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Abstract

Hepatitis B virus (HBV) infection is still a public health
problem worldwide, being endemic in some parts of
the world. It can lead to serious liver diseases such as
chronic hepatitis, cirrhosis, and hepatocellular cancer.
The differences in host immune response can be one
of the reasons for the various clinical presentations of
HBV infection. Polymorphisms of genes encoding the
proinflammatory and antiinflammatory cytokines, which
are responsible for regulation of the immune response,
can affect the clinical presentation of the infection.
Particularly, the polymorphisms of the genes encoding
cytokines such as interleukin (IL)-1, IL-6, IL-8, IL-10,
IL-18, IL-28B, interferon-y, tumor necrosis factor-a,
tumor growth factor-g1, and regulatory molecules like
vitamin D receptor and chemokine receptor 5 can be
responsible for different clinical presentations of HBV
infections. The genomic information about cytokines
and other mediators can be important for determining
high-risk people for developing chronic hepatitis or he-
patocellular cancer and may be used to plan treatment
and preventive approaches for these people. In this
review, the current knowledge in the literature on the
association between cytokine/regulatory molecule gene
polymorphisms and clinical course of chronic HBV infec-
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tion is summarized, and the clinical implementations
and future prospects regarding this knowledge are dis-
cussed.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: The specific polymorphisms of genes encoding
cytokines, such as interleukin (IL)-1, IL-8, IL-10, IL-18,
IL-28B, tumor necrosis factor-a, interferon-y, tumor
growth factor-p1, and regulatory molecules such as
vitamin D receptor and chemokine receptor 5 affect the
clinical course of chronic hepatitis B virus (HBV) infec-
tion. This review aims to summarize the literature on
cytokine gene polymorphisms and chronic HBV infec-
tion and discuss future prospects regarding the clinical
implication of these polymorphisms.
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INTRODUCTION

Hepatitis B virus (HBV) infection is a serious and com-
mon infectious disease of the liver, affecting 240 million
people worldwide with an estimated 600000 deaths per
year, and remains the major cause for chronic hepatitis,
cirrhosis, and hepatocellular carcinoma' . HBV infection
is endemic, particulatly in developing countries, and is a
serious public health problem".

Following acute HBV infection, 1%-5% of adults
develop chronic infection (Figure 1). Rate of chronicity
is inversely proportional to age, being higher in newborns
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Figure 1 Clinical presentations of hepatitis B virus infections™™., HBV: Hepatitis B virus; HBsAg: Hepatitis B surface antigen.

and children than in adults. The prevalence of chronic
HBYV infection is also higher (over 8%) in areas where the
disease is highly endemic than in those with intermediate
and low endemicity',

The chronic diseases caused by HBV are chronic hep-
atitis, cirrhosis, and primary hepatocellular carcinoma’”.
Chronic hepatitis can lead to end-stage liver disease in
15%-40% of patientsm. A number of factors, including
host-related factors (e.g., genetic and immunological back-
ground), pathogen-related factors (e.g., viral load, geno-
type), and environmental factors (e.g., hygiene, nutrition,
treatment, Vaccination)m affect the outcome of HBV
infection.

It has been well known that the genetic background
of the host and host-pathogen interactions influence the
outcome of HBV infection™'”. Hepatitis B surface anti-
gen positivity is more common in identical twins than in
fraternal twins'”, which indicates that host-related genetic
factors have an impact on the course of HBV infection.

Gene polymorphisms such as the single nucleotide
polymorphism (SNP; replacement of a nucleotide with
another one) may change the structure and biological
function of the protein coded by that gene. A SNP in the
promoter region of a gene may cause increased or de-
creased production of the relevant protein. The presence
of these types of inherited gene polymorphisms may
make a person more susceptible or resistant to a certain
disease".

Cytokines and regulatory molecules play a fundamen-
tal role in the immunopathogenesis of HBV infection.
The gene loci for cytokines are defined, and polymor-
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phisms of these genes are suggested to influence the
outcome of HBV infection"". Therefore, many recent
studies have focused on the effect of gene polymor-
phisms of cytokines on disease outcome and response to
vaccination and treatment"”. Understanding the genetic
background of this common public health problem may
give rise to new strategies for prevention, treatment, and
control of HBV infection.

In this systematic review of the literature, the impact
of gene polymorphisms on the course of chronic HBV
infection is evaluated and discussed with a focus on poly-
morphisms of genes encoding cytokines and regulatory
proteins.

CYTOKINES

Cytokines represent a large family of molecules, includ-
ing tumor necrosis factor-alpha (ITNF-q), interleukin
(L)-1pB, 1L-4, 1L-6, 1L-8, IL-10, 1L-18, IL-28, interferon
(IFN)-y, IFN-q., and tumor growth factor-beta (TGF-p).
Cytokines play an important role in the initiation and
regulation of immune responses and, therefore, might
affect susceptibility to HBV and/or the natural course of
the infection'”.

In addition to cytokines, antioxidant enzymes (e.g.,
nitric oxide synthase, manganese superoxide dismutase,
glutathione S-transferase), and regulatory proteins (e.g.,
chemokine receptor 5 (CCR5), vitamin D receptor (VDR),
estrogen receptor, mannose binding lectin) may also
have a role in the course of HBV infection and polymor-
phisms of the genes encoding these proteins are evalu-
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Table 1 Role of polymorphisms of genes encoding cytokines

and some regulatory proteins in chronic hepatitis B virus
infection

Cytokine Allele/ Effect Ref.
polymorphism
IL-1
IL-1a
IL-1B -511C Persistent infection [20-22]
IL-1IRN 2 Protective against HBV infection [18]
IL-6 -174G/C No effect [26]
IL-8 -251AA Protective against HBV-related [28]
cirrhosis
IL-10 -1082G Virus clearance, lower HBV viral [30,31]
load, protective against HBV
infection
Persistent HBV infection [35]
-592CA Virus clearance [35]
Persistent HBV infection [36]
IL-10R K47E Persistent, chronic infection [38,99]
1L-18 -148C Virus clearance [40]
+8925G Virus clearance [40]
+13925C Virus clearance [40]
-137C Protective against HBV [43,44]
-607AA Inhibition of HBV DNA [43,44]
replication
1L-28B Virus clearance, prevent HBV [46]
progression
No effect [51]
TNF-a. -863A Virus clearance, persistent [68,71,77]
infection
-238A Persistent infection [37,58-62,71]
-308A Progressive disease [55,58,66,77]
Protective against chronic HBV [76]
infection
-857CC Persistent infection [37,61,62,68]
Protective against chronic HBV [75]
infection
TFN-y +874AA Viral load, persistent infection [54]
TGF-p1 -509C Development of cirrhosis [80]
Codon 10T Development of cirrhosis [80,83]
Progression to hepatocellular [81,82]

cancer

HBV: Hepatitis B virus; IL: Interleukin; TNF: Tumor necrosis factor; IFN:

Interferon; TGF: Tumor growth factor.

. . .4
ated in various studies.

The role of polymorphisms of genes encoding cy-
tokines and some regulatory proteins in chronic HBV
infection is summarized below (Table 1).

IL-1
1L-1 is a proinflammatory cytokine with various biologi-
cal activities'"”. The II-7 gene family encodes IL-1q, I1-
1B, and their natural inhibitor, IL-1 receptor antagonist
(IL-1RN)™' IT-7RN allele 2 polymorphism is associat-
ed with an increase in IL-1(3 productionm, which then in-
creases the production of other cytokines (eg., IL-2, IL-6,
and TNF-q), and stimulates the clearance of HBV"", IL-
7RN polymorphisms, thus, have a protective role against
HBV infection"”.

In addition to its proinflammatory action, IL-1f3 has
a role in tumor growth!"”. Polymorphism of IL-13 at
-511C allele is associated with increased IL-1f level and
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is a genetic indicator of hepatocellular cancer develop-
ment in chronic HBV-infected patientsm. II-14 and IL-
7RI accessory protein gene polymorphisms are related to
chronic and persistent HBV infection'**!!, Fontanini e# o/
reported that II-74 proinflammatory polymorphisms
are associated with cirrhosis and end stage liver disease,
which are more pronounced in males.

IL-6

IL-6 is an important cytokine that regulates the immune
response to HBV infection'. TL-6 level is significantly
increased in chronic HBV infection™. However, studies
from Korea and Israel showed that there is no relation
between II.-6 gene polymorphism and chronic HBV
infection”*, Similarly, studies from other populations

indicate no significant effect of IL.-6 polymorphism at
-174G/C on chronic HBV infection™,

IL-8

11.-8 has been associated with tumors and chronic inflam-
matory diseases through its mitogenic and angiogenic
functions””. Qin ez 2/ indicated that the polymorphism
of the IL-§ gene at -251AA might be protective for
HBV-related cirrhosis.

IL-10

IL-10 is secreted mainly from T cells and has an inhibito-
ry action on both inflammatory and immunoproliferative
responses. It stimulates the differentiation and prolifera-
tion of B cells producing immunglobulin M (IgM), I¢G
and IgA. Moreover, 1L-10 inhibits secretion of various
cytokines from T cells and monocytes/ macrophageslzgj.
The polymorphism of II.-70 at -1082 region that results
in increased production of G allele is correlated with
virus clearance during intrauterine HBV infection. More-
ovet, increased IL-10 production has a protective effect
against HBV infection™. The G/G genotype at -1082 is
further associated with lower HBV viral load at the im-
mune inflammatory phase in children with chronic HBV
infection".

However, there are some conflicting results in the lit-
erature evaluating the effect of II.-70 gene polymorphism
on HBV infection. Polymorphisms of genes encoding
IL-10 are related to increased hepatocellular cancer risk
in Korean, Taiwanese, and Chinese patientsm’m. A meta-
analysis of seven studies by Zhang et 4l indicated that
there is an association between the gene polymorphism
I1-70 -1082GA and persistent HBV infection susceptibil-
ity. Moreover, this meta-analysis also showed that the gene
polymorphism II.-70 -592CA and the clearance of HBV
are associated”. The carriers of the -592A allele in the
II-10 promoter region are proposed to have a higher risk
of persistent HBV infection™. However, according to
some data in the literature, there is no association between
I-70 gene polymorphisms and chronic HBV infection””.

IL-10RB is a subunit of receptor complexes for
IFEN-) and IL-22, which have antiviral- and hepatocyte-
protective activity, respectively. Polymorphism of IL-
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710RB codon 47 is related to chronic HBV infection in
the Korean populationw.

IL-18
IL-18 is a potent proinflammatory cytokine and an im-
mune activator. It is mainly produced in active macro-
phages and increases induction of IFN-y and TNF-q,
and cytotoxicity of natural killer cells"™

IL-18 can promote hepatitis B virus clearance. Three
polymorphic sites in the IL-78 gene at alleles -148C,
+8925G, and +13925C are associated with HBV clear-
ance in the Korean population™’. A possible positive re-
lationship between serum IL-18 level and disease severity
of HBV infection has been indicated in clinical studies'*".
Three SNPs are defined in the promoter region of the
I1-18 gene that can affect IL-18 production and in return
IFN-y expres51on . In a study of a Chinese population,
the polymorphism at -137 with C allele was associated
with protection against HBV infection™. Moreover, AA
genotype at -607 posmon causes an inhibition of HBV
DNA replication™, Migita e a/*" studied 204 chronically
HBV-infected patients; of these, 43 were inactive HBV
carriers and 161 had chronic progressive liver disease
including cirrhosis. The authors found that the AA geno-
type of II-18 gene-promoter polymorphisms at position
-607 and C allele at position -137 are significantly higher
in inactive HBV carriers than in those with chronic pro-
gressive liver disease, suggesting that the polymorphisms
of the II-18 promoter regions (-607 and -137) can be as-
sociated with different outcomes of HBV infection'”,

IL-28B

1L-28B, which is also known as IFN-A-3, is encoded by
the [I.-28B gene. I1L-28B inhibits HBV replication in he-
patocyte cell lines and has been considered as a potential
new treatment for viral hepatitisHSJ. The genetic polymoz-
phisms near the II-28B gene are strongly associated with
sustained viral response and spontaneous viral clearance
in patients with chronic HBV infection. Thus, genetic
variation of IL-28B may prevent progression of HBV
infection by reducing viral load and liver inflammation'’.
However, some conflicting results have been reported so
far. IFN-A-3 (IL-28B) polymorphism is a reliable predic-
tor of IFN therapy outcome in patients with chronic
HBV infection!””. Moteover, it is a protective factor for
HBYV infection recurrence and hepatic dysfunction after
liver transplantatlon ] . However, IFIN-A -3 genotype was
reported to have no role in the development of chronic
HBYV infection among HIV-infected patlents I More-
ovet, a study comparing patients with persistent infection
with individuals recovered from HBYV infection found
that II -28B polymorphism has no association with clear-
ance of HBV and does not influence the outcomes of
HBV infection”"

IFN-y

IFN-y has a regulatory role in cellular immunity and
functions of cytotoxic T lymphocytes. Antiviral, anti-
proliferative, immunoregulatory, and proinflammatory
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actions of IFN-y play a key role in host defense mecha-
nisms. IFN-y is secreted from T cells and natural killer
cells and regulates T cell response, activating monocytes
and macrophages, which then produce an antiviral re-
sponse by releasing free radicals and proinflammatory
cytokines such as TNF-o*”. The core response element
of HBV is sensitive to TNF-qo, IFN-y and IFN-q. In-
creased levels of TNF-o and IFN-y intensify the antiviral
activity of T lymphocytesm. IFN+ gene polymorphism
at position +879 causing low IFN-y level is reported to be
higher in patients with chronic HBV infection compared
to a control group[ZS]
between necroinflammatory/fibrosis scores and genetic
production of IFN -y and TGF-f1 was reported in HBV-
infected patlents | A recent study from Turkey revealed
that JFN-y gene polymorphism at position +874AA is
correlated with viral load and chronic HBV infection””.

Conde ¢ al”” showed in a recent study performed
on 153 patients that higher serum levels of IFN-y and
TGF-B1 are associated with chronic HBV infection, and
serum level of I1.-10 is lower in patients with active dis-
ease”. Furthermore, the authors reported that the pres-
ence of allele A of the TNF-o -308 polymorphism is a
risk factor for progressive disease.

. Additionally, a negative correlation

TNF-a
TNF-q is a key cytokine that determines host immune
response to HBV and viral clearance. Therefore, TNF-o
gene polymorphism can have a role in the course of
HBYV infection. TNF-q level and TNF-q, receptor ex-
pression are increased in HBV-infected patients[%’m. The
TNF-o gene is localized at MHC HLA region III and
two polymorphisms at -308 G/A and -238 G/A posi-
tions of the promoter region may affect TNF-o expres-
sion™”!, Polymorphisms at these regions may cause an
elevation of TNF-q transcriptional activity and increase
TNF-q serum level™. In HBV-infected German patients,
the promoter variant at -238A location is signiﬁcantly
correlated with chronicity of HBV infection®. Similarly,
a study on Chinese patients showed that polymorphisms
at the promoter region at -238GA and -857CC locations
are associated with persistence of HBV infection"*",
Although TINF-o polymorphism is not a determinant of
HBYV clearance in the Italian population, it is suggested
to play a role in the prognosis of patients with chronic
HBV infection'. However, a study performed on Ira-
nian patients reported that TNF-o polymorphism has no
role in HBV pathogenesism. Similarly, in HBV-infected
Japanese patients, there is no association between TNF-o
polymorphism and progression to hepatocellular carci-
noma'™’
A genetic analysis of 956 Chinese Han subjects re-
vealed an association between the polymorphism in the
promoter region of TNF -a located at -308A and HBV
disease progression'”. A s1rn1lar result was reported in a
study of 27 Turkish patients'®”. TNF-¢ polymorphisms
at position -857CC and -863AA are also associated with
the development of persistent HBYV infection in the Chi-
nese Han population'™. Another study from the South
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Indian population also showed that TNF-¢¢ promoter
polymorphisms (at positions -238A, -308A, -857T, -863A
and -1031C) are important host genetic factors that may
determine the variable outcome of HBV infection™.

Cytotoxic T lymphocyte-associated antigen 4 (C11.14)
polymorphism may also affect the host immune response,
including production of cytokines. Han ef al™ reported
that CTT.A4 +49GG genotype is associated with lower
TNF-o and IFN-y levels in patients with chronic HBV
infection.

Overall results of a meta-analysis involving 19 stud-
ies (5245 chronic HBV infection cases and 3181 controls
with G238A genotypes) and 11 studies (3576 cases and
2044 controls with C863A genotypes) suggested that
there is no significant association between TNI-¢ -238
and TNNF-o0 -863 gene promoter polymorphisms and
chronic HBV infection'. When subgroups were ana-
lyzed by ethnicity in this study, no significant association
was found in Asian populations, but the TNF-a -238A
allele is still a risk for chronic HBV infection in European
populations'". Moreover, carriers of -863A genotype
were reported to have increased levels of TNF-q in the
liver in response to HBV infection, and this induces he-
patocyte damage that may lead to hepatocellular carcino-
ma'?. Kao ez al™ reported that polymorphism at -863A
locus of the promoter region of the TINF-¢ gene is asso-
ciated with lower TNF-o production and persistence of
HBYV infection. Furthermore, a meta-analysis including
14 studies (4929 chronic HBV infection cases and 2702
controls with -857 genotype) showed that the TNF-a
-857T allele reduces the risk of chronic HBV infection
in the Asian population. Similarly, it was proposed
that the TNF-a -308A allele is protective against chronic
HBYV infection in the Mongolian populationm.

A meta-analysis of 12 studies suggested that poly-
morphisms -863A and -308G in the TNF-o promoter
region might be a risk factor for HBV persistence!”’
Since ethnicity plays an important role in HBV infection
outcome, conflicting results are reported on the associa-
tion between TINF-q promoter gene polymorphisms and
HBV infection outcome.

TGF-51

TGF-B1 shows an inhibitory effect in the early stages of
tumor development, while it stimulates tumor growth,
invasion, and metastasis in advanced stagesm. TGF-p1
plays a critical role in the pathogenesis of liver fibrosis
by stimulating extracellular matrix proteins and inhibiting
their destruction””. Therefore, mechanisms increasing the
level of biologically active TGF-f31 have a potential role
in the development of liver fibrosis. A study of Chinese
patients revealed that even though there is no association
between TGF-7 -509C polymorphism and cirrhosis, this
polymorphism might affect TGF-B1 levels and develop-
ment of cirrhosis™. However, in the very same study,
codon 10T polymorphism is related to the development
of cirrhosis, but not with progression of disease and
plasma TGF-B1 levels™. Codon 10T polymorphism in
the TGF-1 gene was also reported to be associated with
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progression to hepatocellular cancer I and cirrhosis™
in patients with chronic HBV infection.

REGULATORY PROTEINS

Vitamin D
The active metabolite of vitamin D, 1,25-dihydroxyvi-
tamin-D, has immunomodulatory action in addition to

its regulatory role in calcium metabolism. It activates
monocytes, increases cell-regulated immunity, inhibits
lymphocyte proliferation, immunoglobulin, and cytokine
synthesis, and inhibits type 1 cytokine secreting T helper
(Th1) response while activating Th2 response. Addition-
ally, vitamin D plays a role in programmed cell death.
Monocytes, macrophages, and active T lymphocytes carry
VDR. While the stimulation of VDR on monocytes and
macrophages increases production of TNF-q, IL-1, and
prostaglandin E2, stimulation of VDR on lymphocytes
inhibits T cell proliferation and production of IFN-y,
IL.-2 and TNF-B™. Four polymorphisms of the I"'DR
gene are associated with various immune diseases™.
Furthermore, being homozygous for VDR gene poly-
morphism at codon 352 (genotype tt) is significantly
less frequent in patients positive for hepatitis B surface
antigen, and it was suggested that this genotype provides
resistance to chronicity of HBV infection®™. VDR a/a
allele is also associated with severity of HBV-related liver

disease and with higher viral load™ .

CCR5

An efficient immune response against viral hepatitis
should promote inflammatory cells to be activated and
to migrate to the liver. Chemokines have important func-
tions during this process by means of their chemotactic
and immunoregulatory actions. The CCR5 acts as a
receptor for chemokines. Among the chemokines, regu-
lated on activation normal T cell expressed and secreted
(RANTES; CCL5), macrophage inhibitory protein-la
(MIP-1a,; CCL3), and MIP-13 (CCL4) are natural ligands
of CCR5. Both these chemokines and CCR5 regulate T
cell functions by mediating polarization, activation, and
differentiation of Thl and cytotoxic T cells®™. Besides,
CCRS5 has a regulatory function for the immunoregula-
tory action of vitamin D.

The frequency of heterozygosity of the CCR5-delta
32 gene is higher in chronic hepatitis B patients than in
controls, which shows the relation of this polymorphism
with susceptibility to HBV-related liver disease™. CCR5
59029A and 59029G alleles atre associated with increased
chronic HBV infection risk and spontaneous HBV cleat-
ance, respectively[ggl. The frequency of CCR5 Wt/mt
allele is higher in chronic HBV patients than in healthy
subjects, while CCR5 Wt/Wrt allele is more common in
patients with severe liver disease than in mild cases™

CURRENT INTERESTS AND FUTURE
PROSPECTS

Recent gene polymorphism studies have focused on the
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clinical implication of polymorphism-HBV infection as-
sociations such as gene therapy targetsm‘, prediction of
infection risk, disease progression, chronicity, response to
treatment”” or vaccine™”", and susceptibility to mother-
to-child transmission of HBV™.

11.-28B genotyping is suggested to predict the re-
sponse to pegylated interferon” and to provide a valu-
able gene therapy target due to its reducing effect on
HBYV viral load and hepatic inflammation'*”

Gene polymorphisms of I1-7B, IT 4, L A4R, IT-13"",
11.12A4 and I1.12B™ ate suggested to predict the immune
response to HBV vaccination.

Since TNF-a and vitamin D pathways are involved in
the susceptibility to, and the outcome of, HBV infection
acquired early in life, they can be used clinically to deter-
mine the susceptibility to mother-to-child transmission
of HBV™,

Although studies on the clinical application of gene
polymorphisms of cytokines have been increasing re-
cently, further clinical studies are needed for widespread
use of genotyping in the course of HBV infections.

CONCLUSION

Along with the establishment of the key role of endog-
enous mediators in the response to infection, effects
of host-related factors on the course of chronic HBV
infection have been investigated from different perspec-

tives. Some of these studies have focused on the effect
of diversity in genes encoding endogenous mediators of
inflammatory response to HBV infections.

Inflammatory processes are mostly regulated by pro-
inflammatory and antiinflammatory cytokines, and other
mediators, which are determinative for the course of dis-
ease. Polymorphisms in genes encoding endogenous me-
diators may be the underlying cause of clinical differenc-
es between patients. Results of the studies summarized
in this review suggest that cytokine gene polymorphisms
affect the level of cytokines during the inflammatory
response to HBV, and thus determine the clinical course
of chronic HBV infection. Genomic information with
regard to cytokines and other mediators can be used for
identifying individuals who are at high risk of developing
chronic hepatitis and hepatocellular carcinoma, and for
the planning of preventive measures and treatment ap-
proaches.

As recent studies have indicated, gene polymorphisms
of inflammatory mediators may be important in deter-
mining the response to both treatment and vaccine. For
example, serum levels of TNF-q in patients who respond
to treatment with interferon were found to be higher
than those in nonresponders””. Granulocyte-macrophage
colony-stimulating factor has been reported to increase
the response rate to recombinant hepatitis B vaccine™.
Additionally, genetic factors may play a role in the devel-
opment of adverse reactions secondary to the vaccine
such as arthritis, multiple sclerosis, and other autoimmune
diseases. However, further studies are still needed to in-
vestigate in detail the effects of genetic polymorphisms
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and their clinical implications for the response to treat-
ment and vaccine, and development of adverse events.

In conclusion, there is currently a vast amount of
evidence on the association between polymorphisms of
genes encoding cytokines/regulatory molecules and the
clinical course of chronic HBV infection. Conflicting re-
sults on the role of specific polymorphisms are probably
due to various ethnic groups studied. In the future, de-
termining genetic polymorphisms of mediators that have
a role in both the natural course of the infection and the
response to treatment and vaccination will contribute sig-
nificantly to the prevention and treatment of HBV infec-
tions by eliminating possible risk factors prior to disease
and by development of new treatment approaches.
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