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Abstract
The hepatitis C virus (HCV) infection is an important 

public health problem and it is associated with hepatic 
and extrahepatic manifestations. Autoimmune thyroid 
diseases are common in HCV infected patients and the 
standard interferon-based treatment is associated with 
an increase of the immune‑mediated thyroid damage. 
Recent evidence in the literature analyzed critical points 
of the mechanisms of thyroid damage, focusing on 
the balance between the two sides of the interaction: 
The environment (virus infection with potential cross-
reaction) and the host (susceptibility genes with 
consistent immune response). The spectrum of antiviral 
treatment for chronic HCV infection is rapidly expanding 
for the development of dual o triple therapy. The 
availability of interferon-free combined treatment with 
direct antiviral agents for HCV is very promising, in order 
to ameliorate the patient compliance and to reduce the 
development of thyroid autoimmunity.
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Core tip: This review examines the relationship 
between the hepatitis C virus (HCV) infection and the 
thyroid autoimmunity, on the basis of recent evidence 
of the literature about the mechanisms of self tolerance 
and thyroid damage related to HCV. The advances in 
the HCV infection treatment have been discussed in the 
paper, with relevant clinical results.
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TOPIC HIGHLIGHT

Hepatitis C virus infection and thyroid autoimmune 
disorders: A model of interactions between the host and the 
environment
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INTRODUCTION
Hepatitis C virus (HCV) infection is a liver disease that 
may be associated with extra hepatic manifestations 
(EHM) (autoimmune disorders or malignant tumors), 
defining the HCV syndrome as result of multifactorial 
process with significant genetic predisposition and/or 
environmental triggering cofactors[1].

More than 50% of HCV‑positive patients have 
symptoms of at least one EHM during the course of the 
disease that can be the first and only clinical signs of a 
chronic hepatitis C[2].

The loss of tolerance is the main mechanism that 
promotes autoimmune diseases and, particularly, autoi
mmune thyroid disorders (AITD)[3,4], with autoantibodies 
(Abs) or T lymphocytes (humoral or cellular response) 
reacting with self-antigens (Ags) (Figure 1). 

The clinical spectrum of AITD includes hyper- [Graves’ 
disease (GD)] or hypo-function [Hashimoto’s thyroiditis 
(HT)] of the gland. The Abs against the thyroglobulin (Tg) 
and the thyrotropin-stimulating hormone (TSH)-receptor 
(TSH-r) in patients with GD were firstly identified 
50 years ago[5,6]. The Abs bind and activate the TSH 
receptor in GD, whereas antibody-dependent cellular 
cytotoxicity to thyroglobulin and thyroid peroxidase (TPO) 
and T cells mediated injury in HT. An immune-mediated 
mechanism is present in painful subacute thyroiditis 
(without significant anti-thyroid autoantibodies) and in 
drug-induced thyroiditis (interferons).

T cells CD4+ are divided into regulatory T (Treg) cells 
and conventional T helper (Th) cells (with Th1 and Th2 
lineages controlling cell-mediated and humoral immunity, 
respectively)[7-11]. In the central event of the immune 
response, the antigen-presenting cell (APC) presents the 
Ag bound to the human leukocyte antigen (HLA) class 
Ⅱ to the CD4+ T cell, through the T cell receptor and 
additional costimulations (engagement of B7 with CD28 
and CD40 with CD40 ligand). The Ag recognition for 
CD8+ T cells requires linear peptides that are processed 
and bound to HLA class Ⅰ. The CD4+/CD8+ ratio, the 
HLA system and the costimulation have been involved 
in initiation, progression, and maintenance of AITD[12]. 
Since activated T cells stimulate B cells to proliferate and 
secrete antibodies (IgG), B cell tolerance mechanisms 
are considered as a secondary mechanism[13]. Tregs 
suppress immune responses against self or non-self Ags, 
producing immunosuppressive cytokines [interleukin-10 
(IL-10), and transforming growth factor β (TGF-β)] 
and Tregs are dysfunctional in AITD patients[14,15]. 
Programmed death-1 negative co-stimulatory pathway 
mediate Treg activity, that is characterized by the 
expression of forkhead box protein 3 (FoxP3) and 
cytotoxic T-lymphocyte antigen 4 (CTLA-4). 

At the peripheral site of chronic inflammation, 
the Th17 cells produce proinflammatory cytokines 

(IL-17, IL-21 and IL-22), as it has been demonstrated 
in AITD[16,17]. Local immunosuppressive regulatory 
cytokines (TGF-β and IL-10) may be involved in the 
maintenance of tolerance and prevention of AITD[18,19]. 
A decreased apoptosis of activated T cells, like in defects 
of interaction of Fas (CD95) and Fas ligand (Fas-L), has 
been studied in AITD[20]. The proportion of intrathyroidal 
natural killer T cell subset has been found lower in GD 
than in the peripheral blood of the same patients and 
of controls, contributing to the incomplete regulation of 
autoreactive T cells[13].

HOST-DEPENDENT FACTORS IN 
THYROID AUTOIMMUNITY
The aetiology of the AITD is unknown, but endogen
ous agents may predispose to the development to 
autoimmunity. 

A genetic influence (the susceptibility genes) has 
been reported in the development of autoimmunity[21,22]. 
As matter of fact, the association with HLA class Ⅱ 
molecules, the concordance studies in twins, the asso
ciation with CTLA-4 and protein tyrosine phosphatase 
nonreceptor-type 22 and CD40 polymorphism (A/G49 
and 1858C/T and CC genotype, respectively), the 
association of a microsatellite inside the FoxP3 gene, 
the linkage with chromosomal locations (14q31, 18q21, 
20q11, Xp11, Xq21, 6p, 13q32 and 12q22) and the 
presence of anti-thyroid Abs in siblings of probands 
with AITD have been observed[23-32]. Moreover, the HLA 
class Ⅱ (DRB1*0301) is also associated with chronic 
HCV infection[33]. Genome-wide association studies 
of autoimmune disease recently revealed multiple 
associations with the major immune cell subsets and 
uncovered insights into the control for regulatory Tregs[34].

AITD clearly increases with age, resulting from 
changes in immune regulation (endogenous factor). A 
sexual dimorphism in AITD has been described[3], with 
the highest ratio in females with HT (F:M = 4-10:1), 
suggesting an immunomodulatory role of sex steroids 
(respectively for androgens, estrogens and progester
one), mediated by specific receptor[35]. Males have 
an increased risk of advanced liver disease (cirrhosis 
and hepatocellular carcinoma) during HCV infection, in 
association with polymorphisms in sex steroid hormone 
synthesis and signaling[36,37].

A blunted hypothalamic-pituitary-adrenal axis may be 
associated to susceptibility to autoimmune/inflammatory 
disease[38], but no evidence of pituitary or adrenal 
involvement was present in a recent histopathologic 
study in HCV patients with thyroid disorders[39].

The main targets of the immune response in AITD 
are the Tg (two 330-kDa monomers, with the highest 
“immunogenicity score”), the TSH-r (60 kDa for the 
A subunit) and the TPO (homodimer of two 107-kDa 
subunits); no supporting data, at the moment, for the 
sodium/iodide symporter (NIS) and the pendrin[9]. 
Specific Tg peptides (representing major T-cell epitopes 
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that can bind to the HLA-DRB-Arg74 pockets) and 
intron 1 polymorphism in the TSH-r gene (altering its 
splicing) has been associated with GD[40,41]. Cytotoxic 
CD8+ T cells recognized Tg or TPO peptide epitopes 
associated to HLA-A2 molecules in patients with HT[11].

Epigenetic modifications (including DNA methyla
tion, histone modifications, and RNA interference by 
microRNA) can amplify a risk conferred by an inherited 
polymorphism resulting in a combined high risk for 
disease[42].

ENVIRONMENT AND VIRUS-DEPENDENT 
FACTORS IN THYROID AUTOIMMUNITY
Environmental risk factors include pollution, iodine intake 
(as in the cases of Jod-Basedow and Wolff-Chaikoff 
effect) and smoking. Stressful situations are well known 
inducers of AITD and, in particular, of hyperthyroidism[43]. 
Allostatic load during stress conditions is a well-known 
environmental factor favouring the development of 
AITD. A high number of drugs (lithium, amiodarone, 
interferons, anti-CD52 monoclonal antibody Campath-
1H) may induce AITD[44-47]. In the past years, leukocyte-
derived interferon (IFN) contaminated with γ-IFN 
demonstrated “in vivo” potent inducing properties of 
AITD in humans[48]. 

The HCV is one of the most important viruses 
associated with autoimmune diseases (both chronic 
liver inflammation and EHM). HCV may interferes with 
the functions and mechanisms of self-recognition both 
on the immune system and thyroid cells[49,50], where 
HCV may directly destroy thyroid tissue or mimic the 
structure of some components of thyroid gland, starting 
the autoimmune disease (Figure 2).

The HCV prevalence is about 5%, strongly associated 
with health inequity[51,52]. HCV structure consists of three 
structural (core, E1 and E2) and seven non-structural 
proteins (p7, NS2, NS3, NS4A, NS4B, NS5A and 

NS5B) and six main HCV-RNA genotypes[53]. HCV has a 
significant lymphotropism: In fact, the lymphoid tissue 
is a site for the persistence of the infection and chronic 
immune stimulus[54,55]. The chronic stimulation results in: 
AutoAbs production (clonal B lymphocyte expansion and 
Th2 response), anti-apoptotic effects (translocation with 
Bcl-2 activation and prolonged survival of lymphocytes), 
drive for autoimmunity (binding of protein E2 to CD81, 
that mediate attachment on hepatocytes), increased 
cytokine and chemokine secretion (IFN-γ and Th1 
response with IFN-γ inducible chemokines such as C-X-C 
motif chemokine 10 or CXCL10, in order to stop viral 
spread; IL-8) and upregulation of CXCL10 by NS5a[56-59]. 
However, no association has been found between 
chronic hepatitis C with increased CXCL10 and AITD[60]. 

DEVELOPMENT OF AITD DURING THE 
a-IFN TREATMENT FOR HCV CHRONIC 
HEPATITIS
The AITD during the α-IFN treatment for viral chronic 
hepatitis is an interesting clinical model for auto
immunity, since it includes both environmental and 
endogenous factors, together interacting. The mechan
isms responsible for AITD in HCV patients have not been 
elucidated.

In the autoimmune model, initiating (susceptibility 
genes/environmental stimuli) and modulating factors 
(sex hormones/neuroendocrine influences) are involved 
in the whole complex of the autoimmune processes.

Age, female gender and pre-existing positive Abs 
are well-known risk factors for the development of AITD 
in the IFN-treated HCV patients[61-64].

HCV is associated with AITD (10%) and thyroid 
dysfunction (3%, with a hypothyroidism/hyperthyroidism 
ratio of about 2:1)[49,61-63,65-70]. AITD in patients with HCV 
are more frequent than in viral hepatitis B (5%) and in 
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from a neuroendocrine point of view and we did not find 
a statistically relevant modification of thyroid hormones 
and TSH levels[77].

A case of De Quervain’s thyroiditis during α-IFN 
therapy for HCV-related chronic hepatitis, with persisting 
negative anti-thyroid Abs after α-IFN therapy, has been 
reported[78]. The common viral infections (Coxsackie 
virus, mumps, Epstein-Barr virus, adenovirus, cytome
galovirus) were negative, but we found an association 
with HLA-Bw35[79,80]. The patient presented the HCV, 
the typical HLA class Ⅰ predisposition for the thyroid 
disease and an exogenous accelerating factor (α-IFN 
therapy). During viral infections, APCs present antigens 
to Th cells, in the presence of cytokines (i.e., α-IFN, 
IL-12), inducing them to differentiate towards the Th1 
phenotype that causes cell damage[81].

In a second case report, a patient with HCV infection 
and negative anti-thyroid Abs before treatment but with 
the typical association for HT (HLA-DR5 antigen or HLA-
DRB1.11/HLA-DRB1.12 alleles) in Caucasian developed 
HT during α-IFN treatment[82].

In a preliminary longitudinal (range 12-54 mo) 

controls (2%-4%)[11,66].
The standard antiviral therapy with α-IFN for HCV-

related chronic hepatitis may exacerbate or induce 
underlying latent thyroid disorders, increasing the 
incidence of AITD and dysfunction to 20%-40% and 
11%-15%, respectively[49,61-63,65,67,68,70-72]. The “de novo” 
appearance of anti-thyroid Abs and overt dysfunctions 
in euthyroid subjects have been demonstrated after the 
α-IFN therapy, suggesting that this cytokine is a direct 
inducer of AITD[49,61,62,67,68,70,71].

Recombinant α-IFN administration induces an increase 
of endogenous γ-IFN and IL-6, supporting a sequence in 
the cytokine cascade that modulate the immune system 
and the neuroendocrine axis secretion[73]. At the thyroid 
level, IFNs (α, β and γ) are inhibitors of iodide uptake and 
hormone release on thyrocytes[74]. At the pituitary level, 
γ-IFN and IL-6 do not change TSH release[75], whereas 
at the hypothalamic level, γ-IFN stimulates somatostatin 
release[76] that suppresses TSH secretion. We examined 
the effect of α-IFN (3 million IU i.m. 3 times a week) 
on hypothalamic-pituitary-thyroid (HPT) axis in patients 
with viral chronic hepatitis and negative anti-thyroid Abs 
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study in patients with chronic hepatitis C and absence 
of thyroid disorders at the baseline (n = 15), the 
relationship between the HLA antigen susceptibility and 
the thyroid disorders during the α-IFN treatment was 
evaluated, with respect to control subjects (n = 107)[83]. 
The HCV genotype was 1b (20%), 2a (60%) and 3a 
(20%), with the distribution (1b:2a:3a) of 1:3:1 and 
absence of mixed genotype. It is well known that the 
HLA-B35, -DR3 (DRB1.03 allele) and -DR5 (DRB1.11/
HLA-DRB1.12 alleles) are commonly associated with De 
Quervain’s thyroiditis, thyrotoxicosis/hyperthyroidism 
and hypothyroidism, respectively[80,84-92]. Arginine at 
position 74 of HLA-DRB1 chain (DRB-Arg74) may 
permit autoAg peptides to fit into the binding pocket, 
to be presented more efficiently to T cells[93]. On the 
other side, the HLA-A2 has been aspecifically associated 
with thyroid disorders (either hyper- or hypothyroidism) 
in patients with chronic hepatitis C during α-IFN 
therapy[30]. The HLA-A2 antigen (class Ⅰ molecule) is 
involved in the restricted presentation of HCV peptides 
by the APC to the CTL (response strongly increased by 
α-IFN, with final outcome of target cell disruption both 
at the liver and thyroid gland level)[94-97].

Forty percent of HCV patients presented a double 
positive HLA result (HLA-A2/B-35, HLA-A2/DRB1.03, 
HLA-A2/DRB1.11 or HLA-B35/DRB1.11) before the 
treatment and five patients with double positive HLA 
received the α-IFN therapy. Four double positive HLA 
treated females developed clinical thyroid disorders, with 
the HLA system specifically associated with the particular 
kind of the thyroid disorder (P < 0.05). The HLA-A2 
was not specific for thyroid disorder, being present in 
hypothyroidism, in thyrotoxicosis as well as in thyroiditis. 
The relationship between the thyroid disorders and the 
HCV genotype did not reveal significant association. In 
our group with 40% double positive HLA pre-treatment, 
the overall development of thyroid disorders after α-IFN 
was 36% (33% in patients with pre-treatment negative 
anti-thyroid Abs).

Previous studies have showed the association of 
AITD with female gender, older age and pre-existing 
positive anti-thyroid Abs, in α-IFN treated patients with 
HCV-related chronic hepatitis[26,49,61,66,69,70]. Our results 
suggest that the HLA system is a strong susceptibility 
factor to the development of AITD, in particular, in the 
patients with two Ags together (the double association 
of HLA class Ⅰ and/or Ⅱ). Therefore, the examination 
of HLA (HLA-A2, -B35, -DRB1.03, -DRB1.11) in HCV 
patients before α-IFN treatment may be an useful 
predictive tool to detect the predisposition to develop 
the specific AITD.

HCV virion attachment and entry in thyrocytes are 
mediated by CD81 (host) and E2 (virus), activating 
the local inflammatory response (as well as it occurs 
for hepatocytes). Moreover, HCV also replicates within 
the infected human thyroid cells in vitro[98]. The HCV 
infection of thyroid cells can trigger the autoimmune 
thyroiditis by induction of changes in self Ag expression, 
exposing of cryptic epitopes or molecular mimicry and 

leading to production of the proinflammatory IL-8 (a 
contributor to bystander activation)[11]. 

Even if important host effector molecules (such as 
the interferon-induced transmembrane proteins IFITM 
family of proteins) may act against HCV in the liver, 
restricting infection by targeting the endocytosed virion 
for lysosomal degradation[99], at the moment, no data in 
the literature describe the role of IFITM in AITD.

The molecular mimicry is the mainly investigated 
mechanism of induction of autoimmunity and we anal
yzed the frequency of the sequence homology between 
the thyroid and the HCV. We found 62.5%-100% 
homology, when the conservative substitutions were 
included in the analysis (ten out of ten identical/con
servative amino acids in the sequence), between the 
HCV polyprotein and five thyroid Ags (Tg, TPO, TSHr, 
NIS and pendrin). The homology was not restricted to a 
single HCV genotype, with the highest degree between 
the NIS and the HCV1a-NS4a protein. The Tg had the 
highest number of homologies with the different HCV 
genotypes. The length of ten amino acids is consistent 
with the presentation of the self/viral Ags with the HLA 
class Ⅰ to CD8+ lymphocytes (the HLA class Ⅱ usually 
bind longer peptides)[100].

The aberrant expression of HLA class II on thyroid 
cells (with costimulation) and the local inflammation (with 
cytokine release) result in activation of autoreactive T 
cells by bystander mechanisms. Systemic inflammation 
(cytokines and chemokines, like IL-8) plays an important 
role in the immunopathogenesis of thyroiditis and 
antagonize the antiviral effects of IFN, facilitating HCV 
persistence in thyrocytes. The absence of HCV clearance 
from thyrocytes perpetuates the chronic inflammation 
and autoimmunity. α-IFN triggers AITD through an 
epigenetic mechanism involving variant of Tg and 
TSHr gene promoter[101,102]. Moreover, α-IFN locally 
enhances the expression of TSH-r, Tg, TPO and HLA 
class Ⅰ molecules on thyrocytes and the secretion of the 
potent proinflammatory IL-2 cytokine[11].

α-IFN treatment for HCV-related chronic hepatitis 
acts an enhancer of AITD in susceptible patients. The 
standard dual therapy with pegylated α-IFN (pegIFN)/
ribavirin has been recently increased to a triple therapy, 
based on new direct-acting antiviral drugs [NS3/4A 
serine protease inhibitor (PI), such as telaprevir or 
boceprevir]. 

The monitoring of the patients during the treatment 
avoids the side effects (typically flu-like symptoms with 
pegIFN or anemia with ribavirin, or irritability, allergic 
reactions, severe fatigue, bacterial infections)[103,104]. 
Thyroid function tests should be examined every 3 mo 
during the α-IFN based treatment[105,106]. Recently, α-IFN-
free combined treatment with direct antiviral agents 
for HCV has been developed with or without ribavirin, 
ameliorating the patient compliance and reducing the 
risk for thyroid autoimmunity development. These 
agents are second generation PI (simeprevir, grazo
previr), NS5A inhibitor (daclatasvir, ledipasvir, ombitasvir, 
elbasvir) and NS5B polymerase inhibitor (sofosbuvir, 
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paritaprevir, dasabuvir, beclabuvir, asunaprevir) that 
are strongly efficacious to eradicate the HCV infection 
(undetectable HCV-RNA after 24 wk from the beginning 
of therapy)[53,107-109].

CONCLUSION
In conclusion, the development of AITD in patients 
with chronic HCV-infection is a complex model for 
autoimmunity in which every component (the host and 
the environment) has a significant role.

The new approach with α-IFN-free combined 
treatment for chronic HCV-infection with direct antiviral 
agents is very promising in order to ameliorate the 
patient compliance and to reduce the risk of development 
of AITD.
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