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Abstract

Persistent hepatitis B virus (HBV) infection is a signifi-
cant public health problem because it is @ major cause
of chronic liver disease, cirrhosis, and hepatocellular
carcinoma (HCC). Roughly one-third of the world popu-
lation has been infected with HBV and there are about
350 million (5%-6%) persistent carriers. HBV causes
80% of all liver cancer cases and is the second most
important carcinogen, after smoking tobacco. There
is an approximate 90% risk of becoming a persistent
carrier following perinatal infection in infants born to
e antigen positive carrier mothers and a 30% risk in
pre-school children. Only 5%-10% of adults become
persistent carriers following infection. Of individuals
persistently infected with HBV, 10%-30% will develop
liver cirrhosis and HCC. These highly variable outcomes
in both clearance rates and disease outcomes in per-
sistently infected individuals cannot be fully explained
by differences in immunological, viral or environmental
factors. Thus, differences in host genetic factors may
affect the natural history of hepatitis B.
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Core tip: This manuscript is a review and summary of
the advances about human genetic polymorphisms
that are associated with hepatitis B virus (HBV) clear-
ance and persistent infection. Especially, large sample
size candidate gene association studies and genome-
wide association studies, which discovered several gene
polymorphisms that are associated with HBV clearance,
such as HLA-DPA1 and HLA-DPB1 polymorphisms, are
focused.

Zeng Z. Human genes involved in hepatitis B virus infection.
World J Gastroenterol 2014; 20(24): 7696-7706 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i24/7696.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i124.7696

INTRODUCTION

The consequences of acute and chronic hepatitis B vi-
rus (HBV) infections are a major public health problem
worldwide. Approximately 5% of the world population
(350 million persons) has chronic HBV infection, which
is the leading cause of chronic hepatitis, cirrhosis, and
hepatocellular carcinoma (HCC)!". Tt is estimated that
one to two million people die annually of HBV-related
liver disease.

HBYV is transmitted by percutaneous or permucosal
exposure to infectious body fluids, by sexual contact

with an infected person, and perinatally from an infected
mother to her infant. Approximately 45% of the world
population live in areas where the prevalence of chronic
HBYV infection is high [8% of the population are positive
for HBV surface antigen (HBsAg)], 43% in areas where
the prevalence is moderate (2% to 7% of the population
are HBsAg positive), and 12% in areas of low endemic-
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ity (< 2% of the population are HBsAg positive). Of
individuals persistently infected with HBV, 10%-30% will
develop liver cirrhosis (LC) and HCC. The mechanisms
underlying different outcomes are not yet well under-
stood, but are generally attributed to: (1) immunologi-
cal factors: HBV clearance relies on an effective host
immune response. The cellular and humoral immune
responses to HBV infection are complex. Most studies
suggest that HBV is not directly cytopathic to infected
hepatocytes and that the cellular response to several viral
proteins correlates with the severity of clinical disease and
viral clearance”. It is believed that the antibody response
to viral envelope antigens contributes to clearance of the
virus and that cytotoxic T cells mediate viral clearance by
killing infected cells. In addition, it has been shown that
cytotoxic T lymphocytes inhibit HBV gene expression
through the secretion of antiviral cytokines and that the
expression of these cytokines may be the principal mech-
anism of viral clearance during HBV infection". Tt is hy-
pothesized that chronic infection is related to a weak T-cell
response to viral antigens; (2) viral factors: many papers
have reported that HBV viral loads!, genotypes[5J and
variants'®” are associated with HBV infection outcomes;
(3) environmental factors: alcohol and aflatoxin are two
important environmental exposures that affect the pro-
gression of chronic hepatitis B. Alcohol consumption
may act by increasing the severity of liver disease™” and
increase risk of liver decompensationlmj. Patients with
chronic hepatitis B and exposure to aflatoxins are at an
increased risk of HCC""; and (4) Host genetic factors: a
number of polymorphisms in candidate genes have been
tested for associations with HBV persistence and disease
outcomes. These include MHC class I loci and class 1I
loci, cytokine, chemokine and vitamin D receptor genes.
Gneome wide association studies (GWAS) using very
large sample sizes have identified genetic loci that are as-
sociated with clearance and clinical outcomes in chronic
infection. Therefore, this review focuses on recent ge-
netic advances in both candidate gene and whole genome
association studies that have identified promising genetic
loci associated with outcome of HBV infection and dis-
cuss the implications and translation of these findings to
clinical care.

GENETIC FACTORS INFLUENCING
OUTCOMES OF HBV INFECTION

HLA

MHC class 1 genes encode glycoproteins which bind
viral peptides for presentation to CD8+ cytotoxic T
lymphocytes (CTLs). Upon recognition of antigenic
peptides, CTLs induce lysis or apoptosis of the infected
hepatocytes. CTLs are readily detectable in the peripheral
blood of patients with acute HBV infection and anti-
HBs seroconversion and atre found to be polyclonal and
multispecific. Thio ez al'? showed that HLLA-A*0301 was
associated with HBV clearance and B*08, A*01-B*08-
DRB1*03, B*44-Cw*1601 and B*44-Cw*0501 were as-
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sociated with HBV persistent infection in an European
population. Wu ez al™ showed that HLA-B*4001 was
associated with HBV clearance in Taiwan Aborigines,
but not in the Chinese Han population. Albayrak ez al™?
reported that HLA-B35 and HLLA-CW4 were risk factors
for persistent HBV infection in an eastern Turkey popu-
lation. Hu ¢ @/ showed that HLA-C (rs3130542A) was
associated with HBV persistent infection in a Chinese
Han population.

CD4+ T cell proliferative responses in acute HBV
infection are significantly more vigorous than those seen
in persistent HBV infection, suggesting that MHC class
IT polymorphisms influence susceptibility to persistent
infection. Several MHC class II alleles have been identi-
fied in association with clearance or persistence of HBV
infection.

Ramezani ¢ a/'” and Kummee ¢ a/'” showed that
DRB*13 was associated with viral clearance in Iran and
Thailand populations. Thio ez al™ Thursz et al™ Hohler
et al"” and Cho ef al™” found that DRB1*1302 was associ-
ated with viral clearance in Europeans, Gambia children,
German and South Korea adults. Recently, Kamatani ez
al® performed a GWAS and identified that HLA-DPA1
and DPB1 were associated with HBV clearance in the
Japanese population. An e al””, Guo et al”, Cheng et
a/mj, Yan et a/zsj, Wong ¢t a/zq, Li et ﬂ/m, Hu et /™ and
Hu ef /" further confirmed that HLA-DPAT1 53077 T
and HLA-DPB1 alleles/haplotypes (1s9277535 non-G,
19277378 A, 133128917 T) were strongly associated with
viral clearance in a Chinese population. Another GWAS
also confirmed that HLA-DPA1 (rs3077) and HLA-
DPB1 (1s9277542) were associated with viral clearance
in Japan and Korea populationsml. However, there were
two studies, which indicated different mRNA expression
levels for HLA-DPA1 and HLA-DPB1. O’Brien ¢ a/™”
showed the mRNAs of both of HLA-DPA1 (rs3077
GG) and HLA-DPB1 (£s9277535 GG) were lowly ex-
pressed in liver cells and monocytes in non-Hispanic
Europeans, while Thomas e7 al’" showed the mRNA
level of HLA-DPB1 in subjects with rs9277534 (not
rs9277535) GG genotype was significantly higher than
that in subjects with AA and AG gentotypes in B cells, in
which it was associated with HBV clearance in European-
Americans and African-Americans.

Thio ez al™” showed that DQA1*0501, DQB1*0301
and DQA1*0501-DQB1*0301-DRB1*1102 were as-
sociated with persistent infection in adult African-
American injection-drug users. Almarri ef al” found
DR?7 to be a risk factor and DR2 to be protective in
Qatarian adults. Albayrak ez al™ showed that HLA-DQ2
and DQ8 were associated with persistent HBV infec-
tion in an eastern Turkey population. In the Japanese
population, a GWAS showed that HLA-DQ rs2856718
and rs7453920 SNPs, and DQA1*0102-DQB1*0604
and DQA1*0101-DQB1*0501 haplotypes were protec-
tive, and DQA1*0102-DQB1*0303 and DQA1*0301-
DQB1*0601 were risk factors™. Hu ez a/*" also reported
that HLA-DQ 152856718 and rs7453920 wete associated
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with HBV clearance and decreased HCC development
in the Chinese population. Fletcher ez al”™ showed that
HLA-DRB1*0701 was associated with persistent HBV
infection in the South Indian population. Corréa Bde ez
al® showed that HLA-DRB1*08 and DRB1*09 were
associated with peraiatent HBV infection in the Brazilian
population.

Cytokines

Tumor necrosis factor (TNF)-a is a pro-inflammatory,
anti-viral cytokine, and is located within the class 111
region of the MHC complex, which has been shown
in transgenic mice to inhibit the replication of HBVP,
Patients persistently infected with HBV have increased
levels of TNF-a and upregulated TNF-q, receptors.
There are two polymorphisms in the TNF-o promo-
tor region at positions -308 and -238 that alter TNF-o
expressionwg’m. However, a study showed that the -308
polymorphisms did not influence TNF-qo expression in
healthy people™’. The -238 promotor variant was sig-
nificantly associated with HBV persistence in German
patients*!. -308G/-238G haplotype'™ and -1031C/-
863A/-857C/-308G/-238G haplotype™ were found to
be associated with persistent HBV infection in Korean
and South Indian populations. However, -1031C or T/-
863A or C/-857C/-308G/-238G/-163G haplotypes
in Koreans™, -863C/-308G/-238G in Thais"" and
-1031T/-863C/-857C/-308G/-238G"*" in the Chinese
population were associated with HBV clearance. There
were also several meta-analysis studies that showed that
-238A"™! and -308G"" were associated with HBV persis-
tent infection in Buropean and Chinese populations, re-
spectively; -857T"" in Asians and -863C"" in Thais were
associated with HBV clearance.

Interleukin-28B (IL-28B) plays an important role in
clearance of hepatitis C virus. However, there were many
reports that indicated 11.-28B polymorphism(s) did not
influence the outcome of HBV infection™™. However,
Al-Qahtani ¢z a/™ showed that T1.-28B polymorphisms
were associated with HBV clearance. And also, Seto ez
al™" showed that T1.-28B polymorphisms were associated
with HBsAg seroconversion. In addition, 1.-28B poly-
morphisms were also associated with HBeAg and HBsAg
seroconversion in response to interferon treatmentl%"%J;
however, Holmes ¢# a/”” showed that this might not apply
in the Asian population.

Interleukin 10 (IL-10) is another important cytokine
that influence CD4+ cell proliferation. IL-10 promotor
polymorphisms -1082, -819 and -592 haplotype ATA
was associated with persistent HBV infection in Japanese
and Chinese populationslis’”]. A meta-analysis showed
that IT.-10 -1082A and -592A were associated with HBV
clearance in the Chinese population[éo]. Li et a/*" showed
that interleukin 18 rs1946518A (-838A) was associated
with persistent HBV infection in a Chinese population.

Secreted phosphoprotein 1 (SPP1) is also a cytokine
that upgulates expression of interferon-gamma and intet-
leukin-12, and therefore, it may influence the outcome of

Baishidenge ~ WJG | www.wjgnet.com

HBV infection. Shin ez 2/ reported that SPP1 -1800T/-
1627T/4645C/5806T/6139A haplotype was associated
with HBV clearance and HCC development.

Granulysin (GNLY) is a substance produced by
CD8+ cytotoxic T cells. It is expressed in cytolytic gran-
ules with perforin and granzymes and functions to create
holes in target cell membrance and destroy it. It is able to
induce apoptosis and antimicrobial action. Park ez al™ te-
ported that GNLY polymorphisms were associated with
persistent HBV infection in a South Korean population.

Chemokines

Chemokines are 8-10 kDa proinflammatory proteins
involved in the regulation of leukocyte trafficking. Al-
though chemokines are produced by many cell types,
CD8+ T cells are a major source®’. CXC (a) chemokines,
such as IL-8 and IP-10, and CC (b) chemokines, such as
RANTES, MIP-1a and MIP-1b, have been shown to be
dependent on TCR triggering by MHC class [ /peptide
complex engagement[“’és]. IP-10 and monokine induced
by IFN-y (MIG), which selectively attract activated lym-
phocytes, are IFN-y inducible™™. Chemokines and their
receptors can regulate T' lymphocyte activation or dif-
ferentiationm; TNF-a can also upregulate chemokine
expression. Antigen recognition by CTLs leads to both
direct release and secondary induction of chemokines
at sites of infection. Thus, CTLs can rapidly establish
chemotactic gradients when they encounter their target
antigens. Ahn 7 al™ showed that it was CC chemokine
receptor 5 (CCR5) promoter 59029G and 59353T, not
CCR5 A32 or RANTES, that were associated with HBV
clearance in a Korean population. However, heterozygos-
ity of CCR5 A32 was associated with persistent HBV
infection in an Indian populationm]

Other candidate genes
Mannose binding protein (MBP), also known as mannose
binding lectin (MBL), acts as an opsonin to affect inate
immunity”. The HBV envelope contain a monnose-rich
ologosaccharide to which MBP could potentially bind.
There are three mutations in the MBP gene exon 1 (co-
dons 52, 54 and 57). The codon 52 mutation of the MBP
gene in British Caucasians, but not in the Asian popula-
tion, was associated with persistent HBV infection'”
The codon 54 mutation was associated with symptomatic
persistent infection in Chinese patientsm, not in the Ko-
rean population”. In German Caucasions and in Gam-
bians, these MBP polymorphisms were not associated
with chronic infection”*”. The mbl2 gene encodes MBL.
Thio e a*” showed that mbl2 promoter -221C decreased
MBL production and led to HBV persistent infection. A
meta-analysis showed that mbl2 exon 1 polymorphisms
were not associated with chronicity of HBV infection,
but might be associated with disease progressionlsu.
Vitamin D acting through the vitamin D receptor
(VDR) can act as an immunomodulatory hormone that
inhibits the Thl response and activates the Th2 re-
sponselsz’w. Bellamy ¢f a/*" showed that vitamin D recep-
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several genes contribute to the outcomes of HBV infec-
tion, such as HLA-DPA1 and HLA-DPB1. However, it
1s difficult to validate in different populations for other
genes. And also, since human traits are inherited poly-
genically, single gene or SNP cannot fully explain disease
susceptibility. The major strength of genetic association
analysis is that it uses distortions of compared population
genetic frequency distributions to detect disease-associat-
ed genes. Yet this advantage is accompanied by potential
pitfalls that can lead to false positive associations as well
as to missing important loci. False positive associations
can arise from sampling errors in sub-structured study
populations, from variation associated with multiple sta-
tistical tests, and from linkage disequilibrium of marker
SNPs with the actual disease-associated SNPs. Thus,
optimum studies include: (1) large sample size; (2) rep-
lication in different study populations, multicohort and
global coopration studies; (3) functional study relating
the SNP association with gene function; (4) high relative
hazards or relative risks; (5) high attributable risk; and (0)
gene-gene interaction study. Gene-gene interactions influ-
ence disease susceptibility, but unfortunately, no reliable
methods are available to detect these interactions in large
datasets now.
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