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Abstract
Hakaru Hashimoto described 4 patients with a hitherto unknown cause for goitre, struma lymphomatosa, a century
ago. He was careful to distinguish this from Riedel thyroiditis
but it has become clear that fibrosis and atrophy of the thyroid are indeed components of Hashimoto thyroiditis, and in
rare cases IgG4-related sclerosing disease may be an outcome. Although the cause of the lymphocytic infiltration
was unknown to Hashimoto, we now know through the pioneering studies of N.R. Rose and E. Witebsky [J Immunol
1956;76:417–427] that this condition is the archetype for autoimmune destruction as a disease mechanism. In the last
two decades in particular, there has been huge interest in
unravelling the genetic basis for this and related autoimmune disorders. The list of polymorphisms associated with
autoimmune thyroid disease grows each year, and in the
case of vitiligo, which is frequently found in association with
thyroid autoimmunity, we know that 27 separate susceptibility loci account for less than 20% of the heritability of this
condition. Environmental and existential factors may turn
out to be just as complex in number and in interactions. We
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can thus imagine a ‘Swiss cheese’ model for the causation of
autoimmune thyroid disease, in which the effects of cumulative weaknesses line up – like the holes in slices of cheese – to
allow the catastrophic event of autoimmune destruction to
occur.
Copyright © 2012 European Thyroid Association
Published by S. Karger AG, Basel

It is a century since Dr. Hakaru Hashimoto (1881–
1934) described the thyroid condition that still bears his
name. In that time, considerable efforts have been made
to understand the pathogenesis of this common disease
and, since 1956, Hashimoto thyroiditis has become the
archetype of autoimmune destructive disorders and autoantibody production. This lecture honours Professor
Aldo Pinchera, who has made many important contributions to our understanding of thyroid autoimmunity; remarkably, his first publication in the field dates back almost 50 years [1] and the most recent one has appeared
this year [2]. Although covering a notably diverse range
of topics, the most important of Professor Pinchera’s au-
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Hashimoto Legacy

Although goitre had been a well-known and depicted
entity for centuries, especially in endemic areas, Hashimoto produced a detailed histopathological study of the
thyroidectomy specimens of 4 women which were clearly
not the colloid goitre that had been expected prior to surgery. Instead, they consisted of ‘a massive growth of lymphatic elements, primarily lymphoid follicles’ [3, 4]. At
least 1 of the patients had hypothyroidism. Hashimoto
carefully distinguished this condition from Riedel thyroiditis and speculated whether or not it was related to
Mikulicz disease, which was remarkably prescient: we
now know that patients with this entity, better known as
Sjögren syndrome, have a high risk of developing autoimmune thyroiditis [5].
Twenty years later, the spectrum of this new disorder
was extended by the description of atrophy and fibrosis
associated with Hashimoto struma lymphomatosa [6], although many abortive attempts have been made subsequently to separate atrophic and goitrous thyroiditis as
discrete nosological entities based on genetic predisposition and autoantibody profile. Hashimoto had approached his eponymous disease as a cause of goitre, but
taken from the stand point of myxoedema, it had been
known since 1888 that this condition was a ‘destructive
affectation of the thyroid … here and there infiltrated
with clumps of cells … which are found to be composed
of leucocytes’ [7]. By 1900, Dr. George Murray was writing confidently in his description of the successful treatment of myxoedema with thyroid extract that the thyroid
changes consist of ‘fibrosis … occurring as a result of
chronic inflammation leading to a secondary atrophy of
the epithelial cells’; he also remarked on the familial predisposition of this disorder and its occurrence ‘particularly in women who have borne children’ [8].
The basic mechanism underlying the infiltration by
lymphocytes remained unclear for over 40 years, when
the studies of Rose and Witebsky [9] first convincingly
showed that rabbits immunized with thyroglobulin produced autoantibodies to this self-protein, accompanied
by lymphocytic thyroiditis. (Incidentally, this was not
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the first description of autoantibodies; Picado and Rotter
[10] had published a paper in 1936 entitled ‘Precipitines
seriques antithyroidiennes chez le goitreux’ and had also
found cases in which pituitary autoantibodies were present [11].) At the time when these experiments were conducted, the prevailing dogma was that of an ‘instructional’ theory of antibody formation, whereby an antigen
instructed cells to produce the corresponding antibody.
However and Rose and Witebsky [9] realised that this
theory could not explain why rabbits did not spontaneously produce thyroglobulin antibodies: autoantigen
was always there to instruct the B cells. This ultimately
led to the theory of clonal selection and the realisation
that autoimmunity is normally prevented by deletion of
self-reactive clones. Rose’s pathology collaborators at the
University of Buffalo spotted that the histology of the
thyroglobulin-immunized rabbits resembled Hashimoto thyroiditis, but it took them 2 years to collect 4 samples
from patients with chronic thyroiditis and test these for
thyroglobulin autoantibodies (3 were positive) [12], and
by then, Campbell et al. [13] had described the first thyroglobulin autoantibodies in Hashimoto thyroiditis.
Revolutionary as this work truly was, it also added new
layers of uncertainty as to why only some people develop
self-reactivity and others do not. It quickly became apparent that clonal elimination of self-reactive lymphocytes during fetal development is an important mechanism to prevent autoimmunity, but that this elimination
is typically incomplete. Those cells which escape ‘central’
deletion in the thymus are held in check by a variety of
‘peripheral’ mechanisms that maintain self-tolerance.
Over the last 3 decades, much effort has gone into identifying these mechanisms, moving from an era of suppressor T cells to one in which regulatory T cells, tolerogenic
dendritic cells and cytokine networks interact to prevent
autoimmune disease.
Rose’s group were the first to show that susceptibility
to the production of autoantibodies and thyroiditis are
under independent genetic control, and that environmental factors could induce thyroid autoimmunity in genetically susceptible strains of animals [14, 15]. Understanding how these genetic and environmental factors
influence thyroid autoimmunity offers us the best opportunity to fully understand disease pathogenesis and, in
turn, how this might be influenced for the benefit of patients.
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toimmunity papers concern the nature of the predisposing factors in autoimmune thyroid disease, and these will
therefore form the basis of this review. But to start with,
it is worth reminding ourselves of what Hashimoto described and how this fits historically into the general understanding of thyroiditis and hypothyroidism.

Genetic Factors
Ma
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Fig. 1. A Swiss cheese model for the causation of autoimmune thy-

roid disease, showing the effect of cumulative weaknesses lining
up to allow a catastrophic event to occur, like the holes in slices of
cheese. Each of the broad slices represented is composed of many
individual components (tables 1, 2) which also have to line up. The
Swiss cheese model for human accident causation incorporates
active failures (e.g. pilot error) and latent failures (which lie dormant until the accident e.g. aircraft maintenance deficiencies).
Some factors contributing to the initiation of Hashimoto thyroiditis may be regarded as latent (e.g. ageing, growing up in a hygienic environment) and others as active (e.g. possession of an HLA
allele which permits presentation of a thyroid autoantigen).

Multigenic Autoimmune Thyroiditis
Observations in the early models of experimental autoimmune thyroiditis quickly demonstrated the importance of the major histocompatibility complex [MHC; in
humans, this is the well-known human leukocyte antigen (HLA) system] in the predisposition of animals to
this disorder, with the influence of additional non-MHC
genes quickly becoming apparent [14]. At the same time,
family studies in humans, such as those by my mentor
Reg Hall and colleagues in Newcastle-upon-Tyne [19]
confirmed that there was a genetic component to Hashimoto thyroiditis. More recently, Brix et al. [20] have
used extensive twin studies in Denmark to identify the
importance of genetic factors in Hashimoto thyroiditis
and thyroid autoantibody formation. The last two decades have seen the application of increasingly sophisticated molecular genetics approaches to identify the
genes responsible for this predisposition; I have summarized this work elsewhere [21]. What follows is an update
with specific reference to the period since that review.
Perhaps the most telling overall comment is that of
Davies [22] who has written that ‘really significant genes
for autoimmune thyroid disease do not exist’. In other
Eur Thyroid J 2012;1:243–250
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Monogenic Autoimmune Thyroiditis
Two rare monogenic disorders provide outstanding
examples of the importance of thymic tolerance and regulatory T cells in preventing thyroid autoimmunity from
arising spontaneously. Autoimmune polyglandular syndrome type 1 is the result of mutations in the autoimmune regulator AIRE gene. As well as the cardinal childhood manifestations of autoimmune hypoparathyroidism, Addison’s disease and chronic mucocutaneous
candidiasis, many other autoimmune diseases including
hypothyroidism appear in these patients, albeit not in all
populations [16]. AIRE is expressed in thymic medullary
epithelial cells and plays a key role in presenting thousands of different, ectopically expressed self-antigens to
immature T cells, leading to their deletion. At least 60
AIRE mutations have been described, and in patients
with these mutations, a failure to present self-antigen correctly in the thymus leads to loss of self-tolerance. The
chronic candidiasis component of the syndrome is most
likely the result of the development of neutralizing autoantibodies against both type 1 interferons and T helper
cell cytokines related to interleukin-17 [17]. Emerging
models suggest that the abnormal thymic microenvironment in this syndrome may lead to the production of cytokine autoantibodies as an initiating step, which in turn
may permit less-well tolerized T cells to emerge, with a
greater susceptibility to activation by autoantigens in the
periphery.
In the second of these monogenic disorders, IPEX (immunodysregulation, polyendocrinopathy, enteropathy, Xlinked) syndrome, there is a fatal, neonatal onset of autoimmune diseases including thyroiditis. These patients
have mutations in the FOXP3 gene, which is responsible
for the normal functioning of regulatory T cells [18].
Whilst these two monogenic disorders are rare, and polymorphisms of the genes responsible have no known role
in more typical forms of autoimmune thyroiditis, they
serve to underline how either disordered thymic development or the failure of peripheral tolerance can result in
autoimmunity. They may be regarded as single-order catastrophes. Typical autoimmune thyroiditis conforms to
the Swiss-cheese model of catastrophe in which multiple
small genetic (and non-genetic) events, none in themselves sufficient to precipitate autoimmune destruction,
line up like the holes in slices of such cheese to allow the
untoward event to occur (fig. 1).

Table 1. Genetic polymorphisms associated with thyroid disease

Possible effect
Major histocompatibility
complex genes (HLA in man)

May determine cell-mediated destruction (HLA class I) or auto-antigen presentation (HLA class II)

T cell immune response genes

CTLA-4 and PTPN22 regulate T cell activation; IL2RA encodes the interleukin-2 receptor; FCRL3
affects regulatory T cell function

Other immune response genes

CD40 encodes a co-stimulator of antigen-presenting cells; CD226 encodes own activating receptor
on NK cells

Thyroid-specific genes

Genes encoding two thyroid auto antigens, thyroglobulin and the TSH-receptor, may regulate
availability of these to the immune system
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typically requires enormous populations: the recognition
of new loci at 6q27 and 4p14 in Graves disease recently required an initial set of 1,516 patients, with replication in a
further 3,994 along with similar numbers of controls [27].
This is not work for the faint-hearted or inadequately
funded. To date there have been no similar mammoth undertakings in Hashimoto thyroiditis. Genome-wide approaches cannot readily identify the rare alleles (!5% of
the population) that associate with disease, and the loci
found are often located in regions that affect gene expression, which in turn makes interpretation of the underlying
mechanism of disease very difficult, although this is essential to understanding how environmental factors interact with genetic susceptibility [28]. Copy number variation is also likely to contribute to susceptibility to autoimmune disease and thus add even greater complexity [29].
As of yet, we have no real idea of the number of genetic
loci which contribute to the development of Hashimoto
thyroiditis, but an insight into this may be gleaned from
studies of vitiligo. This disorder of skin pigmentation is
well known to be associated with autoimmune thyroid diseases and other autoimmune disorders, based on the sharing of genetic susceptibility [30]. An international consortium has recently published two genome-wide association
studies with a meta-analysis, and this has revealed the existence of 27 separate susceptibility loci, an unexpectedly
large number when it is noted that these loci account in
total for less than 20% of the heritability of vitiligo [31, 32].
Most of these loci encode genes which can be identified as
having a broadly immunoregulatory function or encoding
melanocyte proteins; many of the former are shared with
other autoimmune disorders, including thyroiditis.
In summary, autoimmune thyroid disease is not a discrete genetic entity: we now know that although some
genetic susceptibility is shared by Graves disease, HashiWeetman
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words, there is no dominant gene conferring major susceptibility to Hashimoto thyroiditis; even the importance
of the HLA system in susceptibility is less obvious than
in related disorders such as type 1 diabetes mellitus and
coeliac disease. Four different types of genetic influence
have been identified in autoimmune thyroid disease, as
in many other autoimmune disorders (table 1). It must be
acknowledged that the majority of genetic studies have
focussed on Graves disease rather than Hashimoto thyroiditis, and in some studies these two disorders are bundled together as ‘autoimmune thyroid disease’, which has
dubious nosological credibility. As just one example, disease associations with these two disorders, which are very
likely to have a genetic basis, are rather distinct [23].
In the most recent discoveries of genetic polymorphisms associated with Hashimoto thyroiditis, there is a
focus on possible genetic heterogeneity across different
ethnic groups, which compounds the difficulty of interpretation. For instance, single nucleotide polymorphisms
(SNPs) in the PTPN22 gene have been associated with
several autoimmune disorders in discrete ethnic groups.
In Koreans, the association appears to be with Hashimoto thyroiditis but not Graves disease whereas in Caucasians, there is evidence of an association with the latter
[24]. In Koreans, SNPs of the STAT4 gene, involved in interleukin signalling, are associated differentially with
these two autoimmune thyroid diseases [25]. There may
also be sex differences in the influence of genetic polymorphisms. In a recent study of SNPs in the IL12B gene,
a common variant in the coding region was differentially
associated between Hashimoto thyroiditis and Graves
disease, but only in men [26].
In all 3 of these studies, relatively small populations
were studied, albeit with replication in the last. Identification of new risk loci by genome-wide association methods

moto thyroiditis and other related disorders (HLA-DR3
allele and CTLA4), there are immunoregulatory genetic
differences. Thyroid-specific genes such as TSHR [33]
play a possibly decisive role in determining the precise
disease outcome from an underlying thyroid-centred autoimmune diathesis in which thyroglobulin and thyroid
peroxidase autoantibody formation feature. As in vitiligo, it is likely that heritability is determined by an eyewatering number of genetic loci, some of which are ethnically distinct, and these in turn will interact with each
other and environmental factors in ways which may be
unique to very small cohorts of patients. We are currently in a position in which it is clear that ‘the complexity of
the etiology of autoimmune thyroid diseases is gravely
underestimated’ [34].

Table 2. Possible non-genetic factors associated with Hashimoto

thyroiditis
Factor
Dietary

Iodine excess
Alcohol (protective)
Vitamin D deficiency
Selenium deficiency

Toxins

Environmental pollutants
Low-dose irradiation
Smoking (protective)
Drugs (lithium, immunomodulators and
antineoplastic agents)

Existential

Female sex
Parity
Age
Hygienic environment
Increased affluence

Non-Genetic Factors

Dietary Factors
The best evidence for a direct effect of dietary iodine
on autoimmune thyroiditis has come from animal modImmunopathogenesis of Autoimmune
Thyroiditis

els. Excess iodine intake affects thyroid gene expression
differentially in thyroiditis-prone BioBreeding (BB) rats,
compared to thyroiditis-resistant BB rats, and some of
these changes occurred early enough in the disease to
suggest that such alterations may play an initiating role
[38]. But this can only be part of the explanation, as the
incidence of insulitis is also increased by iodine, an observation which implies that iodine also has an effect on
immune cells. Although there are conflicting studies on
the influence of dietary iodine in human thyroiditis, the
weight of evidence is now in favour of a more than adequate iodine intake being a risk factor for the appearance
of both thyroid autoantibodies and subclinical hypothyroidism [39].
A meta-analysis of trials of selenium supplementation has shown that this element lowers thyroid autoantibody levels but does not alter the level of hypothyroidism as determined by levothyroxine requirements [40].
Whether selenium deficiency is a true risk factor for
Hashimoto thyroiditis is unclear. Similarly, there is only
equivocal evidence for an effect of low vitamin D levels
on autoimmune thyroiditis [41]. Another dietary factor
has recently been identified, namely alcohol consumption, in a study from Amsterdam which has looked at
the development of thyroid autoimmunity in a genetically predisposed group of women [42]. Although alcohol consumption had no association with the development of thyroid autoantibodies, there was a protective
effect with regard to the development of hypothyroidEur Thyroid J 2012;1:243–250
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The best evidence for the importance of environmental factors in the aetiology of Hashimoto thyroiditis
comes from epidemiological studies. The 10-fold increase
in the incidence of Hashimoto thyroiditis over three decades in Sicily can only be the result of environmental
changes [35]. A histological survey of both thyroid infiltration lymphocytic and Hashimoto thyroiditis over 30
years in Austria has also shown an 8-fold increase in
prevalence in the specimens from surgery for benign goitre [36].
Table 2 summarises the non-genetic factors which
have been associated with Hashimoto thyroiditis: this list
is undoubtedly incomplete. Broadly speaking, these factors can be grouped as dietary factors, toxins (including
drugs) and a more poorly defined group of factors that
one could consider as ‘existential’ i.e. the consequence of
humans living life to the full. One way in which some environmental and many existential factors may operate is
through epigenetic modifications, such as changes in
DNA methylation and histone modification, at the tissue
level. Indeed, remarkable epigenetic differences have
been demonstrated in monozygotic twins, beautifully illustrating how the same genotype can give rise to different phenotypes. As an excellent review was published 2
years ago on the impact of environmental exposures, the
following summary is limited to papers which have appeared since or were not covered in depth [37].

Toxins
The early observation of experimental autoimmune
thyroiditis being precipitated by 3-methylcholanthrene
[15] has been reprised by the demonstration of thyroid
peroxidase autoantibodies and lymphocytic thyroiditis
in rats given polychlorinated biphenyls, widely used compounds which have known effects as endocrine disruptors [43]. Much less work has been done on environmental pollutants in human disease, although the striking recent epidemiology of Hashimoto thyroiditis [35, 36] tends
to point to these as a possible explanation. Residents living in areas close to a petrochemical complex may have a
higher prevalence and risk of developing thyroiditis and
thyroid autoantibodies [44], and the spouses of licensed
pesticide applicators have a higher risk of developing hypothyroidism than controls, although an autoimmune
basis for this disordered thyroid function has not been
examined [45]. Somewhat surprisingly, given the known
adverse effect of smoking on thyroid eye disease [46],
smoking appears to be protective for the development of
thyroid autoantibodies [47].
Sublethal irradiation has long been used to create experimental autoimmune thyroiditis in animals, acting in
concert with thymectomy to adversely affect the immune system. The effect of smaller doses of irradiation,
arising typically from the fallout from nuclear reactor
disasters, is less clear: in adolescents there appears to
have been a transient autoimmune thyroiditis up to 15
years after the Chernobyl nuclear accident, without triggering clinically significant Hashimoto thyroiditis [48].
Such effects have been postulated to be related to thyroid
damage as a result of its sensitivity to radiation from iodine isotopes. However, a single low-dose (0.5 Gy) of entire body irradiation increases the severity of thyroiditis
and the frequency of thyroglobulin autoantibodies in
thyroiditis-prone non-obese diabetic mice for up to 15
months, consistent with a more general effect of lowdose irradiation on the immune system which results in
thyroid autoimmunity in genetically predisposed animals [49]. Antineoplastic agents, especially interferon-␣,
frequently precipitate autoimmune thyroiditis [50]. Multiple immunomodulatory mechanisms underlie these effects, but recently interferon-␣ has been shown to have a
thyroid-specific action by increasing thyroglobulin promoter activity via an interferon-induced transcription
factor only when the promoter has a thyroid disease-associated polymorphism [51].
248
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Existential Factors
Being a woman rather than a man increases the risk of
Hashimoto thyroiditis 8-fold, making this the greatest
known risk factor by some margin. It is still not clear why
this is so. The effects of sex hormones, X-chromosomeencoded susceptibility, skewed X-chromosome inactivation, pregnancy and fetal microchimerism have all been
postulated: the first three would be expected to affect all
women, the last two only those who have been pregnant
(of course, these mechanisms are not mutually exclusive).
In a large Danish survey (45.5 million person-years of
follow-up), parity was associated with only an 11% increased risk of autoimmune diseases in general, and an
identical risk of Hashimoto thyroiditis [52]. Although
therefore suggesting only a small role for fetal microchimerism, patients with Hashimoto thyroiditis have significantly more circulatory fetal CD8+ T cells than healthy
controls within 5 years of pregnancy, compatible with
such a role [53].
Stress in various forms has been associated with an
increased risk of Graves disease, but there is not strong
evidence in favour of such a role in Hashimoto thyroiditis [54]. Exposure to an environment of inferior prosperity and hygiene is protective against the development of
thyroid autoimmunity, compatible with the ‘hygiene hypothesis’ in which enhanced exposure to microbes in
general skews the immune system away from the tendency to produce autoreactivity [55]. Another hint that
certain environments can increase the risk of thyroid autoimmunity comes from a survey of the Yakut in Siberia;
women there have an unexpectedly high frequency of
thyroid autoantibodies which could be linked to circumpolar adaptation and recent changes in lifestyle [56].
Such analyses of the geoepidemiology of thyroid autoimmunity are few and far between, but this is a field that is
ripe for development and with the potential to provide
fresh insights into disease aetiology and pathogenesis
[57]. Ageing is of course another obvious risk factor for
the development of thyroid autoimmunity, given that the
prevalence of Hashimoto thyroiditis increases with age
up to 70 years; it then declines and healthy centenarians
have a lower than predicted prevalence of thyroid autoimmunity [58]. This observation is somewhat at odds
with the finding of a lower risk of frailty in older adults
who have thyroid autoantibodies [59], and it is still unclear what is cause and what is effect in these associations.
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ism, an observation which parallels such an effect in
rheumatoid arthritis.

Conclusion

Although huge strides have been made in our understanding of the causes of Hashimoto thyroiditis since its
original description, the genetic and non-genetic factors
which are involved in its aetiology are far more complex
than could be imagined even a decade ago. Dissecting
their interaction looks set to keep thyroidologists occupied for many years to come. This disorder is part of a
spectrum of autoimmune thyroid diseases which cluster
in families and even evolve from one to another within
the same individual. These relationships also require better classification.
We now understand that Hashimoto thyroiditis itself
is heterogeneous. One significant recent advance is the
description of a distinctive subtype of Hashimoto thyroiditis characterized by an increased number of IgG4+

plasma cells, high serum IgG4 levels and thyroid fibrosis;
this entity is associated with more rapid progression to
hypothyroidism and high levels of circulating thyroid autoantibodies [60]. In turn there may be a systemic form
of IgG4-related sclerosing disease which, when it affects
the thyroid, is Riedel thyroiditis, the condition Hashimoto took great care to distinguish from his new form of
thyroiditis. As we move rapidly into a new era of molecular diagnostics and disease classification, further such exciting and unexpected developments are inevitable.
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