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treatment pathways, some of which might be as simple as 
identifying the need to avoid smoking or to control the in-
take of some nutrients.  Copyright © 2011 S. Karger AG, Basel 

 Introduction 

 The thyroid gland is important in the human body 
because of its ability to produce hormones necessary for 
appropriate energy levels and an active life. These mole-
cules have pleiotropic effects, playing critical roles in ear-
ly brain development, somatic growth, bone maturation, 
and the mRNA synthesis of more than 100 proteins that 
constantly regulate each and every bodily function.

  At the same time, the thyroid is highly vulnerable to 
autoimmune diseases. The incidence of chronic autoim-
mune thyroiditis (CAT) and Graves’ disease (GD) has in-
creased dramatically over the past few decades, afflicting 
up to 5% of the general population. In children, CAT is 
the most common cause of acquired hypothyroidism in 
nonendemic goiter areas. 

  Initial studies on the association between early fetal 
nutrition and the pathogenesis of autoimmune thyroid 
diseases (AITDs) resulted in controversial data. In twin 
studies, Phillips et al.  [1]  found that among monozygotic 
twins the smaller twin had higher levels of thyroid per-
oxidase (TPO) antibodies. However, these data were not 
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 Abstract 

 The thyroid gland plays a major role in the human body; it 
produces the hormones necessary for appropriate energy 
levels and an active life. These hormones have a critical im-
pact on early brain development and somatic growth. At the 
same time, the thyroid is highly vulnerable to autoimmune 
thyroid diseases (AITDs). They arise due to the complex inter-
play of genetic, environmental, and endogenous factors, 
and the specific combination is required to initiate thyroid 
autoimmunity. When the thyroid cell becomes the target of 
autoimmunity, it interacts with the immune system and ap-
pears to affect disease progression. It can produce different 
growth factors, adhesion molecules, and a large array of cy-
tokines. Preventable environmental factors, including high 
iodine intake, selenium deficiency, and pollutants such as 
tobacco smoke, as well as infectious diseases and certain 
drugs, have been implicated in the development of AITDs in 
genetically predisposed individuals. The susceptibility of the 
thyroid to AITDs may come from the complexity of hormon-
al synthesis, peculiar oligoelement requirements, and spe-
cific capabilities of the thyroid cell’s defense system. An im-
proved understanding of this interplay could yield novel 
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confirmed in another twin study in which a larger cohort 
was analyzed  [2] . The ‘accelerator hypothesis’ and the in-
fluence of rapid childhood growth due to energy-dense 
food and adipokine imbalance have not been investigated 
in childhood AITDs. In both type 1 and type 2 diabetes, 
the accelerator hypothesis proposes a critical influence of 
obesity as an exogenous factor contributing to disease; 
even in a population of children with type 1 diabetes, the 
fattest presented with disease the earliest (evidence of 
true acceleration)  [3] . With regard to AITDs, other accel-
erators in addition to obesity include low selenium (Se) 
and a high iodine intake. Obese children are hyperlepti-
nemic, and leptin, with its numerous functions including 
the promotion of cell-mediated immune responses, is a 
good candidate for contributing to the pathogenesis of 
autoimmune diseases. Obese children have been found to 
have increased interferon (IFN)- � -secreting T helper 
cells and altered thyroid structure and hormonal status 
 [4–8] .

  Autoimmunity is generally considered to be only a 
cause of disease; nevertheless, human T cell repertoires 
naturally comprise autoimmune lymphocytes. Autoim-
mune T cells can help heal damaged tissues, indicating 
that natural autoimmunity can also contribute to health 
and benefit self-maintenance  [9] . The immune system 
makes its decisions and acts by integrating multiple sig-

nals in an ongoing dialog with tissues. It is likely that the 
tissue itself provides signals that trigger the type of in-
flammation that is required for tissue self-maintenance 
and repair  [9, 10] . 

  Autoimmune disorders result from a complex inter-
play of genetic, environmental, and endogenous factors 
( fig. 1 ), and a combination of these factors is required to 
initiate thyroid autoimmunity  [11, 12] . Recent advances 
in genome-wide studies have made it possible to efficient-
ly identify complex disease-associated genes. Using both 
the candidate gene approach and whole-genome linkage 
studies, 6 AITD susceptibility genes have been identified 
and confirmed; the first group includes the immuno-
modulatory gene products HLA-DR, CD40, cytotoxic T 
lymphocyte-associated factor (CTLA-4), and protein ty-
rosine phosphatase 22 (PTPN22), and the second group 
includes  the  thyroid-specific  gene products thyro-
globulin (Tg) and thyroid-stimulating hormone receptor 
(TSHR). Genetic factors predominate, accounting for ap-
proximately 80% of the likelihood of developing AITDs, 
whereas at least 20% is due to environmental factors 
( fig. 1 ). In recent years, a number of excellent reviews have 
been published on the genetic background of AITDs  [13, 
14] .

  An increased frequency of AITDs is reported in Turn-
er syndrome (TS) and in other nondisjunctional chromo-
somal disorders such as Down and Klinefelter syndromes. 
The theory that maternal autoimmunity may lead to the 
preferential survival of a fetus with chromosomal aneu-
ploidy is attractive but remains unproven  [15] . The most 
prevalent autoimmune disorder in TS appears to be CAT, 
with a reported thyroid autoantibody incidence of 30–
50%. Hypothyroidism of autoimmune origin is so com-
mon in TS that almost every other TS woman will prob-
ably develop hypothyroidism, and it increases with age 
 [16, 17] . 

 We know more about the minor details of AITDs, but 
the main question remains unanswered: why is the thy-
roid so prone to autoimmune disease? This review seeks 
to emphasize the role of the thyroid cell per se in AITDs 
and to focus attention on preventable exogenous factors.   

  Thyroid Cell Specificity 

 The thyroid cell produces a variety of immunologi-
cally active factors ( table 1 ) and has complex nutrient re-
quirements for hormonal synthesis and function ( ta-
ble 2 ), both of which influence susceptibility to AITDs. 
Thus, the thyroid cell is not just the innocent victim of an 

Genetic predisposition
HLA-DR,
CTLA-4,

CD40 PTPN22,
Tg,

TSH receptor genes   

Environmental factors
Iodine,

Selenium,
Drugs,

Infections,
Stress,

Pollution   

Endogenous factors
Puberty,

Rapid growth,
Pregnancy,

Menopause,
Aging,

Emotional vulnerability,
Female sex    

  Fig. 1.  AITDs result from a complex interplay of genetic, environ-
mental, and endogenous factors. 
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unchecked and disordered immune system. It is increas-
ingly obvious that the target cells interact with the im-
mune system, often in ways that seem defensive and pro-
tective, yet they can go awry and exacerbate autoimmu-
nity under particular circumstances  [11] . 

  In most human autoimmune diseases, the events that 
trigger autoimmunity remain elusive. Most importantly, 
it is unclear whether autoimmunity results primarily 
from an immune defect, is secondary to target organ al-
terations, or both. The thyroid shows increased iodine 
uptake and oxidation prior to lymphocytic infiltration 
concomitant with decreased thyroid epithelial cell prolif-
eration in vitro. Modifying thyroid function influences 
the development of thyroid autoimmunity  [18] . The thy-
roid cell, unlike other epithelial cells in the endocrine sys-
tem, is unique because it releases hormonal products on 
its basal surface instead of its apical surface, thus allowing 
for the trafficking of precious iodine twice across the cell. 

  Thyroid cells are capable of producing different fac-
tors ( table 1 ), including IGF I, IGF II, and EGF, that can 
stimulate angiogenesis. The half-life of these molecules is 
short and they induce only local (nonsystemic) effects. 
Stimulated thyroid follicular cells secrete several growth 
factors  [19] . The expression of intercellular adhesion mol-
ecule-1 (ICAM-1) and lymphocyte function-associated 
antigen-3 (LFA-3) by thyroid cells is enhanced by IFN- � , 
tumor necrosis factor (TNF), and interleukin (IL)-1. Thy-
roid cells express CD44, which acts as a homing receptor 
for hyaluronan, mediates leukocyte rolling (the first step 
in tissue homing), and may (like ICAM-1) induce lym-
phocyte activation under certain circumstances. Thyroid 
cells are now known to produce many cytokines (espe-
cially after stimulation with IL-1), including IL-1, IL-6, 
IL-8, IL-12, IL-13, and IL-15  [11] . Activated lymphocytes 
can produce TSH, which could have a variety of implica-
tions  [20] .

  Low dose tolerance can easily be broken, and the thy-
roid is not well tolerated by the immune system. Auto-
antigens in AITDs, as in other autoimmune endocrine 
diseases, include tissue-specific membrane receptors, en-
zymes, and secreted hormones. Mixed cellular and anti-
body autoimmune responses are likely pathogenic to 
some degree. Circulating anti-Tg autoantibodies are also 
found in GD and CAT, as are autoantibodies to triiodo-
thyronine (T3) and thyroxine (T4). The human (h) TSHR 
is the primary antigenic target in autoimmune hyperthy-
roidism  [21] . The TPO autoantibody seems unlikely to 
have much pathogenic importance as it has limited access 
to TPO in vivo due to its location inside the cell. Further-
more, anti-TPO autoantibodies do not inhibit the activity 

of the enzyme. Thus, their clinical value is principally to 
document thyroid gland autoimmunity. However, TPO 
may act as a hidden antigen because it is not adjacent to 
the vasculature. 

  In humans, excess thyroid hormone results in the at-
tenuation of natural killer (NK) cell activity, which in 
theory could lead to the continuation of an autoimmune 
disorder. Upon return to a euthyroid status and the re-
sulting normalization of NK activity, a reversion to con-
trol of the abnormal immune reaction would occur with 
perpetuation of GD. Additionally, an anti-idiotype might 
function as an agonist for the original antigen. Thus, an 
antibody to an antibody (anti-idiotype) to TSH might 
bind to the TSHR and stimulate the thyroid  [22] . A more 
likely hypothesis is that anti-idiotypic antibodies are 
rarely produced at a detectable level. Hodkinson et al.  [23]  
recently found a positive association between thyroid 
hormone concentration and NK-like T cells in the elder-
ly. This relationship has not been investigated in young 
patients.

Table 1. Thyroid c ell products, besides hormones, that interplay 
with the immune system

Cytokines IL-1, IL-6, IL-12, IL-13, IL-15, IL-17, 
and IL-18

Growth factors IGF I, IGF II, EGF, and VEGF
Adhesion molecules ICAM-1 and LFA-3
Inflammatory mediators Nitric oxide and prostaglandins

Table 2.  Nutrients and oligoelements necessary for proper thy-
roid function

Substance Constituent Possibility for deficiency

Tyrosine major of THs not known, even in PhK

Iodine major of THs global

Se iodothyronine Se 
deiodinase

global

Iron thyroid peroxidase endemic, individual

Zinc TH Rec endemic, individual

Magnesium cAMP signaling individual

S ome may influence thyroid autoimmunity (high iodine, low 
Se intake). THs = Thyroid hormones, PhK = phenylketonuria, TH 
Rec = thyroid hormone receptor, cAMP = cyclo-adenosine mono-
phosphate.
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  Antigen Presentation by the Thyroid Cell 

 Bottazzo et al.  [24]  first suggested that antigen presen-
tation by HLA-DR-expressing thyroid cells may be a crit-
ical aspect of thyroid autoimmune disease. It quickly be-
came apparent that the only stimulus able to induce MHC 
class II expression on thyroid cells was the T cell cytokine 
IFN- � . Normal cells respond exactly the same as AITD 
thyroid cells to IFN- � , and in animal models of AITDs 
class II expression on thyroid cells is always followed by 
the appearance of lymphocytes in the gland. In addition 
to inducing MHC class II expression, IFN- �  increases 
MHC class I expression on thyroid cells, thus allowing 
potential for the recognition of thyroid cells by cytotoxic 
CD8+ T cells  [11] . 

  It is possible that direct antigen presentation by the 
thyroid cell itself may occur in individuals who inherit 
thyroid-reactive T cells; such a circumstance would effec-
tively bypass the classical macrophage-processing mecha-
nism. The HLA-DR antigen-expressing thyroid cell may 
be as effective as the macrophage at presenting thyroid-
specific antigens to the immune system  [25] , but the thy-
roid cell is incapable of supplying the costimulatory sig-
nals that professional antigen-presenting cells (APCs) do 
 [11] . Any stimulus that causes increased DR expression on 
thyrocytes, such as IFN- �  produced by T cells in response 
to infection, combined with increased TSH stimulation 
may allow thyrocytes to function as APCs. Although thy-
roid cells may perform this function poorly, they are nu-
merous and localized in one area, therefore allowing for 
increased production of the already established normally 
occurring low levels of antibodies  [12] .

  Environmental Factors 

 A number of environmental factors have been impli-
cated in the development of AITD in genetically predis-
posed individuals, including high iodine intake, Se defi-
ciency, pollutants such as tobacco smoke, infectious dis-
eases, certain drugs, and physical and emotional stress 
 [26–30] . Herein, we focus on these preventable triggers. 
Individual susceptibility suggests that, in addition to ge-
netics, some endogenous factors are also important to the 
development of AITDs, such as growth spurts in child-
hood, puberty, pregnancy, menopause, aging, and gender 
( fig. 1 ,  2 ).

  Iodine 
 Dietary iodine plays an important role in the expres-

sion of AITDs. Epidemiological studies have suggested 
that AITDs are more common in areas of iodine suffi-
ciency than in areas of iodine deficiency and that general 
increases in AITDs occur in parallel with increases in di-
etary iodine. CAT is less common in countries with a low 
iodine intake  [27] .

  The thyroid requires the right amount of iodine. Ei-
ther too much or too little causes problems. Too little io-
dine brings all of the adaptive immune mechanisms of 
the thyroid into play, but despite these responses iodine 
deficiency disorders may still result. Too much iodine 
also affects the thyroid. Protective mechanisms include 
diminished trapping of iodide by the thyroid and de-
creased iodide organification. In experimental thyroid-
itis several types of Tg epitopes have been found, includ-
ing some containing iodine and/or hormones as well as 
some conformational epitopes. Experimentally increas-
ing the iodination of Tg makes the protein more antigen-
ic  [28, 31] . Optimally, the iodine intake of a population 
should be kept within a relatively narrow interval that 
prevents iodine disorders, but not higher  [29] . 

  The mechanism of action of iodine in contributing to 
thyroid autoimmunity is not clear. Iodine may stimulate 
B lymphocytes to increase the production of immuno-
globulin and thus induce AITDs by enhancing the activ-
ity of lymphocytes that have been primed by thyroid-
specific antigens  [30] . Iodine may enhance the antigen-
presenting capabilities of macrophages, resulting in 
increased macrophage activity and enhanced lympho-
cyte stimulation. In addition, a high iodine intake in-
creases the iodine content of the Tg molecule, which may 
increase its immunogenicity  [31] . Lastly, iodine may 
provoke thyroid follicular cells to become APCs and 
thus potentiate AITDs by turning genetically predis-

Step one:
genetic predisposition 

Step 2:
accelerator’s influence;

metabolic stress
of thyroid cells   

Step 3:
thyrotoxicity

promotes
autoimmunity

  Fig. 2.  ‘The accelerator hypothesis’  [3]  applied to thyroid autoim-
munity. Obesity, rapid growth, pollutants, infections, high iodine 
intake, and low Se intake could act as accelerators. 
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posed normal thyrocytes into antigen-presenting thyro-
cytes. 

   Table 2  shows several minerals and trace elements that 
are essential for normal thyroid hormone metabolism. 
The role of these elements in childhood AITDs has not 
been well investigated. 

 Selenium 
 The second factor that has been strongly implicated 

in the development of autoimmune thyroiditis is the 
trace element Se. Se is a constituent of selenoproteins 
(SePs), in which it is incorporated as selenocysteine. Rel-
evant actions of Se and SePs include antioxidant effects, 
appropriate functioning of the immune system, antiviral 
effects, influence on fertility, and a beneficial effect on 
mood  [32] . Se deficiency is thought to be involved in the 
pathogenesis of autoimmune thyroiditis by lengthening 
the duration and exacerbating the severity of the disease; 
these effects may occur via reduced activity of the SeP 
glutathione peroxidase, which leads to an increased pro-
duction of hydrogen peroxide. Another important class 
of SePs are the iodothyronine selenodeiodonases D1 and 
D2, which are responsible for producing biologically ac-
tive T3 via 5 � -deiodination in extrathyroidal tissues  [33, 
34] . 

  Combined Se and iodine deficiencies lead to myxede-
matous cretinism. Adequate Se nutrition supports effi-
cient thyroid hormone synthesis and metabolism and 
protects the thyroid gland from damage from excessive 
iodine exposure. In regions having severe combined de-
ficiencies of iodine and Se, it is mandatory to normalize 
the Se supply before the initiation of iodine supplementa-
tion to prevent hypothyroidism  [35] .

  In celiac disease, the inability to absorb Se may modu-
late SeP gene expression and promote intestinal mucosal 
damage, and this deficiency could additionally predis-
pose to complications such as AITDs  [34, 36] .

  Derumeaux et al.  [37]  discovered an inverse associa-
tion between Se status and thyroid volume and echo-
structure in French adults and concluded that Se may 
protect against AITDs. Duntas et al.  [38]  found benefi-
cial effects when treating patients with autoimmune thy-
roiditis with selenomethionine for 6 months due to its 
ability to reduce anti-TPO antibodies. In the group treat-
ed with LT4 combined with Se, these effects were very 
prominent in the first 3 months and were further sus-
tained after 6 months of treatment. A striking majority 
of the patients reported an improvement in mood and 
well-being.

  Environmental Pollutants 
 Various environmental toxins and pollutants have 

been implicated in the induction of AITDs. 
  Polyhalogenated biphenyls are commonly used com-

pounds with a wide variety of industrial applications. 
Polybrominated biphenyls are flame retardant, and poly-
chlorinated biphenyls (PCBs) are used as lubricants, ad-
hesives, inks, and plasticizers. PCBs are known to accu-
mulate in lakes and rivers and subsequently in the adi-
pose tissue of fish and humans  [27] . These compounds 
might trigger AITDs by interfering with iodide transport 
and inducing oxidative stress. There is evidence that peri-
natal PCB exposure decreases thyroid hormone levels in 
rat pups. In adults, adolescents, and children from highly 
PCB-exposed areas, the concentration of PCBs in blood 
samples negatively correlated with levels of circulating 
thyroid hormones  [39, 40] . Populations with long-term 
exposure to PCBs have increased prevalences of anti-TPO 
antibodies, which is probably related to the immuno-
modulatory effects of PCBs. Pollutants from car emis-
sions and heavy industry as well as coal pollution and 
agricultural fungicides are also implicated in AITD de-
velopment  [26, 27] .

  Smoking is associated with an increased risk of devel-
oping GD and with a reduced remission rate after thion-
amide treatment. Even more striking is the effect of 
smoking on Graves’ orbitopathy, which tends to be more 
severe in smokers  [32, 41] . Smoking might contribute to 
the pathogenesis of GD by altering the structure of the 
thyrotropin receptor, making it more immunogenic and 
leading to the production of thyrotropin receptor-stim-
ulating antibodies that react strongly with retroorbital 
tissue  [41] . Smoking induces the polyclonal activation of 
B and T cells and increases presentation of antigens by 
damaged cells. Hypoxia may play a role in Graves’ orbi-
topathy because retrobulbar fibroblasts show a signifi-
cant increase in proliferation and glycosaminoglycan 
production when cultured under hypoxic conditions 
 [42, 43] . The effects of parental smoking on thyroid 
function in fetuses or 1-year-old infants  [44]  provide ad-
ditional insight into the interrelationship between smok-
ing and thyroid dysfunction. The latter study found that 
infants whose mothers and fathers smoked had higher 
cord serum concentrations of Tg and thiocyanate than 
did infants whose parents did not smoke. The clinical 
picture observed in adolescents exposed to passive 
smoking could be due to direct stimulation of sympa-
thetic nervous activity by nicotine in addition to the 
smoking-induced increase in thyroid hormone secretion 
 [45] . 
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  The association of smoking with CAT is less well de-
fined. Although a relationship with autoimmune hypo-
thyroidism or postpartum thyroiditis has been reported, 
this finding was not supported by meta-analysis of the 
published papers  [32, 45] .

  Infections 
 In some individuals, autoimmunity is the price that 

must be paid for the eradication of an infectious agent. 
Infections have been implicated in the pathogenesis of 
several autoimmune, endocrine, and nonendocrine dis-
eases. Either viral or bacterial infections might represent 
a risk factor for the development of AITDs. Viruses have 
long been suspected as etiological agents in many auto-
immune diseases, including AITDs; moreover, a viral 
cause of AITDs, infecting either the thyroid or immune 
cells, has been demonstrated in an avian model. Although 
viruses may be likely etiological agents in human AITDs, 
this possibility remains unproven  [25, 27, 30] .

  An increased frequency of antibodies to the influenza 
B virus has been observed in a group of patients with thy-
rotoxicosis. In addition, virus-like particles have been 
found in the thyroids of chickens with autoimmune thy-
roiditis, with similar particles detected in the thyroids of 
humans. Serological evidence of prior staphylococcal and 
streptococcal illnesses has been described in a few pa-
tients with AITDs  [27] .

  Some of the strongest evidence linking infectious 
agents to the induction of AITDs has been the association 
of  Yersinia enterocolitica  infection with thyroid disease. 
This Gram-negative coccobacillus commonly causes di-
arrhea along with a variety of abnormalities that suggest 
autoimmune disease, including arthralgias, arthritis, er-
ythema nodosum, carditis, glomerulonephritis, and iri-
tis. Weiss et al.  [46]  demonstrated that  Y. enterocolitica 
 had a saturable, hormone-specific binding site for the 
mammalian TSH that resembled the receptor for TSH in 
the human thyroid gland.

  An immune response against a viral antigen that 
shares homology with the TSHR may be the inductive 
event that ultimately leads to TSHR autoimmunity  [21] . 
A significant association between hepatitis C and AITDs 
has been found. Anti-TPO antibody titers have been 
shown to increase at the end of treatment with IFN- �  in 
patients with the hepatitis C virus, and these patients 
were more susceptible to AITDs than were hepatitis B 
patients. These patients should be screened for autoim-
mune thyroiditis before and after IFN treatment  [47, 48] .

  Infection might induce an autoimmune response by 
various mechanisms, such as molecular mimicry, poly-

clonal T cell activation by microbial superantigens, and 
increased thyroid expression of human leukocyte anti-
gens  [49] . Inflammation induced by viral infections or 
by pollutants can modify cell signaling pathways and in-
fluence T cell activity and cytokine secretion profiles 
 [26] .

  Drugs 
 Several drugs have been implicated in the pathogene-

sis of AITDs. Amiodarone is an iodine-containing drug 
with diverse effects on thyroid function. Serum titers of 
TPO antibodies are elevated in approximately half of the 
patients who develop amiodarone-induced hypothyroid-
ism. Amiodarone has also been shown to affect T cell 
function  [27] . Thyroid antibodies disappeared from the 
circulation     6     months     after     amiodarone     discontinua-
tion  [32] .

  Lithium, a psychopharmaceutical and well-known 
goitrogen, has been shown to inhibit thyroid hormone 
release. Antithyroid antibodies are found more frequent-
ly in psychiatric patients on lithium therapy than in sim-
ilar psychiatric patients treated with other drugs. Lith-
ium-induced increases in serum TSH concentrations 
might enhance autoantigen expression on the surface of 
thyrocytes, thereby exacerbating autoimmune responses 
 [32, 50] .

  Other agents involved in thyroid autoimmunity are 
IL-2 (thyroid autoimmune phenomena with or without 
hypothyroidism), IFN- �  (thyroid dysfunction, hypo-
thyroidism, and occurrence of thyroid autoantibodies), 
highly active antiretroviral therapy (HAART; possible 
occurrence of thyroid autoimmune phenomena and dys-
function), and Campath-1H, a humanized monoclonal 
antibody  targeting the CD52 antigen on lymphocytes 
and monocytes that is used after transplantation (occur-
rence of GD)  [32] .

  Stress 
 Although numerous anecdotal reports have associated 

the onset of AITDs, and particularly GD, with stressful 
events, objective evidence has been difficult to obtain. 
Both psychological stress, such as bereavement, and 
physical stress, such as trauma or major illness, have been 
implicated  [27] .

  Neuroendocrine immune mechanisms responsible for 
the putative effects of stress on the onset and course of 
GD are poorly defined, but they might include activation 
of the HPA axis (although this should cause immunosup-
pression) and a shift from a Th1 (cell-mediated) immune 
response to a Th2 (humoral) immune response  [32, 51] .
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  Additionally, heat shock proteins (HSPs), which are 
well-known stress proteins, could share epitopes with the 
TSHR. Heufelder et al.  [52]  found that high levels of HSP-
72 expression in AITDs may reflect a state of chronic cel-
lular stress, but this finding could also indicate an immu-
nomodulatory function of HSP-72 in AITDs. HSPs are 
ubiquitous, highly conserved proteins that are expressed 
in response to a wide variety of physiological and envi-
ronmental insults. They allow cells to survive otherwise 
lethal conditions. HSPs have been postulated to be criti-
cal antigens in both autoimmune diseases and experi-
mental models of autoimmunity  [53, 54] .

  Improving stress by the prolonged use of bromazepam 
has been shown to increase the remission rate of hyper-
thyroidism after a thionamide course  [55] . The relation-
ship between stress and CAT is less evident. Graves’ pa-
tients might be stressed because of hyperthyroidism and 
not hyperthyroid because of stress, whereas CAT patients 
are not stressed because they are euthyroid or hypothy-
roid  [32] . Whatever the mechanism of action, stress may 
cause decompensation in a genetically susceptible indi-
vidual and lead to the induction or exacerbation of an 
AITD.

  Pregnancy and Postpartum 

 AITDs tend to be more frequent in women. The reason 
for this gender-related difference is not clear and is not 
explained by the additional X chromosome in females 
 [42] . The possibility that genes responsible for immune 
responses are located on the X chromosome has been 
considered but not confirmed. Sex steroids could modify 
immune responses by acting directly on immune cells. 
Estrogens are well-known stimulators of TSH secretion, 
which could enhance HLA-DR expression. Parity per se 
does not seem to play a significant role  [32, 56] .

  The accumulation of fetal cells in the maternal thyroid 
gland during pregnancy (painless postpartum thyroid-
itis) may induce autoimmune thyroiditis  [57] . Pregnancy 
is accompanied by a suppression of the immune system 
with a shift in the Th1/Th2 balance towards Th2 immu-
nity, a process that is aimed at protecting the fetus. A pos-
sible link between pregnancy and the postpartum occur-
rence of AITDs might be represented by fetal microchi-
merism. Fetal cells pass into the maternal circulation and 
may persist in the maternal blood. Microchimerism of 
presumed fetal origin has been shown in thyroid tissue 
specimens of women with previous pregnancies, particu-
larly in those with AITDs. The persistence of activated 

intrathyroidal fetal cells might influence thyroid autoim-
munity in genetically susceptible women by modulating 
or even initiating maternal immune responses in a graft-
versus-host reaction upon termination of pregnancy-re-
lated immune suppression. It cannot presently be ruled 
out, however, that intrathyroidal fetal cells are only inno-
cent bystanders and do not participate in triggering or 
exacerbating thyroid autoimmune responses  [32, 54, 58] . 
Mothers who have given birth to sons have thyroidal Y 
chromosome-positive cells more frequently if they are af-
fected by either CAT or GD than if they have thyroid ad-
enomas  [59] .

  The presence of elevated TPO antibodies in about 10% 
of pregnant women is associated with an increased risk 
of miscarriage, gestational thyroid dysfunction, and 
postpartum thyroiditis  [48] . Maternal-to-fetal transfer of 
TSHR antibodies with polyclonal activity and a different 
half-life can lead to a transient perinatal thyroid dysfunc-
tion, opposite to a maternal one  [60] . 

  Conclusion 

 A rapidly growing body of evidence on the interplay 
between genetic, environmental, and endogenous factors 
has expanded our knowledge of the complex etiopatho-
genesis of AITDs. Autoimmune thyroid disorders are ex-
amples of common diseases in which immunogenetic 
factors play an important role.

  The thyroid cell itself appears to play a major role in 
disease progression by interacting with the immune sys-
tem. The complexity of hormonal synthesis, unique oli-
goelement requirements, and the specific capabilities of 
the thyroid cell defense system probably make the thyroid 
prone to AITDs. The initial insult to the human thyroid 
gland that activates the onset of AITDs remains un-
known and seems to be strongly individual. Understand-
ing more about the interaction between genes and the 
environment could yield entirely novel pathways, some of 
which might be as simple as identifying the need to avoid 
smoking or to control the intake of particular nutrients. 
Evidence for many causal agents is, however, scarce, and 
more data are certainly required. We believe that it is par-
ticularly important to draw attention to this problem in 
pediatric patients. Lessons learned from the enigmatic 
questions raised in AITD studies could clarify the patho-
genesis of other organ-specific autoimmune disorders. 
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