [178]. However, 
in a more recent study, less than 5% of newly diagnosed IDDM patients 
immunoprecipitated in vitro prepared ICA69 [130]. ICA69 autoantibodies alone 
are not adequate markers of the initial stages of IDDM as they have also been 
found in patients with rheumatoid arthritis [182]. 

T cell sensitization to ICA69 was reported to be most pronounced in recent 
onset IDDM patients compared to patients post-disease onset and non-diabetic 
first-degree relatives [183]. As has been proposed for GAD67 immune reactivity 
[154], an inverse correlation between T cell and autoantibody responsiveness to 
ICA69 was observed. Furthermore, whereas DR3 homozygous patients pre
dominantly show T cell but not autoantibody reactivity to ICA69, DR4 
homozygous patients showed the reverse reaction pattern (B. Roep, personal 
communications). Although available as a recombinant protein, the ICA69 
autoantibody reactivity has not been easily reproduced and the role of ICA69 
in the pathogenesis of IDDM remains controversial. 

Glima 38 

Glima 38 (Table 7.6) is a 38 kDa amphiphilic membrane glycoprotein expressed 
in islet cells and neuronal cell lines, and is immunoprecipitated by sera from 
about 20% of recent onset IDDM children and 14% of prediabetic first degree 
relatives [184]. A 38 kDa protein was described in the initial study of the 64 kDa 
autoantigen [23]. Glima 38 shares the neuroendocrine expression pattern 
characteristic of GAD65 and IA-2 and is distinct from imogen 38 and jun-B, 
both of which have a molecular mass of 38 kDa. Vigorous detergent extraction 
of islet cell proteins seems necessary to obtain significant immunoprecipitation 
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Table 7.6 Putative islet cell antigens and antigen preparations 

Antibody reactive: 
glima 38 

T cell reactive: 
imogen 38 

ISG 38 kDa 

Amphiphilic 38 kDa membrane glycoprotein expressed in islet cells 
and neuroendocrine cells. 
Glima 38 antibodies were reported among 19'% of recent onset 
lOOM patients 

Mitochondrial 38 kDa protein expressed in ~ cells and other cells. 
Imogen 38 was detected in a peptide display library screened with a 
T cell clone from an IDDM patient. The eDNA was isolated by 
hybridization to a mouse islet cell tumour eDNA library. 
T cell and autoantibody determination remains to be determined. 

An insulin granule containing fraction from rat insulinoma cells used 
to stimulate human T cells in an autologous system. The 38 kDa 
component thought to be the responsible autoantigen remains to 
be identified. 

of glima 38 with IDDM sera. Deglycosylation with N-glycanase reduced the 
molecular mass to 22 kDa. The molecular cloning of glima 38 is yet to be 
performed and the immunoprecipitation assay in Triton X-114 has been used to 
establish preliminary diagnostic sensitivity and specificity data for glima 38 
autoantibodies in IDDM. While the prevalence of glima 38 autoantibodies in 
new onset IDDM patients was 19%, it is possible that the combination of 
GAD65 antibodies, IA-2 antibodies and glima 38 will yield a diagnostic 
sensitivity well above 90%. The specificity needs to be established since in the 
initial study too few healthy controls were tested [184]. IDDM sera which were 
glima 38 antibody-positive by immunoprecipitation were negative in a Western 
blot analysis, indicating that the IDDM autoantibody epitopes are conforma
tional, as is also the case for GAD65 and IA-2 autoantibodies [184]. The 
presence of autoantibodies to the glima 38 autoantigen has not been confirmed 
by others. 

38 kDa - jun-B 

The early response nuclear transcription protein jun-B (38 kDa; Table 7.5) has 
been shown to be a target of autoreactive T cells in IDDM [185]. Using a 180 N
terminal amino acid recombinant jun-B preparation, peripheral blood T cell 
reactivity was demonstrated in 71°/,, of recent onset IDDM patients, 50% of 
ICA-positive first-degree relatives, 25% off other autoimmune disease subjects 
and in no healthy controls. Autoantibodies against jun-B were reported to co
precipitate in 33% ofGAD65 antibodies-positive sera from IDDM patients. The 
jun-B putative recombinant antigen is probably different from glima 38, since 
the former is a non-glycosylated nuclear protein and the latter a glycosylated 
membrane protein. Antibodies against an islet protein of 38 kDa were found in 
IDDM subjects carrying cytomegalovirus. Sequence comparison indicated that 
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jun-B shares sequences with human cytomegalovirus and also with related 
herpes viruses antigens [185]. Again; jun-B as an autoantigen has only been 
reported once and confirmatory studies are needed. 

Carboxypeptidase-H (CPH) 

CPH, also known as enkephalin convertase, is a 52 kDa enzyme expressed in 
islet and neuroendocrine cells (Table 7.5). The enzyme is involved in the 
conversion of certain prohormones to the active hormone. CPH exists both as 
a membrane bound and a soluble form co-secreted from the islet granules 
together with insulin [186]. The serum used for screening an islet cell tumour 
library was from a single ICA-positive first-degree relative. Immunoprecipita
tion of the in vitro transcribed and translated CPH revealed no difference in 
antibody frequency between recent onset IDDM patients and controls [130]. 
This autoantigen has not been subjected to standardization. 

Heat shock proteins (HSP) 

HSP are stress proteins ubiquitously produced by cells in response to stimuli 
such as an increase in temperature, cytokines or free radicals. HSP are among 
the most conserved molecules in phylogeny and have been implicated in the 
pathogenesis of several autoimmune diseases including rheumatoid arthritis and 
NOD mouse diabetes [187]. Autoreactivity to an epitope of the 65-kDa HSP has 
been associated with IDDM, based on sequence homology to GAD65 (Table 
7.5). Since HSP65 is reported to appear on the cell surface it could direct an 
immune response against intact ~cells [188]. In addition, recombinant murine 
HSP60 used in ELISA detected antibodies in 16°/c, of 84 IDDM subjects 
compared with 20% of 25 rheumatoid arthritis patients and I% of 85 healthy 
controls [189]. Patients with slowly progressive IDDM, NIDDM and auto
immune thyroid disease were negative. This report warrants further investiga
tions in other ethnic groups to establish the possible role of heat shock proteins 
as autoantigens in IDDM. 

Aromatic-L -amino acid decarboxylase (AADC) 

Sera from patients with APS 1 are often positive for autoantibodies against 
GAD65 and an unrelated 51 kDa ~ cell protein [190]. No cross-reactivity 
against the 51 kDa autoantigen was detected in sera from IDDM patients or 
from patients with other autoimmune diseases. The 51 kDa protein has been 
identified as AADC (Table 7.5) by screening an expression library derived from 
a rat insulinoma cell line [191]. AADC catalyses the decarboxylation of 
aromatic L-amina acids which are intermediates in the synthesis of catechola
mines and indolamine neurotransmitters. As a decarboxylase, AADC uses 
pyridoxal-L-phosphate (PLP) as cofactor, and is a cytosolic enzyme. Apart 
from the active site, there is little sequence similarity between AADC and 
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GAD65. AADC is also present in the peripheral and central nervous system, 
liver, intestine and kidney. 

Autoantibodies against AADC were sought in 69 patients with APS 1 and 
138 IDDM patients using in vitro transcribed and translated AADC [192]. This 
study seemed to exclude AADC as an autoantigen in IDDM, since AADC 
antibodies were found in 51% of the APS 1 patients but in none of the IDDM 
patients or 91 healthy controls. Interestingly, AADC antibodies were more often 
found in patients with (92%) than without hepatitis (42%). Similarly, 80% of 
patients with vitiligo compared to 43% without had AADC antibodies. 
Although AADC is present in ~ cells and AADC antibodies are present in 
APS 1 patients who have a high frequency of IDDM [138], IDDM pathogenesis 
may not involve this cytoplasmic autoantigen. 

DNA topoisomerase ll 

DNA topoisomerase type I and type II have been implicated as autoantigens in 
patients with autoimmune progressive systemic sclerosis or systemic lupus 
erythematosus and juvenile rheumatoid arthritis, respectively (Table 7.5). An 
increased frequency of nucleoprotein antibodies in IDDM patients and their 
relatives has been reported [193]. Recently, autoantibodies to both full-length 
and fragments of DNA topoisomerase type II were detected in 48% of 195 
IDDM patients [194]. In contrast to ICA and IAA, the frequency of DNA 
topoisomerase type II antibodies was unaffected by gender, disease duration 
and age. 

Since DNA topoisomerases are never exposed extracellularly, due to their 
location in the nucleus, it has been suggested that the autoimmune response 
originates from antigenic mimicry of other autoantigens or pathogens. Compar
ing the amino acid sequence of DNA topoisomerase type II with insulin, HSP65 
and GAD revealed sequences which shared up to 64% homology. DNA 
topoisomerase type II antibodies may therefore be a result of an immune attack 
directed at other cytoplasmatic autoantigens after ~ cell destruction. Finally, it 
has been speculated that the overall antigenecity to DNA topoisomerase type II 
is stronger due to its large molecular mass of 170 kDa and complex structure 
[194]. It will be important to determine the diagnostic sensitivity and specificity 
of DNA topoisomerase antibodies using the recombinant protein in a standar
dized assay. 

OTHER AUTOANTIGENS: ANTIBODY REACTIVE 

Glycolipid/sialic acid 

The possibility that the ICA indirect immunofluorescence reaction is explained 
by non-protein autoantibodies has been the subject of long term investigations. 
Organic solvents have been used to extract pancreatic tissue to produce 
glycolipid-containing fractions depleted of protein [195,196]. It was suggested 
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that the target antigen of ICA was a sialoglycoconjugate since the fractions 
quantitatively blocked the fluorescence of a standard ICA-positive serum to 
human pancreatic sections. Evidence for the autoantigenic epitopes being 
glycolipids rather than glycoproteins was provided by the ability to recover 
blocking activity following treatment with borohydride. Comparing the co
migration of both human whole pancreas and islet extracts with ganglioside 
markers suggested that islets differentially express monosialoganglioside [196]. 
A GM2-1 pancreatic islet ganglioside has tentatively been identified as a 
putative ICA autoantigen [197]. 

OTHER AUTOANTIGENS: T CELL REACTIVE 

Islet mitochondrial antigen 38 kDa {Imogen 38) 

A human diabetic T cell clone was used to screen a recombinant antigen epitope 
library to identify the imogen 38 solely due to its recognition by T cells [198]. The 
eDNA of imogen 38 (Table 7.6) was isolated using a ~TC3 mouse insulinoma 
eDNA library. It was speculated that imogen 38 is a target for bystander 
autoimmune attack rather than being a primary autoantigen in lOOM due to 
its broad tissue distribution [198]. Further studies are required to disclose the 
possible role of imogen 38 and similar T cell-defined autoantigens in the 
pathogenesis of lOOM. 

Insulin secretory granule (ISG) 

Granules extracted from rat insulinoma cell homogenates have been shown to 
stimulate proliferation ofT cell clones isolated from the peripheral blood of a 
newly diagnosed lOOM patient [199]. The antigenic determinant of the ISG 
(Table 7.6) membrane proteins was suggested to be a 38 kDa component [183]. 
T cell reactivity was detected in 74% of 19 newly diagnosed lOOM patients and 
in 13% of 16 healthy controls. However, the two healthy subjects who produced 
responsive T cell lines had high titres of ICA autoantibodies. As discussed 
above, there are now several candidates for a 38 kDa autoantigen and it remains 
to be determined whether the 38 kDa ISG component may be glima 38, jun-B or 
imogen 38. 

FUTURE DIRECTIONS 

The presence of humoral immune markers, often several years before clinical 
disease, allows early detection and treatment of susceptible relatives of lOOM 
patients [200] possibly to be extended to the entire population. Antigen-specific 
immunotherapy, in particular using GAD65 and insulin, is effective in the NOD 
mouse [92,93] and the BB rat [201]. Importantly, by using the recombinant islet 
cell autoantigens GAD65, IA-2 and insulin in analyses of disease-associated 
antibodies, it has been possible to standardize the assays and to establish 
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Table 7.7 Diagnostic precision in autoantibody assays with recombinant f3 cell autoantigens 

Autoantigen Sensitivity Specificity Predictive value 

Insulin 40-80'/'o 99% 30'Y,, 
GAD65 70-80% 99% 60% 
GAD67 10-20% 99% Very low 
IA-2 50-60% 98-99% 30'Y,, 
IA-2[3 50% 99% 30% 
ICA69 5-30% 94% TBD 
Glima 38 20% 100% TBD 
jun-B 38 kDa 33% TBD TBD 
HSP60 16% 99% TBD 
AADC 0% I oou;;, TBD 
DNA topoisomerase II 48% 99% TBD 

TBD = To be determined. The predictive value is estimated from studies of ICA-positive first degree relatives 

only. 

comparable frequencies of sensitivity, specificity, and predictive values (Table 
7.7). However, since GAD antibodies also are present in patients with other 
autoimmune diseases, e.g. stiff man syndrome, autoimmune thyroid disease and 
APS I, they cannot be used alone for prediction of IDDM. Although the 
diagnostic sensitivity is lower for IAA and IA-2, the combination of the three 

major autoantigens in standardized autoantibody assays predict IDDM (Figure 
7.1). 

Several autoantibody workshops have taken place in order to standardize the 

different antibody assays [35-36]. A first attempt has also been made to 
standardize T cell proliferation tests with ambiguous results. Prior to extensive 
screening of school children or first degree relatives to identify individuals at risk 
for IDDM, it is critical to establish assay quality and concordance by 
proficiency testing. This is of particular importance if immune intervention 
therapy is considered. Numerous questions regarding autoantigen processing 
and presentation, as well as CD4+ and CDS+ T cell responses in relation to the 
temporal appearance of autoantigen immunoglobulin isotypes and subtypes will 
have to be answered before IDDM aetiology and pathogenesis is fully under
stood. 
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8 
Aetiology and pathogenesis of insulin
dependent diabetes mellitus (IDDM) 
J.-F. BACH 

It was only in the late 1970s that the autoimmune origin ofiDDM appeared as 
the most plausible hypothesis. The consistent finding of islet cell antibodies 
(ICA) [1] provided a firm basis for the existence of selective ~ cell directed 
autoimmune response. Approximately at the same time, in vitro evidence for 
cell-mediated immunity to islet cells was presented [2]. In the following years, 
two exceptionally informative spontaneous models of the disease, the bio 
breeding (BB) rat and the non-obese diabetic (NOD) mouse provided direct 
evidence for the role of autoimmunity. A considerable bulk of data has been 
collected since on the immunology and on the genetics of murine and human 
IDDM allowing a clear understanding of major aspects of the disease patho
genesis and to a lesser degree of its aetiology [3]. Many pending questions persist 
though. It is the aim of this chapter to review the main prevailing concepts of 
the immunology of IDDM and discuss the yet unsettled questions. 

IDDM IS AT H1 CELL-MEDIATED AUTOIMMUNE DISEASE 

Autoimmune origin of the disease 

The role of autoimmunity and more precisely of autoreactive T cells in the 
pathogenesis of IDDM is now clearly established based on four types of 
evidence. 
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The disease is associated with ~ cell-specific autoimmune reactivity 

In addition to the ICAs mentioned above that are detected by indirect 
immunofluorescence on human pancreas sections [1], several well defined anti
~ cell autoantibodies have now been described (see Chapter 7). The most 
important of these antibodies react with insulin [4], glutamic acid decarboxylase 
(GAD) [5] and IA-2, a tyrosine phosphatase [6]. They are found in the vast 
majority of patients at the onset of the disease and can be detected several years 
before such onset. They are also found in the NOD mouse and the BB rat 
although at lower titres [7]. Additionally, autoreactive T lymphocytes specific to 
islet cells [8,9] or GAD [1 0-12] are found in a large percentage of patients [9, 12] 
as well as in the animal models [8, 10,11]. 

The islets are consistently infiltrated with mononuclear cells (insulitis) {13] 

Insulitis comprises T and at a lesser degree B cells, macrophages and 
eosinophils. It appears early in the disease history, as early as 3 weeks of age in 
the NOD mouse [7]. It presents initially as periinsulitis, then peripheral insulitis 
before becoming fully invading and destructive. 

The disease can be transferred by lymphoid cells 

The clearest data have been obtained in animal models. Thus, in the NOD 
mouse, IDDM can be transferred to prediabetic neonatal [14], irradiated [15] or 
severe combined immune deficiency (SCID) [16] adults by infusing spleen cells 
from overtly diabetic mice. In man, transfer has been reported after bone 
marrow transplantation from a diabetic donor [17]. 

The disease can be prevented or even reversed by T cell blockade 

This has been achieved in animal models by a variety of methods including 
cyclosporin A [18], anti-T cell monoclonals [19,20], neonatal thymectomy [21] or 
backcrosses to the nude background [22]. The observation has been confirmed 
in man using cyclosporin A [23,24]. 

The direct role ofT cells is further illustrated by diabetes transfer obtained in 
SCID mice by injecting ~ cell-specific T cell clones derived from overtly diabetic 
mice [25] and by the rapid appearance of diabetes in transgenic NOD mice 
expressing T cell receptor genes from one of such clones [26]. 

The precise nature of the T cell subsets involved in this process remains the 
matter of hot debate, for both the respective role of CD4 versus CD8 T cells and 
that ofTHl vs TH2 cells. 

CD4 versus CDS T cells 

Mature T cells are classified into two major subsets, CD4 and CD8, that are for 
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the most part respectively restricted by major histocompatibility complex 
(MHC) class II and class I molecules. CD4+ T cells, commonly designated as 
'helper T cells', act by producing a wide array of cytokines that effectively 'help' 
the differentiation of B cells and of CDS+ T cells. These cytokines can also exert 
effector functions notably through macrophage activation or the direct toxic 
effect of some cytokines such as TNF. CDS+ T cells are essentially known for 
their killer function. They destroy their target cells in a totally antigen-specific 
fashion. 

Both CD4 + and CDS+ T cells are involved in diabetes pathogenesis as 
exemplified by the requirement for both cell subsets for rapid disease transfer 
in neonates [14], irradiated [27] or SCID [2S] adults using spleen cells from 
overtly diabetic mice. 

Evidence in favour of a predominant (if not exclusive) role of CD4 + T cells in 
the induction of the~ cell lesion is brought by the possibility to transfer diabetes 
in SCID recipients by CD4+ T cell clones [25] and by the appearance of diabetes 
in NOD transgenic mice expressing a T cell receptor (TCR) derived from a 
CD4+ T cell clone expressed in the majority of CD4+ T cells [26]. These data 
demonstrate that ~ cell-specific CD4+ T cells, when present in a very large 
number, can induce the ~ cell lesion alone, in the absence of CDS+ T cells (if one 
admits that SCID mice are not leaky), but this does not prove that CD4+ T cells 
have this exclusive role in the spontaneous disease occurring in unmanipulated 
mice or in patients, where the size of the ~ cell-reactive CD4+ T cell pool is 
probably not as large as in mice exposed to monoclonal ~ cell-reactive T cells. 

In fact, diabetes transfer has also been obtained with cytotoxic T cell lines 
derived from NOD mice [29] and CDS+ T cell clones have been obtained in 
transgenic NOD mice expressing the B7 co-stimulatory molecule on ~cells [30]. 
Diabetes does not develop in MHC class I deficient mice [31] and these mice are 
resistant to diabetes transfer after infusion of polyclonal diabetogenic T cells 
[32]. Transfer is only seen in such mice when MHC class I molecules are 
expressed in ~ cells (after transgene administration coupled to the insulin gene 
promoter (RIP)). 

The problem is complicated by the fact that CDS+ T cells do not home to the 
~ cells in the absence of CD4 + T cells whereas CD4 + T cells can invade islets 
when injected alone [33]. 

Taken together these data might suggest that: 

(1) both CD4+ and CDS+~ cell-specific T cells can induce destructive insulitis 
when reaching the islets in sufficient number; 

(2) in the spontaneous disease, CDS+ T cells are probably needed to induce 
the lesion even if CD4+ T cells are required for their homing to the islets 
and their diffentiation and expansion, and if CD4+ T cells can by 
themselves contribute to the lesion induction. 
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T H1 vs T H2 cells 

CD4+ T cells have recently been divided into two major functional subsets 
distinguished by their cytokine pattern. T helper 1 (THl) cells produce 
interleukin-2 (IL-2), interferon gamma (IFN-y) and tumour necrosis factor 
(TNF). T helper 2 (TH2) cells produce interleukin 4 (IL-4), (IL-5), (IL-10) and 
(IL-13). 

Converging evidence indicates that IDDM is a T H !-dependent autoimmune 
disease. 

( 1) Insulitis comprises a majority of IFN -y-containing CD4 + T cells as shown 
by immunofluorescence [34] and immunoenzymatic [35] studies with very 
few IL-4 producing cells. 

(2) This pattern is drastically altered after various manoeuvres leading to 
diabetes prevention such as administration of oral insulin [35] or of 
complete Freund's adjuvant [34]. IL-4 producing cells are then the 
predominant T cell type over IFN-y-producing cells; the cytokine content 
of~ islet-infiltrating cells has also been examined at the mRNA level by 
RT-PCR but data are still controversial, probably due to the insufficient 
quantitation of the technique. 

(3) Blockade ofT Hl cells by anti-IFN-y [36,37] or anti-IL-2 receptor [3S] 
monoclonal antibodies prevents diabetes onset or transfer whereas IL-12, 
aT H 1 differentiating agent, precipitates diabetes onset [39]. 

The ~ cell lesion 

The intimate mechanisms of the ~ cell lesion remain uncertain. There is first the 
already mentioned debate about CD4+ and CDS+ T cells which intervene 
through totally distinct mechanisms: CD4+ T cell-produced lymphokines 
induce inflammatory lesions with involvement of nitric oxide (NO) and 
probably IL-l; CDS+ T cells act through a Fas-mediated apoptosis killing 
mechanism. 

In any case, it is important to stress that the ~ cell-selective atrophic phase 
which characterizes IDDM is preceded by a phase ofT cell-mediated reversible 
inflammation as assessed by the recovery of insulin production by islet cells of 
overtly diabetic NOD mice after in vitro culture [40] and by the spectacular 
normalization of glycaemia observed in recently diagnosed diabetic NOD mice 
24 h after administration of an anti-TCR monoclonal antibody [41]. 
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LOSS OF ISLET SELF TOLERANCE IS DRIVEN BY p CELL 
AUTOANTIGEN(S) 

The role of p cell antigen(s) 

Autoreactive T cells and natural autoantibodies are found in normal healthy 
subjects. The question has been raised whether the pathogenic autoimmunity 
which characterizes autoimmune diseases such as IDDM is due to the non
antigen specific polyclonal activation of these autoreactive clones or whether it 
is more conventionally due to an autoantigen-driven autoimmune response. 
This latter hypothesis is illustrated but not demonstrated by the induction of a 
wide variety of autoimmune diseases after immunization with autoantigen 
incorporated in Freund's complete adjuvant. The question is particularly 
pertinent in IDDM inasmuch as no good model of experimental autoantigen
induced animal model is available. 

Several pieces of indirect evidence argue in favor of an autoantigen-driven 
autoimmune response: 

(1) There is some evidence for restriction of TCR gene usage among T cells 
contributing to insulitis in both the NOD mouse [42,43] and human 
IDDM [44]. Positive mouse data that have been obtained in very young 
NOD mice are submitted to the criticism of artificial amplification of the 
very small number of cells infiltrating the islets at the very early stages of 
insulitis. In fact, restriction is no longer found after 6 weeks of age in 
NOD mice [45]. Human data showing VP7 preferential usage [44] have not 
yet been confirmed by other authors and could be explained by technical 
considerations. 

(2) IDDM is highly associated with MHC class II genes in both human 
disease and animal models. Although it may receive other explanations 
(see below), this association is usually taken as a strong argument for 
particular predisposition of the patient to present antigenic peptides 
binding to the HLA molecule in question. 

(3) Induction of tolerance to several p cell autoantigens prevents diabetes 
onset (see below). This argument is weakened by the fact that several 
unrelated p cell autoantigens can achieve such protection. 

Direct evidence in favour of the driving role of p cell autoantigens has been 
brought by experiments showing the exhaustion of diabetogenic T cells in p cell
depleted NOD mice [46]. Such mice, in whom p cells were destroyed by alloxan 
treatment, were irradiated and injected with diabetogenic T cells. Their spleen 
cells showed no capacity to transfer diabetes, unlike spleen cells from non 
alloxan-treated mice. These results indicate that the presence of p cells is 
necessary to maintain diabetogenic T cells. 
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The requirement for autoantigen stimulation poses two central questions: 
what is the nature of the autoantigen(s) triggering the ~ cell targeted auto
immune response?, and what are the cellular and molecular events that render 
these autoantigens immunogenic, i.e. capable of triggering an autoimmune 
response? 

Several candidate autoantigens 

Autoantibodies and autoreactive T cells are found against a large number of ~ 
cell autoantigens in diabetic patients and in NOD mice (Table 8.1 ). A number of 
criteria should be fulfilled, though, before accepting these as plausible candidate 
autoantigens: 

Table 8.1 Candidate autoantigens in IDDM 

I. (Pro-) insulin 
2. Glutamic acid decarboxylase (GAD 65) 
3. IA-2/ICA512/40 kDa antigen (tyrosine phosphatase) 
4. Heat shock protein 65 (hsp 65)/p277 
5. p69 (cross-reaction with BSA) 
6. IA-5 (37 kDa antigen) 
7. GLIMA (38 kDa) 
8. Imogen (mitochondria) 
9. Gangliosides, sulphatide, etc. 
10. Peripherin 
II. Carboxypeptidase H 
12. P granule-associated protein (p GAP) 

(l) Their tissue distribution should be reasonably restricted to ~ cells (only ~ 
cells are affected by the autoimmune process). 

(2) Intraislet and, to a lesser degree, circulating T cells should react to the 
antigen. 

(3) The disease should be prevented by tolerance induction against the said 
antigen in NOD mice or BB rats and induce diabetes in non-autoimmune 
mice (with the adequate genetic background) after immunization. 

None of the antigens listed in Table 8.1 fulfil all these criteria. It is fair to 
recognize, however, that four major antigens fulfil most of them (Table 8.2). The 
problem is that none clearly emerges over the others, opening the intriguing 
possibility of the concomitant existence of several diabetes autoantigens. 

One logical way to identify the diabetes autoantigen among several candidate 
molecules is to determine whether induction of tolerance to that antigen 
prevents disease onset. This has been achieved in NOD mice with three of the 
major candidate autoantigens, using a variety of procedures. 
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Table 8.2 Requirements for candidate ~cell autoantigens 

GAD Insulin h1p60 IA-2 

~cell exclusive distribution ~cells/brain ~cells Ubiquitous ~cells 
(~cells+) 

Autoreactivity in human IDDM T cells + (80'/.,) + (30%) + +(50%) 
+ ± + ') 

Protective tolerance in NOD mice 
Peripheral + + + 
Central (transgenic mice) + + 

Reactivity with pathogenic T cell clones + + + ? 
De nm·o induction of IDDM + 

Tolerance to GAD was obtained by injecting GAD intravenously [10] or 
intrathymically [11] at the age of 3 weeks. Diabetes onset was delayed and even 
prevented in some animals. Similarly administration of insulin by various routes 
(oral [47], nasal [48], sc [49]) induced tolerance and diabetes prevention. Finally, 
sensitization against the p277 peptide of heat shock protein 60 (hsp 60) 
protected NOD mice from becoming diabetic [50]. The fact that these three 
unrelated antigens all provide protection is incompatible with a mechanism of 
central tolerance since one would not understand then why the deletion of T 
cells reacting to any of these three antigens protects from disease onset. A more 
plausible hypothesis to explain these results is active peripheral tolerance. This 
is corroborated by the observation of the presence ofT H2-dependent autoanti
body isotypes in mice rendered tolerant to GAD and hsp 60 [51]. 

An attractive way to induce central tolerance is to provoke negative 
intrathymic deletion by transgenic expression of the autoantigen in the thymus. 
This has been achieved with GAD using an Ig promoter (A. Lehuen, in 
preparation), proinsulin [52] and hsp 60 using a MHC class II promoter [53]. 
Diabetes was prevented in the two latter cases. It is not clear however whether 
the prevention was associated with central tolerance. 

We are thus presently faced with the unexpected conclusion that several 
autoantigens may be concomitantly operating in the triggering of the patho
genic ~ cell lesion. 

Rupture of ~ cell ignorance: the triggering of the ~ cell specific response 

Normal individuals do not present with lesions of the various organs against 
which they show naturally occurring autoreactive T cells. This state of ignorance 
is well illustrated by a double transgenic mice experiment performed in the 
lymphochoromeningitis virus (LCMV) model [54]. A first set of transgenic mice 
expresses the LCMV glycoprotein in the ~ cells after administration of RIP
coupled transgene. A second set of transgenic mice expresses the TCR of anti-
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LCMV gp T cell clone. The Fl hybrids derived from these two sets of transgenic 
mice do not develop diabetes although they coexpress an external antigen in 
their p cells and the corresponding TCR in large amounts. This state of 
ignorance is overcome after infection with LCMV which activates the LCMV 
gp-specific T cell clones. Interestingly, in some mouse strains, ignorance was not 
observed in the double transgenic mice which became diabetic without T cell 
activation [55]. 

The question is then to determine the factors in diabetics that have overcome 
the ignorance observed in normal individuals. Several hypotheses have been 
proposed: 

( 1) Increased expression of molecules contributing to antigen presentation: 
MHC class I or class II molecules, B7 and adhesins. Increased expression 
of MHC class I and class II molecules has been reported on p cells in both 
human IDDM [56] and animal models [57,58] but the data are contro
versial and it is difficult to exclude that such abnormal expression is not 
secondary to the T cell-mediated autoimmune attack, notably through the 
production of IFN-y, a cytokine known to exert such effects. 

(2) Cross reactivity between a p cell autoantigen and an infectious agent as in 
the case of GAD and Coxsackie B4 [59]. T cells react then against the 
unignored viral epitope and provide help to the silent autoreactive T cell 
clones. 

(3) Modification of the autoantigen conformation by a chemical or a virus 
protein which renders it immunogenic according to a mechanism close to 
that of autoantigen mimicry just described. 

Taken together, these data open the possibility that whether or not it is 
initially triggered by a single autoantigen, the autoimmune response rapidly 
spreads to other specificities secondary to the local inflammation induced by the 
initial aggression (which may or may not be immunological) (Figure 8.1 ). The 
possibility of preventing disease onset by inducing tolerance to P cell antigens 
suggests that a similar spreading occurs at the level of suppressor cytokines. 
Regulatory T cells are guided to the p cell and their target autoantigen but exert 
then a suppressor effect which extends to T H 1 cells with other specificities 
present on the spot. 

THE ANTI-p CELL AUTOIMMUNE RESPONSE IS EXACERBATED AND 
PERPETUATED BY A FAILURE OF IMMUNOREGULATION 

Regulatory cells in young prediabetic NOD mice. 

Young adult prediabetic NOD mice do not become diabetic after infusion of 
spleen cells from overtly diabetic mice. The transfer is only obtained when the 
recipient mice are irradiated [15] or given anti-CD4 monoclonal antibody ( + 
adult thymectomy) [60]. The transfer is also readily obtained when using 
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Figure 8.1 Immunoregulatory circuits controlling autoimmune responses 

immunoincompetent recipients, such as neonates (up to 3 weeks of age) [14] or 
SCID/NOD mice [16]. 

The absence of diabetes before the age of 15-20 weeks in such mice is under 
the control of regulatory T cells, as exemplified by the acceleration of diabetes 
onset observed after thymectomy performed at 3 weeks of age [61] and 
cyclophosphamide therapy [62]. In both cases, the accelerating effect is specific 
since it is abrogated by infusion ofT cells from untreated prediabetic animals. 

The existence of the regulatory T cells has been directly demonstrated in 
cotransfer experiments where the simultaneous transfer of CD4+ cells from 
prediabetic mice prevents diabetes transfer afforded by spleen cells from overtly 
diabetic mice [63]. It will be important to determine whether the few T cell 
clones shown to protect from diabetes onset in similar settings are related to the 
CD4 + protector subset. 

Indirect evidence for the regulatory role ofT H2 cells 

Converging but still indirect evidence suggests that the CD4+ regulatory cells 
just described are of the T H2 type. Diabetes onset in NOD mice is prevented by 
systemic IL-4 administration [64] or ~ cell IL-4 transgenic expression [65]. 
Diabetes onset is also prevented by IL-10 treatment [66] but, unexpectedly, 
transgenic NOD mice expression of large amounts of IL-l 0 in the islets induces 
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accelerated disease [67]. Complete Freund's adjuvant [34] and oral insulin [35], 
which protect from disease onset, are associated with appearance of IL-4-
producing cells in the islets. Finally, as mentioned above, GAD and hsp 60-
induced protection is associated with T H2 dependent autoantibodies (IgG 1, 
IgG2b). It should be emphasized that all this evidence is indirect and will 
require direct confirmation, notably by protection following administration of 
T H2 cell clones. 

Early anomaly in NOD mice of NK1+ T cell subset, aT H2 inducer 

Whereas T H 1 cells differentiate under the influence of IL-12, growing evidence 
indicates that T H2 cells differentiate in the microenvironment of IL-4. The 
major source of IL-4 in the early phase of intrathymic ontogeny is a subset of 
thymocytes termed NKl T (since they carry the NKl marker as well as other 
NK cells markers) [68]. 

These NKl + T cells are also remarkable for their MHC class I restriction 
(very unusual for double negative or CD4+ cells), and their usage of an invariant 
TCR (Vcxl4, V~8.2). Their role in T H2 cell differentiation is indicated by the 
absence oflgE production observed in MHC class I knock out NKl T-deficient 
mice. We have recently reported that NKl + T cells present a major defect in 
NOD mice both numerically and functionally (IL-4 production) [69]. This 
deficiency is observed in both the thymus and the periphery (the precocious 
production of IL-4 following in vivo administration of anti-CD3 antibody which 
is mediated by NKl + T cells is absent in young NOD mice). This NK 1 + T cell 
deficiency is fully corrected both in vitro and in vivo by IL-7, a T cell growth 
factor that has been shown to have a preferential effect on NKl + T cells [70]. 

Conclusions 

Taken together, these data tend to indicate that a subset of CD4+ T cells, 
presumably of the T H2 type (although the role ofTGF-~-producing cells has not 
been excluded), affords protection from diabetes in young NOD mice for several 
weeks. However, this protection mechanism progressively wanes between 10 
and 20 weeks of age in the NOD mouse, transforming the insulitis from a 
peripheral pattern to an invading and destructive one. One may hypothesize 
that the NKl + T cell deficiency that precedes this failure of protection 
mechanisms is at its origin, although again this remains to be demonstrated. 

AETIOLOGICAL FACTORS ARE BOTH GENETIC AND ENVIRONMENTAL 

The hereditary transmission of IDDM is well established: the disease con
cordance rate varies from 35% in monozygotic twins to 7% in siblings (15% in 
HLA identical sibs) [3]. The role of genetic factors is also illustrated by the tight 
genetic control of IDDM onset in the NOD mouse and the BB rat. 
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Role of the MHC 

The central role of the MHC genes is well established in both human disease 
and animal models. Thus, in the NOD mouse, NOD.H-2k congenic mice which 
do not express the NOD I-A genes are protected from diabetes (whereas they 
still show thyroiditis) [71]. Conversely, however, C57Bl/6 mice congenic for I
ANOD do not become diabetic except if they express an IL-10 transgene in ~ 
cells [72]. Note, lastly, that transgenic NOD mice expressing I-A k or I-A b are 
protected from diabetes and that this protection is probably an active one since 
it is broken down by cyclophosphamide treatment [73, 74]. In human IDDM, the 
HLA association with the predisposing HLA alleles DR3 and DR4 has been 
extensively documented [3]. Recent data indicate that only some DR4 subtypes 
may predispose to disease onset. The DR2 DQBl *0602 allele provides strong 
protection from disease but not from autoantibody appearance. 

Three major mechanisms can be put forward to explain the HLA association 
with IDDM. In the first, predisposing but not protective alleles present crucial 
autoantigenic peptides. This is in fact the classical immune response gene model 
based on the central phenomenon of HLA restriction ofT cell responses. It is 
difficult however to accept this hypothesis, at least in an exclusive way, because 
of the dominance of DR2-associated protection over DR3- or DR4-associated 
susceptibility. Additionally, DRB5*0101, a probable protective allele, has been 
shown to present very effectively a GAD65 epitope to T cells from diabetic 
patients (P. van Endert, personal communication). In the second hypothesis, 
predisposing and protective alleles compete for autoantigen binding ('determi
nant capture'). This hypothesis is supported by the observation that autoanti
gens bind to protective alleles. However, it does not take consideration of the 
fact that autoantigens possess numerous T cell epitopes located in distinct 
protein domains. Any individual class II aJJele is unlikely to bind crucial 
epitopes of all important antigens. A last and perhaps more attractive hypoth
esis is that predisposing and protective alleles stimulate different types ofT cell 
subsets (T HI /T H2). This hypothesis explains dominance of protection by 
dominance ofT H2 type lymphokines and the benefit of 'determinant capture' 
by protective alleles. It is also compatible with the notion of multiple important 
autoantigens and epitopes. Lastly, it explains protection of transgenic NOD 
mice expressing I-A non-NOD [73,74]. 

Non-MHC genes 

The role of non-MHC genes in predisposition to IDDM is illustrated in man by 
the difference between disease concordance rate in monozygotic twins (35%) 
and HLA identical siblings (15'Yo). Only a few non-HLA genes have been clearly 
identified: the insulin gene [75,76] and the CTLA-4 gene [77] have modest 
linkage and questionable significance. Other chromosomal predisposing regions 
have also been suggested [78] (Table 8.3). 
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Table 8.3 Loci linked to IDDM susceptibility 

Disease locus 

IDDMI 
IDDM2 
IDDM3 
IDDM4 
IDDM5 
IDDM6 
IDDM7 
IDDM8 
IDDM9 
IDDMIO 
IDDMII 
IDDM12 

Table 8.4 Idd loci in NOD mice 

Locus Chromosome location 

Iddl 17 
Idd2 9 
Idd3 3 
ldd4 II 
Idd5 I 
Idd6 6 
Idd7 7 
Idd8 14 
Idd9 4 
Idd!O 3 
Iddll 4 
Iddl2 14 
Iddl3 2 
Iddl4 13 
Iddl5 15 
lddl6 I 

Chromosome location 

6p21 
llp25 
15q 
llql3 
6q25 
18q 
2q31 
6q27 
3q21-q25 
!Ocen 
Xq 
7p 

Distance (em) 

19 
22 
30 
44 
30 
77 
4 
3 

82 
55 
53 
12 
71 
13 
27 

9 

More data have been collected in NOD mice where, thanks to the systematic 
segregation studies of several laboratories, notably that of John Todd, 16 loci 
have been localized [79] (Table 8.4). Much work remains to be done to identify 
the genes in question and their biological significance in relation to disease 
pathogenesis. The problem is complicated by the existence of protective genes 
such as the Fey receptor II gene, recently shown in our laboratory to be 
abnormal in NOD mice and to confer paradoxical partial protection, notably 
in males [80]. 
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Environmental factors 

The relatively low penetrance of the human disease, indicated by the 35% 
concordance rate in monozygotic twins, brings strong evidence in favour of a 
major role for environmental factors. The nature of these factors is still poorly 
defined. Viruses and bacteria are probably central but their role is complicated 
by the fact that they may act in both directions of disease promotion or 
protection. The protective role of some viral infections has been well demon
strated in NOD mice and BB rats that show the highest incidence of disease in 
specific pathogen-free colonies [3,81,82]. It could explain the north-south 
gradient of disease incidence observed in both Europe and North America [82]. 

CONCLUSIONS 

IDDM is a multifactorial and polygenic autoimmune disease. Data presented in 
this review indicate the potential central role of three orders of aetiologic 
factors: 

(1) abnormal immunogenicity of ~ cell autoantigens, probably secondary to 
local inflammation, whether or not this inflammation is of immunological 
nature; 

(2) genetically controlled T cell capacity for recognizing the antigen peptides; 

(3) an immune dysregulation perpetuating the autoimmune response. 

Interestingly, genetic factors probably intervene at all steps and environ
mental factors at several levels. One may hope that the dissection of all these 
mechanisms will provide a better understanding of IDDM pathogenesis and 
new tracks for immunotherapy and antigen specific disease prevention. 
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9 
Addison's disease and related 
polyendocri nopathies 
P. PETERSON, R. UIBO and K. J. E. KROHN 

INTRODUCTION 

The clinical disorder caused by adrenocortical destruction was first described by 
an English physician, Thomas Addison, almost 150 years ago [1] and has since 
been known as Addison's disease [2]. The clinical signs and symptoms of the 
condition are due to the failure of adrenal cortex to produce steroid hormones, 
notably cortisol and aldosterone. The lack of cortisol results in loss of weight, 
weakness, vomiting and, as the cortisol production is regulated by 
adrenocorticotrophic hormone (ACTH), elevated blood level of ACTH. By the 
time the diagnosis of autoimmune Addison's disease is established, the adrenal 
cortex is usually completely destroyed by the autoimmune reaction. 

Some of the cases described by Addison were due to secondary tuberculosis, 
affecting the adrenal glands: tuberculosis and fungal infections were the primary 
cause for Addison's disease at that time, and still are in the developing world. 
Other non-immunological causes of adrenal insufficiency include HIV or 
cytomegalovirus infection, amyloidosis, tumours, haemorrhage or adreno
leukodystrophy [3], a rare genetic disease caused by a defective very long chain 
fatty acid transporter gene [4]. In countries where fungal infections and 
tuberculosis are less common, the idiopathic or autoimmune form of the disease 
prevails, accounting for 75-90% of the cases [5]. 

Addison's disease is rare. Estimates of the prevalence have varied between 40 
and 70 cases per million [6-8] but a recent retrospective study from Nottingham 
reported a calculated prevalence of 110/million, and the cause was attributed to 
autoimmune destruction of adrenals in 93% of the cases. The annual incidence 
was found to be 5.6 per million [9]. In the present review, the term Addison's 
disease is used solely for the autoimmune adrenocortical failure. 
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The histological picture of the adrenal cortex in Addison's disease is similar 
to that seen in the autoimmune diseases of other endocrine glands, especially the 
thyroid in autoimmune thyroiditis (Chapter 3). In the early phase of the disease, 
one sees heavy lymphocytic infiltration in the cortex, and destruction of the 
cortical cells. This finding is in agreement with the hypothesis that the 
destruction of cortical cells is due to cytotoxic T lymphocytes. In late cases, 
seen most often at autopsy, the active destructive process has been replaced with 
fibrosis, again resembling the burn-out process observed in autoimmune thyroid 
diseases or in atrophic A-type gastritis (Chapter 12). 

CLINICAL ASSOCIATIONS 

Addison's disease belongs to the group of organ-specific autoimmune diseases. 
Clinically, the disease can occur alone, as a solitary disease or in association 
with other organ-specific immune diseases. The age of onset varies and at least 
three clinical entities exist: 

Autoimmune polyglandular syndrome type 1 (APS 1) 

Type 1 polyglandular syndrome (APS 1 ), also known as autoimmune poly
endocrinopathy-candidiasis-ectodermal dystrophy (APECED;[l 0]) or auto
immune polyglandular disease type 1 (APD 1 ), is a rare disorder, and most of 
the earlier case reports described only single or a few patients. The first large 
series was published by Ahonen et al. from Finland [11 ]. The highest incidence 
of the syndrome has been found among isolated populations, such as Finns and 
Iranian Jews [13,21]. The patient with APS 1 develops chronic mucocutaneous 
candidiasis soon after birth; later, several organ-specific autoimmune diseases, 
mainly hypoparathyroidism and Addison's disease occur (Table 9.1 ). These are 
the most consistent disorders, and by definition APS 1 should have at least two 

Table 9.1 Addison's disease and associated disorders in APS I, APS 2 and solitary Addison's 
disease [adapted from References 11,18,50) 

Addison's disease 
Hypoparathyroidism 
Mucocutaneous candidiasis 
Autoimmune thyroid disease 
Diabetes mellitus (lOOM) 
Pernicious anaemia 
Ovarian failure (only females) 
HLA association 

APS I% 

72 
79 

100 
4 

12 
18 
60 

NoHLA 
association 
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APS2% 

100 

69 
52 

Rare 
2 

DRBI*030l 
DQA1*050l 
DQB1*0201 

Solitary disease 

100 

DRB1*0301 
DQA1*0501 
DQB1*0201 
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of the aforementioned three components. However, the syndrome includes 
several other clinical conditions such as chronic atrophic gastrititis with or 
without pernicious anaemia, chronic active hepatitis, insulin-dependent dia
betes mellitus (IDDM), autoimmune thyroid disease, alopecia, vitiligo or 
keratopathy, and in puberty, gonadal dysfunction [12]. 

Immunologically, the major findings are the presence of high-titre serum 
autoantibodies against the affected organs, antibodies against antigens of 
Candida albicans, and a low or absent T cell response toward candida! antigens 
[13]. The disease is not associated with any particular HLA haplotype and both 
males and females are equally affected, consistent with the autosomal recessive 
mode of inheritance. 

Autoimmune polyglandular syndrome type 2 (APS 2) 

APS 2, also known as Schmidt's syndrome, is more common and does not show 
the population restriction observed with APS I. Clinical onset usually occurs in 
early adulthood, although it can start at any time during the lifespan. APS 2 is 
defined as a combination of Addison's disease with autoimmune thyroid disease 
[14] or IDDM [14], or both. Pernicious anaemia and hypogonadism may occur 
but less frequently than in APS 1 and not usually in childhood. This syndrome 
affects especially middle-aged Caucasoid women with a male/female ratio of 
1:8. A multifactorial aetiology has been proposed, involving different genetic 
and environmental factors [16]. One clearly critical genomic region is the major 
histocompatibility complex (MHC). In contrast to APS I, APS 2 is clearly 
associated with specific HLA risk haplotype [17, 18]. 

Solitary Addison's disease 

The solitary adult form of Addison's disease has the same age of onset and HLA 
association as APS 2. Although other immune diseases are not seen in these 
patients, the clinical picture and, especially, association with HLA suggest that 
this form is in fact a variant of APS 2. It is likely that the similar genetic 
background, in particular through the effect of HLA genes, can lead to any 
combination of the three main diseases seen in APS 2. 

GENETICS 

The genetic background of autoimmune Addison's disease depends on whether 
it occurs as a part of APS 1 or APS 2 or as a solitary form. It should be noted 
that some APS I cases may have Addison's disease as their only clinical 
manifestation and may therefore be difficult to classify if family records are not 
available. Furthermore, cases where the diagnosis of APS 1 is based on genetic 
studies or on family history, only some of the clinical conditions belonging to 
the syndrome may have appeared, depending largely on the age of the patient. 

Because of the genetic differences in APS I and APS 2 or the solitary disease, 
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the aetiology of the autoimmune process attacking adrenal cortex in these 
syndromes is probably different, but will eventually lead to a similar immuno
logical destruction and clinical disease. 

APS 1: an autosomal recessive genetic disease 

APS I has a well-defined autosomal recessive form of inheritance, confirmed by 
several reports [10,19-21]. APS I in populations with a high incidence of the 
disease is likely to be the result of one or a few founder mutations. The 
prevalence of the disease among the Finns and Iranian Jews is estimated to be 
I :25000 and I :9000, respectively, whereas only a few cases in other parts of the 
world are found each year. The slight clinical variability of the disease between 
the populations, with relative infrequency of candidiasis among the Iranian 
Jews is presumably caused by different mutations in the defective gene or by 
other modifying genetic factors [13,22]. Nevertheless, environmental factors 
influencing the expression of APS 1 cannot be entirely excluded [22]. 

The localization of the APS 1 gene on chromosome 2lp22.3 has been carried 
out using linkage analyses in Finnish families [23]. The analysis assigned the 
disease locus to a position between D21S49 and D21S171, with the peak value 
of lod score between markers PFKL and 021 S 171. This limited the APS 1 
critical region to approximately 500 kb. Furthermore, the analyses of 9 Iranian 
Jewish and 21 other non-Finnish families revealed that APS 1 in different 
populations is probably due to different mutations in a single gene on 2lq22.3 
[24]. The haplotype analyses of Finnish family material suggest that > 85-90% 
of cases are due to one major mutation that has been common in the ancestors 
of the Finnish population and that some minor mutations originating from 
different Finnish subpopulations are responsible for the remaining I 0% of the 
APS 1 cases [24]. 

Recently, as part of the international efforts to generate the entire sequence of 
human chomosome 21, the partial sequence of the critical region for APS 1 was 
made available in GenBank by the Stanford Human Genome Center. The 
Center is currently carrying out the sequencing of 1.0 Mb around the region of 
APS 1 gene. 

APS 2 and the solitary form of Addison's disease 

Many cases of APS 2 and solitary Addison's disease are sporadic. However, 
similarly to other organ-specific autoimmune diseases the syndrome often 
shows familial aggregation [16]. It is likely that APS 2 does not have a strictly 
mendelian inheritance, but is triggered by some genetic predisposition com
bined with extrinsic factors. 

APS 2 shows a strong association with the MHC locus (Figure 9.1 ), and was 
first found to be associated with HLA-B8 in the class I region [25,26]. 
Subsequent studies demonstrated that the primary association was with HLA
DR3 in the MHC class II locus and that HLA-B8 is involved secondarily 
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Figure 9.1 Map of the human MHC (adapted from Campbell and Trowsdale 1993) 

through linkage disequilibrum between these two regions [27,28]. In a study 
with 34 Addison's disease patients, the frequency of DR3 was significantly 
increased with a relative risk factor of 3.4 [27]. When occurring as part of APS 2, 
the relative risk factor rose to 10. In another study of 45 patients DR3 but also 
DR4 carried a risk of 6 and 4.6, respectively [28]. Both HLA antigens are also 
associated with IDDM [29]. Despite this the relative risks in relation to 
Addison's disease of both molecules remained significant even when patients 
with co-existing IDDM were excluded from this series. Weetman and co
workers [17] confirmed the positive association with DR3 in 33 British patients 
(relative risk 3.6), but failed to find any increased frequency of DR4. A strong 
and significant association was also found for HLA-DQ2 but as DR3 and DQ2 
are in linkage disequilibrium, the finding was thought to be a reflection of this 
fact. It is important to note that the presence of polyendocrinopathy in these 
Addison's disease patients did not increase the relative risk for HLA-DR3 and 
DQ2 molecules. Addison's disease patients in the German population also 
showed a DR3 association [30]. In this study the role of HLA-DQ was analysed 
by dividing DR4-positive Addison's disease patients into two groups: those with 
and without IDDM. Addison's disease with IDDM invariably showed an 
association with HLA-DQ8 (DQBl *0302 according to the new nomenclature), 
a high risk allele in isolated IDDM. In contrast, in the DR4-positive Addison's 
disease patients without IDDM the preferential HLA-DQ allele was DQ7 
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(DQBl *0301), which is known to be protective from IDDM. It was concluded 
that DQ8 molecule is also associated with IDDM in Addison's patients and may 
therefore be a predictive marker of diabetes [30]. 

Our results with the PCR-based method showed that patients with APS 2 or 
the solitary form of Addison's disease share highly similar HLA class II alleles 
[18]. A strong and significant association was found with three polymorphic 
alleles: DRBl *0301, DQAl *0501 and DQBl *0201, with the highest relative 
risk (RR) up to 27 with DQA 1 *050 1 allele. All three class II alleles have been 
described to be in linkage disequilibrum with each other and, indeed, the 
frequency of the three alleles together remained higher among Addison's disease 
patients than in the random population (83";;, versus 20'Yo). No difference 
between the two clinical subgroups was found in HLA class II alleles. Such 
concordance further suggests that both forms of Addison's disease, the solitary 
and that associated with APS 2, probably have a similar genetic background and 
aetiology. 

In view of the strong association with APS 2 and solitary Addison's disease to 
specific HLA haplotypes, one can also speculate that the polymorphism of the 
identified major autoantigen, P450c21 (see the discussion below), could play a 
role in the pathogenesis. The gene coding for P450c21, CYP21 B, is located 
within the HLA region, between class II and class III and known to be 
polymorphic. We therefore studied both the gene organization of the CYP21 
gene as well as the polymorphism in the coding region [31]. We showed that 
patients with solitary Addison's disease or APS 2 had the HLA-B8, 
DRBI *0301, DQAl *0501 DQBl *0201 haplotype with specific alleles in the 
HSP70 and TNFB genes located approximately 200 kb and 450 kb, respectively, 
telomeric to MHC class III region. Furthermore, 11 of 12 patients had a 
deletion of the C4A and CYP21A (a pseudogene for P450c21) genes and thus 
carried only the remaining C4B and CYP21B gene pair. In the coding sequence 
of a CYP21 B specific polymorphism was also seen to be associated with APS 2 
and solitary Addison's disease. All patients studied had a particular CYP21 B 
allele; an additional leucine was found in position 10, Lys--->Arg transition at 
position 102 and an Asn--->Ser transition at position 494 [31]. This polymorph
ism was present either homozygously or heterozygously in all patients studied. 
Based on these studies, one can conclude that in APS 2 and solitary Addison's 
disease a specific HLA haplotype, linked with an equally specific polymorphism 
in the CYP21 B gene, is the key risk factor for developing Addison's disease. 

IMMUNOLOGICAL FINDINGS 

Immunofluorescence studies on adrenocortical autoantibodies 

A large amount of information concerning the presence and nature of adrenal 
autoantibodies has been collected for four decades. Anderson eta!. [32] were the 
first to report the presence of adrenocortical antibodies in patients with 
Addison's disease using complement fixation. This work was later confirmed 
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by the immunofluorescence method [33] and showed that the reactivity of 
patient sera with adrenal cortex could be absorbed with an adrenal microsomal 
fraction but not with extracts from other tissue sources [13]. Using indirect 
immunofluorescence, adrenocortical autoantibodies (ACA) were found in 50-
90"/c, of patients with Addison's disease [13,34,35]. ACA have also been detected 
by immunodiffusion [36,37], ELISA [38] and radioimmunoassay [39]. The 
autoantibodies are mostly of the IgG class [36,40] and usually react with all 
layers of the adrenal cortex in immunofluorescence [41]. 

Differential centrifugation of subcellular fractions of adrenal cortex has been 
used to demonstrate that both microsomal and mitochondrial fractions contain 
adrenal autoantigens [40,42,43]. Other investigators have reported antibodies 
reacting with the adrenal cell surface [44a] and antibodies affecting the in vitro 
stimulation of cortisol secretion by ACTH have also been described [45,46]. 
Adrenal autoantigens have been further characterized by immunoprecipitation 
of 125I labelled adrenal microsomes demonstrating that 57% of Addison's 
disease serum samples reacted with a 55 kDa adrenal-specific protein [47]. 

Immunofluorescence studies have revealed several antigens in the steroid 
producing cells, consistently present in the adrenal but with variable distribu
tion in the ovary, testis and placenta. The sera of patients with Addison's disease 
and APS 1 react with the theca interna and corpus luteum of ovary, interstitial 
cells of testis, and placental trophoblasts [41 ,48-50]. To distinguish such 
antibodies from the ACA, they have generally been named steroid cell 
antibodies (StCA). 

Destruction of adrenocortical cells and cell-mediated immunity 

Adrenalitis appears to be largely diffuse, affecting all three layers of the cortex. 
It consists mainly of lymphocytes, but macrophages and plasma cells are also 
detected [15]. Small focal lymphocytic infiltrates are sometimes observed in 
elderly, apparently normal individuals. More than 60% of Japanese over the age 
of 60 were found to have focal adrenal infiltration at autopsy [51]. Immuno
histochemical examinations revealed that the mononuclear cells were mainly 
CD3+ CD4+ T cells, whereas CD3+ CDS+ T cells were less in number. As 
judged by IL-2R expression, a considerable proportion of CD4+ T cells were 
activated [51]. 

T cell responses toward adrenal tissue have been examined by the leukocyte 
migration inhibition test in vitro. Using adrenal extract as an antigen, positive 
findings have been reported in 40% of patients with autoimmune Addison's 
disease, while no response was found in patients with tuberculous Addison's 
disease [52]. However, the same antigen was unable to stimulate T cell 
proliferation in blast transformation experiments. The finding of leukocyte 
migration inhibition was confirmed later with positive reactivity in more than 
80(!';, of patients [52]. Leukocyte migration tests showed no correlation with the 
presence of adrenocortical antibodies or to the duration of the disease. A 
delayed type skin reaction was also demonstrated in vivo by intradermal 
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injections of adrenal antigen [52]. An increased number of circulating activated 
and HLA class n+ T lymphocytes has been reported among patients with a 
recent onset of the disease, whereas patients with Addison's disease of long 
duration have not been found to differ from normal individuals [53]. 

As a source of crude antigen, fractionated adrenal homogenate was used by 
Freeman and Weetman in a T cell proliferation assay [54]. Peripheral blood 
mononuclear cells from six out of ten patients tested showed proliferation in 
response to different fractions used and, in particular, to one with a molecular 
weight of 18-24 kOa. It was unclear whether this fraction represented a whole 
protein antigen with low molecular weight or whether it was a breakdown 
product. 

Aberrant MHC class II molecule expression and antigen presentation has 
been proposed as an initiating mechanism in pathogenesis of autoimmune 
endocrine diseases [55]. According to this, up-regulation of MHC molecules on 
endocrine cells will induce the activation of C04+ T cells and consequently give 
rise to humoral and cytotoxic immune reactions against the tissue. The first 
findings were based on experiments in thyroid autoimmunity [56] and were later 
also described in pancreatic ~ cells in lOOM [57,58]. However, expression of 
class II molecules in non-lymphoid tissues can be physiological [59] or the result 
of an inflammatory process [60]. The expression of MHC class II molecules on 
adrenals was studied in eight patients who had died of recent-onset Addison's 
disease [61]. The majority of residual adrenocortical cells from these glands were 
positive for MHC class II molecules by immunohistochemistry, varying 
between 50 and IOO'Yo in different cases. In normal autopsy adrenals, by 
contrast, class II immunoreactivity was lacking or was variably observed in 5-
soo;;, of cortical cells, mostly restricted to the zona reticularis [44,61 ,62]. 
Interestingly, adrenals from patients with tuberculous Addison's disease also 
showed immunoreactivity similarly to those from patients with autoimmune 
adrenal disease. So far no evidence exists of virus-induced autoimmunity in 
Addison's disease. 

TARGET ANTIGENS IN ADDISON'S DISEASE AND RELATED 
ENDOCRINOPATHIES 

Steroidogenic P450 cytochromes, P450c17, P450c21 and P450scc and 
APS 1 

The organ-specific reactivity of ACA and StCA suggested that the autoantigens 
recognized would be involved in steroid biosynthesis. In fact, early studies 
revealed that the autoantigens recognized by APS I sera resided in a protein 
fraction that bound radioactive cholesterol and converted it to cortisol [43]. In 
the early 1990s it was shown that the major autoantigens in Addison's disease 
were, in fact, members of the enzymatic pathway responsible for steroid 
hormone biosynthesis in the adrenal cortex and in other steroid producing cells. 
Krohn et a! [63] screened a fetal adrenal expression library with sera from 
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patients with APS 1 and demonstrated that one of the steroidogenic P450 
cytochromes, steroid 17rx-hydroxylase (P450cl7), was a target autoantigen. 
Subsequently Winqvist et al. [64,65], Song et al. [66], Uibo et al. [67], Colis eta!. 
[68] and Chen et al. [69] have reported that two other steroidogenic enzymes, 
steroid 21-hydroxylase (P450c21) and side-chain cleavage enzyme (P450scc), are 
also recognized by sera from APS 1 patients with Addison's disease. All three 
enzymes are actively involved in the steroidogenic pathway in adrenal cortex. 

Our analyses of P450c 1 7, P450c21 and P450scc as autoantigens showed that 
81 'Yo of the patients with Addison's disease reacted with at least one of the three 
proteins in immunoblotting [67] and up to 85% of the patients were positive in 
immunoprecipitation [70]. All three cytochromes were frequently recognized in 
immunoprecipitation by sera from APS 1 patients with Addison's disease, with 
no significant difference (55%, 52% and 56% respectively) for P450cl7, 
P450c2land P450scc reactivity [70]. A high frequency of autoantibodies to the 
three steroidogenic enzymes in APS 1 was also found by Chen eta!. [69] using 
immunoprecipitation in their patient series: 55°;(,, 64% and 45% of patients 
reacted with P450cl7, P450c21 and P450scc, respectively. 

Other autoantigens recognized by APS 1 sera 

Some recent studies have indicated that several other enzymes act as target 
antigens in APS 1. The autoantibodies to 65-kDa isoform of glutamic acid 
decarboxylase (GAD65), the major autoantigen in IDDM (Chapter 7), were 
originally described by Velloso et al. [72] and Seissler et al. [73]. In both studies 
relatively small number of patients were analysed but with high titres of GAD65 
antibodies. High levels of circulating antibodies to GAD65 were also found in a 
large series of Finnish patients ( 47 individuals) with APS 1 [74]. All eight APS 1 
patients with IDDM had GAD65 antibodies and also 41% of patients without 
clinical IDDM were positive for these autoantibodies. 

Li et al. [75] reported that six out of 17 (35%) patients with acquired 
hypoparathyroidism in APS 1 reacted with the extracellular domain of calcium 
sensing receptor, a specific parathyroid enzyme. No reactivity with intracellular 
domain of this enzyme was observed. 

The reactivity of APS 1 sera with a novel 51 kDa protein has been described 
[65,72]: this was later identified by screening of an expression library derived 
from rat insulinoma cells with APS 1 serum, as aromatic L -amino acid 
decarboxylase, expressed in several tissues including pancreatic ~cells [76]. All 
seven sera studied precipitated from metabolically labelled Langerhans islets the 
51 kDa protein that comigrated with a protein precipitated by a specific anti
aromatic L -amino acid decarboxylase antibody. However, despite the 100% 
reactivity in APS 1 patients, none of the patients with recent-onset IDDM or 
stiff-man syndrome reacted with this pancreatic antigen. 

APS 1 patients have often autoimmune hepatitis and, therefore, the target 
autoantigens of this disease were studied by Manns and Obermayer-Straub 
(personal communication). They analysed a panel of ten different P450 cyto-
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chromes (P450 1A1, 1A2, 2A6, 2B6, 2C8, 2C9, 2C19, 206, 3A4 and 2E1) for 
reactivity in immunoblotting. Four of 64 Finnish patients had anti-P450 I A2 and 
nine anti-P450 2A6 antibodies, but positive reactivity was also found with P450 
!AI and P450 2B6 cytochromes. Interestingly, none of these APS 1 patients had 
autoantibodies to P450 206, the major target in autoimmune hepatitis and, in 
contrast, none of the patients with autoimmune hepatitis but without APS 1 
recognized cytochrome P450 206 and P450 2A6 as the autoantigens. 

We screened a C. albicans eDNA expression library with patient sera to 
characterize the antibody responses in APS 1 patients with chronic muco
cutaneous candidiasis and found four reactive proteins - enolase, heat-shock 
protein 90, pyruvate kinase and alcohol dehydrogenase [77]. The reactivity to 
these antigens was studied further by immunoprecipitation which showed the 
highest response to enolase (80°;(, of patients reactive), compared to heat-shock 
protein 90 (67%), pyruvate kinase (62.5%) and alcohol dehydrogenase (64%). 
Overall, 95.5% of the patients had detectable antibodies to at least one of these 
proteins, indicating that these four candida! proteins are the major antigens and, 
therefore, can be used as accurate markers of candidiasis in APS 1 patients [77]. 

Such a variety of different autoantibodies in APS 1 suggests that multiple 
autoimmune processes to different organs are occurring in these patients and 
that many of the autoantigens in this disorder remain to be identified. The 
reason and role of the autoantibodies in APS 1 pathogenesis remains unknown 
but will be resolved, hopefully, after the identification of the defective gene and 
its function. 

P450c21 in APS 2 and solitary Addison's disease 

In our own patient series, seven out of nine (78%) Addison's disease patients 
with APS 2 reacted only with P450c21, and one patient was simultaneously 
positive for P450c 17 autoantibodies. P450c21 has also been identified as a major 
autoantigen in adult Addison's disease by three independent groups [78-80] 
reporting prevalences of 75%, 72% and 87%, respectively. 

Using the immunoprecipitation assay of in vitro translated and 35S-labelled 
P450c21, Colis et al. [68] found autoantibodies to P450c21 in 66% of patients 
with isolated Addison's disease and in 90% of those with APS 2. Immuno
precipitation results were reported to correlate well with the results obtained by 
immunoblotting of P450c21 protein expressed in yeast. The same group in their 
most recent report describes the presence of P450c21 autoantibodies in 96% of 
APS 2 and in 64'Yo of patients with solitary Addison's disease [69,71]. 
Furthermore, they have also found P450cl7 autoantibodies in 33% and sr;;,, 
and P450scc autoantibodies in 42% and 9% of patients with APS 2 and solitary 
Addison's disease, respectively [69,71]. A report by Falorni et al. [81] describes 
the use of a similar immunoprecipitation assay with an 86% prevalence of 
P450c21 autoantibodies among 28 patients with Addison's disease. Further 
studies by Falorni and collaborators with 48 patients obtained even higher 
sensitivity (92%) among Addison's disease patients (personal communication). 
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A new and sensitive method has been developed by Furmaniak and collabora
tors. Using the recombinant human P450c21 expressed in yeast, purified to 
100% homogeneity and labelled with 1251, they were able to detect P450c21 
autoantibodies in 100% and no;., of patients with APS 2 and solitary Addison's 
disease, respectively (personal communication). 

Other steroidogenic enzymes expressed in Addison's disease 

As all three identified autoantigens in Addison's disease were enzymes primarily 
involved in steroidogenesis, one could assume that other enzymes participating 
in this pathway might also act as autoantigens. However, no reactivity of APS 1, 
APS 2 or solitary Addison's disease sera with E. coli-expressed 3~-HSD and 
P450cll was detected by Song et al. [66]. Similarly, four enzymes tested by us, 
3~-HSD, P450c11, adrenodoxin and adrenodoxin reductase, showed no reactiv
ity with APS 1, APS 2 or solitary Addison's disease patient sera [70]. 3~-HSD 
autoantibodies have been detected, however, in 21 'Yo of patients with premature 
ovarian failure by Arif and collaborators [83] but the sera from their patients 
with Addison's did not recognize the enzyme. The lack of reactivity toward these 
steroidogenic enzymes proves also that the humoral autoimmune response is 
specific, and not provoked non-specifically by the destruction of the adrenal 
gland and the subsequent release of autoantigen proteins. 

These findings do not definitely rule out the possibility that other steroido
genic enzymes or other adrenal and steroid cell antigens are recognized by 
Addison's disease sera. In immunoblotting using whole human adrenal homo
genate as antigen, several bands with molecular sizes of 55, 48, 43, 39 and 19 
kDa [67] were seen and this would suggest that other antigens are also involved. 

Predictive markers of Addison's disease 

A good correlation with clinical findings has already been observed when ACA 
and StCA have been determined with immunofluorescence or other non-specific 
methods. Thus, ACA have not been detected in the tuberculous form of 
Addison's disease [41]. Furthermore, the presence of ACA is perceived as a 
highly specific marker for autoimmune Addison's disease and with a low 
prevalence (0.1-0.6%) in the normal population [84-88]. 

In our studies, 85% of patients with APS 1 reacted with one of the three 
steroidogenic proteins [70]. This is consistent with previous findings, where 85% 
of Addison's disease sera in this syndrome exhibited autoantibody reactivity 
towards steroid producing cells by immunofluorescence [86,89]. As described 
earlier, even higher specificity and sensitivity has been obtained with P450c21 
autoantibodies in APS 2 and solitary Addison's disease. This means that the 
autoantibodies to steroidogenic P450 cytochromes are important disease 
markers in Addison's disease and, as a sign of ongoing immune destruction, 
often precede the clinical onset of the disease and may be potentially useful 
predictive markers. 
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The ACA were considered as a good predictive marker for Addison's disease 
and have been found in patients with IDDM or other autoimmune diseases, but 
without clinical Addison's disease [34,36,84,85,87,88,90]. Betterle and colla
borators have performed extensive analysis of ACA among 8840 adult and 808 
children patients with organ-specific autoimmunity but without clinical Addi
son's disease [91 ,92]. ACA were found in 0.8% of adults and in 1. 7% of children. 
During a follow-up study, 21 'Yo of ACA-positive patients developed Addison's 
disease and 29% developed subclinical hypoadrenalism, while 50% of patients 
maintained normal adrenal function [91]. In contrast, nine of 10 ACA-positive 
children developed clinical Addison's disease [92]. The majority of ACA-positive 
individuals were also positive for P450c21 autoantibodies. Thus the detection of 
ACA/P450c21 antibodies has a low value as a predictive marker in adults but 
high value in children [91,92]. As many of these children had also hypopar
athyroidism, they may be considered as patients with APS 1. In our own series 
of APS 1 patients who had antibodies but no clinical signs of adrenocortical 
failure, several developed the disease within the three years' observation period. 

Adrenocortical autoantibodies have been demonstrated in patients with 
IDDM without clinical signs of Addison's disease [34,84,87]. We studied the 
sera from 304 patients with IDDM for P450c21 autoantibodies by the 
immunoprecipitation assay and found them in 2.3% [82]. Six of these patients 
carried the HLA-DQB1 *0201 allele which is associated with increased suscept
ibility to adrenal autoimmunity. The P450c21 antibody-positive IDDM patients 
were also studied for ongoing Addison's disease, but no signs of clinical disease 
were observed, even during the 4 year observation period. These findings do not 
rule out, however, that the antibody-positive cases will later develop their 
disease, as it has been demonstrated that some patients may remain in the 
subclinical phase of Addison's disease for years [88] or develop adrenocortical 
insufficiency more than five years after the first appearance of autoantibodies 
[86]. Therefore, it will be important to follow up this and similar patient series. 

The enzymes P450c17 and P450scc are present in most steroidogenic cells 
and APS 1 patients usually have or develop signs of gonadal failure, while 
patients with solitary Addison's disease or APS 2 usually only have symptoms 
from adrenal gland insufficiency. However, an interesting difference is seen 
between the men and women with APS 1; women frequently have signs of 
ovarian insufficiency while in men gonadal failure is not often seen. It is 
unknown whether this finding relates to the immunologically protected status 
of the testes. 

Autoantigenic epitopes on P450c17 and P450c21 

Defining antigenic B cell epitopes of autoantigens is of interest both from the 
practical as well as the theoretical point of view. More specific antibody tests, 
such as peptide ELISAs, can be developed when the specific B cell epitopes are 
known. Theoretically, the general finding that autoantibodies frequently recog
nize enzymes is of interest and the reason for this is unknown. However, with 
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several other autoantigenic enzymes, the region recognized by the correspond
ing autoantibody has been shown to be identical, or close to, the catabolic site or 
other functionally active domains. One explanation for the fact that autoanti
bodies react with active sites of the antigens, might just be their location of the 
outer surface of the antigenic protein molecule. 

In cases, where autoantibodies can be shown in vitro to inhibit the enzymatic 
activity of the autoantigen, it is temping to speculate that this activity could also 
have pathogenic significance, as is the case with antibodies recognizing receptor 
molecules on cell membranes. When the antigen is localized entirely inside a cell, 
as seems to be the case with the steroidogenic enzymes, it is however difficult to 
see how an antibody, localized outside, could have an effect in vivo. 

Analysis of the autoantigenic epitopes of P450c 17 and P450c21 shows that 
the major epitopes are also located closely to the active sites of the enzyme. The 
P450cl7 eDNA fragments of different length were expressed in E. coli bacteria 
and patient sera were subsequently tested by immunoblotting [93]. Four epitope 
regions were found at amino acids 122-148, 280-304, 396-432 and 466-508, 
which all located in the regions with computer-predicted antigenicity. The first 
two epitope regions localized close to the region contributing to the substrate 
binding site, and the other two to the haem binding site [94]. As we found sera 
from APS 1 patients contained high titres of autoantibodies against P450cl7, 
these autoantibodies can likely inhibit the enzyme activity in vitro [93]. 

Epitope mapping of P450c21 [95] with 11 Addison's sera revealed that 
deletions in the N-terminal part of the P450c21 polypeptide (amino acids 1-
280) did not affect autoantibody binding. The central and C-terminal part (281-
494) of P450c21 were important for autoantibody binding, and the authors 
suggested that two protein fragments, amino acids 281-379 and 380-494, 
interact to form at least one major conformational epitope. A series of more 
extensive modifications of P450c21 [96] showed that most of the amino acid 
sequence in region 241-494 is needed for autoantibody binding. In another 
study [79] the major antigenic region was found between amino acids 164 and 
356, and by a further narrowing of this epitope, between amino acids 298 and 
356. Only two of 30 patients reacted with amino acid fragments 1-162 and 344-
494. These experiments also suggested the presence of conformational epitopes 
on P450c21. In conclusion, the main epitope regions recognized by sera from 
patients with Addison's disease seem to locate in a large segment in the central 
and C-terminal part of the protein. 

The cross-reactivity between evolutionarily-related steroidogenic enzymes 
might be considered as a mechanism for autoimmunity in APS 1. Although the 
overall amino acid homology between P450cl7 and P450c21, two adrenal 
steroidogenic enzymes of highest similarity, is only 29°/cJ, there is a considerable 
similarity in the regions predicted to form rx-helices or [3-sheets and also in the 
hydropathy profiles. In particular, similarity of protein conformation is found in 
the region of the presumed substrate binding site near amino acid 350 and 
downstream from the cysteine residue of haem binding site near amino acid 450 
in the C-terminal half of the proteins. Furthermore, the catalytic regions on C-

175 



ENDOCRINE AUTOIMMUNITY AND ASSOCIATED CONDITIONS 

terminal part of P450c17 possess high amino acid sequence homology with 
P450c21, such as between amino acids 345 and 370 (76%), and between amino 
acids 435 and 465 (77%). To find out the eventual cross-reactivity between 
P450c17 and P450c21, the C-terminus corresponding protein regions (overall 
homology 64%) were used to preabsorb patient sera that were subsequently 
tested in immunoprecipitation assays [70]. The absorption experiments demon
strated that the preincubation with P450c17 or P450c21 inhibited specifically 
autoantibody binding to corresponding in vitro translated antigen but did not 
significantly influence the reactivity to the second antigen. The lack of extensive 
cross-reactivity between P450c17 and P450c21 supports the idea of independent 
autoantibody responses against steroidogenic P450 cytochromes and suggests 
that each enzyme is the individial target of humoral immunity in APS 1. 
However, cross-reactivity may occur on the T cell level. 

Animal models 

With the identification of the target autoantigens in Addison's disease, genera
tion of an animal model would be advantageous in order to study in more detail 
the pathogenetic mechanism leading to the disease. In addition, this may also 
enable eventual testing of therapeutic and preventive strategies. 

Spontaneous Addison's disease has been described in cats and dogs [96]. 
Experimental adrenal infiltration has been produced in guinea pigs by the 
intramuscular injection of adrenal homogenate with Freund's complete adju
vant, first described by Colover and Glynn [97]. Both the cortex and medulla 
were affected by infiltration and destruction. These and other similar experi
ments with guinea pigs were repeated with rabbits [98-100]. In addition to 
infiltration, the autoantibodies in immunized animals were found to react with 
homologous and heterologous adrenal organs [98-100]. Adrenalitis and adre
nocortical autoantibodies have been obtained in Balb/c mice following cyclo
sporin A administration to newborn animals, coupled with thymectomy [101]. 
Multiple other organ-specific lesions such as gastritis, oophoritis, thyroiditis, 
sialoadenitis, insulitis and orchitis were also observed in these mice. 

The lipopolysaccharide 03 from Klebsiella has been used as a powerful 
adjuvant to obtain lymphocytic infiltration of adrenals [102]. Immunization of 
SMA mice eight times with adrenal homogenate mixed with 03 lipopoly
saccharide resulted in an adrenal infiltration of polymorphonuclear leukocytes, 
and after the ninth injection, infiltration of mononuclear cells such as 
lymphocytes and macrophages was observed. In addition, the adrenal tissue 
was replaced by fibrous connective tissue. No histological changes were found in 
the medullary regions suggesting that the adrenal cortex is more susceptible to 
immunological reaction. Both humoral and cell-mediated immunity were 
involved as the immunized mice produced adrenocortical autoantibodies and 
the adrenalitis could be produced in normal mice by transfer of spleen cells. 

In preliminary experiments, we immunized Balb/c mice with DNA vectors 
expressing the P450c21 antigen and showed development of P450c21-specific 
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antibodies linked with lymphocytic infiltration of the adrenal gland. This model 
could in the future be used to identify the T cell epitopes recognized by immune 
cells in the immunized animals, and furthermore to test whether antagonistic 
peptides could prevent the disease or affect the outcome of the disease process. 
An eventual mouse model for APS 1 could be a knock-out mouse of the 
analogous defective gene in this syndrome. 

Possible pathogenic mechanisms of Addison's disease 

Although the clinical picture of adrenal cortical failure in APS 1 and APS 2 and 
solitary Addison's disease is similar, it is likely that the pathogenetic mechan
isms leading to the syndromes vary. APS 1 is caused by a defect in one, as yet 
unknown gene and when this defect is revealed it will be of interest to learn how 
failure of one gene function can lead to such a variety of features. The major 
feature in APS 1 can be considered to be a strong humoral response toward a 
variety of potential autoantigens. Thus, an imbalance in the two helper T cell 
populations, T H 1 and T H2, can be suspected to be a key factor in the 
pathogenesis of the two polyendocrinopathy syndromes. It is conceivable to 
believe that in APS 1 the immune response has a T H2 dominance, with 
increased production of cytokines IL-10 and IL-4 leading to over-reactivity of 
the B cell compartment. In APS 2 and in solitary Addison's disease, the 
immunological features would fit better to a T H !-dominated immune response. 
This assumption fits also with the observed HLA association. It could therefore 
be speculated that the immunological lesions in APS I are caused mainly by 
antibodies, while lesions in APS 2 could be the result of cell-mediated immune 
responses, presumably having cytotoxic T lymphocytes as effector cells. 

However, as discussed earlier, an antibody recognizing an intracellular 
antigen can hardly result in cellular destruction directly, and other pathogenic 
reactions must be involved. Thus, both in APS 1 and APS 2, the direct 
pathogenic mechanism by which the adrenal cortex is destroyed is probably 
cell-mediated. Attempts to demonstrate clearly a cell-mediated immune re
sponse toward adrenal cortical cells or its compartments has, however, so far 
been less successful. The identification of steroidogenic enzymes as autoantigens 
should in future assist these experiments. 

An open question is whether, on the cellular level, the main effector cell 
belongs to the CD4+ helper or to CDS+ cytotoxic lineage, or whether both are 
crucial to disease progression. Activation of autoreactive T cells seems to be 
necessary in Addison's disease. Autoreactive CD4+ cells recognizing autoanti
genic peptides on HLA will subsequently release various cytokines and recruit 
and activate CDS+ cells and macrophages. Most likely the CDS+ cells will then 
cause the tissue destruction by expressing perforin and granzymes, the 
molecules associated with cytotoxicity [103]. However, it is also possible that 
CD4+ cells or macrophages have cytotoxic properties [104] involved in the 
pathogenesis of Addison's disease. 

Cytotoxic T cell assays have so far not been performed or reported in 
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Addison's disease. In future it will be appropriate to focus research efforts on a 
better understanding of the cell-mediated immunity of the disease. The ligand 
motifs are now available for many HLA molecules, and equipped with the 
amino acid sequence of autoantigens and a computer programme, it is possible 
to generate putative HLA binding peptides and test their antigenicity in T cell 
assays. Furthermore, based on the information on T cell epitopes, it is possible 
to create modified peptides from the target amino acid sequence e.g. by 
changing the amino acids exposed to the T cell receptor or by using chemically 
altered peptides to tolerize the patient by antagonistic peptide immunization. 

In conclusion, during the last five years, research on Addison's disease has 
entered the era of molecular immunology. The target autoantigens in Addison's 
disease, both when occuring alone or in combination with the two polyendo
crinopathy syndromes, have mostly been identified. Furthermore, the genetic 
background of the disease, such as the risk HLA haplotype or the gene defect 
causing APS 1, has been revealed or will be revealed soon. It is now possible to 
identify both T and B cell epitopes on the autoantigens, and this information will 
soon be used to generate not only better diagnostic methods but also ways to 
prevent or treat this model disease for autoimmunity. 

During the process of this paper, we and others have identified the gene for 
APS 1, which was named AIRE for autoimmune regulator [I 05, I 06]. A 
common Finnish mutation, R257X, was shown to be responsible for 82'% of 
Finnish APS I alleles. In addition, five other mutations were identified. 
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10 
Premature ovarian failure 
J. N. ANAST! 

Premature ovarian failure (POF) is a condition causing amenorrhoea, low 
oestrogens and elevated gonadotrophins in young women. In the USA, the 
mean age of menopause is 50.8 years and cessation of menses prior to age 40 is 
considered premature. Early ovarian failure can be a traumatic experience for a 
young woman, especially those interested in future fertility. To be told that your 
ovaries are similar to those of someone in their fifties can play havoc with any 
young female's body image. The inability to explain the aetiology of this 
condition increases the frustration and hopelessness to both patient and 
physician. In this chapter, we will explore many facets of POF but we will 
concentrate on the immunological aspects of this condition. The initial discus
sion will include a historical review of POF and its definition, as well as a brief 
overview of ovarian embyrology. This background is essential to understand the 
pathophysiology, diagnosis and treatment of PO F. For completeness, a cursory 
review of the non-immunological causes will precede the section on the 
immunologic aetiologies of PO F. The final section will include a discussion of 
the diagnosis, treatment options, and future direction of POF research. 

HISTORY 

As early as the 1930s clinicians noted abnormally elevated urinary gonado
trophins in premature menopause [1]. Atria, in 1950, published one of the first 
reports of patients with ovarian failure [2]. In his series of 20 patients with 
precocious menopause, he described the basic clinical characteristics of POF, 
including amenorrhoea before the age of 40, symptoms and signs of hypo 
estrogenism, the effectiveness of hormonal replacement therapy, and the 
associations with a viral illness. Hertz, in 1961, reported on four interesting 
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amenorrhoeic patients with elevated urinary gonadotrophins and follicles noted 
on ovarian biopsy [3]. Jones and de Moraes-Ruehsen observed three patients 
with similar findings and resistance to ovulation induction with normal doses of 
gonadotrophins. The clinicians were able to achieve ovulation in one patient 
with massive doses of gonadotrophins. They called this the resistant ovary 
syndrome and named it after their first patient, Savage syndrome [4]. The above 
work provided the impetus for the search for aetiologic factors and treatment 
for POF. 

TERMINOLOGY AND PREVALENCE 

The initial terms of precocious and premature menopause are inappropriate on 
a psychological and physiological basis. The stigmata associated with the 
diagnosis of menopause in a young female interested in fertility can be 
psychologically devastating [5]. The designation POF [6] was applied to dispense 
the negative connotation suggested by the label of menopause. Furthermore, 
POF may itself be a misnomer. When followed serially, as many as 65'Y,) of the 
patients exhibit evidence of ovarian function, with documented ovulation in 20-
300/c) [7-12]. Consequently, some authors have suggested the term hypergonado
trophic hypogonadism or even premature ovarian dysfunction to describe these 
patients more accurately [13]. 

The estimation of prevalence of POF in the general population is fraught with 
difficulties and has the potential of being under-reported. Women in their 
thirties with secondary amenorrhoea who have had a prior successful pregnancy 
may not seek medical treatment. In an attempt to generate an estimated 
prevalence, Aimak and Smentek combined their POF experience with that of 
several investigators. Of the 43 million women in the USA, about 3% have 
primary or secondary amenorrhoea, of whom 10'% have POF, thus giving a 
frequency of 0.3'% [14]. Coulam et al. [15], examining the medical records of 
1858 women living in Rochester, Minnesota in 1950, calculated the risk of 
developing POF to be 0.9%, with an incidence of 10 per 100000 person-years 
for ages 15-29 years and 76 per 100000 person-years for ages 30-39 years. In 
women with primary amenorrhoea, the prevalence of POF is 10-28% and 
women with secondary amenorrhoea have a frequency of 4-18% [16]. In light 
of the potential under-reporting, POF is not uncommon. 

EMBRYOLOGY, ANATOMY, PHYSIOLOGY 

Understanding the potential pathophysiologies ofPOF requires a brief review of 
selected aspects of ovarian development and regulation of follicular growth. 
Readers interested in more information should consult the excellent reviews by 
Adashi and others [17, 18]. Ovarian follicle development occurs in vitro and 
continues throughout a woman's reproductive life. Starting at the fifth gesta
tional week, primordial germ cells originating from the endoderm of the yolk 
sac, migrate by amoeboid movements to the genital ridge [19]. In the following 3 
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weeks, these premeiotic germ cells, known as oogonia, increase mitotically to 
about 600 000 [20]. To determine further oogonial endowment the following 
three processes must remain in delicate balance: 

(1) mitosis that increases oogonial number, 

(2) meiosis which converts oogonia to non-dividing primary oocytes, 

(3) oogonial atresia. 

The net effect is a germ cell peak of 6-7 million by gestational week 20 [21]. 
During the subsequent 20 weeks, germ cell atresia reaches its peak. Oogonia 
enter meiosis which provides a temporary escape from oogonial atresia. 
Furthermore, they become invested by pregranulosa cells to form the primor
dial follicles. Interestingly, growth and development of these follicles are 
gonadotrophin independent. By the eighth month of gestation, oogonial atresia 
ends and the newly formed primordial follicles are the next victim of the atretic 
process [22]. Thus, the new born female has lost over 80'Y., of her original germ 
cell endowment in a mere 20 weeks [23]. This number decreases to 300 000 by 
puberty, of which only 400-500 will be ovulated over the next 35 to 40 years 
(Figure 10.1). 

As early as 6 months gestation, the primordial follicle's spindle shaped 
pregranulosa cells become cuboidal and secrete mucopolysaccarides forming a 
translucent vest around the oocyte, known as the zona pellucida [22]. These 
follicles are now primary follicles. Preantral follicles, with their granulosa cell 
mass separated by a basal lamina from the differentiating pretheca interna layer, 
continue to proliferate. Although originally thought to be gonadotrophin 
independent, experiments in the hypophysectomized fetal rhesus monkeys (with 
absent levels of gonadotrophins) revealed massive oocyte depletion secondary 
to atresia, suggesting an important role of gonadotrophins in early follicular 
development [24]. As growth continues to secondary follicles, the granulosa cells 
acquire cell surface follicle stimulating hormone (FSH) receptors and oestrogen 
and androgen nuclear receptors [25]. In addition, the theca interna cells develop 
luteinizing hormone (LH) cell surface receptors [26]. The secondary follicles 
increase their granulosa cell complement by 600-fold and enlarge to 15 times 
their original primordial germ cell diameter. They develop a central antrum 
filled with sex steroids, granulosa-derived proteins, and electrolytes. The growth 
from primordial to late antral follicle occurs over 60-70 days. All of these stages 
of ovarian development are observed in the postnatal prepubescent female. 

The final road to oocyte maturation and ovulation is present in the post
pubertal woman (Figure 10.2). The rising level of FSH stimulates expansion of 
the granulosa cells of the antral follicle. This FSH stimulation of granulosa cell 
aromatase results in an increase of oestradiol from the conversion of the theca
derived androgens. By menstrual cycle day 5-7, several follicles will increase in 
size, but only one or two will become the dominant follicle(s) (graffian follicle). 
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Figure 10.1 Germ cell loss in the ovary. Primordial germ cells reach a peak of 7 million at 20 
weeks gestation. As a result of apoptosis greater than 90% of original germ cell complement is lost 
prior to puberty (age 13) 

This selection process still remains an enigma. Many factors including, ovarian 
follicle endowment, appearance and number of gonadotrophin receptors, sex 
steroids, steroid enzyme activity, inhibin, activin, and other putative growth 
substances influence the selection process. Over the next 5-7 days, the dominant 
follicle, with its increased vascular network, expands to a diameter of 18-25 
mm, while other smaller follicles in the original cohort become atretic. A 
massive and sudden release of LH caused by a sustained level of oestradiol 
initiates the trigger for ovulation [27]. The direct and indirect effects of LH 
release include 

(1) oocyte resumption of meiosis, 

(2) local synthesis of prostaglandins, 

(3) conversion of the ruptured follicle apparatus to the corpus luteum (CL), 

( 4) induction of the enzymes required for progesterone production [28]. 
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Figure 10.2 Follicular growth phases. The control of early follicle growth is not well defined. 
Tonic growth phase (lasting 60-70 days) is, at least in part, regulated by gonadotropins, and antral 
follicles are noted in prepubertal ovaries. Exponential growth phase (lasting 10--15 days) which 
occurs in the post-pubertal ovary is characterized by rapid growth regulated by gonadotropin 
releasing hormone (GnRH) 

Without the human chorionic gonadotrophin (hCG) produced by a preg
nancy, the CL regresses. The control of this luteolysis is uncertain, but appears 
to include prostaglandins, the immune system and reactive oxygen species. This 
monthly cycle repeats itself some 300--400 times until the menopause. Biopsies 
of post-menopausal ovaries are not always devoid of oocytes, suggesting that 
these ovaries may represent a state of granulosa cell failure and require a finite 
number of oocytes to effect efficient ovarian function. 

Resident ovarian leukocytes 

As boundaries between the endocrine and the immune system become less 
distinct (29,30], lymphocytes in the ovary are being investigated for their 
possible complementary role in ovarian regulation. Recent reviews by Adashi 
and Brannstrom focus on the function of these ovarian-based cells [31-34]. The 
ovary, unlike its male counterpart (testis), is not an immunologically privileged 
site. In the resting ovary, the macrophage is the predominate leukocyte present. 
However, as the follicle develops under gonadotrophin control, there is a five
fold increase in macrophages and an eight-fold increase in neutrophilic 

187 



ENDOCRINE AUTOIMMUNITY AND ASSOCIATED CONDITIONS 

granulocytes [34]. These events are similar to that of an acute inflammatory 
process [35]. Under the influence of chemoattractants secreted by the CL, 
eosinophils and other T lymphocytes are the next to invade this structure [36]. 
The appearance of leukocytes is not simply dependent on the age of the CL 
because pregnancy delays the invasion of these cells into the CL [37]. In 
addition, co-cultures of ovarian macrophages and luteal cells develop discrete 
cell to cell contact [38]. 

The presence of immune cells in the ovary is interesting but what is their 
significance? Is the immune system modulating ovarian function or is it an 
epiphenomena? Investigators have just begun to explore the effects of these cells 
on ovarian function. It is postulated that macrophages and other activated T 
cells may influence ovarian function, oocyte development, local angiogenesis, 
and control of apoptosis through the secretion of cytokines and other regulatory 
proteins. This local paracrine secretion of various molecules may offer a method 
of cross-talk between the macrophage and ovarian cells [39]. An aberrant 
regulation of this network could result in ovarian dysfunction and even POF. 

Apoptosis 

A delicate balance between cell proliferation and cell death is necessary to 
achieve homeostasis in fetal and adult organ systems [40]. Apoptosis, or 
programmed cell death, is a physiologic process different from necrosis [41]. 
The ovary, from gestational week 20 to puberty, loses 90% of its original oocyte 
endowment. Apoptosis, at least in part, regulates the oocytes' fate [42]. In the 
mouse model, the oocyte's c-kit receptor and the ovarian stoma's stem cell 
factor (SCF) appear to be important in the control of apoptosis. The murine 
defect in c-kit and/or SCF protein that causes rapid oocyte loss and early 
menopause corroborates this hypothesis [43,44]. This programmed cell death 
also regulates the post-pubertal ovarian development from the antral follicle to 
CL regression. Specifically, the granulosa cells of the non-dominant antral 
follicles and luteal cells undergo apoptosis, with the classic findings of 180 bp 
oligonucleosomal DNA fragments resulting from Ca2+ /Mg2+ dependent en
donucleases [45]. A myriad of factors controls apoptosis, including bcl-2 gene 
products [46], p53 protein [47] and growth factors [48]. Of particular interest is 
the regulation of apoptosis by cytokines [49] and APO/Fas/CD95 cell surface 
molecules [50]. These are the same regulators ofT cell repertoire apoptosis, thus 
suggesting another link between alterations in the immune system and its 
potential effect on ovarian function. 

AETIOLOGY OF POF 

Investigators, in an attempt to understand the possible aetiologies of POF, have 
subdivided it into two broad categories: those with follicle depletion and those 
with follicle dysfunction. The following section will briefly review the above 
categories based on non-immune processes (Table I 0.1 ). 
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Follicle depletion 

The original embryonic endowment and the rate of follicle atresia determine the 
follicle complement. Perturbation of either of these processes could result in 
POF failure. 

Table 10.1 Classification of premature ovarian failure 

Ovarian follicle depletion 
Deficient initial follicle number 
Pure gonadal dysgenesis 
Thymic aplasia/hypoplasia 
Idiopathic 
Accelerated follicle atresia 

X chromosome related 
Turner's syndrome 
X mosaics 
X deletions 
Galactosaemia 
Iatrogenic 

Chemotherapy 
Irradiation 
Environmental toxins 

Viral agents 
Autoimmunity 
Oocyte-specific cell cycle regulation defect 
Idiopathic 
Ovarian follicle dysfunction 

Enzyme deficiencies 
17cr-Hydroxylase 
Desmolase (17-20) 
Cholesterol desmolase 
Galactose-1-phosphate uridyltransferase 
Autoimmunity 
Lymphocytic oophoritis 

Gonadotrophin receptor blocking immunoglobulins 
Antibodies to gonadotrophins 

Signal defects 
Abnormal gonadotrophin 
Abnormal gonadotrophin receptor 
Abnormal G protein 
Iatrogenic 
Idiopathic (resistant ovary syndrome) 
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Deficiency in initial follicle number 

The mechanism controlling the steps of germ cell migration, proliferation, and 
formation of primordial follicles remains obscure. However, a defect in any of 
these steps could result in POF. A genetic defect that alters the normal 
mechanism controlling the above processes could explain the streak gonads of 
patients with 46,XXX gonadal dysgenesis. Women with Turner's syndrome 
(45,XO), the most common human chromosomal defect, also have streak 
gonads. Singh and Carr examining the ovaries of eight 45,XO stillborn 
individuals, noted that the germ cells migrate to gonadal ridge but these primary 
oocytes were lost by accelerated atresia during late prenatal and early neonatal 
life [51 ,52]. The oocytes must be enveloped by follicular stroma cells to survive, 
a process that appears to require two intact active X chromosomes [53,54]. 
Supporting this hypothesis is the DNA hybridization studies of several families 
with PO F that reveal a partial deletion of the long arm of X chromosome ( q26-
27 locus) [55]. Somatic chromosomes (or subtle sex chromosome abnormalities) 
are important because several POF kindreds exist with apparently normal 
karyotypes [56]. Between 5-46% of POF patients have an X chromosome 
abnormality [10,14,57]. These different rates of abnormal karyotypes may 
related to selection and referral population bias. Recently, a germ cell-deficient 
autosomal recessive mouse has been described with a mutation in chromosome 
II A2-3 [58]. This murine model may provide insight into human disease. 
However, only when the specific responsible genes are determined will familial 
POF cases be diagnosed. 

Metabolic: galactosaemia 

Gaiactosaemia is a rare inherited autosomal recessive disorder due to a 
deficiency in the enzyme galactose-1-phosphate uridyl transferase (GALT) [59]. 
These patients develop hepatocellular, ocular, renal, and neurological damage 
as a result of the accumulation of galactose and its metabolites. According to 
one study, POF was present in 81 o;;, of patients with galactosaemia [60]. Autopsy 
reports on a neonate suffering from galactosaemia revealed normal ovarian 
histology, suggesting that accelerated atresia depletes the oocytes prior to 
puberty [61]. However, a debate exists as to the exact mechanism [62]. A recent 
genetic marker has been identified in some patients with galactosaemia, GALT 
Ql88. Those individuals who are heterozygous for the GALT Ql88R mutation 
are not at increased risk of the developing ovarian dysfunction [63]. 

Chemotherapy, irradiation and environmental toxins 

The efficacy of most chemotherapeutic agents is derived from their ability to 
destroy rapidly dividing cells. In the ovary, these agents have their greatest effect 
on the proliferating granulosa and theca cells of mature follicles [64]. The 
histologic findings of decreased primordial!graffian follicles in young women 
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receiving chemotherapy and the clinical observations of amenorrhoea during 
therapy and the return of ovulation, even conceiving, after therapy support this 
concept [65,66]. Other chemotherapy agents, especially the alkylating agents, 
cause permanent damage to the ovary. These alkylating agents destroy cells by 
altering cellular DNA [67], and they can, therefore, affect resting oocytes as well 
as proliferating cells. It is difficult to predict if or when ovarian failure will occur, 
since each ovary appears to respond differently to chemotherapy [68,69]. 
However, age, dose, and type of drug appear to be the major predicative factors. 
Women younger than 40 required twice the dose of cyclophosphamide needed 
for older individuals to become amenorrhoeic [70]. The apparent resistance of 
the prepuberal ovary to the effects of alkylating agents has led investigators to 
attempt suppressing ovarian function during chemotherapy [71]. Randomized 
controlled trials using oral contraception or gonadotrophin-releasing hormone 
analogues to inhibit ovarian follicle development have not been performed. 
Primate and non-primate studies have not shown a benefit to ovarian suppres
sion [72-74]. Unlike animal models [75,76], more exotic methods of human 
oocyte or ovarian tissue preservation prior to starting chemotherapy have met 
with little success [77]. 

It is important to remember that irradiation to the head as well as the pelvis 
can cause ovarian dysfunction: the former causes destruction of gonadotrophins 
and the latter results in the oocyte disruption [78]. Radiation-induced ovarian 
failure, like chemotherapy, is dependent on the age of the patient and the dose 
received. The most pronounced effect of radiation is in the early phases of 
ovarian follicle development, thus destroying oocytes and sparing mature 
follicles [79]. It is for this reason that radiation is a more potent ovarian toxin. 
A radiation dose of 600 rads or more to the ovary produces ovarian failure in 
virtually all individuals more than 40 years old. Lower doses have a more 
variable effect depending on the patient's age: a documented pregnancy has 
occurred in a 20 year old who received 3000 rads to the pelvis [13]. Fetuses 
conceived after chemotherapy and/or irradiation are not at increased risk of 
congenital abnormalities [65], although a previously irradiated individual may 
have a slightly higher rate of miscarriage. Suppressing ovarian follicular 
development prior to irradiation, as in chemotherapy, has not proven beneficial 
in preserving ovarian function. However, surgically transposing the ovary out of 
the field of radiation has met with some success [80,81]. 

The influence of the environmental toxins on ovarian function and age of 
menopause has been reviewed by Vermulen [82], who considers ovarian 
dysfunction to be a consequence of alterations in the hypothalamic gonado
trophin releasing hormone pulse generator. Thus, the majority of aberrant 
ovarian function occurs as a result of environmental toxins affecting the 
hypothalamus and not in an alteration of oocyte number. Although stress, food 
intake, alcohol and various other factors may influence ovarian function, the 
major environmental influence in determining the age of menopause is smoking 
[83,84]. 
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Ovarian follicle dysfunction 

The mere presence of oocytes does not ensure normal ovarian function. In fact, 
some POF patients have normal appearing oocytes that fail to function despite 
adequate stimulation by high levels of gonadotrophins. These patients, as 
described in a previous section, have resistant ovary or Savage syndrome [85], 
and the majority go undetected due to the lack of evidence to support the use of 
routine ovarian biopsy and our inability to determine oocyte existence non
invasively. While the aetiology of POF in individuals with normal appearing 
follicles on biopsy is unknown, a small subset have a rare, yet specific, cause for 
their ovarian dysfunction, discussed in this section. This subset may increase as 
we develop new molecular techniques to investigate subtle defects in cellular 
functioning. 

Enzyme deficiences 

As described earlier, the granulosa and theca cells are the major producers of 
the gonadal steroids, oestrogen and progesterone. At puberty, granulosa/theca 
cell growth and the stimulation of enzymes responsible for ovarian steroid 
production requires an increase in gonadotrophin secretion. Thus, the net effect 
is a tremendous augmentation in the amount of oestradiol and post-ovulatory 
progesterone. Several specific enzyme defect, including cholesterol desmolase, 
17rx-hydroxylase, 17-20 desmolase, and aromatase can lead to diminished levels 
of oestrogen [86-88]. Delayed puberty, primary amenorrhoea, and elevated 
gonadotrophins are clinical manifestations of impaired oestrogen synthesis. 
Although primordial follicles are present in these patients, they are unable to 
mature. 

Cholesterol is the initial building block of all ovarian and adrenal steroid, and 
a defect in cholesterol desmolase enzyme is associated with neonatal death. 
However, the ovaries in these neonates have the normal oocyte complement. 
The 17rx-hydroxylase-deficient patient has impaired adrenal and ovarian steroid 
synthesis. This results in patients developing hypertension, hypokalaemia, and 
ovarian failure. 17-20 desmolase is catalysed by the same P450 cytochrome 
complex as 17rx-hydroxylase. Despite this finding, 17-20 desmolase deficiency 
can occur without a concomitant 17rx-hydroxylase defect [87]. Although these 
patients present with POF, they exhibit no clinical manifestations of adrenal 
failure. A case report demonstrated growth and development of ovarian follicles 
in an affected individual, despite impaired oestrogen synthesis. A pregnancy, 
using assisted reproductive techniques, was reported in a patient with a 17rx
hydroxylase defect [87]. This finding challenges the dogma of the importance of 
oestrogen in oocyte development and conception. Recently, several families 
have been described with a deficiency in the aromatase enzyme [86]. The female 
siblings presented with delayed puberty, hypergonadotropic amenorrhoea, and 
multiple ovarian cysts. Molecular techniques revealed a point mutation in the 
aromatase gene. 
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Earlier we discussed the role of GALT deficiency in POF. Biopsy results in 
these patients revealed either the presence or absence of follicles [62]. Due to the 
rarity of GALT and other enzyme disorders, there is a paucity of correlating 
histologic information. 

Signal defects 

The glycoprotein gonadotrophins exert their effect on the granulosa cells and 
theca cells by binding to transmembrane receptors. These receptors, acting 
through G proteins, stimulate second messengers resulting in specific cellular 
functions. Alterations in gonadotrophins biopotency and/or abnormal receptor 
functioning would result in ovarian failure. The search for a patient with 
abnormal gonadotrophins continues, in the light of a report of a mutant form 
of LH in a hypo gonadal man [89]. In contrast, abnormal FSH or LH receptors 
that fail to bind their respective ligands have already been documented [90-92]. 
In these reports, the sequences of the aberrant gonadotrophin receptors were 
obtained from the genomic DNA of siblings with hypergonadotropic hypo
gonadism. Using recombinant DNA procedures, these mutant receptors were 
unable to bind gonadotrophins. Lastly, ovarian resistance is noted in patients 
with pseudohypoparathyroidism due to a defect in the cyclic AMP second 
messenger system. Such patients present with normal menarche but subse
quently develop hypoestrogenism and elevated gonadotrophins [93]. 

IMMUNOLOGY OF POF 

Although the pathophysiology of POF is likely to be diverse, as presented in the 
previous sections, several lines of evidence indicate a role for a perturbed 
immune system (Table 10.2). Data supporting this hypothesis include: 

(1) the clinical association of POF with other autoimmune disease; 

(2) the presence of circulating antibodies to ovarian homogenates and/or 
specific ovarian antigens; 

(3) the presence of immune stigmata in ovarian biopsies from some patients 
with POF; 

(4) the assocation with infectious agents and ovarian failure; 

(5) the immunological findings of altered cell mediated autoimmunity; 

(6) the reports of recovery of ovarian function and pregnancy after immuno
suppressive therapies; 

(7) the finding of immunogenetic markers in some patients with POF; 

(8) the murine neonatal thymectomy-induced oophoritis model. 
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Table 10.2 Evidence supporting an immunologic role in premature ovarian failure 

Associations with other autoimmune diseases 
Presences of circulating antibodies 

Anti-ovarian antibodies 
Gonadotrophin and gonadotrophin receptor antibodies 
Steroid cell antibodies 
Zona pellucida antibodies 
Other organ-specific and non-specific antibodies 

Histological evidence of oophoritis 
Association with infectious aetiologies 
Altered cell-mediated autoimmunity 
Recovery of ovarian function with immunosuppressive therapies 
Presence of immunogenetic markers 
Murine neonatal thymectomy-induced ovarian failure model 

In the following section, we will summarize the current literature on each of 
the above points in support of an immunological cause for PO F. Furthermore, 
the strength and the weakness of each of these concepts will be discussed. 

The association with other autoimmune disorders 

Since Guinet and Pommatau reported a cause of a POF and myxoedema 
preceding Addison's disease [94], investigators have noted an association with 
autoimmune disorders and ovarian failure. Initial reports focused on the 
incidence of POF in patients with Addison's disease, suggesting that lO'YcJ of 
these patients have POF [95,96; see also Chapter 9]. POF, as described in these 
early reports, develops several years prior to the onset of Addison's disease, 14 
years being the longest delay [97]. In addition, hypothyroidism develops 
concurrently or shortly after the hypoadrenalism [97,98]. Recent studies have 
demonstrated a shift toward other autoimmune endocrinopathies [II ,99, I 00]. 
The frequency of co-existing autoimmune syndromes varies from 0 to 57%, with 
averages of 17-29.5% [I 01-1 03]. In the later reports, hypothyroidism appears to 
be the most commonly associated autoimmune disease. Concurrent polyendo
crine autoimmunity syndromes type I and type II exist in as many as 3% of 
patients with POF [102,104] and are discussed further in Chapter 9. 

Myasthenia gravis, like autoimmune endocrine disorders, is an organ-specific 
autoimmune disease associated with POF [105]. Interestingly, the return of 
ovarian function occurs in some myasthenia patients following a therapeutic 
thymectomy [ 106,1 07]. Other organ-specific autoimmune diseases co-existing 
with POF include Crohn's disease [108], vitiligo [109,110] and pernicious 
anaemia [111]. SLE and rheumatoid arthritis are non-organ specific auto
immune disorders associated with POF [109,112, 113]. Of particular interest is 
the hypothesis of Monyaco that the non-pregnant elevated levels of human 
chorionic gonadotrophin (hCG) in SLE patients may correlate with severity of 
disease and ovarian dysfunction or failure in these patients [112, 114]. 
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The prevalence of concurrent autoimmune diseases is generated from 
combining retrospective observational studies, the majority of which include 
less than 30 patients. Therefore, the true figure is difficult to obtain. The wide 
variation may reflect different study design, diagnostic laboratory screening 
techniques, determination of subclinical thyroid disorders, different study 
populations of POF (normal karyotype versus abnormal karyotype) and biased 
referral patterns. Recently, we presented data on 119 prospectively screened 
POF patients [115]. The analysis excluded patients with abnormal karyotype 
and iatrogenic causes of ovarian failure. The patients were screened for thyroid, 
adrenal and parathyroid autoimmunity, type 1 diabetes mellitus and pernicious 
anaemia. Hypothyroidism was the most common disorder (27'%), with Addi
son's disease (2.5%) and diabetes (2.5%) also diagnosed in our patients. 

Antibodies to the ovary 

The role of ovarian antibodies (OAb) in the pathogenesis of ovarian failure is 
complex. Their prevalence rate varies widely with OAb reported in 0-67°/c, of 
patients [116]. Attempting to make a generalization is impossible due to the 
heterogeneity in investigational methodologies. Studies differ in many aspects 
including the differences in species of the antigen, the maturation state of 
antigen, the specific type of ovarian antigen, the detection technique employed, 
and the population studied. Thus the reader is encouraged to analyse present 
and future studies with this in mind. Our discussion will start with a review of 
non-specific ovarian antigens used to screen for OAb and then proceed to the 
specific ovarian proteins. 

Ovary as a source of antigen 

Our understanding of OAb is in its infancy when compared to antibodies to 
other endocrine organ such as thyroid, adrenal, and pancreatic ~ cell. Excellent 
reviews on the history and methodology of OAb are presented elsewhere by 
Monaca yo [117] and Kim [1 02]. The following is a brief overview of the past and 
present status of OAb in the literature. Vallton and Forbes in 1966, while 
searching for anti-nuclear antibodies, are credited with the first report of OAb 
in POF [118]. Using cytoplasm of rabbit ova, they described positive indirect 
immunofluorescence in 4 of 45 POF patients and 1 of 45 controls. Interested in 
the clinical association of Addison disease and POF, investigators focused their 
efforts on this subset of patients. Irvine and others, employing human ovaries, 
adrenal and placental tissue, developed the concept of steroid cell antibodies 
(SCAb) [96]. These antibodies cross-reacted with all of the above steroid
producing organs. Many other studies employing human tissue followed, 
searching for OAb in POF patients with or without Addison's disease 
[108, 119-124]. 

The previous immunocytochemical and ligand binding techniques were 
cumbersome, time consuming, and yielded only qualitative results. Monyaco in 
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1989 developed the first ELISA test using human CL. However, his original 
study population did not include patients with POF [125]. Lubarsky et al., using 
a similar single bridge ELISA derived from ovarian cell membranes, detected 
circulating OAb in 69% of 45 women with POF [124]. In an attempt to further 
increase sensitivity, Kim used four types of ovarian proteins to develop a double 
bridge ELISA incorporating a sensitive biotin-streptavidin system. They found 
that 15 of 51 patients with POF were positive for OAb [126]. 

Other organ-specific tissue autoantibodies have been recorded in the sera of 
POF patients including those directed gastric mucosa, skin, pancreas, and testis. 
Non-organ-specific antibodies have also been described in patients with POF, 
including rheumatoid factor, antinuclear factor, and antibodies against mito
chondria and smooth muscle. 

Specific OAb: gonadotrophin receptor antibodies 

The clinical and histological finding of gonadotrophin-unresponsive primordial 
follicles (Savage syndrome) sparked investigators to look for specific ovarian 
antigens as inducers of ovarian dysfunction. Using the model of hypothyroidism 
and myasthenia gravis, they searched for receptor antibodies against the 
gonadotrophin receptors. Early follicles do not develop abundant gonado
trophin receptors and are unique to the maturing ovarian follicle, thus making 
FSH/LH receptors an ideal candidate as an inciting antigen. Chiauzzi et al. 
discovered an lgG that blocked binding of FSH to its receptor in two 
myasthenia gravis patients with POF [127]. Monayaco, using an ELISA, was 
able to identify antibodies that reacted against both the unoccupied and the 
occupied hCG/LH receptor [125]. Tang et al. found antibodies in one of nine 
patients to the FSH receptor [128] and van Weissenbruch described the presence 
of lgGs that inhibited the trophic action of FSH, but did not inhibit FSH 
binding to rat testicular FSH receptors [129]. This latter study suggests that 
antibodies may inhibit gonadotrophin action by a different mechanism, con
ceivably by interfering with post-receptor function. 

All of these groups utilized non-human gonadotrophin receptors and this 
may be an experimental design flaw. Recent data from Hsueh's group suggest 
that human gonadotrophin receptors are species-specific, binding human 
ligands with higher affinity than non-human gonadotrophins [92,130]. Assum
ing a species specificity and thus an antibody specificity, we employed a 
recombinant human gonadotrophin receptor bioassay (LH/FSH) to identify 
gonadotrophin receptor lgG class antibodies [131]. We were unable to find an 
inhibitor of gonadotrophin and its receptor in 27 patients with POF, including 
one with myasthenia gravis. Others have used the human recombinant FSH 
receptor bioassay with mixed results [132]. 

Several investigators have identified the existence of non-immunoglobulin 
inhibitors of FSH binding [133, 134]. These low molecular weight interfering 
molecules are FSH receptor binding competitors. Isolated from the sera of 
patients with POF, these inhibitors effectively block the action of FSH on the 
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receptor, but their exact nature and pathophysiological role remam to be 
established. 

Specific antibodies: SCAb 

Irvine in the late 1960s first postulated the concept of antibodies directed 
against steroid producing cells [135]. Using tissue preparations from placenta, 
adrenal, and ovary, he found that sera from Addison's patients with POF 
reacted to all three of these antigens. Common to the adrenal and the ovary 
are the 17:x-hydroxylase and p450 side chain cleavage enzymes that provide an 
antigenic link in these organs [136]. Recently, investigators employed recombi
nant techniques in autoimmune polyglandular syndromes to search for anti
bodies against 21-hydroxylase, 17cx-hydroxylase and p450 side chain cleavage 
[137]. Patients with POF alone did not have SCAb but SCAb were positive in 
POF patients with evidence of adrenal failure. 

Specific antibodies: zona pellucida 

The zona pellucida (zp) is a glycoprotein secreted by the granulosa cells in early 
follicle development. This unique ovarian protein is an excellent candidate as an 
inciting antigen in the immune destruction of the ovary [138]. Important in 
sperm attachment and subsequent fertilization [139], the zp has been a central 
player in the search for an immunocontraceptive method [140] and as a cause 
for infertility [141]. Current research has focused on animal models and 
excellent reviews of its role in human diseases have been published by Caudle 
[142] and Dunbar [143]. In summary, there appears to be an inter-species cross
reactivity of zp antigens; zp antibodies in some species can inhibit sperm 
attachment, and these results vary depending on zp species. Nelson eta!. [127], 
using a commercial immunofluorescence assay employing cynologomous mon
key zp, noted a positive reaction in 50% of patients with POF and in 30% of the 
controls. With the advent of the cloning and expression of human zp, the 
construction of human recombinant assays may be useful in defining zp 
antibodies and their pathophysiology [144]. 

OAb: what do they mean? 

The differences in the studied population and methods used to determine 
antibody status makes summarizing the OAb data difficult. Contradictory 
results are obtained even when similar methods are applied to different patient 
groups. WhWheatcroft et al. recently were unable to validate the study of 
Monacayo of increased binding to bovine LH/hCG receptor in patients with 
POF [145]. Although POF patients had an increased in antibodies to ovarian 
antigen, their sera also demonstrated significant increase in binding to non
ovarian antigen (fallopian tube). Thus, it is uncertain whether circulating OAbs 
are pathogenic and therefore have a clinical role or are simply an epipheno-
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menon secondary to antigen release following cellular damage [146]. The 
correlation of OAb status and chronologie onset or severity of disease is poor. 
Even in the well-studied autoimmune polyglandular syndrome patients, with 
documented SCAb, the exact mechanism of ovarian and adrenal destruction is 
unclear [146]. The use of a functional bioassay to search for a pathogenic 
mechanism for OAb has also not been fruitful [131 ]. The lack of OAb in many 
patients with POF could result from OAb being present in the initial stages of 
the disease but no longer being produced after destruction of ovarian tissue 
[147]. As techniques improve, OAb may eventually be helpful in our clinical 
management of POF. Currently, it appears that patients with POF have an 
increased incidence of OAb, but their clinical and diagnostic implications are 
undefined. The possible exception may be the prediction ofPOF in patients with 
pre-existing Addison's disease who are SCAb positive [148]. 

HISTOLOGICAL EVIDENCE OF OOPHORITIS 

The diagnosis of oophoritis requires ovarian tissue with histologic evidence of a 
stromal lymphocytic infiltrate. As early as 1968, investigators noted an associa
tion of ovarian failure and oophoritis [96]. However, the incidence of lympho
cytic infiltration of the ovary in POF is unknown, since most of the literature 
documentation is either case reports or small series [98, 123, 149-158]. 

Reviewing individual pathology reports can provide insight into a specific 
disease process, but to make a generalization from these case studies can be 
misleading. Consistent in many, but not all reports, is the localization of 
lymphocytes and plasma cells near the maturing follicle and CL, with the 
apparent sparing of primordial follicles [151,159,160]. This implies a unique 
antigen in the developing follicle and hence, gonadotrophin dependence. 
Investigators have attempted to characterize the infiltrate found in these ovaries. 
Pre-plasma B cells were seen around the developing follicles with mature plasma 
cells noted by the CL [157,161,162]. Although based on limited studies, Sed
mark noted a proportionately higher number of CD4+ than CDS+ cells [156]. 
On rare occasions, patients may present with chronic oophoritis composed of a 
granulomatous inflammatory infiltrate with or without the presence of tuber
culosis or sarcoidosis [153, I 58, 163]. Lymphocytic oophoritis may present 
clinically with lower abdominal pain and enlarged ovaries [164]. This ovarian 
enlargement may be the result oflocallymphokine production impairing follicle 
steroidogenesis, as has been reported in animal models [165]. Similar to enzyme 
deficiency, this dysfunctional oestrogen synthesis causes ovarian cystic enlarge
ment due to the disruption of oestrogen's ability to provide the appropriate 
negative feedback on gonadotrophin. 

The literature implies an association of lymphocytic oophoritis with other 
autoimmune diseases such as hypothyroidism, pernicous anaemia, and SLE. 
However, in many cases OAb are not present. The most common association of 
oophoritis appears to be with the concomitant finding of Addison's disease. The 
reason for this is unclear but may be due to the higher proportion of SCAb in 
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these patients or that Addison's patients undergo closer scrutinization, which 
represents a sampling bias. Of interest is the discovery of increased levels of 
progesterone and LH, along with the histologic findings of luteinized ovarian 
cysts, in menopausal women [ 166-168]. Several investigators postulated that the 
oophoritis may lead to premature intense luteinization with elevated levels of 
progesterone. Intrigued by this finding, we recently found luteinized ovarian 
cysts, but without lymphocytic infiltrate, in a series of patients with POF and 
ultrasonic evidence of follicular development [169]. This histological evidence 
suggests that inappropriate non-oophoritic luteinization of graafian follicles 
may be a major physiological mechanism in patients with PO F. 

The clinical value, expense and risk to the patients are reasons why a large 
series of ovarian biopsies in POF patients has not been performed. It was 
originally hoped that ultrasound-guided or small laparoscopic biopsy of the 
ovaries would be helpful, but these limited biopsies do not provide a true 
representation of ovarian pathology [ 14, 170,1 71]. The past reports in the 
literature have been purely observational without a well-defined criterion for 
biopsy of a POF patient. Thus, the true incidence of oophoritis, as well as the 
actual histology of POF, is unknown [172]. Somerville has proposed that the 
presence of lymphocytic oophoritis is merely an incidental finding [173]. 
Additional data are needed to understand the role of the immune response in 
the normal ovary for, as previously stated, there exists a normal resident 
leukocyte complement in the ovary. The need to perform selected ovarian 
biopsy in patients with POF is still worthy of future study because oophoritis is 
a documented cause of PO F and case reports suggest that treatment may restore 
ovarian function. In attempt to answer these questions, we have recently set up 
an ovarian biopsy and treatment protocol at the National Institutes of Health. 

INFECTIONS 

The original description of a POF included the association with a viral infection 
(mumps). In a retrospective review of past medical histories, Rebar noted that 
3.5'Yo of patients reported a prior record of viral infection including varicella, 
shigella, and malaria [170]. Reed, studying patients in Alaska during a mumps 
epidemic, found clinical evidence of oophoritis in four of 59 females, while 15 of 
60 males described orchitis [174]. Grasso, in a similar study, described 
oophoritis in five of 171 women during a mumps outbreak [175]. The onset of 
the oophoritis in relation to clinical symptoms appears inconsistent and is 
poorly studied. However, during mumps, the virus emerges in vaginal secretions 
shortly after the appearance of symptoms. Cytomegalovirus causes oophoritis 
in patients with immunosuppressive illnesses including AIDS, lymphoma! and 
transplantation [176-178]. 

Unfortunately verification of lymphocytic oophoritis based on clinical criter
ia fails to account for subclinical oophoritis. These studies lack long-term follow 
up and documentation of subsequent ovarian failure. Although infections 
(especially viral) are a cause of POF, the actual incidence is most likely small. 
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The incidence of ovarian failure following a viral illness requires longitudinal 
prospective studies. 

Cell-mediated immune responses 

Considering the early findings of lymphocytic oophoritis and the association of 
autoimmune disorders in POF patients, characterization of cellular immunity 
was an obvious line of investigation. In the early 1970s, immunologists using 
crude methods performed cytotoxic and cell-mediated reaction studies of 
patients with POF [98]. These early investigators demonstrated the presence of 
sensitized T cells and sera-mediated destruction of granulosa cells using, at 
times, unspecified ovarian antigens. As techniques became more sensitive, the 
study ofT cell population became possible. Perkonen noted enhanced release of 
leukocyte migration factor, a lymphokine released by activated T cells, in four 
patients [ 179]. 

Rabinowe documented, in five of 10 patients with POF, a slight (5.6"/o versus 
< 3"/r,) increase in the number of Ia + T cells. Patients with other autoimmune 
diseases, such as type I diabetes mellitus, Addison's disease, rheumatoid 
arthritis, Graves' disease and SLE, frequently have elevated numbers of 
circulated Ia + T cells [159]. Furthermore, immunosuppressive therapy resulted 
in a reduction in the Ia + T cells. Miyake studied the peripheral lymphocyte 
population in a group of 20 POF patients. Atrophic changes without a mono
nuclear infiltrate were observed in the ovaries in all 10 patients who underwent 
laparoscopic biopsy. The CD4/CD8 ratio was elevated in POF patients (1.68'1<) 
versus 1.4% in controls) [180]. In a similar non-biopsy study, Ho eta!. examined 
a group of 45 patients and 45 age-matched controls. They noted an increase in 
circulating CD4+ and CDS+ T cells in POF patients with autoantibodies [181]. 
The CD4/CD8 ratio, however, was significantly lower in women with POF. 
Additional reports have added little to resolving the change in the lymphocytes 
of patients with POF. Delayed hypersensitivity, a measure of abnormal cell
mediated function, has been tested in a small series of POF patients [182]. 
Mignot noted absent or delayed hypersensitivity to Candida antigen in 11 out of 
20 cases and two out of 10 controls [103,183]. 

MHC class II molecules regulate the immune response to foreign antigens, 
and this makes them logical candidates to play a role in the pathogenesis of 
autoimmunity [184]. Initiated by antigen presenting cells (APC), the immune 
response activates T helper cells. APC process the inciting antigen by cleaving 
this protein into small peptides. These specific proteins bind to the MHC class II 
molecules, forming a complex that causes activation of specific T cell. POF 
patients, according to several investigators, demonstrate an increase in HLA
DR+ T cells [180,185]. Even more interesting is the finding of Hill eta!., who 
noted, in the inflammed ovaries of POF patients, an inappropriate expression of 
class II molecules. These and other investigators demonstrated that gonado
trophins and interferon-rx act synergistically to increase the expression of MHC 
class II molecules on luteinized granulosa cells [185-187]. Theoretically, this 
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would suggest gonadotrophin stimulation may increase the change of auto
immune POF. 

The conflicting results presented in the literature are discouraging. Several 
factors may account for the diverse results obtained in the cell-mediated 
function of POF patients. Ho postulated and proved that the low oestrogen of 
these patients could be responsible for some of the immune changes [188]. 
However, oestrogen replacement failed to correct the increase in the HLA-DR + 

cells. The onset of POF and the time of entry into the study may have a great 
effect on the immune alterations. Immunological changes may exist only in the 
earlier stages of ovarian failure. The majority of these studies include patients in 
whom the initial diagnosis of POF is made more than 12 years before the 
immune function studies [186]. Lastly, and more importantly, the clinical and 
pathophysiologic importance of these findings remains to be seen. Thus 
characterization of immune cellular function should be used in a research 
setting only. 

Recovery after immunosuppressive therapy 

Resumption of ovarian function after the resolution of a concomitant auto
immune disease or treatment with immunosuppressive therapies provides 
additional evidence for an autoimmune aetiology [I 06, 189-200]. Cortico
steroids have been the predominant form of immunosuppressive agent. The 
profile of a responding patient appears quite diverse. OAb status, presence of 
oophoritis, and existence of associated autoimmune disorders do not appear to 
predict who will respond to therapy. However, several case reports describe the 
return of ovarian function after the treatment of Addison's disease, myasthenia 
gravis, polyglandular failure, and SLE. In addition to corticosteroid immuno
suppressive treatment, plasmapheresis and thymectomy in myasthenia gravis 
patients [106] and intravenous immunoglobulin therapy in polyglandular failure 
syndrome [201] have resulted in the restoration of ovarian function. Alterations 
induced by immunotherapy of POF cases have not been well documented. 
Rabin owe, however, did not show a decrease in Ia + T cells during corticosteroid 
treatment [159]. 

The weakness of this evidence is obvious. Most reports are anecdotal without 
determination of the pathophysiology. Attempts made to look at the value of 
immunosuppressive therapy suffer from poor study design. The major fault of 
these reports is the failure to realize the high rate of spontaneous resumption of 
ovarian function. A prospective randomized study examining the efficacy of 
steroid therapy in lymphocytic oophoritis is now underway at the Clinical 
Center of the Nationallnstsitutes of Health. 

Immunogenetic markers 

Investigators have shown that autoimmune diseases occur in genetically 
susceptible individuals and patients with one autoimmune disease commonly 
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develop additional autoimmune disorders. At the genetic level, there is the well
known association of autoimmune endocrinopathies and HLA-DR3/DR4. This 
has led to three studies of HLA typing in POF patients. Walfish eta!. [202] found 
a significant association of POF and HLA-DR3 in 22 white females (relative 
risk of 4.3, p<0.35). We were unable to corroborate this study in our own 
investigation of over 100 patients with POF [I 00]. Lack of HLA correlation was 
also obtained in a subsequent report [203]. Thus the prediction of risk for POF 
depending on HLA type is suspect. Newer immunogenetic markers and 
application of transgenics are currently being used in other autoimmune 
endocrine diseases and may in the future be applied to the study of POF [203-
205]. 

Animal models 

As early as 1961, investigators noted that thymectomy in the neonatal mouse 
had a profound effect on the mature immune system [206]. Similar immune 
findings are present in human thymic disorders. Sakakaura and Nishizuka were 
the first to describe the occurrence of ovarian dysgenesis in mice thymectomized 
on day 3 of life (THX3) [207]. In susceptible strains, over 9ocy;, of the animals 
develop autoimmune oophoritis by the fourth week of life (day 24). OAbs to the 
oocyte of developing follicles, zona pellucida, granulosa cells, theca cells, luteal 
cells and steroid-producing cells appear after the onset of oophoritis (day 30). 
These antibodies, along with active oophoritis, are not detectable by the 25th 
week of life. The resulting ovaries are reduced in weight and lack follicles and 
CL. This is consistent with the hypothesis that OAb and oophoritis are present 
only in the early acute phase of ovarian failure. In addition to the ovarian 
effects, THX3 induces inflammatory changes in the thyroid, pituitary, testis, 
salivary glands, prostate, and gastric mucosa. The affected organ and extent of 
the reaction are strain-specific. 

Although many aspects of this model are undergoing intensive study, the 
following is a review of the pertinent findings. Donor cells from THX3 animals 
were able to transfer disease in young, but not adult mice and spleen cells from 
adult animals prevented oophoritis in susceptible strains [208]. Investigators 
noted, in THX3 mice, a deficiency of a T cell subpopulation [209] and an 
enrichment of aT cell line normally deleted from the adult thymus [210,211]. 
Using intrathymic injection of organ-specific antigens, Murakami suggested 
that the recognition of an autoantigen in the thymus is necessary for the 
induction of tolerance [212]. The development, however, of thymus and gonads 
is different among species. In the mouse, the thymus and gonads continue to 
develop for the first 14 days after birth, while in man, the thymus and ovary are 
fully developed in utero. It is for this reason that interpretation of the murine 
model and human disease remains speculative. 

Despite these differences, Hodgen noted similar findings in primates who 
were thymectomized in utero at midgestation [213]. Furthermore, human thymic 
disorders, presenting clinically as thymic aplasia and myasthenia gravis, are 

202 



PREMATURE OVARIAN FAILURE 

associated with ovarian dysfunction. Miyake et al. [155] noted seven common 
features in the animal model and premature ovarian failure: infiltration of 
ovaries, end organ fibrosis, loss of oestrous cycle, elevated gonadotrophins, 
OAb, other organ-specific antibodies, and occurrence at a young age. As in 
man, the relative contribution of antibodies and the T cell response to 
experimental autoimmune oophoritis remains obscure. This has not deterred 
investigators in pursuing the THX3 mouse as a model of immune-related 
ovarian failure. Investigators have also induced ovarian dysfunction in animal 
models by immunizing them with ovarian antigens [140,214]. Although crude 
ovarian abstracts can serve as an antigen, current research employs the unique 
zp ovarian protein. Active immunization of rabbits, squirrel monkeys, and mice 
with zp proteins lead to ovarian dysfunction and, in the mouse, oophoritis 
[143,215-217]. Investigators continue to explore these models in the hope of 
developing a reversible immunocontraceptive method. The value of these 
models in the study of POF remains to be seen [218]. 

CLINICAL ASPECTS 

Signs and symptoms 

The cardinal finding in POF patients is the cessation of menses before the age of 
40. In our experience with over 150 POF patients, there appears to be no 
characteristic antecedent menstrual history. Others have reported similar find
ings [170]. The majority of POF patients develop amenorrhoea acutely after 
having established a pattern of regular menses, and it is common for patients to 
report failure of menstruation after stopping oral contraceptives or completing a 
pregnancy. However, some patients may present with irregular bleeding prior to 
becoming amenorhoeic. Prodromal POF, although rare, may present with hot 
flushing before menstrual dysfunction. In addition to the amenorrhoea, vaginitis, 
dyspareunia and vasomotor symptoms can occur as a result of the hypoestrogenic 
state. Women with POF presenting as secondary amenorrhoea do not exhibit 
decrease fecundity [219]. However, infertility occurs in patients with POF who 
present with primary amenorrhoea (10-15%). A chromosomal defect is present 
in as many as 40% of POF patients with primary amenorrhoea [220]. Long
itudinal studies of patients with PO F demonstrate the sporadic return of ovarian 
function and even pregnancy. Thus, the clinical dictum of the permanent 
cessation of ovarian function is not corroborated by various studies, and prior 
diagnosis of POF does not exclude the occasional return of regular menstruation. 

Making the diagnosis 

The major aetiology of premature ovarian failure appears to be idiopathic. 
However, a specific disease process may exist in a small percentage of POF 
patients. Specific aetiologies may alter treatment plans and thus, it is prudent for 
the clinician to uncover them (Table I 0.3). 
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Table 10.3 Differential diagnosis of premature ovarian failure 

Prodromal premature ovarian failure 
Abnormal karyotype 
Pure gonadal dysgenesis 
Iatrogenic ovarian failure 
Autoimmune ovarian failure 

In assocation with other syndromes 
Autoimmune polyglandular syndrome 
Non-organ-specific autoimmunity 
IgA deficiency 
Isolated 

Miscellaneous rare causes 
Perrault's syndrome 
Enzyme deficiences 

l?!x-Hydroxylase 
17-20, Desmolase 
Cholesterol desmolase 
Galactosaemia 

Pseudo hypoparathyroidism 
Thymic disorders 

DiGeorge's syndrome 
Ataxia telangiectasia 
Tumour 

Idiopathic 
Pseudo-ovarian failure 

Gonadotrophin-producing pituitary adenoma 
Antibodies to gonadotrophins 
Isolated gonadotrophin deficiency 
Hypothyroidism 

History 

To exclude iatrogenic causes of ovarian failure, a detailed past history of prior 
ovarian surgery, chemotherapy and irradiation should be obtained. Specific 
infectious diseases need to be addressed, especially mumps and AIDS. 
Although serious systemic illness should be obvious, a history of past or current 
autoimmune disorders should be obtained. Inquiries as to the presence, in 
themselves or family, of Addison's disease, thyroid disease, diabetes, SLE, 
rheumatoid arthritis, vitiligo, Crohn's disease and Sjogren's disease need to be 
made. A thorough review of systems requires specific emphasis on the signs and 
symptoms of related disorders, with additional emphasis on autoimmune 
endocrine dysfunction. Attention should be paid to the subtle and insidious 
symptoms of Addison's disease. Therefore questions pertaining to weight loss, 
anorexia, vague abdominal pain, weakness, increased skin pigmentation, and 
salt craving are important. The ovarian failure and the subsequent hypo
estrogenism will lead to the complaints of vaginal dryness, dyspareunia and 
infertility. 

204 



PREMATURE OVARIAN FAILURE 

Epidemiological studies have noted a possible familial relationship of POF 
among sisters and mothers, although recall bias may be a factor in these studies 
[221]. Coulam described an autosomal dominant form that traced through four 
generations [222]. 

Physical examination 

Patients with POF can present with several rare familial disorders with unique 
physical manifestations. Deafness in patients with POF suggests the autosomal 
recessive disorder known as Perrault's syndrome [149]. Congenital dysplasia of 
the eyelids is an autosomal dominant inherited trait that can occur with ovarian 
failure [223,224]. The most common abnormal karyotype associated with POF 
is that of Turner's syndrome. The stigma of Turner's syndrome are well 
described and include many organ systems [225]. 

A search should be made for the physical characteristics of autoimmune 
disorders. Premature greying of the hair, as noted in pernicious anaemia, or the 
skin pigmentation disorder of vitiligo may be present. In existing Addison's 
disease one may note increased pigmentation of the hand skin folds and/ or 
gums. In addition, the loss of adrenal androgen production results in sparse 
axillary and pubic hair. Other manifestations include the malar skin rash and 
alopecia areata of SLE. Careful thyroid examination may reveal enlargement. 

Assessment of breast and pubic hair development according to the stages of 
Tanner are important in those individuals that present with primary amenorr
hoea. Breast development is the first sign of sexual maturation (9.5 years) in 
85% of girls, with the onset of menses at the mean age of 12.8 years. 
Amenorrhoea in girls older than 16, and in those who experience breast 
development but fail to menstruate during the succeeding 4 years, should 
undergo a careful assessment [ 136]. 

Pelvic examination may demonstrate atrophic vaginitis due to the lack of 
adequate oestrogen. It is important to remember, however, that POF patients 
may intermittently produce enough oestrogen to keep the vaginal mucosa 
normal. As a result of lymphocytic oophoritis or steroid enzyme defects, 
bimanual examination may reveal ovarian enlargement, with or without 
tenderness [123,151,226). Neurological examination concentrating on pituitary 
mass effects, should be performed. 

Laboratory evaluation 

We require the following before diagnosing POF: at least 4 months of 
amenorrhoea and two circulating FSH values greater than 40 IU/L obtained 
at least one month apart in a woman younger than 40 years of age [100]. Some 
clinicians recommend the use of a progestin challenge test in all amenorrhoeic 
women. Patients are examined for withdrawal bleeding 4-7 days after the 
progesterone dose. If bleeding occurs, this is evidence of adequate oestrogen 
and ovarian function. Despite markedly elevated gonadotrophins, some patients 
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with POF may have intermittent ovarian function and, hence, generate sufficient 
oestrogen to produce endometrial withdrawal bleeding. Thus, women with 
oligomenorrhoea and or prodomal phase POF patients may inadvertently be 
missed on the progesterone test alone [170]. We, therefore, do not recommend 
the progesterone withdrawal test. In those patients with amenorrhoea, oligo
menorrhoea, or polymenorrhoea who plan to delay childbearing, serum FSH 
level should be measured. Elevated gonadotrophin levels imply possible ovarian 
dysfunction. Serum FSH, however, does not reflect the number of primordial 
follicles remaining in the ovary but only the lack of oestrogen/inhibin feedback 
from developing antral follicles. Thus non-invasive determination of follicle 
depletion or follicle dysfunction is not currently possible. Recently, several 
stimulation tests employing gonadotrophin releasing hormone antagonists or 
the anti oestrogen, clomiphine citrate, have been used to measure ovarian reserve 
[227]. These stimulation tests are performed in an attempt to predict the success 
of ovarian stimulation protocols, but their diagnostic utility in patients with 
prodromal POF has not been studied. 

A karyotype should be performed as a part of a basic laboratory evaluation 
for all patients with PO F. It has been suggested that only those younger than 35 
years undergo chromosomal analysis, but women with X chromosome abnorm
alities have delivered normal children and developed POF after the age of 35 
[55]. Furthermore, patients are reassured by a normal karyotype and those with 
abnormal karyotypes will be relieved to find an explanation for their problems. 
In addition, certain karyotypes may have important implications for other 
family members. 

POF can be a component of the autoimmune polyglandular syndromes and, 
therefore, many clinicians have recommended screening for other endocrine 
disorders [104,228,229]. Recently, we examined the results of our prospective 
screening programme in 119 patients with spontaneous POF with normal 
karyotype. No new cases of Addison's disease, pernicious anaemia, or hypo
parathyroidism were uncovered. Screening studies did reveal 12 new cases of 
thyroid disease and two new cases of diabetes mellitus [115]. We no longer 
perform laboratory screening tests with exception of a TSH level. 

To exclude non-organ-specific autoimmune disorders a complete blood count 
and urine analysis should be obtained. Sedimentation rate, antinuclear anti
bodies, and rheumatoid factor should be measured only as clinically indicated. 
Interestingly, we have identified an isolated IgG-deficient patient who presented 
with recurrent upper respiratory infection and POF. lgA deficiency, which is 
associated with autoimmune disorders, is the most common immunoglobulin 
deficiency [230]. Screening for this disease has not been clinically useful. 

The evaluation of patients who present with the lack of secondary sexual 
characteristics is beyond the scope of this chapter, but several excellent reviews 
are available [136]. Screening for other unusual disorders, such as thymomas, in 
patients with POF is not warranted, unless there is co-existing myasthenia 
gravis. Gonadotrophin-producing pituitary tumours may be associated with 
menstrual irregularities and elevated gonadotrophins. Although these tumours 
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are rare in women less than 40 years old, they should be suspected in the patient 
with amenorrhoea, elevated gonadotrophins and symptoms indicating a central 
nervous system mass lesion. Gadolinium-enhanced magnetic resonance ima
ging confirms the existence of a pituitary lesion. Measuring the response of 
intact FSH and ct and P subunits ofLH/FSH to a stimulatory dose ofTRH will 
identify most (80"/c,) patients with a gonadotrophin adenoma [231]. 

The clinical usefulness of other diagnostic procedures is suspect. These 
include measuring OAb, performing pelvic ultrasound, and laparoscopic 
ovarian biopsies. In fact, a commercially available test for OAb was positive in 
nearly one-third of normal women [127]. Several clinicians have used the 
presence of OAb to determine the type and success of treatment regimes 
[ 124, 199 ,232]. However, these studies have not been carried out in a controlled 
manner. Likewise, the clinical utility of using ultrasound as a screening test is 
unfounded. The presence or absence of ultrasonically proven follicle structures 
does not change prognosis or clinical management [12]. Ovarian biopsy for the 
diagnosis of oophoritis, or the determination of afollicular versus follicular 
forms of POF has not been fruitful [14,170-172]. Due to problems in sampling 
error, pregnancies have occurred despite biopsies revealing ovarian tissue 
devoid of follicles. 

Treatment and prognosis 

When anticipating the diagnosis of POF, even before the confirmatory results 
are in hand, we schedule a follow up appointment to discuss the laboratory 
findings (Table 10.4). The busy clinician may forget the psychological and 
physical implications of such a diagnosis in a young, otherwise healthy, infertile 
woman [5]. Once the diagnosis is made, it is important to determine the wishes 
of the patient: is she considering pregnancy? A discussion of hormone 
relacement should follow in those individuals not presently interested in child 
bearing. Numerous epidemiological studies confirm the benefits and risks of 
hormone replacement therapy (HRT) [233,234]. A National Institutes of 
Health-sponsored prospective study is currently investigating the effects of 
HRT [235], but, the majority of these patients are older postmenopausal women 
and thus, the effect of HRT on young POF patients has not been studied. 
Physiologically, it appears safe to extrapolate to the young POF patient the most 
important benefits of HRT, namely protection against osteoporosis and 
prevention of cardiovascular disease. We and others have noted that these 
patients have lower bone densities (Figure 10.3), despite apparently adequate 
hormone replacement therapy [236,237]. This observation alone suggests the 
importance of early diagnosis, treatment and follow up in patients with PO F. 

Many types and methods of HRT are available [238]. Conjugated equine 
oestrogen (CEO), which has demonstrated safety and efficacy for more than 40 
years, is our initial therapy. Although a daily oestrogen dose equivalent to 0.625 
mg of CEO is sufficient to maintain bone density, most young women will 
require a higher dose (1.25 mg) to control vasomotor symptoms and oestrogen-
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Table 10.4 Management of karyotypically normal spontaneous premature ovarian failure 

Inform 
Spontaneous remission can occur 
Gonadotrophin therapy has a theoretic risk of exacerbating unrecognized autoimmune 

ovarian failure 

Counsel 
Time to allow spontaneous remission may be in order 
Adoption or a change in life plans may resolve infertility for some couples 
Ovum donation, after an appropriate delay, is an option for other couples 

Replace 
Cyclic oestrogen and progestogen therapy is indicated 
Full replacement is needed to alleviate symptoms, not just for prophylaxis for osteoporosis 

Follow-up 
Vigilance to identify the few patients who will subsequently develop other component 
of the autoimmune polyglandular syndrome or non-organ-specific autoimmunity 

Forewarning regarding the early symptoms of adrenal insufficiency 

ize the vaginal epithelium. The cyclic addition of progesterone is required to 
counteract the stimulatory effects of CEO and prevent the occurrence of 
endometrial cancer. The most common cyclic progesterone method employs 
medroxyprogesterone acetate (MPA 5-10 mg daily) for 10-14 days per month. 
In 75% of women, cyclic progesterone leads to a monthly withdrawal bleed 
which may be important psychologically to the patient [238]. Some patients 
experience side effects from this high dose cyclic MPA, and may benefit from 
continuous CEO and low dose MPA (2.5 mg daily). This regimen is associated 
with less, but irregular, uterine bleeding and the long term effects of MPS on 
lipid profiles remain to be determined. 

In counselling the POF patients, it is important to discuss the intermittent 
return of ovarian function and hence, the chance of irregular bleeding and 
pregnancy. For this reason, patients not desiring even the remote chance of 
pregnancy should be offered a low dose oral contraceptive (20-30 1-!g of ethinyl 
oestradiol). Pharmacologically, one must remember that the amount of ethinyl 
oestradiol contained in birth control pills is 7-10 times that needed to prevent 
osteoporosis and cardiac disease. This additional oestrogen, theoretically, could 
be associated with an increased risk of thrombolytic events and patients, 
especially those who smoke, should be so advised [239]. New regimens and 
formulations are being employed as alternatives to standard CEO/MPA HRT. 
If patients opt for a non-oral HRT, a transdermal delivery of 17~-oestradiol is 
available in a alcohol-based reservoir and in a controlled release matrix delivery 
patch [240,241]. The oral administration of a progestin is still required, but 
prototypes of transdermal progesterone delivery system will soon be released 
[242]. 
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Figure 10.3 Percentage of POF patients with bone mineral densi ties (BMD) greater than l, 2 and 
3 standard deviations (SO) below age matched controls. Eighty-five percent of the 89 study 
pa tients were on hormone replacement therapy 

The woman who desires a pregnancy is a more complicated problem and is 
affected not only emotionally but also fiscally. Numerous reports of pregnancy 
occurring in POF patients exist, but predicting the likelihood of spontaneous 
remission in a specific individual is impossible. When patients with POF are 
serially tested over a 4-6 month period, ovulation is noted in 20% of the cases 
[7,9,169]. Most pregnancies occur in individuals during HRT, but this may not 
be a cause and effect relationship, since statistically most patients are on HRT 
for reasons other than achieving pregnancy. The premise that gonadotrophin 
suppression may decrease the antigen load and help restore ovulation has been 
tested using gonadotrophin releasing hormones analogues or danocrine, a weak 
androgen [7,9]. Neither has been shown to be more effective than placebo. 

Uncontrolled studies and anecdotal cases of the return of ovarian function 
after using a high dose steroid immunosuppression have been reported [243] but 
presently have no proven benefit and carry a significant risk. A prospective 
study of alternate-day prednisone therapy for lymphocytic oophoritis is now 
underway at the Clinical Center of the National Institutes of Health. Futile 
attempts at high dose gonadotrophin therapy, in the hope of stimulating the 
remaining follicles in POF patients, have been attempted. The success achieved 
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with this method probably represents spontaneous remissions. The only proven 
therapy for obtaining a pregnancy in patients with POF is by implantation of 
fertilized donor oocytes into an exogenous hormonally prepared uterus. The 
success (22-33%) of this procedure continues to improve and the efficacy is at 
least the same, if not greater, than conventional in vitro fertilization (IVF) 
[244,245]. Given the diagnosis ofPOF, patients who desire fertility naturally feel 
an urgency to act quickly to become pregnant. It is important to counsel 
patients that it is the age of the oocyte and not uterine senescence that effects 
the success of IVF procedures. Thus, they can choose oocyte donation at a later 
date, when they are more at ease emotionally and/or financially. During this 
wait, advances in reproductive technology should improve pregnancy rates at 
reduced costs. 

Patients with POF have an increased incidence of developing subsequent 
autoimmune disease and should be seen at least annually to monitor their 
hormone therapy, pregnancy wishes, and detection of these associated dis
orders. Elaborate screening tests, except TSH, have not been useful in our 
experience [115]. 

THE FUTURE 

Heterogeneous populations (immunological versus non-immunological versus 
genetic), the status of the remaining follicles, immunologic regulation/ dys
regulation in the ovary, and the control of ovarian apoptosis are crucial 
unexplained factors in understanding PO F. With the advent of new molecular 
and recombinant DNA technology, addressing these complex issues may be 
possible. The international impetus to sequence the entire human genome will 
increase our understanding of the genetic influence of ovarian development 
[246]. Recombinant production of oocyte-specific protein-based assays will help 
to identify those patients with remaining follicles. Adequately controlled 
immunological and non-immunological based therapies could be applied 
employing this subset of patients. Utilizing recombinant techniques, the isola
tion and production of ovarian antigens may permit immunotherapy designed 
to produce immunotolerance in autoimmune POF. These immunotherapies 
could employ the acquisition of tolerance following presentation of antigen 
through alternative routes, such as injection, intravenous infusion, and oral 
administration of specific ovarian antigens. 

Advances in molecular immunology as a direct result of AIDS and diabetes 
research may further our understanding of PO F. The existence of two different 
T helper cell activities had long been proposed to account for the divergence of 
humoral and cellular immunity in response to various stimuli. The cellular basis 
for this dichotomy is the segregation of CD4+ T cells into two distinct 
phenotypes (T H liT H2) based on their mutually exclusive cytokine production 
[247]. Therapies aimed at balancing the T cell subsets has been applied in other 
autoimmune animal models [248]. Is autoimmune POF a result of the dysregula
tion of T helper subsets, as in other autoimmune disorders [249]? Using the 
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murine POF model some investigators have suggested a persistent T H2 response 
in these neonatal thymectomized mice [250]. Thus, if a similar mechanism 
applies to human disease, the administration of appropriate cytokines could 
prevent PO F. 

The control of apoptosis appears to be a key piece to the POF puzzle [42]. The 
exploration of apoptosis and its interaction with the immune system will lead to 
crucial discoveries regarding the mechanisms involved in the control of follicle 
endowment and atresia [251]. Once the control of apoptosis is elucidated, 
manipulation of the regulatory factors of this programmed cell death could 
prevent the premature loss of oocytes and follicles. 

New drugs for hormone replacement soon will be entering clinical trials, the 
first of which will be the antioestrogens. These drugs have positive effects on 
bone and the cardiovascular system and are without the associated risk of breast 
and endometrial stimulation [252,253]. For those patients desiring pregnancy, 
donor oocyte programmes will benefit from improved technology. Cryopreser
vation of oocytes as opposed to embryos could allow patients with the diagnosis 
of prodromal POF to have their oocytes saved for future fertilization. This 
technique has worked well in animals, but awaits future improvement before it 
can be applied to man [77]. 
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11 
Pituitary autoimmunity 
H. A. SAWERS and J. 5. BEVAN 

INTRODUCTION 

Lymphocytic hypophysitis is one of a number of different disorders affecting the 
pituitary gland to which has been ascribed a possible autoimmune pathogenesis. 
The condition was first recognized in an autopsy specimen by Goudie and 
Pinkerton in 1962 [1]. Jt soon became considered to be an autoimmune disorder, 
partly on account of its frequent association with other classical autoimmune 
disorders associated with organ specific antibodies [2], particularly thyroiditis. 
With over 80 cases now described it is clear that the inflammatory process is 
typically confined to the adenohypophysitis, more accurately termed lympho
cytic adenohypophysitis, and the condition occurs mostly, but not exclusively, in 
the peripartum period. 

When lymphocytic hypophysitis occurs outside the peripartum period or in 
men it may present a different clinical spectrum. The lymphocytic infiltrate 
appears not to respect the boundaries of the adenohypophysitis, so that there is 
more likely to be cavernous sinus involvement, possibly resulting in involvement 
of lower cranial nerves supplying the extraocular muscles, or infundibuloneuro
hypophyseal involvement causing diabetes insipidus. Some authors suggest that 
granulomatous hypophysitis is one end of the spectrum of the same process but 
others see it as a distinct clinicopathological entity [3]. A more recently 
described infundibulo-neurohypophysitis may account for some cases of idio
pathic cranial diabetes insipidus and this too is possibly a distinct clinical entity, 
not affecting the adenohypophysitis [4]. Finally, some cases of empty sella, when 
it develops in adulthood, may have an autoimmune origin. 
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LYMPHOCYTIC HYPOPHYSITIS 

In 1962 Goudie and Pinkerton described the autopsy findings in a 22-year-old 
woman who died following appendicectomy performed 14 months postpartum 
[1]. As well as lymphocytic thyroiditis and severely atrophic adrenals, the 
pituitary gland was atrophic with an extensive lymphocytic infiltrate. This case 
was followed by sporadic autopsy reports of lymphocytic hypophysitis [5], until 
Quencer's report of a live patient with biopsy proven lymphocytic hypophysitis 
in 1980 led to renewed interest in the condition [6]. 

Over the last 15 years there have been over 80 probable cases reported in the 
literature and it is evident that the condition is much more prevalent than 
previously recognized. Although a number of the early autopsy cases had been 
in post-menopausal women it became rapidly clear that this was primarily a 
condition arising peripartum, presenting particularly in the third trimester or 
within the first 6 months of delivery. It was not until 1987 that the first case was 
recognized in a man [7] and now approximately 14% of the cases described are 
in men. This figure probably reflects current reporting bias and is not a useful 
indicator of the relative prevalence in men, which is almost certainly smaller 
than this. 

Doubtless many earlier cases of postpartum hypopituitarism, attributed to 
Sheehan's syndrome despite unconvincing evidence of a hypotensive episode at 
delivery, may well have been unrecognized cases of lymphocytic adenohypo
physitis. Other cases may have been misdiagnosed as having a pituitary 
adenoma. It is now appreciated that there is wide spectrum of pituitary 
enlargement seen in this condition, those patients having no pituitary mass not 
normally being subjected to pituitary biopsy. Furthermore, amongst clinicians 
aware of the disorder, expectations regarding spontaneous resolution are now 
such that pituitary biopsy is not necessarily performed even if there is a 
substantial pituitary mass, so that increasingly the diagnosis may not be biopsy 
proven [2]. Even when biopsy is performed there may be difficulties in 
interpreting its significance since lymphocytic changes may be patchy and 
associated with other pathologies which are not revealed within the surgical 
specimen [8]. All these factors make it difficult to assess accurately the true 
incidence of this rare condition. 

Bevan eta!. [9] looking specifically at a group of 148 postpartum women who 
had antibodies to thyroid peroxidase, found 73 to have biochemical evidence of 
postpartum thyroiditis but only one developed mild secondary hypothyroidism 
which was then found to be associated with adrenocorticotrophic hormone 
(ACTH) deficiency and presumed to be due to autoimmune hypophysitis. It 
should be emphasized that pituitary function was not assessed in these patients 
other than with respect to TSH measurement, but certainly in one patient this 
proved to be an adequate marker of probable autoimmune hypophysitis. This 
would indicate that the incidence of postpartum hypophysitis is likely to be well 
below 1%. 
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CLINICAL PRESENTATION 

Peripartum patients 

The clinical presentation and clinical course appears to be rather different in 
peripartum individuals from others and indeed this may possibly be a distinct 
clinical entity, similar to postpartum thyroiditis. It therefore seems appropriate 
to describe these patients separately. Although representing approximately 70% 
of the total number of reported cases, they probably account for a rather larger 
majority of cases overall because of current reporting bias. 

The spectrum of clinical presentation is wide, ranging from death in labour 
[I 0], probably due to hypoadrenalism, to almost symptomless glucocorticoid 
deficiency detected during a research study [9]. More than half the patients 
present with mass effects, particularly headache and visual field defects, but also 
reduced visual acuity and diplopia. This is the almost invariable mode of 
presentation during pregnancy itself which is not surprising since the pituitary 
gland is already substantially enlarged in normal pregnancy [11, 12]. Symptoms 
such as nausea, anorexia, dizziness and, particularly in the postpartum patient, 
failed lactation and amenorrhoea indicate adenohypophyseal hypofunction and 
occur in approximately 65% of patients. Many fewer experience persistent 
galactorrhoea after lactation as a symptom of hyperprolactinaemia and a 
similar number experience symptoms attributable to hypothyroidism. 

Diabetes insipidus occurs rarely, if ever, in this peripartum group of patients, 
although Nishioka et a!. [ 13] reported a case in a 33-year-old 2 months 
postpartum in which histology revealed massive fibrosis as well as lymphocytic 
hypophysitis. 

Men and non-peripartum women 

A frequent presentation in a man is with reduced libido or impotence [7, 14-19]. 
Headaches are less frequently reported although patients have presented with 
extraocular muscle palsy due to cavernous sinus involvement [15, 16]. Symptoms 
of anterior pituitary deficiency may be overshadowed by clinical features of 
diabetes insipidus [19,20]. In non-peripartum women the most common 
anterior pituitary symptom is amenorrhoea, with occasional patients experien
cing diabetes insipidus [21 ]. 

Very occasionally in these non-peripartum cases an episode of lymphocytic 
meningitis has been described. At least in Paja's case it seemed clearly to 
postdate the development of symptoms of pituitary dysfunction, making it 
unlikely that the aetiological factor in the lymphocytic hypophysitis was a 
putative viral agent, and more likely that the meningeal irritation was related 
to spread of an established inflammatory infiltrate [21 ]. 

Patients in either of the above groups may also have symptoms related to 
associated autoimmune disease, particularly autoimmune hypothyroidism and, 
in peripartum patients, postpartum thyroiditis. There are also a few reports of 
co-existing adrenalitis, pernicious anaemia and insulin-dependent diabetes 
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mellitus, with small numbers of patients showing serum positivity for non-organ 
specific antibodies (to smooth muscle, nuclear antigens or mitochondria) [2,5]. 

INVESTIGATIONS 

Blood tests 

Routine biochemical testing may reveal hyponatraemia or hypoglycaemia due 
to hypoadrenalism, or hypercalcaemia reflecting either transient hyperthyroid
ism or hypoadrenalism. Routine haematology may demonstrate anaemia, which 
is likely to be due in part to hypocortisolism or hypothyroidism. There are 
occasional reports of an increase in the CD4/CD8 ratio amongst peripheral 
blood T lymphocytes [21]. 

Anterior pituitary hormone secretion is variably affected with isolated ACTH 
deficiency being the most common single abnormality. Random cortisol may be 
clearly subnormal; four of the five peripartum cases described by Patel eta/. had 
random cortisol <50 nmoi/L, but otherwise the abnormality is revealed by a 
subnormal ·cortisol response to tetracosactrin (Synacthen) and a low ACTH 
concentration, which is minimally or not responsive to corticotrophin releasing 
hormone (CRH). There is frequently secondary hypothyroidism, which may 
rarely occur as an isolated deficiency, but more characteristically occurs in 
association with ACTH deficiency. Prolactin secretion is rarely normal [5]. It 
may be subnormal or, in 50% of cases, elevated for a variety of reasons, 
including lactotroph hyperplasia of pregnancy and the puerperium, interruption 
of flow of hypothalamic dopamine by mass effects on the pituitary stalk, 
decreased dopaminergic activity secondary to hypothyroidism, or, more spec
ulatively, an effect of the inflammatory process on the lactotrophs [14,22]. 

Recent work confirms that growth hormone (GH) secretion is likely to be 
subnormal in response to the stimulus of insulin-induced hypoglycaemia, but 
this is possibly difficult to interpret if there is pre-existing sex hormone 
deficiency [2]. A review by Hughes [23] of random GH levels in 18 patients with 
lymphocytic hypophysitis revealed that eight patients had undetectable levels 
but five had a random value in excess of 10 mU/L (5 )..lg/L) and they described a 
case with a similarly raised random GH level, a marginally elevated IGFl, but 
no clinical features of acromegaly. In this particular patient an oral glucose 
tolerance test was performed and showed non-suppressibility of GH. Gonado
trophin secretion is likely to be the best preserved of the anterior pituitary 
hormones, but if hyperprolactinaemia is present there may be secondary 
gonadotrophin suppression. 

The extent of any anterior pituitary endocrine defect is highly variable 
ranging from normal function to panhypopopituitarism. Cosman's review of 
30 probable cases is likely to be representative [5], showing a pattern of 
preferential impairment of ACTH and TSH secretion which seems to be 
characteristic of lymphocytic hypophysitis. There was normal pituitary function 
in I 0'%, panhypopopituitarism in 30%. hypoadrenalism with hypothyroidism in 
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27%, isolated hypoadrenalism in 10%, hypoadrenalism with hypogonadism in 
7% and a variety of disorders not involving ACTH in the remaining 16% of 
cases. The extent of hormonal secretory loss seen with what is often a modest 
mass lesion is in marked contrast to the situation seen with pituitary tumours 
where loss of gonadotrophins and GH typically occurs first, this compressive 
loss occurring only when the size of the tumour is substantial. 

Pituitary imaging 

Although the spectrum is wide, most cases of lymphocytic hypophysitis show a 
sellar mass often with suprasellar extension. At its extreme the pituitary 
enlargement is significant, even with demineralization of the sella [2) and 
suprasellar extension may result in compression of the optic chiasm. Neuro
imaging is often unable to differentiate lymphocytic hypophysitis from a 
pituitary adenoma preoperatively; in the pregnant patient further confusion 
may be caused by physiological pituitary hyperplasia of pregnancy. In lympho
cytic hypophysitis it is recognized that computerized tomography (CT) scan 
appearances may be normal when pituitary magnetic resonance imaging (MRI) 
shows an abnormality [24]. 

Contrast enhanced MRI is now the pituitary imaging modality of choice and 
using this technique various workers have attempted to define imaging 
characteristics allowing a more confident diagnosis of lymphocytic hypo
physitis. Many of the earlier reported cases have been subjected to much less 
sophisticated imaging so experience with this newer technique is limited. While 
not pathognomonic, an intensely uniformly enhancing pituitary mass asso
ciated with adjacent strips of enhancing dura mater is very suggestive of 
lymphocytic hypophysitis [25) (see Figure 11.1 ). In many cases there is 
suprasellar extension, but much more unusual is cavernous sin.us extension and 
if there is any degree of diabetes insipidus there will be detectable thickening of 
the pituitary stalk as well as loss of the normal hyperintense signal from the 
neurohypophysis. When a pituitary adenoma is complicated by haemorrhage, 
necrosis or infarction there may be extensive inflammatory infiltration resulting 
in pituitary MRI features very similar to those of hypophysitis [25]. 

TREATMENT/COURSE 

It seems likely that many mild self-limiting cases of lymphocytic hypophysitis 
are undiagnosed, although at the other extreme the condition is potentially life
threatening, particularly because of its propensity to interfere preferentially with 
control of adrenal function. Furthermore, where there is a substantial mass 
effect a real risk of visual loss exists which is most likely to be a presenting 
feature during pregnancy itself. 

Although peripartum lymphocytic adenohypophysitis was typically thought 
to present within the first 4 months of delivery, with an extreme of 14 months 
[5], there are recent reports which reveal that the condition may run an indolent 
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a. b. 

Figure 11.1 Lymphocytic hypophysitis in a 29-year-old woman with headaches, amenorrhoea 
and galactorrhoea. (a) Sagittal (400/18) and (b) coronal (400/18) pre-contrast Tl-weighted 
magnetic resonance images demonstrate a pituitary masss abutting the optic chiasm with an 
immediately contiguous sphenoid sinus submucosal component (curved arrow). The mass is 
slightly hyperintense relative to grey matter. (c) Sagittal (500/16) and (d) coronal (500/16) post
contrast Tl-weighted magnetic resonance images demonstrate intense but heterogeneous enhance
ment of the anterior pituitary gland extending along the infundibulum. There are enhancing strips 
of adjacant dura mater (open arrow in c). Focal area of non-enhancing tissue corresponds to the 
posterior pituitary lobe on both pre- and post-contrast sagittal images (straight arrow in a and c). 
Note enhancment of the extra-pituitary component of the lesion extending into the adjacent 
sphenoid sinus (curved arrow) without evidence of disruption of the sellar floor. [Figure 
reproduced with permission of the Radiological Society of North America] 
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course. For example, Jenkins reported a 23-year-old who developed severe 
frontal headache late in the third trimester of pregnancy [8]. Post-delivery CT 
scan showed a sellar mass with suprasellar extension. There was no endocrine 
deficit and transsphenoidal hypophysectomy was recommended, but the patient 
declined and was lost to follow up. Five years later she represented with 
symptoms of hypoadrenalism and hypothyroidism; repeat CT scan showed no 
change in the sellar mass which histologically proved to be due to lymphocytic 
hypophysitis. A similar patient is described by Naik [26], with a latent period of 
8 years between first peripartum symptoms of a mass lesion and subsequent 
presentation with symptoms of adenohypophyseal deficiency. The final outcome 
and first presentation may be decades after pregnancy, with hypopituitarism 
and an empty sella, as discussed below. There are some reports of pregnant 
patients in whom improvement in a visual field defect was temporally associated 
with the use of bromocriptine to treat hyperprolactinaemia [27,28]. This was 
presumably achieved by reducing the physiological lactotroph hyperplasia of 
pregnancy. A further patient reported by Pestell received high dose steroids (to 
induce fetal lung maturity) as well as bromocriptine. Her visual field defect 
initially showed improvement before deteriorating, but in all these cases the 
dynamic changes in the pituitary due to pregnancy itself were superimposed on 
other factors [14]. In another patient [29] who first had symptoms 13 months 
postpartum, prednisolone in a dose of 60 mg/day for 3 months, progressively 
reduced over the subsequent 6 months, produced a gradual improvement in 
panhypopopituitarism as well as a reduction of two-thirds in the pituitary mass. 
Five months after discontinuing steroids the patient relapsed with an increase in 
the pituitary mass and panhypopopituitarism. 

Many patients had shown spontaneous endocrine and radiological improve
ment without any immunosuppressive treatment [2,30,31 ], including one patient 
with total panhypopituitarism who recovered complete function after one year 
[32]. The patient described by Hughes presented 18 months postpartum with 
hypoadrenalism, hypothyroidism, hypogonadism, but hyperprolactinaemia and 
GH excess, and was submitted to transsphenoidal surgery which provided 
diagnostic pathological material. Within 6 months of surgery pituitary function 
was fully restored and has remained normal over 2 years of subsequent follow 
up [23]. Descriptions of spontaneous recovery are not confined to peripartum 
cases: Ozawa et al. reported a 50-year-old woman in whom panhypopituitarism 
and a sellar mass resolved spontaneously over an 18 month period [33]. Bevan's 
case of isolated ACTH deficiency developing and recovering spontaneously 
within 14 months of delivery, without hormone deficiency or sellar mass 
symptoms becoming evident [9] (see Figure 11.2) illustrates that not all patients 
will present for clinical diagnosis, her case only coming to light as she was 
participating in a monthly follow up programme as part of a study of 
postpartum thyroiditis. There may be many other such mild self-limiting cases. 

This recent appreciation of the potential benign natural history of the 
condition, combined with the high quality neuroimaging which is now available 
for monitoring mass lesions, means that in most cases a conservative policy of 
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Figure 11.2 Free T4 free T 1, thyroid peroxidase and thyroglobulin autoantibodies, TSH and mid
afternoon cortisol levels in a 34-year-old woman with postpartum thyroiditis and probable 
autoimmune hypophysitis [9). Four months postpartum she developed mild hyperthyroidism and 
showed a rise in thyroid autoantibody titres. At nine months, the biochemistry suggested 
secondary hypothyroidism and serum cortisol was only 28 nmol/L. Retrospective analysis of 
stored samples showed developing hypocortisolism between 3 and 9 months postpartum. CT was 
normal and pituitary biopsy was not performed. The cortisol response to insulin-induced 
hypoglycaemia was subnormal at 9 months (peak cortisol 145 nmol/L), but had recovered at 18 
months postpartum (590 nmol/L). Pituitary antibodies were undetectable throughout and she 
received no endocrine replacement therapy. [Figure reproduced with permission of the Endocrine 
'iocictv] 
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management can be pursued. There is definitely a role for transsphenoidal 
surgery where there is a need to decompress in the case of visual failure, 
particularly if a brief course of high dose steroids is not rapidly effective in 
improving vision. Whether surgery also has a role in providing biopsy material 
is more debatable. This latter objective is fraught with difficulty since there is 
considerable evidence that changes within the pituitary may be patchy, and that 
a lymphocytic infiltrate is a frequent concomitant of other pathologies [34], so 
that the only truly accurate biopsy involves total removal of the pituitary mass 
[8]. This will frequently amount to total hypophysectomy which means sacrifi
cing potential recovery of pituitary function. 

PATHOLOGY 

The gross appearance of the pituitary may range in size from atrophic to 
enlarged, and it frequently has an unusually firm, tough consistency. Light 
microscopy shows lymphocyte and plasma cell infiltrate in the anterior pituitary 
which occasionally forms lymphoid follicles and may be accompanied by 
neutrophils, eosinophils and macrophages [35] (see Figure 11.3). Not only is 
the severity of the adenohypophyseal destruction variable but also it can be 
quite patchy with islands and groups of preserved adenohypophyseal cells 
surrounded by inflammatory infiltrate or fibrous tissue [20]. There is a variable 
amount of oedema and fibrosis. Granulomas and giant cells are not typical 
features and suggest an alternative pathology. A necrotizing infundibulohypo
physitis has also been described recently by Ahmed et al. [36] who felt this was a 
distinct clinicopathological entity, partly because they were unaware of diabetes 
insipidus being described within the clinical spectrum of lymphocytic hypo
physitis. The presentation was in fact not dissimilar from that seen in the above 
non-peripartum cases, with MRI evidence of a sellar mass lesion and an 
abnormally thickened pituitary stalk. Histologically all the above features were 
evident but there was also extensive necrosis. It is presently unclear whether 
such cases represent an extreme end of the spectrum of lymphocytic hypo
physitis or constitute a separate entity. 

Cases have been described [8,34,37] in which otherwise typical lymphocytic 
hypophysitis has occurred in association with a pituitary tumour. It is now 
becoming well recognized that a 'secondary hypophysitis' may be a histological 
accompaniment to a well-defined pathological process in the sellar region, 
typically a craniopharyngioma or a pituitary adenoma [34]. Pituitary adenomas, 
particularly prolactinomas and corticotroph adenomas, can secrete IL-6 which 
may act with other cytokines to produce a local lymphocyte infiltrate and 
complement activation [38]. It is unclear whether a secondary hypophysitis 
may nevertheless have similar clinicopathological consequences with respect to 
loss of hormone production from the pituitary cells. 

Thodou reported pituitary immunoreactivity studies in II of 16 patients, with 
the amount of tissue restricting examination to GH and/or prolactin in three of 
these [20]. The commonest abnormality was a lack of ACTH staining (five out 

231 



ENDOCRINE AUTOIMMUNITY AND ASSOCIATED CONDITIONS 

Figure 11.3 Typical light microscopic appearances of autoimmune hypophysitis showing 
lymphocytic infiltration of anterior pituitary tissue [clinical details reported in Reference 35]. The 
patient was a 61-year-old woman who presented with headaches and symptoms ofhypothyrodism. 
Total T4 was reduced at 20 nmoi i L but TSH only minimally raised at 9 mUl L; thyroid peroxidase 
autoantibodies were positive. Detailed pituitary function testing revealed TSH, ACTH, GH and 
(mild) vasopressin deficiency and prolactin was slightly raised at 690 mUl L. CT demonstrated a 
pituitary mass with a small suprasellar extension and transsphenoidal biopsy of the tough mass 
revealed the diagnosis. She remains well on hydrocortisone and thyroxine replacement therapy 

of eight tested), not invariably accompanied by documented adrenal insuffi
ciency. There was no immunostaining for~ TSH, P-FSH, P-LH and/or ex-subunit 
in two of the patients but, in the absence of reduced circulating levels of these 
hormones, this is probably an illustration of the difficulty in obtaining 
representative samples. All but one case showed immunoreactivity for GH and 
prolactin. The inflammatory cells were a polyclonal population ofT and B cells 
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as indicated by immunohistochemistry. In a few cases, including the non
pregnant woman with diabetes insipidus and autoimmune thyroiditis described 
by Paja, a predominance of CD4 cells among the infiltrating lymphocytes has 
been demonstrated [21]. 

In the case described by Hughes evidence of GH excess was found without 
clinical features of acromegaly, the patient also having hyperprolactinaemia 
[23]. At the time of presentation she was 18 months postpartum and had already 
developed hypoadrenalism, hypothyroidism and hypogonadism as well as a 
sellar mass. The biopsy material showed typical features of lymphocytic 
hypophysitis as described above and pituitary cell immunoreactivity for GH. 
ACTH, prolactin, ~-TSH, ~-FSH, ~-LH and ex-subunit. Interestingly there was 
also prominent extracellular immunostaining for GH and prolactin, tempting 
speculation that somatotroph and lactotroph cell lysis due to lymphocytic 
destruction might be resulting in supraphysiological levels of these hormones 
(analogous to transient hyperthyroidism during postpartum thyroiditis (see 
Figure 11.2)). Prominent extracellular staining for any of the above hormones 
has not been commented on in other cases of lymphocytic hypophysitis. 

Electron microscopy reveals an inflammatory cell infiltrate, sometimes 
completely destroying adenohypophyseal architecture, consisting of plasma 
cells, lymphocytes, macrophages and occasional eosinophils and neutrophils. 
Activated lymphocytes can be seen interdigitating with pituitary cells in varying 
stages of cell injury and death. 

IMMUNOLOGY 

Lymphocytic hypophysitis is considered to be an autoimmune disease, possibly 
involving a contribution from both humoral and cellular arms of the immune 
system. There are technical difficulties concerning the detection of tissue 
antibodies directed against components of the pituitary gland so that humoral 
immunity cannot be easily assessed, even supposing it has a pathogenetic role 
alongside the cell-mediated immune process. 

Pituitary antibodies 

Methods for detecting pituitary antibodies remain controversial. Such anti
bodies have been sought by immunofluorescence using a variety of substrates. 
Normal human pituitary causes non-specific binding of immunoglobulins to Fe 
receptors on corticotrophs [39] but fetal pituitary is devoid of Fe receptors and 
should therefore provide a more specific substrate [40]. Other substrates have 
been used, including rat, mouse, monkey and baboon pituitaries, the problems 
with these being the presence of hcterophilic pituitary antibodies in animal sera 
giving false positive results and the low species cross-reactivity of pituitary 
autoantibodies. Use of an immunoblotting technique is now being evaluated, 
but the success of this lies in identifying the appropriate autoantigen, which 
presently remains elusive [ 41 ,42]. 
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Pituitary antibodies have been detected in normal postpartum women, 18% 
showing a transitory rise at day 5--7 postpartum [43], and also in patients with 
autoimmune polyglandular endrocrinopathy. Cell surface antibodies reacting 
with both intact GH prolactin-secreting rat GH3 and ACTH-secreting mouse 
AtT-20 cells were detected in 44% of patients with the empty sella syndrome 
[44]. Furthermore families of patients with hypopituitarism of various aetio
logies have been shown to have antibodies to both rat pituitary cytoplasm and 
cell surface antigens [45]. 

Investigators have found variable results in patients with hypophysitis, with 
only a minority of reports (three out of 16) detecting pituitary antibodies, 
although Mayfield reported a case with antibodies against all anterior pituitary 
cell types [46]. Few of these patients have been assessed for antibody status at 
more than one time point. However one recent report [33] documented antibody 
level in a 50-year-old patient with a clinical course evolving over an eighteen 
month period from panhypopituitarism associated with a sellar mass to 
spontaneous full recovery with resolution of the mass. Antibodies against rat 
pituitary cytosol were positive throughout the period of hypopituitarism, 
becoming negative with recovery of pituitary function. However antibodies 
reacting with intact GH3 and AtT-20 cells were positive and remained so even 
when pituitary function had normalized. This patient had thyroiditis, as did the 
woman reported by Bevan in whom pituitary antibodies were not detected 
(using a fetal pituitary-based assay) during sequential monitoring covering the 
development of hypocortisolaemia immediately postpartum through its evolu
tion over 14 months to subsequent spontaneous recovery [9]. 

In an animal study by Yoon, passive transfer of pituitary antibodies failed to 
induce lymphocytic hypophysitis [47]. In the same study, hamsters which 
developed inflammatory lesions of lymphocytic hypophysitis (as a specific 
response to injection with glycosylated membrane-associated E l and E2 rubella 
virus proteins) did not develop pituitary antibodies. The implication is that the 
presence of these antibodies is an epiphenomenon rather than indicating any 
direct involvement in target cell destruction, but the methodological problems 
referred to above must also be borne in mind. The usefulness of detecting 
circulating pituitary antibodies as a means of clarifying the diagnosis therefore 
still remains unproven, as is their role in pathogenesis. 

Immunogenetics 

Few patients with lymphocytic hypophysitis have undergone HLA typing and 
there have been no consistently associated class I or II specificities [2,5,7 ,27 ,46]. 
However three cases have been described with a shared class III-encoded 
complement allotype (9, 14]. An attempt to identify HLA class II antigens on 
pituitary cells taken from biopsy of patients with lymphocytic hypophysitis was 
unsuccessful [48]. 
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Associated conditions 

The high prevalence of postpartum thyroiditis (Chapter 5), occurring in 4--7'Yo 
of patients postpartum [49], inevitably results in it being relatively frequently 
associated with lymphocytic adenohypophysitis. There is also an association 
with autoimmune disorders associated with either organ-specific antibodies. 
such as Hashimoto's hypothyroidism or adrenalitis (Chapter 9), or with non
organ specific antibodies (see above). 

PATHOGENESIS 

Various factors add to the impression that lymphocytic hypophysitis is an 
autoimmune disorder, not least its frequent association with other autoimmune 
disorders, notably thyroiditis. [t has a propensity to affect individuals peri
partum, a time of intense immunological change. The accompanying pituitary 
antibodies that may be detected and the increment in CD4/CD8 ratio in 
peripheral blood as well as predominance of the CD4 subpopulation in 
lymphocytic infiltrate [21] all reinforce the idea that autoimmunity is implicated. 

Several experimental animal models of lymphocytic hypophysitis have been 
produced. Levine produced lymphocytic hypophysitis by injecting human 
pituitary tissue with Freund's adjuvant into rat footpads, the pituitary reaction 
being more florid in pregnant or lactating rats [50]. Klein et al. injected 
homologous pituitary tissue plus adjuvant into rabbits, producing adenohypo
physeal inflammation in the majority [51]. They did not detect significant 
circulating pituitary antibody levels but showed evidence of pituitary lympho
cytes being activated by pituitary extract. Cellular immunity therefore appears 
to play a role in experimentally induced autoimmune pituitary disease. 

In more recent animal studies Yoon eta!. were able to induce lymphocytic 
hypophysitis, in hamsters by giving multiple injections of glycosylated mem
brane-associated E I and E2 rubella virus proteins. Neonatal thymectomy 
prevented this, indicating that the disease induction was due to an antigen
specific T cell mediated autoimmune mechanism [47]. 

IDIOPATHIC HYPOPITUITARISM IN ADULTS 

There are anecdotal reports of possible autoimmune atrophy of the pituitary. 
Amongst these is the description by Nishiyama et al. of a case of hypopituitar
ism presenting in a 50-year-old woman with a history of postpartum failure of 
lactation 24 years previously (following a normal pregnancy), subsequent 
amenorrhoea and then symptoms of hypoadrenalism [52]. She had panhypopi
tuitarism and positive pituitary antibodies. Neuroimaging revealed an empty 
sella. Patel et al. [2] quote the documentation by Brandes eta/. of a woman who 
developed a sellar mass and partial hypopituitarism after her second pregnancy. 
By the time of her third pregnancy ncuroimaging revealed an empty sella. 

In patients with the primary empty sella syndrome. Komatsu ez a/ fpund 
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antibodies to both AtT-20 and GH3 cells in 44%, with antibodies to the former 
alone in 75% [44]. This was a considerably higher incidence than that in patients 
with other pituitary disorder such as adenomas of various types. By contrast, 
studies of patients with idiopathic hypopituitarism using the immunoblotting 
technique, taking the hormonal products of the pituitary cells as antigen, have 
so far been disappointing [53]. By analogy with other endocrinopathies the 
autoantigen in the case of the pituitary might also be an intracellular enzyme, 
perhaps specific to the corticotroph, such as a pro-opiomelanocortin processing 
enzyme. 

INFUNDIBULONEUROHYPOPHYSITIS AND DIABETES INSIPIDUS 

Central diabetes insipidus ts most often caused by surgical trauma to the 
pituitary stalk, craniopharyngiomas, very large pituitary tumours or, more 
rarely arises secondary to head injury, granulomatous disease or infections. 
There are very rare autosomal dominant familial forms described but a third of 
cases remain idiopathic. A proportion of such cases of diabetes insipidus were 
shown to have circulating antibodies to the magnocellular neurons which 
synthesize vasopressin [54] and this has led to the suspicion that some cases of 
idiopathic cranial diabetes might represent an autoimmune disorder. 

A recent study by Imura et al. assessed pituitary MRI appearances of 17 
patients with established cranial diabetes insipidus without an identified under
lying cause [4]. All patients lacked the hyperintense signal normally generated 
by the neurohypophysis and half of the patients also showed a thickened 
pituitary stalk and/or neurohypophysis on MRI (Figure 11.4). Biopsy of two 
such patients revealed inflammatory infiltrate composed mainly of lymphocytes 
and plasma cells, with scattered eosinophils, neutrophils and histiocytes. 
Specific staining techniques suggested the lymphocytes were mostly T cells and 
strenuous efforts were made to exclude granulomatous conditions including 
Wegener's granulomatosis, histiocytosis and so on. These authors considered 
this lymphocytic infundibuloneurohypophysitis to be a separate entity from 
lymphocytic adenohypophysitis, and, although they did demonstrate normal 
anterior pituitary function (with the exception of occasional borderline growth 
hormone deficiency) in their group of patients, they did not report any 
adenohypophyseal histology. 

Furthermore they suggested that those patients in whom MRl scan did not 
show a thickened stalk were at a later stage in the evolution of the same 

Figure 11.4 (opposite) High resolution (a) sagittal and (b) coronal gadolinium-enhanced, T 1-

weighted magnetic resonance images (MRI) from a 42-year-old man who presented with cranial 
diabetes insipidus (unpublished case). The pituitary stalk is greatly thickened (arrows) but the 
anterior pituitary is of normal shape and size. A pituitary biopsy has not been performed and the 
MRl appearances have remained unchanged during four years observation. The radiology is 
identical to that reported in biopsy proven cases [4]. This patient also has GH and gonadotrophin 
deficiency, together with low tit res of antinuclear, DNA and Ro autoantibodies 
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inflammatory process where swelling had now subsided and the histology would 
be expected to show more fibrosis. Within Thodou's review of 16 cases of 
lymphocytic hypophysitis one patient with hyperprolactinaemia and diabetes 
insipidus had only a stalk lesion of unspecified type detected on CT scan [20]. It 
appears that in this case adenohypophyseal and stalk biopsy both showed 
inflammatory infiltrate with lymphocytes. 

SUMMARY 

At its broadest there may be a single entity of autoimmune hypophysitis, 
involving adenohypophysitis, infundibulum and neurohypophysis to a variable 
degree. At one end of the spectrum is a major subgroup of pregnant or 
postpartum patients with lymphocytic adenohypophysitis, the posterior pitui
tary being unaffected. These patients may have a significant sellar mass lesion, 
particularly when they present during pregnancy itself, or there may be no sellar 
enlargement. Where there is associated adenohypophyseal dysfunction the 
pattern of hormone loss is characteristic, preferentially involving loss of ACTH 
production. The natural history may be indolent and the condition may be self
limiting. Where confirmatory histology is available it shows an infiltrate with 
polyclonal B and T cells which may be patchy in distribution, leading to 
difficulty in interpretation of pituitary biopsy specimens. The latter is com
pounded by the knowledge that other well-defined pituitary pathologies may 
generate an apparently identical inflammatory response, possibly induced by 
IL-6 or other cytokines. In their present state of refinement pituitary antibody 
tests do not add much useful certainty to the diagnostic process, although if an 
appropriate autoantigen can be identified immunoblotting techniques may 
override some of the earlier methodological difficulties. 

Cases of hypophysitis occurring in men and in women outside of recent 
pregnancy not only occur in a different immunological milieu, but also involve a 
pituitary that is unaffected by changes of pregnancy. Their pathogenesis may be 
different, although still autoimmune, and it is probably no surprise that the 
clinicopathological spectrum may be different with the process more frequently 
also including the infundibulum, resulting in diabetes insipidus. At least some 
cases of adult empty sella syndrome may represent the end stage of a process of 
lymphocytic hypophysitis, analagous to primary atrophic hypothyroidism. 
Idiopathic diabetes insipidus has now been associated with pituitary stalk 
swelling due to lymphocytic infiltration and it has been suggested that this 
presumed autoimmune condition may account for a third of cases of idiopathic 
diabetes insipidus. It is not clear to what extent this infundibuloneurohypo
physitis is part of a continuum with the above conditions. Much remains to be 
learnt about these rare disorders. 
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12 
Autoimmune gastritis and pernicious 
anaemia 
P. BURMAN, J.-Y. MA and F. A. KARLSSON 

HISTORICAL BACKGROUND 

In 1849 in the London Medical Gazette Dr Thomas Addison drew attention to 
a remarkable form of anaemia of idiopathic origin which in his view had not 
received the interest it deserved, although its existence had occasionally been 
pointed out by others. He described the clinical picture in three men with 
insidious anaemia who at postmortem examination all displayed "a diseased 
condition of the suprarenal capsules" [ 1]. Pathogenic relevance of the anaemia 
was suspected, but this was questioned by Dr Austin Flint, who himself had had 
experience of patients with insidious anaemia and who considered the possibi
lity of a degenerative disease of the gastric tubular glands. At a clinical lecture at 
the Long Island College hospital in 1860, he referred to an article by Dr 
Handfield Jones, who some years earlier had published his findings on light 
microscopic examinations of a hundred stomachs. In 12 cases considerable 
degeneration of the gastric tubuli was noted. Dr Flint stated: "It is not difficult 
to see how fatal anaemia must follow an amount of degenerative disease 
reducing the amount of gastric juice so far that the assimilation of food is 
rendered wholly inadequate to the wants of the body. I shall be ready to claim 
the merit of this idea when the difficult and laborious researches of someone 
have shown it to be correct" [2]. Seventeen years later Fenwick observed 
atrophic glands and failure of the scrapings of the gastric mucosa to digest egg 
white in autopsy studies [3], and during the following decades, after analysis of 
the amount of 'free acid' in gastric juice from patients with insidious anaemia, 
several investigators reported achylia to be a constant finding [4]. 

The name pernicious anaemia was adopted in England in 1874 from a 
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description by Biermer in 1872 of patients with severe forms of anaemia [ 5]. 
Pernicious means destructive or fatal and relates to the pessimistic prognosis of 
the disease at that time. Before the introduction of specific therapy, this anaemia 
was characterized by a slow downhill course with remissions and relapses. A 
relapse was often precipitated by a change in diet, with increased consumption 
of dairy products such as butter and cream and a distaste for meat [4]. Three 
organ systems were affected to a varying extent - the blood, the digestive tract, 
and the nervous system. At presentation the patients generally complained of a 
sore tongue, weakness and symmetrical paraesthesias of the hands and feet. In 
about 30% more severe degenerative changes of the lateral and dorsal columns 
of the spinal cord and/or of the cerebral cortex developed and led to ataxia, a 
spastic gait, atony of the bladder and incontinence, and even mental confusion 
[6]. The anaemia was long considered to be of haemolytic origin. Hurst [7] 
hypothesized that an abnormal gut flora, favoured by the anacidic environment, 
had developed, with the production of haemolytic (and neurotoxic) toxins, and 
advocated administration of diluted hydrochloric acid to the patients. 

During the early 1900s many different diets were recommended to anaemic 
patients, such as fresh vegetables, large amounts of proteins and, especially, 
blood products and even fresh bone marrow. Whipple et a/. systematically 
investigated the effects of various foods on blood formation after acute 
haemorrhage in dogs, and found that liver was particularly favourable [8]. This 
inspired Minot and Murphy to treat 45 patients with pernicious anaemia with a 
special diet consisting of about 200 g of cooked catrs or beefliver per day, which 
led to a rapid and distinct response by the red blood cell count and clinical 
improvement [9]. An even better effect was observed when extracts of liver, 
diluted in water, were given orally and parenterally [10, II]. Minot, Murphy and 
Whipple were awarded the Nobel prize for this discovery in 1934. A student of 
Minot's, William Castle, focused attention on the loss of an 'intrinsic factor' of 
the gastric mucosa in patients with gastric atrophy and pernicious anaemia. He 
found that the patients benefited from administration of normal gastric juice in 
combination with beef muscle (referred to as extrinsic factor) and that the 
anaemia could be reversed just as well as if liver had been administered. The 
intrinsic factor of gastric juice was found to be separate from hydrochloric acid 
and pepsin and to be heat labile [ 12, 13]. 

Vitamin 8 12 was isolated from liver in 1948 [14,15] and was found to be 
identical to the hematopoietic factor of liver extracts. The molecule was 
characterized by X-ray diffraction studies in 1956 by Dorothy Hodgkin [16], an 
achievement for which she received a Nobel prize 8 years later. Low levels of 
vitamin 8 12 were subsequently observed in sera from patients with pernicious 
anaemia [17]. Castle's intrinsic factor was later found to be a glycoprotein with a 
molecular mass of about 45 kDa [18]. In the early 1950s there were several 
reports on decreased absorption of radiolabelled vitamin 8 12 (B 126°Co) in 
patients with pernicious anaemia. Schilling found that normal gastric juice 
given simultaneously with oral vitamin 8 12 6°Co enhanced the urinary recovery 
of vitamin B126°Co and designed the test which has been given his name [19]. 
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The first evidence that pernicious anaemia is an autoimmune disease was 
produced by Schwartz, who in 1958 found that an inhibitor of intrinsic factor 
was present in the sera of patients with the disorder [20]. This finding was 
confirmed by Taylor in 1959 [21]. The observation was a result of attempts to 
solve the problem of acquired resistance to treatment with intrinsic factor given 
orally. In 1960, the inhibiting factor was found to be an immunoglobulin and to 
be present in the serum in 36 out of 91 patients [22]. In vitro methods for 
detection of the antibody soon followed [23,24]. A second type of autoantibody 
reactive to parietal cells was discovered shortly after [25,26] and an immuno
fluorescence method, staining the cytoplasm of parietal cells, was developed 
[27,28]. Parietal cell autoantibodies (PCA) were demonstrated in 75-86'Y,, of the 
examined patients with pernicious anaemia sera [29-31]. Gastric autoantibodies 
of both lgG and lgA subclasses also have been found in the gastric juice [32-35]. 
Strickland reported that 15 out of 20 patients with parietal cell antibodies in the 
serum also had the antibody in the gastric juice. While the lgG subclass 
predominated in serum, the IgA subclass was more common in the gastric juice 
[35]. 

THE GASTRIC MUCOSA AND THE PARIETAL CELL 

The gastric mucosa contains three types of glands: the oxyntic glands, the 
pyloric glands and the cardiac glands. The oxyntic glands are mainly located in 
the corpus and fundus (Figure 12.1) and contain chief or zymogen cells, parietal 
cells, endocrine cells, mucous neck cells, and more undifferentiated stem cells 
responsible for cell renewal. The gastric acid-producing parietal cell has an 
ability to secrete H+ against a two million-fold concentration gradient from the 
mucosa to the lumen of the stomach [36]. This is mediated by a unique enzyme 
termed the proton pump, i.e. H+ ,K + -ATPase. Besides hydrochloric acid, the 
gastric juice contains mucus, pepsinogen and intrinsic factor. The surface cells 
secrete bicarbonate and a protective mucus layer. Pepsinogen (type A), which is 
converted to pepsin in an acidic environment, is secreted by the chief cells and 
the mucous neck cells [37]. A type of pepsinogen termed Cis synthesized in the 
cardia, antrum, and proximal duodenum. In most species, including man, 
intrinsic factor (IF) is synthesized by the parietal cell [38]. Recent data, however, 
also indicate a contribution from other foregut derived cells [39]. In rats chief 
cells are the source of IF [40], and in dogs it is also produced by the secretory 
ducts of the pancreas and the salivary glands [41]. 

The pyloric glands are situated in the antrum and contain endocrine cells, 
namely the G and D cells. The G cells synthesize gastrin, which stimulates 
gastric acid secretion. Gastrin also promotes growth of the gastric mucosa, and 
atrophy of the oxyntic mucosa after antrectomy is well documented [42]. The 
somatostatin-containing D cells possibly function as chemoreceptors and 
mediate a paracrine inhibitory effect of the adjacent G cells on gastrin secretion 
when the pH falls too low [43]. The cardiac glands are in the cardiac region of 
the stomach and secrete mucus. At least five endocrine cell types have been 
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found in the human oxyntic mucosa, namely ECL cells (enterochromaffin-like 
cells), A-like cells, D cells, Dl or P cells and the 5-hydroxytryptamine-contain
ing enterochromaffin cells (EC cells) [44]. 

H+,K+ -ATPase 

H+ ,K + -ATPase (EC 3.6.1. 36) is a membrane-associated enzyme which acidifies 
the stomach lumen through hydrolysis of ATP. In the resting state this enzyme is 
predominantly located in numerous tubulovesicles in the apical cytoplasm of the 
cells. It has been proposed that on stimulation, these tubulovesicles translocate 
and fuse with narrow canals, referred to as secretory canaliculi, which are 
invaginations of the apical surface membrane, to form secretory channels [45-
47] (Figure 12.2). Concomitantly, according to this concept, an increase in the 
ion permeability of the canalicular membrane takes place, allowing potassium 

RESTING STIMULATED 

.. · i H+ 
K 

K+ 
cr 

Histamine 

Figure 12.2 A schematic diagram of the parietal cell in a resting and stimulated state. Activation 
of the gastrin, histamine or acetylcholine receptors leads to stimulation of gastric acid secretion, 
whereby H+,K+-ATPase. which is present in tubulovesicular(tv)-like structures, is translocated to 
the secretory canaliculi (sc) 

Figure 12.1 (opposite) The stomach and its anatomical regions (upper). Gastric acid is produced 
from the oxyntic glands (lower), which are present in the corpus of the stomach 
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and chloride ions to diffuse into the canaliculi from the cytosol [47-49]. The acid 
pump then transports H+ out of the cell into the lumen in exchange forK+ ions. 
As this is an energy-consuming process, more than one third of the cell volume 
is occupied by mitochondria, a higher proportion than in any other epithelial 
cell [36]. 

H+,K+-ATPase, together with Na+,K+-ATPase and Ca2+-ATPase, belongs to 
the cation transport ATPase family. They all have a related catalytic subunit (ex 
subunit) and a~ subunit (Figure 12. 3). The ex subunit of H+,K+-ATPase is the 
major part of the enzyme. Its molecular mass on SDS-PAGE is 94 kDa. It is a 
single polypeptide chain with 3 N-linked glycosylation sites and eight trans
membrane domains. About 80'Yc1 of this subunit protrudes into the cytosol, 15'% 
is located within the membrane, and 5'Yo protrudes into the canalicular lumen 
[49]. The nucleotide sequences of the eDNA and the deduced amino acid 
sequences (1033-1035 residues, molecular mass 114 kDa) ofthe H+,K+-ATPase 
ex subunit have been cloned from the rat [52], pig [53], rabbit [54], dog [55], 
mouse [56], and frog [56]. The genes for the human and dog ex subunit contain 22 
exons [50, 51 ,55]. The phosphorylation site of the protein is at amino acid Asp-
385, 386 or 387, depending on the species. The pyridoxal 5' -phosphate-binding 
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Figure 12.3 A schematic model of the folding of the ':1 and p subunits of H+,K+-ATPase. The 
human ':J subunit is thought to pass eight times through the secretory membrane [50,51]. A 
potential catalytic site consists of a phosphorylation site (I, Asp-3S7}, a pyridoxal 5' -phosphate 
binding site (2, Lys-498) and FITC binding site (3, Lys-519). The p subunit is glycosylated on at 
least four. probably seven positions on the extracellular portion of the protein 
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site and a fluorescein isothiocyanate (FITC) binding site are conserved at Lys-
497 or 498 and Lys-518 or 519, respectively. The overall sequence homology 
between the a. subunit of H+,K+-ATPase and that of Na+,K+-ATPase is about 
60'Yt,. 

The ~ subunit of is a glycoprotein with one transmembrane domain. It was 
discovered in 1990, 17 years after the identification of the a. subunit of this 
enzyme [57-62]. It is difficult to detect by the Coomassie blue protein stain on 
SDS-PAGE and appears as a glycoprotein of 60-80 kDa in H+,K+-ATPase
containing membranes from several species on lectin blotting. The protein was 
found to be co-immunoprecipitated with the a. subunit of H+,K+ -ATPase. After 
deglycosylation with glycosidase, it has a protein core of 32-35 kDa, which is 
similar to the protein core of the Na + ,K + -ATPase ~ subunit. Sequencing 
analysis of V8 protease-generated peptide fragments showed at least 30% 
homology with the ~ subunit of Na + ,K + -ATPase. Like the a. subunit, the 
nucleotide sequences of the eDNA of the ~ subunit have been determined in 
several species: the rat [60,61], pig [62], rabbit [63], human [64], mouse [65], dog 
[55], and birds [66]. The deduced amino acid sequences, comprising 290 amino 
acids in the pig and dog, 291 amino acids in the rabbit and man, 294 amino 
acids in the rat and mouse, and 299 amino acids in avian species with a 
molecular mass of 33 kDa, show 29-35% and 37-53"1<, homology with those of 
the Na + ,K + -ATPase ~ 1 subunit and ~2 subunit, respectively. There are six 
cysteine residues within the extracellular domain which appear to be highly 
conserved in these species. Seven N-linked glycosylation sites (except in the pig, 
which has one glycosylation site less, and in avian species, which have one more) 
are located in the extracellular regions of the protein. The genes encoding this 
subunit containing seven exons have been cloned and sequenced in the rat 
[67,68] and mouse [65,69]. The genes of the mouse and man have been mapped 
to chromosome 8 [61] and chromosome 13q34 [70], respectively. The function of 
the~ subunit of H+,K+-ATPase is not known. However, as has been proposed 
for the Na + ,K + -ATPase ~ subunit, it might be essential for cation transport, 
ATPase activity, or correct insertion ofH+,K+-ATPase into the membrane [59, 
71]. 

Intrinsic factor 

IF is a globular glycoprotein which is synthesized and secreted by parietal cells 
in man, monkey, cat, ox, rabbit and guinea pig, and by chief cells in the rat and 
mouse [72]. The function of IF is to promote absorption of vitamin 8 12 at 
specific sites in the distal small intestine. In the absence of IF less than 2'Yo of 
ingested cobalamin is absorbed [73]. The cDNAs of rat [74] and human [75] IF 
have been cloned. The corresponding proteins contain 421 and 417 amino acids, 
respectively, with a calculated molecular mass of 46 kDa. Rat IF has four N
linked glycosylation sites, and human IF has six. The identity between human 
and rat IF is 80';-;,_ The human IF gene with 10 exons has been localized to 
chromosome 11 [75]. 
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AUTOIMMUNE GASTRITIS 

Characteristics and progression to pernicious anaemia 

Atrophic gastritis has been classified into two entities, types A and B, depending 
on the involvement of the antral mucosa and the presence or absence of gastric 
autoantibodies [76]. The antral-predominant type B is related to Helicobacter 
pylori infection, and is more common than type A. Autoantibodies are generally 
absent, although there have been two reports on low-titre anti-gastrin-cell 
antibodies in a minority of patients [77, 78]. 

Type A chronic atrophic gastritis (i.e. autoimmune gastritis) is characterized 
by the presence of serum PCA, infiltration of mononuclear cells in the gastric 
mucosa, and loss of parietal cells and chief cells from the oxyntic glands. The 
antrum is usually spared or only mildly affected [76]. Hypergastrinemia is 
present in most but not all cases [79,80], possibly depending on the integrity of 
the antral mucosa [81 ,82]. Loss of antral acidification with loss of inhibition of 
gastrin release has been implicated as a mechanism of hypergastrinemia. Low 
serum concentrations of pepsinogen A reflect tissue damage and loss of chief 
cells. In screening for atrophic autoimmune level gastritis, low serum level of 
pepsinogen A has a high predictive value [83,84]. The combination of a high 
serum gastrin with a low serum pepsinogen A has been reported to have a 
specificity of 1 ooo;;, [83]. 

PCAs are found in the serum in 70-95'Yo of patients with pernicious anaemia 
but less frequently (30-60%) in atrophic gastritis without pernicious anaemia. 
The titre is higher in women than in men and is inversely related to the duration of 
the disease and the residual cell mass, indicating that the autoimmune response is 
antigen driven [85]. Autoantibodies to IF, which have been reported in 40-75% of 
patients with pernicious anaemia, are rare in simple atrophic gastritis (i.e. 
without pernicious anaemia) [86,87]. Contrary to PCA, there is a positive relation 
between the presence of the IF autoantibody and the duration of the disease 
[88,89]. The mononuclear infiltrate in the gastric mucosa may be focal in early 
stages of disease and is then dominated by macro phages and T lymphocytes. The 
adjacent epithelial cells show an aberrant expression ofHLA-DR [90]. 

Pernicious anaemia results from loss of IF, which is essential for vitamin B12 

absorption in the ileum. Over a period of I 0 years about 20% of investigated 
patients with autoimmune gastritis were found to develop symptoms of vitamin 
B12 malabsorption [91-93]. A higher incidence was noted in patients who in 
addition to serum PCA had IF autoantibodies in the serum and/or in the gastric 
juice, possibly blocking the binding of remaining IF to vitamin B12 [91,94]. 
However, these estimates were based on the presence of anaemia in combina
tion with low serum cobalamin levels. Findings in several studies have now 
supported the presence of intracellular B12 deficiency despite low to normal 
serum concentrations of the vitamin, and there are also reports of CNS 
malfunctions in B1rdeficient patients despite a normal haemoglobin concentra
tion [95-99]. Thus, the occurrence of clinically relevant cobalamin malabsorp
tion seems previously to have been underestimated. 
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Presentation and evaluation of vitamin 8 12 deficiency 

The classical manifestation of cobalamin deficiency is megaloblastic anaemia 
with or without neuropathy. The neuropathy is dominated by paraesthesia and 
ataxia associated with hyperreflexia with or without spasticity, symmetrical loss 
of proprioception and the sense of vibration affecting the lower limbs first, and 
distal loss of cutaneous sensation [73]. The anaemia is due to a defect in the 
synthesis of DNA, which can also affect other rapidly dividing cells, resulting in 
glossitis, hypospermia and sometimes diarrhoea [100]. The pathogenesis of the 
neuropathy is still a matter of controversy, but it is presently thought to be 
related to interference with methylation reactions in the CNS, where vitamin 
B 12 is an important co-enzyme [101]. 

However, patients who benefit from cobalamin therapy may have minimal or 
no haematological changes and may present with more subtle neurological and 
psychological manifestations. In 70 patients with pernicious anaemia, defined as 
either a low serum vitamin B12 level in combination with a reduced uptake of 
cobalamin according to the Schilling test, or the presence of serum IF 
antibodies, or the absence of IF in the gastric juice, Carmel found no anaemia 
and no macrocytosis in 19% and 33'YrJ, respectively [95]. Lindenbaum eta!. [96] 
observed no anaemia in 28'Yo of 141 patients with neuropsychiatric disorders 
attributable to cobalamin deficiency, including memory loss, spastic gait, and 
ataxia, most often combined with paraesthesia. In 13.5'% both the haematocrit 
and mean cell volume (MCV) were normal. In certain cases a normal MCV 
could be explained by a co-existing iron deficiency, which is common in patients 
with atrophic gastritis. Atypical manifestations, mimicking these in multiple 
sclerosis, have been reported and may constitute a diagnostic dilemma [102-
1 04]. Psychiatric symptoms of various types, e.g. memory loss, depression, 
delirium, slow mentation and acute psychosis, have been attributed to B12 

deficiency, and there is evidence that such symptoms can be alleviated by 
replacement therapy [105]. An increased frequency of atrophic gastritis and 
subnormal vitamin B12 levels has also been found among patients with dementia 
[I 06, I 07]. It is not known to what extent, if any, the occurrence and degree of 
vitamin B12 deficiency among such patients contributes to their dementia. 

The diagnosis of vitamin B12 deficiency has been based on measurements of 
serum cobalamin levels, bone marrow or peripheral blood abnormalities, and 
tests of cobalamin absorption such as the Schilling test. However, each of these 
tests has its shortcomings and at present there is no golden standard for 
assessing the vitamin B12 status. As a result of inherent methodological 
problems in the current assays, as well as variations in cobalamin binding 
proteins, serum cobalamin concentrations may not accurately reflect the tissue 
availability of this vitamin [1 08]. It has been suggested that perhaps as many as 
one-half of all patients with low serum levels of vitamin B12 do not have 
demonstrable B12 deficiency [109]. The positive predictive value of a low serum 
cobalamin concentration, defined as < 133 pmol/L, has been found to be as low 
as 22.2'% in an in- and outpatient population suspected of having vitamin B12 
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deficiency [110]. This indicates the need for complementary diagnostic tools 
before initiating lifetime parenteral therapy. The serum levels of methylmalonic 
acid (MMA) and/or homocysteine (HCYS), metabolites that accumulate in the 
presence of cellular cobalamin deficiency, and their response to vitamin B12 

injections, have been suggested to be sensitive indices of significant cobalamin 
deficiency [96,98,99,108]. A high prevalence (14.5'%) of elevated MMA and 
HCYS has been found in subjects of ages above 65 years [111 ]. However, as the 
serum levels of both MMA and HCYS increase in patients with renal failure 
and as the serum level of HCYS is also increased in patients with folate or 
pyridoxine deficiency, the result of an individual test has to be interpreted with 
some caution. 

Identification of groups at risk of developing the disease 

Severe atrophic gastritis has been reported to occur in 2-6°/r, of the populations 
of Finland and Estonia, and is mainly seen in elderly subjects [112]. The overall 
prevalence of pernicious anaemia has been estimated to be 1-2/1000, women 
being affected about twice as often as men. Pernicious anaemia is primarily a 
disease of old age with an average onset at 65 years, and the prevalence at older 
ages is 1 •y;, or higher in northern European countries [73, 113, 114]. There are 
racial differences; in the USA the prevalence among subjects older than 60 years 
was recently reported to be 1.9% and highest in black or white women, but rare 
in persons of Latin American, Asian or other origin [97]. Among first-degree 
relatives of patients with pernicious anaemia, the proportion of subjects with 
severe atrophic gastritis was found to be significantly higher (13%) than in 
controls ( 1 %) matched for age and sex. In addition, the mean age of pro bands 
with less severe gastric mucosal damage was lower than that of controls with 
corresponding mucosal lesions. An inherited propensity for the disease, with 
early onset and rapid progression from mild to severe forms, was suggested 
[115]. 

The frequency of gastric autoantibodies, atrophic gastritis and pernicious 
anaemia, is clearly increased in other organ-specific autoimmune endocrine 
diseases and related disorders [114, 116] (Table 12.1 ). Autoimmune gastric 
disease is particularly often found in patients with autoimmune thyroiditis, and 
in patients with insulin-dependent diabetes mellitus. In the latter group B12 

deficiency may also be found in younger individuals and the symptoms may be 
mistaken for diabetes-related neuropathy. Another risk group for development 
pernicious anaemia at a young age is women with postpartum thyroiditis. Such 
women show a high frequency of PCA in the serum and may develop a flare-up 
of the gastric autoimmune disease after delivery [90]. 

PARIETAL CELL AUTOANTIGENS AND AUTOANTIBODIES 

In early studies the parietal cell autoantigen was localized to a microsome 
fraction of homogenized gastric mucosa [129], and Hoedemaeker and Ito [130] 
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Table 12.1 Prevalence('!(,) of pernicious anaemia (PA). autoimmune gastritis (AIG). parietal cell 
autoantibodies (PCA) and intrinsic factor autoantibodies (IFA) in various autoimmune organ-
specific disorders 

Disease PA AIG PCA !FA Reference 

Hyperthyroidism 
(n=410) 1.7 (117] 
(n=300) 2.3 22 4.7 [118] 
(n= 1623) 1.7 2.6 (119] 
<40 yrs (n=29l) 0 0.3 
>40 yrs (n = 1332) 2.1 2.9 

Hashimoto's thyroiditis 
(n= 394) 32 (29] 
(n= 120) 4.2 5 [119] 

Postpartum thyroiditis 
(n =54) 4 7 33 (90] 

Primary hypothyroidism 
(n = 73) 12.3 46 [120] 
(11 = 297) 11.4 6.7 [119] 

Addison's disease 
(n = 118) 5.1 [121] 
(n = 321) 3.7 [116] 
(n=97) I 5.2 24 [122] 

Vitiligo 
(n = 65) 15 17 [123] 

Hypoparathyroidism 
(n=74) 9.5 (124] 

IDDM 
20-80 yrs (11 = 200) 4.0 28 4 [125] 
< 30 yrs (n = 771) 4.5 9 [126] 
0 14 yrs (n = 389) 3 (127] 

Reference population 
15-65 yrs (n = 629) 5.0 [119] 
21-65 yrs (n = 3492) 4.8 [128] 
21-30 yrs 2.2 
61-65 yrs 6.3 
0-15 yrs (n = 321) 0.3 [127] 

demonstrated specific binding of PCA to the secretory canaliculi of the parietal 
cells. PCA reactive to the cytoplasm of the parietal cells were found also to react 
with the cell surface of such living cells [131]. Evidence for a complement
dependent cytotoxic effect in vitro of the autoantibodies was provided by an 
Australian group [132]. In a radioreceptor assay, sera from six of 20 patients 
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with pernicious anaemia blocked the binding of gastrin to rat gastric mucosal 
cells [133], and it was proposed that the gastrin receptor might be the parietal 
cell autoantigen. In immunoblotting studies with separated proteins from 
gastric mucosal membrane fractions of the dog, mouse and rat, sera from 
patients with pernicious anaemia recognized a 65-70 kDa protein, claimed not 
to be a glycoprotein, and identified as the presumptive parietal cell autoantigen 
[134]. However, the researchers later found the gastrin receptor to be a 78 kDa 
protein [135], refuting their previous hypothesis. Absence of gastrin receptor 
blocking antibodies was subsequently demonstrated by our research group [136] 
and others [137]. 

Autoantibodies to the H+,K+·ATPase r:1. and ~subunits 

The discovery of H+,K+-ATPase as the major parietal cell autoantigen was 
reported in 1988 [138]. PCA were found to immunoblot a 92 kDa protein of 
gastric and parietal cell membrane preparations separated by electrophoresis in 
SDS-polyacrylamide gels. In addition, patient immunoglobulins were found to 
adsorb in parallel parietal cell antigens and H+,K+-ATPase from a solubilized 
gastric membrane fraction [138]. In the SDS-polyacrylamide gels a broad 
blurred band of 65-75 kDa was seen in some experiments with non-reduced 
material, and the protein of this band did not stain with Coomassie blue (Figure 
12.4). Subsequently, Goldkorn et al. showed that sera containing PCAs 
precipitated a 60-90 kDa protein from solubilized gastric membrane fractions 
[139]. The identity of this protein as the ~ subunit of H+,K+-ATPase was 
clarified in 1990 by Toh et a!. [62]. The antigenicity of the ~ subunit critically 
depends on the presence of a full complement of N-linked carbohydrates. 
Unglycosylated recombinant protein [140], partial deglycosylation of the native 
protein, and COS cells bearing high mannose N-glycan recombinant proteins all 
failed to bind the antibody [141]. This suggests that the B cell autoepitopes are 
located on the luminal side of the ~ subunit. 

The B cell autoepitopes of the r:J. subunit have been investigated after 
generation of recombinant fusion proteins from eDNA fragments encoding 
different portions of the domain (Figure 12.5). Epitopes have been localized to 
residues 606-964 and also to the amino-terminal 79 amino acids of the porcine 
::t subunit [142], to residues 360-525 on the cytosolic side of the human r:1. subunit 
[143] and further to residues 506-961 incorporating the catalytic cytoplasmic 
domain and the ATP-binding sites, respectively, of the rat protein [141], 
indicating heterogeneity of the antibody repertoire. 

The reported presence of autoantibodies to the r:1. and the ~ domains has 
varied in different series of patients. Wang ct a!. found that each of nine patient 
sera immunoblotted the ::t subunit. whereas no other protein was recognized 
[142], Goldkorn eta!. found that 24 of 34 PCA positive sera reacted only with 
the ~ subunit on immunoblotting [139]. However, under appropriate, but 
mutually exclusive conditions it was found that all PCA-containing sera 
immunoblotted both subunits [141]. 
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Protein stain lmmunoblotting 
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Figure 12.4 Identification of the a subunit as the parietal cell autoantigen. SDS polyacrylamide 
gel elect rophoresis of a non-reduced ( 1.3,5) and a reduced and alkylated (2.4,6) vesicular 
membrane preparation. In immunoblotting a serum positive for parietal cel l a utoantibody (3,4) 
and a control serum (5,6) were used. Note the ident ical mobility of the major protein of the 
vesicular membranes, H+,K+-ATPase. and the immunoblotting signal at the 92 kDa position. The 
wide. blurred band of higher mobility was not expla ined at the time. Later studies revealed the 
presence of the ~ subunit in H+ .K + -ATPase. (Reproduced from lou mal of Clinical Investigation 
1988:8 1:475-9 by copyright permission of The Rockefeller University Press) 

Lys-498 
Asp-387 ~ ~ j/ Lys-51 9 

NHZ ------+---+-+--------1035 COOH 

porcine 1 - 79 606 964 

human 360 525 

rat 506 961 

Figure 12.5 Map ofepitopes on the H +, K +-ATPasc a subuni t. Arrows point to the amino acid 
residues with the potential phosphoryla tion site (Asp-387), pyridoxal 5' -phosphate binding site 
(Lys-498) and FITC binding site (Lys-519). The epitopes of the porcine ( 142). human ( 143) and rat 

( 141) are ind icated 
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Autoantibodies to intrinsic factor 

Two types of IF autoantibodies, reactive to the vitamin B12 binding site of IF 
(type I antibody or blocking antibody) and to the IF-B 12 complex (type II 
antibody or binding antibody) have been identified [23,24,144,145]. Type I and 
II antibodies have been found in 70% and 34%, respectively, of patients with 
pernicious anaemia [31 ], although most investigators have reported lower 
frequencies of IF autoantibodies [27,30,86]. In autoimmune gastritis without 
pernicious anaemia, IF autoantibodies are rare. IF autoantibodies of both IgA 
and IgG isotypes have been demonstrated in gastric juice [34,35,94] and may 
hasten the development of pernicious anaemia [94] and interfere with tests for 
cobalamin absorption. 

Effects of parietal cell autoantibodies on acid secretion 

It has been suggested that PCAs might be implicated in the pathogenesis of 
atrophic gastritis. This concept has been based on the finding that achlorhydria 
and glandular atrophy developed in dogs after repeated injections of serum from 
rabbits which had been immunized with a microsomal canine parietal cell 
fraction. The rabbit anti-canine serum specifically stained the cytoplasm of the 
parietal cells [146]. In a set of experiments designed by Loveridge et al. [147], 
immunoglobulins from patients with pernicious anaemia were shown to inhibit 
spontaneous and gastrin-stimulated gastric acid secretion in an experimental 
animal. Similarly, passive transfer of immunoglobulins containing PCAs from 
patients with pernicious anaemia to rodents resulted in hypochlorhydria and a 
significant reduction of the parietal cell mass and mucosal thickness [148]. 
Another group reported the presence of a blocking immunoglobulin in about 
50'1<J of sera from patients with pernicious anaemia, which specifically inhibited 
gastrin-stimulated gastric acid production by isolated gastric mucosal cells 
[ 149]. 

We found that immunoglobulins from pernicious anaemia patients directly 
inhibited the proton pump (ATPase activity), and that the degree of inhibition 
was related to the PCA titre [136]. Whether the proton pump autoantibodies 
contribute significantly to the reduced gastric acid secretion in vivo by a direct 
binding/blocking effect remains to be determined. Considering the intracellular 
and/or apical location of the autoepitopes of the H+,K+-ATPase, the access of 
circulating autoantibodies to the proton pump seems limited. However, 
aberrant expression of target molecules has been demonstrated in other 
autoimmune diseases such as primary biliary cirrhosis and insulin-dependent 
diabetes mellitus. In primary biliary cirrhosis the dihydrolipoamide acetyltrans
ferase component of the mitochondrial pyruvate dehydrogenase complex. the 
antigen most closely associated with this cirrhotic disease, was found to be 
located on the membrane of cultured human intrahepatic biliary epithelial cells, 
in contrast to a cytoplasmic location in cells from normal livers [150]. Recently 
it was demonstrated that a portion of tyrosine phosphatase ICA 512, a key 
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autoantigen in autoimmune diabetes localized to neurosecretory granules, 
appears transiently at the cell surface during insulin secretion [151]. In patients 
with early autoimmune gastritis, selective localization of immunoglobulins, in 
particular IgG, to parietal cells has been observed, suggesting in vivo access of 
PCAs to the antigen [90]. The potential contribution of the autoantibodies in the 
acidic gastric secretions to the achlorhydria has not been assessed. 

AUTOIMMUNE GASTRITIS IN EXPERIMENTAL MODELS 

In early studies, achlorhydria, degeneration of oxyntic glands, and development 
of circulating PCA were observed in various species after immunization with 
homologous and autologous gastric juice or mucosal extracts [152-154]. In 
recent years, experimental murine models have been introduced which have 
enabled important immunological events in the induction of autoimmune 
gastritis to be defined. 

The murine models - characteristics 

Several endocrine organ-specific autoimmune diseases including gastritis can be 
induced in some strains of mice by thymectomy performed 2-4 days after birth 
[155], by neonatal administration of cyclosporin A [ 156], and by total lymphoid 
irradiation with high fractionated doses in adult mice [157]. Forty to 60'1,, of 
BALB/c mice thymectomized on day 2-4 developed autoimmune gastritis 
accompanied by decreased vitamin B12 absorption and macrocytic anaemia 
within 12 weeks [ 158]. Like the human disease, murine gastritis is characterized 
by loss of parietal and chief cells, mononuclear cell infiltrates in the gastric 
mucosa and circulating antibodies to the proton pump [159,160]. In general it is 
the CJ. subunit of H+ ,K + -ATPase that is targeted; a proportion of the animals 
also develop antibodies to the~ subunit, and in rare cases also to IF [159-161]. 
Unlike in the human disease, the gastric mucosa is thicker than normal as a 
result of hyperplasia of the mucous cells. In early stages of the disease (week 4) 
the gastric mucosal mononuclear infiltrate has been found to consist mainly of 
macrophages and CD4+ T cells. At week 8 after birth, coinciding with the 
peaking of serum antibodies to H+,K+-ATPase. B cells appear, while CDS+ T 
cells increase marginally during the first 12 weeks of life [ 162]. 

T cell reactivity and transfer of disease 

The murine gastric disease appears to be cell-mediated, since spleen cells, but 
not serum, from the thymectomized animals cause autoimmune gastritis when 
transferred to nude BALB/c mice [163]. The mechanisms involved in the 
breakdown of self-tolerance are not known. Neonatal thymectomy has been 
found to result in disappearance of a CD4+ T cell subset (CDS) from peripheral 
lymphoid organs [164]. Spleen cells from BALB/c nu/+ mice freed of this 
particular T cell subset were able to induce endocrine organ-specific auto-
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immune diseases, including autoimmune gastritis, when transferred to BALB/c 
nude mice [165]. In the murine model with total lymphoid irradiation, this 
treatment was found to eliminate the majority of the mature thymocytes and 
peripheral T cells for one month. Inoculation of spleen cells, thymocytes or 
bone marrow suspensions from syngeneic naive mice within 2 weeks prevented 
the development of autoimmunity. It was found that CD4+, but not CDS+ T 
cells mediated this prevention [157]. CD4+ T cells also appeared to induce 
autoimmune disease when transferred from disease-bearing to syngeneic naive 
mice. 

The autoantigens recognized by T cells have been investigated in neonatally 
thymectomized BALB/c mice. A CD4+ T cell line responding to murine, human 
and porcine parietal cells was established from regional lymph nodes of the 
stomach from a mouse with autoimmune gastritis [166]. Adoptive transfer of 
this cell line to nude mice resulted in gastritis, albeit without circulating 
autoantibodies to parietal cells. The T cells recognized two peptides, identical 
in all but one amino acid, from the ':1 subunit of porcine (amino acids 891-905) 
and of human (amino acids 892-906) H+,K+-ATPase, respectively. No reactiv
ity towards the murine p subunit was found. In affected animals a delayed-type 
hypersensitivity reaction toward parietal cell-enriched, but not chief cell
enriched fractions of gastric cells, has been observed [163). In both the human 
and the murine disease, however, chief cells also disappear from the glands. 
Recently, T cells reactive to H+, K + -ATPase-enriched preparations of parietal 
cell microsomes (enzyme purified by lectin affinity chromatography) were found 
in lymph nodes in the immediate proximity of the stomach, but little or no 
response was seen when mesenteric or peripheral lymph nodes were examined 
[167]. 

ATTEMPTS TO PREVENT OR ARREST THE DEVELOPMENT OF THE 
DISEASE 

During the I 950s and 1960s trials with corticosteroids [168-174] and azathio
prine [175) were conducted in patients with pernicious anaemia with promising 
results. Regeneration of gastric parietal cells was observed by means of repeat 
gastric biopsies. Significant improvement of vitamin B12 absorption and an 
increase in IF secretion were evident in a majority of the patients. Reductions in 
circulating autoantibodies to IF were also described. The amelioration pro
duced by corticosteroids was not, however, mediated by suppression of 
autoantibodies to IF, since reappearance oriF in the gastric juice preceded any 
decline in the autoantibody level [170, 174]. The doses administered were usually 
high and relapse occurred shortly after withdrawal of the steroids. 

In BALB/c mice thymectomized on day 3, intrathymic injection of syngeneic 
parietal cells within 24 h of birth resulted in almost complete prevention of 
autoimmune gastritis [ 176]. The preventive effect was parietal cell-specific, since 
the occurrence of oophoritis, which usually developed in about 25'1,, of the 
female mice (Chapter I 0), was not affected. Intraperitoneal injection of parietal 
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cells had no effect, suggesting that the parietal cell autoantigens had to be 
specifically recognized by autoreactive cells in the thymus. 

This approach was taken further by Alderuccio eta/. [177], who showed that 
transgenic expression of the ~ subunit of H+ ,K + -ATPase under the control of a 

major histocompatibility complex class II I-E promotor specifically prevented 

autoimmune gastric disease, but that the incidence of oophoritis was identical to 

that in non-transgenic littermates (Figure 12.6). In addition, autoimmune 

gastritis could be transferred by thymocytes from adult BALB/c mice to nude 

mice, as previously described [178], but could not be transferred by thymocytes 

from the transgenic mice, suggesting that tolerance to pathogenic auto reactive T 

cells was induced within the thymus. Interestingly, in neonatal mice the protein 
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Figure 12.6 H+.K "-ATPase autoantibodies, gastritis, and oophoritis in neonatally thymecto

mized mice. (a) Mice from line 25 were thymectomized on day 3 and the transgenic status was 

determined at weaning. At 3 months. sera were collected from all mice and approximately half the 

PHIK-transgenic and non-transgenic mice were killed for histological examination. Sera were 

collected from the remaining mice at 5 months of age. Anti-H+.K+-ATPase antibodies were 

detected by ELISA. Filled bars: PHIK-transgenic mice at 3 months: open bars: PH/K-transgenic 

mice at 5 months: diagonally striped bars: non-transgenic mice at 3 months: horizontally striped 

bars: non-transgenic mice at 5 months. (h) Immunofluorescence (IF) for detection of anti-parietal 

cell autoantibodies and histological examination of stomachs and ovaries of mice from (a). Mice 

are represented in the same order as in (a) and are sh01111 directly helm1 the corresponding ELISA 

readings. The pr·esence of parietal cell autoantibodies. gastritis or oophoritis is indicated by a filled 

box. Striped boxes indicate male mice excluded from analysis of oophoritis. (Reproduced from 

Joumul of Experimmtol Hcdicinc 1993: 17X:419 26 by copyright permission of The Rockefeller 
University Press) 

259 



ENDOCRINE AUTOIMMUNITY AND ASSOCIATED CONDITIONS 

levels of the two subunits of the gastric proton pump in the gastric mucosa have 
been found to be very low up to day 15. Adult levels were reached by day 30 
[179], suggesting that the gastric antigen does not accumulate at a concentration 
sufficient to induce thymic tolerance during fetal life. In another mouse strain 
(C3H/HeN) administration of IL-2 for 7 days after day-3 thymectomy inhibited 
the development of anti-gastric autoantibodies [ 180]. 

CONCLUSION 

Autoimmune gastritis is a common disorder affecting females more often than 
males. Individuals with autoimmune endocrine diseases are at increased risk of 
developing this type of gastritis, especially patients with autoimmune thyroid 
disease or insulin-dependent diabetes mellitus. The disease process is accom
panied by dysfunction and loss of parietal cells, leading to reduced gastric acid 
production and an ultimate lack of IF, a factor crucial for the absorption of 
vitamin B12 in the ileum. Untreated vitamin B12 deficiency can result in 
pernicious anaemia as well as neurological disturbances. The key autoantigen 
in autoimmune gastritis is the proton pump, H+,K+-ATPase of the parietal cell. 
Autoantibodies against this enzyme are found in the majority of cases and are 
also typical in experimental autoimmune gastritis, induced in normal BALB/c 
animals by neonatal thymectomy. In such mice, T cells reactive to H+ ,K +
ATPase have been demonstrated and successful attempts to prevent the 
development of the disease have been reported. Hopefully in the future it may 
also become possible in humans to suppress the autoimmune disease even at a 
subclinical level with the use of antigen-specific measures. 
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13 
Vitiligo 
D. J. GAWKRODGER 

DEFINITION AND PREVALENCE 

Vitiligo is an acquired idiopathic hypomelanotic disorder characterized by 
circumscribed depigmented macules. There is frequently a family history of the 
condition or of autoimmune endocrine disease. Vitiligo can lead to social 
embarrassment, psychological disturbance, and cosmetic disability. 

Large population surveys have shown a prevalence of 0.4%, in Denmark and 
0.46'% in Calcutta, India [1 ,2], although in certain subpopulations, the pre
valence may be higher. 

PATHOLOGY 

Involved skin shows loss of functional melanocytes and of melanin in the 
epidermis (Figure 13 .I). Electron microscopic and immunohistochemical 
studies using a variety of monoclonal and polyclonal antibodies confirm loss of 
melanocytes [3.4]. The epidermis of the areas around the margins of vitiligo 
shows degenerating melanocytes and abnormalities of keratinocytes [3]. Inflam
matory vitiligo is characterized clinically be a raised erythematous border and, 
on histology, by a lymphohistiocytic infiltrate which may be found in non
inflamed marginal areas [5]. 

GENETICS 

Familial cases of vitiligo are common, a family history being found in between 6 
and 38"/c, of cases [6]. An autosomal dominant pattern of inheritance with 
incomplete penetrance has been suggested [7]. Majumder and colleagues [8] 
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Figure 13.1 (a) Melanocytes in a sheet of normal epidermis, revea led by DOPA staining; (b) 
DOPA-positive melanocytes in an epidermal sheet from a patient with vitiligo. showing a much 
reduced cell density (courtesy of Professor S.S. Bleehen) 

postulated a genetic model with recessive alleles at a set of four unlinked 
diallelic loci. In a study of 160 Caucasian kindreds in the USA, vitiligo affected 
a first-degree relative in 20<Yo of cases [9]. The relative risk was calculated as 7 for 
patients, 12 for siblings, 36 for children and between 1 and 16 for second-degree 
relatives [9]. In this study, there was no significant association of vitiligo with 
thyroid disease. 

A recent study of 131 patients with non-segmental vitiligo showed a family 
history in 22<Yo [10]. Familial cases were associated with HLA-B46 whereas non
familial cases were associated with HLA-A31 and - Cw4. Different ethnic 
groups have different HLA phenotypic associations with vitiligo [1]. In 50 
Omani patients with vitiligo, HLA-Bw6 was found in 66% of cases (compared 
to 49% of controls), and HLA-DR 7 in 40% (compared to 9u;;, of controls) [12]. 
All those who had a family history had consanguinous parents: all of these 
vitiligo patients were positive for HLA-Bw4 compared to a 48% prevalence in 
consanguinous patients with no family history. In 102 vitiligo patients from 
north Germany, significantly increased prevalences of HLA DR w 12, HLA A2 
and, in adults, HLA Bw60 were found [13]. 

A further study from the Netherlands showed a negative association of 
vitiligo with HLA-DR3, a positive association with HLA-DR4, and an 
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increased frequency of heterozygous C4 and C2 deficiency [14]. In vitiligo 
patients, the frequency of one C4B*QO allele was three times higher than 
controls, and that of two other C4B**QO alleles was five times higher. Several 
autoimmune disorders are associated with homozygous or heterozygous 
deficiencies of C4 and C2 [ 15]. 

These findings suggest that, although a 'vitiligo gene' has not yet been 
discovered, certain C4B alleles and HLA associations may be risk factors in 
vitiligo. 

ASSOCIATED DISORDERS 

Vitiligo is frequently associated with autoimmune disease, for example with 
thyroid disease [16], pernicious anaemia [17], diabetes mellitus [3], Addison's 
disease [18], myasthenia gravis [19], alopecia areata [20], morphoea and lichen 
sclerosus [20,21 ], and autoimmune hypoparathyroidism [ 1 ]. 

In a case-matched study of 35 vitiligo patients from Denmark, six had 
hyperthyroidism and two had hypothyroidism compared with none of the 35 
controls [22]. Nine patients had positive thyroid autoantibodies compared with 
two controls. An enlarged thyroid gland was found in six vitiligo patients and five 
controls. This study suggests that all vitiligo patients should be screened for 
thyroid disease. Confirmation is given by a German study of 321 vitiligo patients, 
in which the authors showed a 7 .8'Yo prevalence of thyroid disease, although an 
increase in other autoimmune disorders in this instance was not evident [23]. 

The occurrence of two or more endocrinopathies in a single patient generally 
indicates the autoimmune polyendocrine syndrome type 2 (APS), and this 
syndrome includes vitiligo (see Chapter 9). In a study of 224 patients with 
Addison's disease and APS type 2, 5"/r, had vitiligo [24]. Vitiligo is also seen with 
the much more rare APS type I. This usually has its onset in childhood and is 
often manifest as chronic mucocutaneous candidiasis and hypoparathyroidism 
followed, after 5-10 years, by Addison's disease. In two reported series of 71 
and 45 patients with this condition, 8% and 13'Yr, respectively had vitiligo [24,25]. 
Vitiligo was present in two of 14 patients with type B insulin resistance, a 
syndrome characterized by autoantibodies against insulin receptors, insulin
resistant diabetes, acanthosis nigricans and autoimmune disorders including 
systemic lupus erythematosus and haemolytic anaemia [26]. 

Halo naevi (Figure 13.2) may be associated with and not frequently predate 
the onset of vitiligo [27]. Premature greying of the hair (canities), uveitis and 
ocular abnormalities may also be found in patients with vitiligo [28,29]. There is 
a suggestion that deafness may be more common [19]. The combination of 
vitiligo with uveitis, neurological involvement and canities is known as Vogt
Koyanagi syndrome [30]. Areas of depigmentation are sometimes found in 
patients with malignant melanoma [31 ]. 

An unusual but possibly important clinical observation is that the depigmen
ted skin of vitiligo shows a reduced capacity for the induction and elicitation of 
the allergic contact dermatitis response, a form of type IV hypersensitivity [32]. 
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Figure 13.2 A halo naevus: an area of depigmentation is seen surrounding an involuting 
melanocytic naevus 

THEORIES OF AETIOLOGY 

The cause of the melanocyte destruction in vitiligo is not known and it is 
possible that there may be many more than one mechanism and that vitiligo is 
more than one disease [33,34]. Four theories have been proposed: autoimmune, 
self-destructive, neuronal and composite (the latter bringing together elements 
from the other three). In addition, it is recognized that loss of pigment, often 
identical to that seen with ' idiopathic' vitiligo, may be induced by exposure to 
certain chemicals. 

The autoimmune theory is based on the clinical association of autoimmune 
diseases, the frequent finding of autoantibodies in the serum of patients with 
vitiligo, and the finding of antibodies to melanocytes in some patients with 
vitiligo (see below). The neuronal theory is supported by clinical observations, 
discussed below, as well as occasional case reports of sparing by vitiligo of 
denervated skin [35]. In addition, neuropeptide and neuronal marker abnorm
alities have been found in vitiligo skin [36]. The self-destructive theory suggests 
that melanocytes destroy themselves due to a defect in the natural protective 
mechanism that removes toxic melanin precursors [27]. 
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The neuronal theory 

Clinical evidence supporting this includes a segmental distribution in some 
patients, the symmetrical distribution of the common type, sparing below the 
level of neurological damage in certain patients who have suffered severe spinal 
cord injury, spontaneous repigmentation occasionally seen in patients with 
diabetic neuropathy, and an association with psychological stress. Other indirect 
evidence for the involvement of nerves includes the requirement for innervation 
for skin transplants to repigment an area. the known control over skin colour 
exerted by nerves in fish and reptiles, and the demonstration of abnormal levels 
of neuropeptides in the lesional skin of vitiligo patients. 

Using immunohistochemistry of lesional and perilesional vitiligo skin sec
tions it has been possible to identify abnormalities in skin neuropeptides [36]. 
Five of I 0 patients with non-segmental symmetrical type vitiligo. including 
three with active disease, had increased activity against neuropeptide Y antibody 
in marginal areas (Figure 13.3), and three with active disease had positive 
findings in areas of lesional skin. Reactivity against vasoactive intestinal 
polypeptide was minimally increased, but substance P and calcitonin gene
related peptide were no different from control skin. Electron microscopy has 
also demonstrated regenerative and degenerative changes in dermal nerves in 
lesional and perilesional vitiligo skin [37]. 

Figure 13.3 Neuropeplide Y around blood vessels is increased in perilesional and lesional vitiligo 
skin (immunohistochemical stain: courtesy of the editor of the British Journal of Dermatology 
[36]) 
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Further evidence for a neural component to vitiligo comes from the finding 
that met-enkephalin and ~-endorphin oscillations are no longer circadian in 
patients with the condition [38]. 

The self-destructive theory 

This hypothesis is based on experimental studies and on clinical observations of 
patients exposed to certain chemical compounds who develop a pattern of 
depigmentation which is indistinguishable from vitiligo. It has been suggested 
that, in vitiligo, melanocytes destroy themselves due to a defect of a natural 
protective mechanism that removes toxic melanin precursors [27]. Mercapto
amines and other compounds that have a selective lethal effect on functioning 
melanocytes can cause cutaneous depigmentation [39]. The resulting leuko
derma, as seen clinically in occupational vitiligo (see below). is indistinguishable 
from idiopathic vitiligo. 

Recently, attention has been focussed on catecholamine metabolism in 
vitiligo. Noradrenaline levels are increased in the plasma and epidermis of 
vitiligo patients [40] and, in lesional vitiligo skin. catechol-o-methyl transferase 
(COMT) is increased [41]. COMT is the enzyme that methylates catechola
mines, thereby inactivating these potentially cytotoxic compounds, and a rise in 
this enzyme may indicate an elevated amount of catecholamines in vitiligo skin. 
Studies on the regulation of catecholamines led to the discovery that the 
cofactor, (6R)-5,6,7,8-tetrahydrobiopterin, is fundamentally involved in the 
regulation of melanin biosynthesis [42]. This cofactor is rate-limiting for the 
production of L -tyrosine from L -phenylalanine by phenylalanine hydroxylase, 
and for the formation of L-DOPA from L -tyrosine. 

Schallreuter and colleagues [42] have demonstrated that biopterins accumu
late in the involved and uninvolved epidermis of patients with vitiligo, and 
suggest that this build-up is due to de novo synthesis and defective recycling. A 
consequence of this is an accumulation of hydrogen peroxide and the non
enzymatic by-product 7-tetrahydrobiopterin, a potent inhibitor of phenyl
alanine hydroxylase in keratinocytes and melanocytes. In addition, levels of 
catalase are very low in vitiligo epidermis [ 43]. Defective catecholamine 
biosynthesis in vitiligo epidermis may lead to the formation of hydrogen 
peroxide which cannot be cleared because of low catalase levels, resulting in 
cytotoxic concentrations of hydrogen peroxide and destruction of the melano
cyte. This has led to the suggested treatment of vitiligo with a pseudocatalase 
[44]. 

The autoimmune theory 

The main supportive evidence for this hypothesis is the clinical association with 
disorders considered to be autoimmune in origin and the finding of circulating 
organ-specific antibodies more commonly than in the general population. 
Specific immune responses have also been detected. 
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Autoantibodies 

Circulating anti-melanocyte antibodies have been demonstrated in patients with 
vitiligo [45], demonstrating an alteration in specific immunity to melanocytes 
[46]. A correlation has been described between the incidence and level of pigment 
cell antibodies and disease activity in vitiligo [47]. Antimelanocyte antibodies 
were found in the serum of 57''/o of 56 patients with vitiligo and in 6"1<, of 47 
controls [48]. Those patients with active disease were more likely to have 
antibodies than those whose disease was inactive. The antibodies were most 
commonly directed against antigens with molecular weights of 40-45 kDa, 75 
kDa and 90 kDa and were found in 74%, 57'% and 35% of vitiligo subjects 
respectively. Vitiligo patients also have autoantibodies to keratinocytes, but 
cytotoxicity has not been shown in vitro and these antibodies could arise 
secondarily to cellular damage [49]. In fact, keratinocytes from vitiligo skin, 
especially marginal areas, may show ultrastructural changes such as disturbed 
expression of cytokeratins, although the exact significance of these is unclear [50]. 

In a model using human skin grafted onto nude mice, it has been shown that 
autoantibodies from the sera of vitiligo patients can destroy melanocytes in vivo 
[51]. There is recent evidence that tyrosinase may be the target for autoanti
bodies in vitiligo [52]. Sera from 20 of 26 patients with vitiligo and type 2 APS 
had antibodies specific for a 69 kDa protein in HTB-70 human melanoma cells, 
which proved to be tyrosinase. This finding has yet to be confirmed. 

T cell immunity 

There is also evidence for the involvement of cell-mediated immunity. A dermal 
T cell infiltrate has been described in skin biopsies from areas of vitiligo [53]. An 
accumulation of CD3+, CD4+ and CDS+ T lymphocytes has been described in 
the epidermis and upper dermis in vitiligo [54] and many of the infiltrating 
lymphocytes express the IL-2 receptor [55]. Cytotoxicity responses from natural 
killer and lymphokine-active killer cells in patients with vitiligo are no different 
from those in controls [56], and these cells are probably not responsible for the 
melanocyte destruction. 

Langerhans cells 

The Langerhans cells in the depigmented areas of vitiligo are thought to be 
functionally impaired [57]. The number of Langerhans cells within the depig
mented areas of vitiligo is normal although a modest increase has been found in 
perilesional (marginal) areas [58]. In depigmented vitiligo skin there is impair
ment of migration of CD-I+ Langer hans cells from the epidermis, following the 
injection of interferon-y, in comparison to pigmented skin [57]. This defective 
migration may explain the reduced capacity for vitiligo skin to show an allergic 
contact dermatitis response as the Langerhans cells have to migrate from the 
epidermis to the regional lymph nodes for this response to occur. 

275 



ENDOCRINE AUTOIMMUNITY AND ASSOCIATED CONDITIONS 

Adhesion molecules and class II antigens 

Recent studies have shown expression of intercellular adhesion molecule-! 
(ICAM-1) by keratinocytes and melanocytes (in 13 of 21 cases) in areas of 
vitiligo [59,60]. In one study, the expression of ICAM-1 by melanocytes at the 
edge of vitiligo lesions was found to be increased six-fold, and was present in 19 
of 20 biopsies from perilesional skin, compared to six of seven biopsies from 
non-lesional skin and five of eight samples from control skin [60]. Similar 
abnormal expression of HLA-DR and ICAM-1 is shown by the pancreatic islet 
cells in type I diabetes mellitus [61] and by the thyroid follicular cells in 
autoimmune thyroid disease [62]. as discussed in Chapters 3 and 8. 

The adhesion receptor E-cadherin is important for the adhesion of melano
cytes to keratinocytes [63], but has not as yet been specifically studied in vitiligo. 

Cytokines, matrices and melanocyte migration 

Leukotriene C4 and transforming growth factor-::x enhance melanocyte migra
tion in vitro [64]. Melanocytes migrate preferentially over a matrix containing 
type IV collagen, and their migration is blocked by antibodies to ::xr and ::xr but 
not ::x5-integrin [65]. Proteins in the extracellular matrix also have an effect on 
the activity of tyrosinase in cultured melanocytes [66]. 

These observations in vitiligo strongly support the concept of the involvement 
of immune mechanisms specifically directed against the melanocyte in the 
aetiopathogenesis of the disease. There are now animal models of vitiligo. in 
the mouse and in the Smyth chicken [67,68], which may allow further study of 
autoimmunity in vitiligo. 

CHEMICALLY-INDUCED VITILIGO 

Depigmentation due to a chemical was first reported in 1939 when tannery 
workers in Chicago were found to have loss of pigment of the skin on their 
forearms and the dorsal aspects of their hands [69]. The operators thought that 
rubber gloves were to blame. It was discovered that monobenzylether of 
hydroquinone, added to the rubber to make it more durable, was responsible. 

The substituted phenols are destructive to functional melanocytes. Many of 
these compounds cause permanent depigmentation of the skin similar to that 
seen in idiopathic vitiligo. The chemicals most commonly responsible are para
tertiary butyl phenoL para-tertiary butyl catechol, monobenzyl ether of hydro
quinone, hydroquinone and related compounds. The depigmentary effect of the 
phenolic compounds is thought to be by a toxic mechanism on the melanocyte. 
It is proposed that the chemical requirement for depigmentation is the hydroxyl 
group in the 4 position with a nonpolar side group in the I position. Alkyl 
phenols are chemically similar to tyrosine and may be oxidized by tyrosinase to 
give rise to a free radical derivative which is highly toxic to the melanocyte. 

p-Tertiary butylphenol was recognized as causing leukoderma in the 1960s 
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[70] and has caused occupational vitiligo in workers who manufacture p-tertiary 
butylphenol formaldehyde resin, in shoe manufacturers, and after contact with 
cleaning fluid: p-tertiary butylcatechol is a similar agent [71]. It has been used as 
an antioxidant in oils and is a contaminant in coal tar distillation. 

CLINICAL PRESENTATION 

Vitiligo is characterized by loss of pigment from the skin and hair, and is often 
manifested as macular areas of white skin. 

Onset and progression 

Vitiligo can begin at any age but in 50% it develops before the age of 20 years. It 
is usually slowly progressive although there may be quite long intervals when the 
disease is static and other times when it progresses in fits and starts. 
Occasionally vitiligo shows rapid progression. When it starts in a child, vitiligo 
is more likely to be segmental than in adult cases. A history of severe sunburn or 
emotional or physical stress preceding the onset of vitiligo is found in 2oo;;, of 
cases [72]. 

Bilateral/symmetrical type 

The hypopigmented macules are often first noticed on the sun-exposed and 
sunburn-prone sites of the face or dorsal aspects of the hands (Figure 13.4). 
Hypopigmented macules may be found on areas that are normally hyper
pigmented, e.g. the face, axillae, groins, areolae and genitalia. The distribution 
of the lesions is normally symmetrical but sometimes vitiligo occurs unilaterally 
or in a segmental or dermatomal distribution. 

Unilateral/segmental type 

Unilateral and bilateral vitiligo differ in several respects apart from their 
distribution (Figure 13.5). In unilateral vitiligo there is an earlier age of onset 
and associated autoimmune diseases are less likely [73]. Vitiligo involving the 
near entirity of the skin surface may occur but is very rare. 

Trichrome vitiligo 

In a vitiligo macule, the pigment loss may be partial or complete, or there can be 
both partial and complete in the same area ('trichrome' vitiligo). The macules 
have a convex outline and, as they progress, fuse with neighbouring lesions to 
form complex patterns. Hair in involved patches may remain normally 
pigmented but ultimately can depigment. Normally pigmented skin adjacent to 
an area of vitiligo may become hyperpigmented. 
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Figure 13.4 Bilateral symmetrical vitiligo on the dorsal aspects of the hands 

Figure 13.5 Unilateral segmental type vitiligo, affecting one side of the back 
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Spontaneous repigmentation 

Spontaneous repigmentation, which is often perifollicular, is seen in 10~20% of 
cases, most frequently in sun-exposed sites and more commonly in children. 
Trauma to the skin in subjects with vitiligo frequently leads to the development 
of depigmentation in the damaged area, an occurrence known as the Koebner 
phenomenon. 

Occupational vitiligo 

In some individuals with occupational vitiligo, the leukoderma is confined to the 
parts of the body exposed to the chemical, usually the hands and forearms. 
However, in many reported cases, the depigmentation is more extensive and 
away from areas of skin in which direct contact would be expected. This has 
given rise to the suggestion that the depigmentation is due to systemic exposure 
to the chemical, either by percutaneous absorption, inhalation or ingestion. In 
support of this is the observation that some workers with occupational 
leukoderma due top-tertiary butylphenol also have had abnormal liver function 
tests. 

The minimum time for skin depigmentation to develop is 2~4 weeks. 
Laboratory studies suggest that pigment loss through repeated contact with 
chemicals may take 6 months to become visible. Of several workers with 
apparently the same level of exposure to a chemical, only a minority will develop 
occupational leukoderma. The reason for this is not known. 

Idiopathic vitiligo is much more common than occupationally-induced 
leukoderma, although often the two cannot be differentiated on the basis of the 
clinical pattern of disease. 

DIFFERENTIAL DIAGNOSIS 

The diagnosis is rarely in doubt due to the distribution and the age of onset of 
the condition and the hyperpigmented border. In piebaldism, the lesions are 
present at birth, usually confined to the head and trunk, and do not normally 
show a hyperpigmented edge. Lichen sclerosus and morphoea are distinguish
able as they are characterized by an alteration in the texture of the hypo
pigmented skin. 

Post-inflammatory depigmentation is seen particularly in darkly pigmented 
races, but can be differentiated by irregular mottling of hypo- and hyper
pigmented areas. Contact leukoderma associated with allergic contact dermati
tis to hair colourants is recorded [74]. The hypopigmented patches in pityriasis 
alba and pityriasis versicolor are slightly scaly, and the hypopigmented macules 
of tuberculoid leprosy are anaesthetic. 
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TREATMENT 

Topical therapy 

At the moment, the treatment of vitiligo is unsatisfactory [33]. The use of topical 
corticosteroids is often recommended; this is effective in some patients and is 
worth trying, especially if the area ofvitiligo is relatively small. The commonest 
treatment is the use of camouflage cosmetic creams. These can make a big 
difference to patients and allow them to go out without the cosmetic embarrass
ment of white patches, but professional advice about the mixing and method of 
application is needed. Patients with vitiligo in exposed parts should use a 
sunscreen in sunny weather. 

Photochemotherapy 

Psoralen photochemotherapy (psoralen and ultraviolet A: 'PUV A') is often 
suggested for the treatment of vitiligo. This treatment involves the patient either 
taking psoralen tablets orally or using the psoralen topically, and being exposed 
to ultra violet irradiation of the 'A' wavelengths. This treatment is usually given 
three times a week, and the dose of UV-A is increased in an incremental fashion 
up to a maximum. The risks of this treatment are those of excess sun exposure 
and can include, if high doses of UV are used, the development of skin cancers. 

The response rates to treatment with photochemotherapy differ in the 
reported clinical trials. In one study, repigmentation rates of 44?1o were reported, 
with 61% of those who responded getting more than 50% repigmentation [75]. 
Another report details that 61% of patients obtained 25% or more repigmenta
tion [76]. A recent British study [77] found that, although 69% of patients 
noticed some improvement, which was 'significant' in 28%, the relapse rate was 
high (66%), meaning that only 10% of those treated had a good response 
without subsequent relapse. At present it does not seem possible to identify 
prior to treatment those patients who are going to do well without relapse and 
those who will not. 

Khellin/UV-A 

An alternative to psoralens is to use khellin. This does not require a phototoxic 
response to achieve repigmentation. Khellin may be used systemically or 
topically and with UV-A irradiation or with natural sunlight. However, it has 
been suggested that topical khellin is no more effective than natural sunlight 
alone [78] and there are concerns that khellin may be hepatotoxic. 

Pseudocatalase and antioxidants 

The observation that vitiligo epidermis has low levels of catalase and defective 
catecholamine metabolism led to the treatment with a topical pseudocatalase 
[44]. Vitiligo patients treated with a pseudocatalase cream, who also received 

280 



VITILIGO 

ultraviolet B and a topical calcium preparation, were reported to show complete 
repigmentation of the face and dorsa of the hands in 90% of cases. This study 
has not yet been repeated. Other investigators have used antioxidants such as 
vitamin E acetate, methionine, selenio-methionine and ubiquinone 10, with the 
apparent effect of inhibiting the progression of depigmentation in patients with 
vitiligo [79]. The full results of this trial have not yet been reported. 

Melanocyte autotransplantation 

The culture of normal melanocytes (Figure 13.6) from the patient with grafting 
back onto the vitiligo areas is now possible [80], but this treatment remains 
experimental at present, as the culture methods are difficult and the grafting 
requires the help of plastic surgeons. It remains to be determined whether 
melanocyte destruction will follow as a result of renewed autoimmunity in such 
patients. 

Depigmentation 

If the degree of vitiligo is extreme, the use of depigmenting agents may be 
appropriate but this should usually only be considered after referral to a 
dermatologist. 

Figure 13.6 Melanocytes from a patient with vitiligo in laboratory culture (courtesy of Miss S.J. 
Hedley and Dr S. MacNeil) 
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