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Abstract
Autoimmune thyroid diseases (AITD) are complex diseases that develop as a result of interactions
between genetic, epigenetic, and environmental factors. Significant progress has been made in our
understanding of the genetic and environmental triggers contributing to AITD. The major
environmental triggers of AITD include iodine, smoking, medications, pregnancy, and possibly
stress. In this review we will focus on two well-documented environmental triggers of AITD, hepatitis
C virus (HCV) infection and interferon alpha (IFNa) therapy. Chronic HCV infection has been shown
to be associated with increased incidence of clinical and subclinical autoimmune thyroiditis (i.e. the
presence of thyroid antibodies in euthyroid subjects). Moreover, IFNa therapy of chronic HCV
infection is associated with subclinical or clinical thyroiditis in up to 40% of cases which can be
autoimmune, or non-autoimmune thyroiditis. In some cases interferon induced thyroiditis (IIT) in
chronic HCV patients may result in severe symptomatology necessitating discontinuation of therapy.
While the epidemiology and clinical presentation of HCV and interferon induced thyroiditis have
been well characterized, the mechanisms causing these conditions are still poorly understood.
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INTRODUCTION
While abundant data point toa strong genetic susceptibility to the development of autoimmune
thyroid disease (AITD), including Graves’ disease (GD) and Hashimoto’s thyroiditis (HT)
(reviewed in (1)), environmental factors also play an important role. Since monozygotic twins
do not show 100% concordance for AITD non-genetic factors must also play a role. Indeed, a
recent twin study estimated that about 20% of the liability to the development of GD is
attributable to non-genetic factors (2). The environmental factors postulated to precipitated
AITD include iodine (3;4), medications, such as amiodarone and interferon alpha (5),
infections (6), smoking, and possibly stress (reviewed in (7)). Recently, HCV infection (8) and
interferon alpha (IFNa) therapy (9) emerged as the most substantiated environmental triggers
of AITD.
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HEPATITIS C VIRUS INFECTION
Infection and AITD

One of the most intriguing environmental triggers of autoimmune thyroid diseases is infection
(reviewed in (10)). Evidence supporting infectious cause of AITD include seasonality in the
incidence of AITD (11), geographic variation (12), and serological evidence for a recent
bacterial or viral infection (13). Several infectious agents have been implicated in the
pathogenesis of AITD including Yersinia enterocolitica (14–17), Coxsackie B virus (18),
retroviruses (19–23), Helicobacter pylori (24;25) and Borrelia (26). However, by far the most
consistent association with hepatitis C (8).

Epidemiological Studies
Earlier studies of patients with chronic hepatitis C showed mixed results, with some supporting
an association of HCV infection with clinical or subclinical AITD disorders (27–31), and others
not (32–34). It is now clear that some of the earlier studies were negative because of the use
of less sensitive thyroid antibody assays and the lack of control for factors which may affect
the development of thyroid autoimmunity, mainly iodine intake. Indeed, one of the largest and
well-controlled studies of HCV and thyroiditis demonstrated that both hypothyroidism and
thyroid autoimmunity were significantly more common in patients with hepatitis C compared
to controls (8;31). Further evidence for this association came from a recent study that found
that the prevalence of non autoimmune hypothyroidism, as well as the presence of Tg-Ab, was
higher in untreated children with HCV compared to healthy non-HCV infected controls. This
increased prevalence was not associated with other parameters (family history of autoimmune
diseases, duration of HCV infection, viral genotype, viral load or liver function) except active
HCV infection (35). In two earlier studies from France of patients with hepatitis C infection
who had not received IFN alpha therapy, the incidence of thyroid antibodies and/or dysfunction
was significantly higher in the patients than in the controls (27;28). Overall, in most studies
examining the frequency of thyroid disorders in hepatitis C patients approximately 10% of the
patients had positive thyroid antibodies (TAb) prior to initiation of interferon therapy (36–
40). Moreover, pooling of data from all studies on HCV infection and thyroid autoimmunity
demonstrated a significant increase in the risk of thyroiditis in HCV patients (41). Therefore,
HCV infection is the only infectious agent that is clearly associated with an increased risk for
autoimmune thyroiditis.

Potential mechanisms
While many potential mechanisms exist for the association of infection and autoimmunity, two
main hypotheses have the strongest evidence, molecular mimicry and bystander activation
(42). The molecular mimicry hypothesis suggests that sequence similarities between viral
proteins and self proteins can cause a cross-over immune response to self antigens which are
mimicked by infectious agents’ proteins (43). Some studies suggested molecular mimicry
between Yersinia proteins (44) or Borrelia proteins (26) and thyroid antigens exists, these data
have not been confirmed.

The bystander activation hypothesis is based on the fact that viral infection of a certain tissue
can induce local inflammation (e.g. by cytokine release). This low level inflammation,
according to the bystander activation hypothesis, can cause activation of autoreactive resident
T-cells that were suppressed by peripheral tolerance mechanisms such as Treg cells (45).
Recent data favor the bystander activation as the predominant mechanism by which viral agents
trigger autoimmunity in autoimmune thyroiditis (46). Hence, it is possible that HCV can trigger
autoimmune thyroiditis by infecting thyroid cells, and causing the release of pro-inflammatory
mediators. The release of cytokines can then trigger AITD by bystander activation mechanisms.
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Could HCV infect thyroid cells? A recent study demonstrated HCV virions inside thyroid
follicular cells (47) suggesting that this could be a potential mechanism. However, even if HCV
cannot infect thyroid cells, viral proteins that are shed from virions may also have important
physiological consequences. For example, it was shown that HCV E2 proteins can induce
apoptosis (48;49), and upregulate the pro-inflammatory cytokine interleukin 8 (IL-8) (50).
These data suggested that HCV envelope proteins themselves could significantly impact the
thyroid environment and contribute to thyroid dysfunction. Moreover, we have recently shown
that the HCV virus can activate cytokine secretion by thyroid cells (51). We examined whether
the HCV receptor, CD81, was expressed and functional on human thyroid cells. We found
significant levels of CD81 mRNA and protein on human thyroid cells in primary cultures.
Moreover, incubation of human thyroid cells with HCV envelope glycoprotein E2 resulted in
E2 binding to thyroid cells and activation of IL-8 secretion (51). These findings suggest that
the mere binding of HCV envelope proteins to thyroid cells is sufficient to trigger cytokine
secretion and activation of resident T-cells. This activation, in genetically susceptible
individuals, can trigger autoimmune thyroiditis through a bystander mechanism.

INTERFERON INDUCED THYROIDITIS (IIT)
Interferon alpha (IFNa) is a type I interferon that has been widely used as a therapeutic agent
mostly, for infectious and malignant diseases (52). IFNa binds to interferon receptors, and
activates various signaling pathways, including the JAK-STAT pathway, and the MAP kinase
pathway leading to transcription of target proteins which mediate its immune and anti-tumor
effects (53–55). One of the most remarkable successes of IFNa as a therapeutic agent has been
in the treatment of chronic hepatitis C, where the combination of IFNa+Ribavirin induces
remission in up to 50% of patients (56). However, IFNa therapy can cause numerous and wide-
ranging side effects, including severe complications that can result in morbidity and
discontinuation of therapy (57). Thyroiditis is among the commonest side-effects of IFNa
therapy; in fact, subclinical thyroiditis occurs in 20–40% of and clinical thyroiditis in 5–10%
of patients (9). Up until recently, little was known about the mechanisms causing interferon
induced thyroiditis (IIT); however, recently significant progress has been made in our
understanding of the etiology of IIT.

Epidemiological Studies
Since the first description of IIT in 1985 (58) numerous studies have confirmed the strong
association between IFNa treatment and the development of thyroiditis (reviewed in (9)). In
view of the varying manifestations of IIT we have recently proposed a new classification of
IIT into autoimmune IIT and non-autoimmune IIT (59). Autoimmune IIT can manifest as
clinical disease, i.e. Graves’ disease (GD) or Hashimoto’s thyroiditis (HT), or as subclinical
disease, i.e. the production of thyroid autoantibodies (TAb) without abnormal thyroid
functions. Non-autoimmune IIT can manifest as destructive thyroiditis, or non-autoimmune
hypothyroidism (59).

The commonest clinical manifestation of autoimmune IIT is Hashimoto’s thyroiditis (HT)
(60–62). HT commonly develops in individuals that had positive TAb before receiving IFNa.
It was estimated that the positive predictive value of elevated TPO antibodies before IFNa
therapy for the development of HT was 67%, a relatively high number (38). HT can also
develop de novo in HCV patients receiving IFNa even if they did not have positive TAb prior
to therapy. These data may suggest a triggering effect for IFNa in individuals with genetic
susceptibility to the development of AITD (59).

Graves’ disease (GD) is a less common clinical manifestation of autoimmune IIT (38;63). In
one series only 6/321 patients with hepatitis B or C treated with developed GD (63). In most
cases of GD the thyrotoxicosis did not resolve after discontinuation of IFNa therapy (36;63;
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63;64), again suggesting that IFNa may have triggered GD in individuals predisposed to
develop the disease.

Subclinical AITD may also develop with IFNa therapy. Subclinical AITD manifests by the
production of TAb without clinical disease. The incidence of de novo development of TAb is
about 10–40% (30;36–38;65), and the majority of individuals who develop “de novo” TAb on
IFNa therapy remain positive when the treatment course is completed (62).

Non-autoimmune IIT is as common as autoimmune IIT comprising approximately 50% of IIT
cases. Non-autoimmune IIT usually manifests as destructive thyroiditis (DT), likely due to
direct effects of IFNa on the thyroid gland. DT starts with an early thyrotoxic phase, caused
by the release of preformed thyroid hormones, and then progresses to a late hypothyroid phase,
with complete resolution in most cases (59). Some patients develop permanent hypothyroidism
usually if they had prior TAb (66). Patients with destructive thyroiditis have negative TSH-
receptor antibodies (TRAb) and low thyroid radioactive iodine uptake (59). On re-treatment
with IFNa patients frequently develop recurrent thyroiditis, and therefore, careful monitoring
of thyroid functions is recommended if another course of IFNa is given (67). Non-autoimmune
IIT can also manifest by clinical hypothyroidism with no detectable TAb (36;38;61;62;64).
This again suggest a direct effect of IFNa on the thyroid gland.

Potential mechanisms
IFNa is a critical cytokine in the immune response to infectious agents. Therefore, it seems
likely that its immune effects will trigger autoimmunity when given in pharmacological doses.
However, this assumption cannot explain the predilection of interferon induced inflammation
to the thyroid and the development of non-autoimmune thyroiditis. Therefore, we and others
have proposed a direct effect of IFNa on the thyroid as a complementary mechanism to the
immune effects, triggering thyroiditis (Figure 1) (9;68).

Immune effects of IFNa
IFNa activates the JAK-STAT pathway upon binding to its receptor (69), leading to activation
of a large number of interferon-stimulated genes (ISGs) including cytokine and adhesion
molecule genes (70;71). These combined effects can trigger an autoimmune response in a
genetically susceptible individual. Among the key immune effects of IFNa the most important
ones include: increasing the expression of MHC class I antigens on cells including thyroid
epithelial cells (38), switching the immune response to a Th1 pattern (72) resulting in the
secretion of interferon gamma and IL-2, two potent proinflammatory cytokines (73), enhancing
the activity of lymphocytes, macrophages, and NK cells (52;70;74), activating neutrophils and
monocytes (70), inducing the release of cytokines, such as IL-6 (70), and decreasing T
regulatory cell function (75;76).

Thyroid toxic effects of IFNa
In recent years the dogma that IFNa causes thyroiditis only by immune mechanisms has been
challenged (9;59). Indeed, IFNa has been shown to have several thyroid-specific effects. We
have recently tested the expression levels of the TSHR, Tg, TPO, and NIS genes in a rat thyroid
cell line. Our results showed an early (24 hours) increase in the levels of TSHR, Tg, TPO, and
NIS with a later decrease (at 48 hrs) in the levels of TPO and NIS, but not TSHR (77). Another
group also showed a late decrease in TSH-induced gene expression of thyroglobulin (Tg), TPO,
and sodium iodide symporter (NIS) in cultured human thyrocytes (68). Moreover, we have
shown that IFNa induced thyroid cell death by necrosis and not by apoptosis (77). Increased
thyroid cell death was also recently reported by another group (78). Taken together these data
challenge the dogma that thyroiditis is solely an result of immune stimulation by IFNa. It is
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more likely that direct thyroid toxic effects may trigger thyroidal inflammation that combined
with genetic predisposition and immune stimulatory effects of IFNa trigger thyroiditis.

Genetic predisposition to IIT
Solid data support a strong genetic component in the etiology of AITD (reviewed in (1;79)).
Therefore, it is possible that IFNa may trigger IIT in genetically predisposed individuals (59).
Support for this hypothesis comes from epidemiological observations showing variations in
the prevalence of IIT in different ethnic populations (80) and between males and females, with
females showing a higher prevalence of IIT (81). The female predisposition to IIT could be
due to an X-chromosome susceptibility locus, or due to the effects of estrogens (82).

Since TAb may be a biomarker for genetic predisposition to AITD and they are genetically
inherited (83), the fact that positive TAb prior to IFNa therapy is a risk factor for IIT supports
the notion of a strong genetic susceptibility to the development of IIT. We have studied the
genetic predisposition to IIT in the thyroiditis-prone NOD-H2h4 mouse (84). NOD-H2h4 mice
treated with IFNa for eight showed an increased frequency thyroiditis and/or thyroid
antibodies, compared to the saline–injected group, (46.2% vs. 30.8%); however, this difference
was not statistically significant possibly due to the small groups of mice tested (84;84).

In recent years several susceptibility genes for thyroid autoimmunity have been identified,
including HLA-DR, CTLA-4, PTPN22, FOXP3, thyroglobulin, and TSHR (85–87). It is likely
that some of these genes also contribute to the genetic susceptibility to IIT. Indeed, two small
studies showed HLA associations of IIT (88;89). We recently tested several candidate genes
for association with IIT. Our preliminary data, in a small cohort, showed evidence for
association of IIT with polymorphisms in the CTLA-4 and CD40 genes (90). Taken together,
this preliminary evidence supports a genetic role in the etiology of IIT.

CONCLUSIONS
One of the commonest complications of IFNa therapy for chronic hepatitis C infection is
interferon induced thyroiditis (IIT) (9). It is likely that IFNa triggers thyroiditis in genetically
predisposed individuals by bothdirect thyroid-toxic mechanisms and immune-modulatory
mechanisms (7). It is likely that the HCV infection itself contributes to the initiation of thyroid
autoimmunity (51). Since IIT is very common in HCV patients receiving IFNa therapy all
patients should undergo routine thyroid screening. Hopefully, in the future pharmacogenomic
approaches will be used to identify patients predisposed to IIT prior to the initiation of IFNa
therapy (91).
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Figure 1.
IIT develops in genetically predisposed individuals by direct effects of IFNa on the thyroid
cell, as well as by immune effects. The HCV infection and IFNa therapy cause secretion of
cytokines from thyroid cells and thyroid cell death with release of thyroid antigens. These
antigens can be picked by antigen presenting cells (APC’s) and presented to resident T-cells
in the thyroid triggering autoimmune thyroiditis.

Tomer Page 11

J Autoimmun. Author manuscript; available in PMC 2011 May 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript


