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Abstract

Background: Signal transducer and activator of transcription 3 (STAT3) is involved in hepatitis B virus (HBV) infection
and HBV-related hepatocellular carcinoma (HCC). The association between polymorphism rs1053005 and haplotypes
formed by rs1053004 and rs1053005 in the 3'UTR of STAT3 and chronic HBV infection has yet to be investigated.

Methods: This study included 567 patients with chronic HBV infection (239 chronic hepatitis, 141 liver cirrhosis and 187
HCQ), 98 HBV infection resolvers, and 169 healthy controls. STAT3 rs1053004 and rs1053005 polymorphisms were

genotyped by TagMan SNP Genotyping Assays.

Results: The 51053004 genotype CC [P value by Bonferroni correction (P,) =0.002] and allele C (P.=0.019) were more
frequent in patients with chronic HBV infection than in healthy controls. The rs1053005 genotype GG was also more
frequent in patients with chronic HBV infection than in healthy controls (P. = 0.046). The rs1053004-rs1053005 haplotype
T-G was less frequent in patients with chronic HBV infection than in healthy controls (P. < 0.001). Haplotype C-A was more
frequent in patients with liver cirrhosis than in patients with HCC (P.= 0.042). The rs1053004 genotype TC, rs1053005
genotype AG and rs1053004-rs1053005 haplotype T-A were associated with higher HBV DNA levels.

Conclusions: STAT3 rs1053004 and rs1053005 polymorphisms and haplotypes formed by rs1053004 and rs1053005 are
associated with chronic HBV infection and the haplotypes appear to be also associated with the development of liver
disease. Studies in large sample sizes of patients and control populations are required to verify and extend these findings.
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Background

Hepatitis B virus (HBV) infection, which can result in
acute and chronic hepatitis, liver cirrhosis and hepato-
cellular carcinoma (HCC), remains a worldwide public
health issue [1, 2].

The intensity of immuno-inflammatory cells and cyto-
kines is involved in the disease course and the development
of various clinical consequences of HBV infection [3-5].
Signal transducer and activator of transcription 3 (STAT3)
plays a key role in liver inflammation and cancer [6]. In
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HBYV infection, dysregulated STAT3 signaling has been re-
vealed to be involved in the ineffective immune response
against HBV [7, 8] and the pathogenesis of liver diseases [7,
9, 10] through mediating the cytokine-mediated HBV en-
hancer function [9] and influencing the cytoprotective ef-
fect of hepatocyte growth factor and epidermal growth
factor on CD95-mediated apoptosis and the action of cyto-
toxic T-cells [10]. STAT3 has also been shown to be in-
volved in the enhanced Th17 response in acute-on-chronic
liver failure (ACLF) associated with HBV infection [11] and
the HBV reactivation in liver after radiotherapy [12].

It is, therefore, reasonable to hypothesize that polymor-
phisms in STAT3 may have predisposing effects on the sus-
ceptibility to HBV infection and HBV-related liver diseases.
Polymorphisms in the 3" untranslated region (UTR) may
be functionally relevant because this region usually contains
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regulatory elements that may post-transcriptionally regulate
gene expression. There are 4 common single nucleotide
polymorphisms (SNPs) (rs1053004, rs1053005, rs1053023
and rs3744483) with minor allele frequency (MAF) greater
than 0.05 in the 3* UTR of STAT3 [13]. Of these polymor-
phisms, rs1053004 has been investigated in chronic HBV
infection and HBV-related HCC in Chinese [14] and Thai
populations [15], suggesting that this SNP might contribute
to HCC susceptibility. However, the potential association of
the remaining SNPs (rs1053005, rs1053023 and rs3744483)
with chronic HBV infection remains to be investigated. Be-
cause these 3 SNPs are in perfect linkage disequilibrium
[13], the present study investigated the association of
STAT3 rs1053005 polymorphism with chronic HBV infec-
tion in Han Chinese population. Haplotypes formed by
rs1053004 and rs1053005 SNPs were also tested to provide
complete information about the impact of 3UTR SNPs of
STAT3 gene on HBV outcomes.

Methods

Study population

This study recruited 567 patients with chronic HBV infec-
tion, 98 HBV infection resolvers and 169 healthy controls.
The patients with chronic HBV infection were recruited
from the First Affiliated Hospital of Xian Jiaotong Univer-
sity, a large tertiary hospital in Xian, Shaanxi province,
northwest China. The clinical diagnoses of the 567 patients
with chronic HBV infection included 239 chronic hepatitis,
141 liver cirrhosis and 187 HCC according to the history of
infection, liver biochemistry, HBV markers and liver im-
aging as described previously [16]. Other hepatic viral infec-
tion (hepatitis A virus, hepatitis C virus, hepatitis D virus,
or hepatitis E virus), autoimmune hepatitis and drug-
induced hepatitis or alcoholic hepatitis, concurrent infec-
tion of human immunodeficiency virus-1 were all excluded
in the patients. The 98 HBV infection resolvers and the 169
healthy controls were recruited from the persons who re-
ceived physical examinations at the First Affiliated Hospital
of Xi'an Jiaotong University. The HBV infection resolvers
were those who spontaneously recovered from HBV infec-
tion and had seropositivity of anti-HBs and anti-HBc, sero-
negativity of HBsAg and HBeAg, undetectable serum HBV
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DNA, and normal liver biochemistry. The healthy controls
were free of HBV infection and had no history of liver dis-
ease. All the participants are ethnically Han Chinese and
geographically permanent residents of Shaanxi Province,
northwest China.

Genotyping of rs1053004 and rs1053005 polymorphisms

Genomic DNA was directly extracted from EDTA-
treated peripheral blood using TIANamp Genomic DNA
Kit [Tiangen Biotech (Beijing) Co., Ltd., Beijing, China]
according to manufacturer’s instruction. STAT3
rs1053004 and rs1053005 polymorphisms were geno-
typed by TagMan MGB high throughput RT-PCR
method on the ABI 7500 fast real-time PCR platform
(Applied Biosystems, ABI Technologies, USA). The re-
sults were analyzed on 7500 Fast System V1.4.0 SDS
software. For quality control, the genotyping was re-
peated once with concordance rate of 100% in the sam-
ples included in the study.

Statistical analysis

Statistical tests were conducted with SPSS 16.0 (SPSS,
Inc., Chicago, IL). P value < 0.05 was regarded as statisti-
cally significant. Multiple testing correction was per-
formed by the Bonferroni method. The chi-square test
or student’s t-test was used to compare parameters be-
tween groups. The frequency of genotypes and alleles
was determined by direct gene counting method. The
chi-square test or Fisher’s exact test was used to estimate
the Hardy—Weinberg equilibrium (HWE) and to com-
pare the genotype and allele frequencies between the
groups. Odds ratios (OR) with 95% confidence interval
(CI) were calculated by logistic regression analyses ad-
justed for age and sex. Haplotype analysis was performed
using SHEsis platform [17, 18].

Results

Characteristics and hardy-Weinberg equilibrium of the
genotypes of rs1053004 and rs1053005 polymorphism in
the study subjects

The demographics of the study participants are shown in
Table 1. The gender and age between patients with chronic

Table 1 Demographics and Hardy-Weinberg equilibrium (HWE) of the genotypes of STAT3 rs1053004 and rs1053005 in patients with
chronic hepatitis B virus (HBV) infection, HBV infection resolvers and healthy controls

Patients with chronic HBV infection Healthy controls P
HBV infection (n = 567) resolvers (n =98) (n=169)
Gender(Male/Female) 384/183 64/34 101/68 0.159
Age (year) 41.10£1296 40.11+£13.17 4333+£13.27 0.084
rs1053004 HWE
P 0.204 0.509 0.059
rs1053005 HWE
P 0.687 0487 0.052
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HBV infection, HBV infection resolvers and healthy con-
trols were comparable (P= 0.159 and P= 0.084,
respectively. Table 1). The genotype distribution of STAT3
rs1053004 and rs1053005 polymorphisms in patients with
chronic HBV infection (P=0.204 and P =0.687, respect-
ively), HBV infection resolvers (P=0.509 and P =0.487,
respectively) and healthy controls (P =0.059 and P = 0.052,
respectively) were accorded with Hardy-Weinberg
equilibrium (Table 1).

Genotype, allele and haplotype frequencies of rs1053004
and rs1053005 polymorphisms in patients with chronic
HBV infection, HBV infection resolvers and healthy
controls

The genotype and allele frequencies of the STAT3
rs1053004 and rs1053005 polymorphisms in the study pop-
ulations are presented in Table 2. Using genotype TT as ref-
erence, the frequency of rs1053004 genotype TC between
patients, infection resolvers and controls had no significant
differences. However, the frequency of rs1053004 genotype
CC in patients was significantly higher than in healthy con-
trols [11.6% vs. 2.9%, P=0.001, P value by Bonferroni
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correction (P,) = 0.002, OR 4.367, 95%CI 1.705-11.185] al-
though its frequency between HBV infection resolvers and
patients had no significant difference (Table 2). The fre-
quency of rs1053004 allele C was not significantly different
between patients and infection resolvers, but this allele was
significantly more frequent in patients than in healthy con-
trols (32.3% vs. 254%, P=0.019, P,=0.019, OR 1402,
95%ClI, 1.065-1.845, Table 2).

For rs1053005 polymorphism, patients with chronic HBV
infection had higher frequency of genotype GG than healthy
controls (10.0% vs. 4.1%, P=0.023, P.=0.046, OR 2524,
95%CI 1.109-5.744, Table 2). The allele frequency of
rs1053005 polymorphism between patients, resolvers and
healthy controls had no significant differences (Table 2).

Haplotype analysis showed that, using rs1053004-
rs1053005 haplotype T-A as reference, the frequency of
haplotype C-G had no significant difference between pa-
tients and resolvers and between patients and healthy con-
trols. Haplotype T-G was less frequent in patients than in
healthy controls (0% vs. 1.8%, P <0.001, P.<0.001, OR 0.
243, 95%CI 0.218-0.271). Haplotype C-A was more fre-
quent in patients than in healthy controls but the difference

Table 2 Genotype, allele and haplotype frequencies of STAT3 rs1053004 and rs1053005 polymorphisms in patients with chronic
hepatitis B virus (HBV) infection, HBV infection resolvers and healthy controls

STAT3 Patients Resolvers Controls Patients vs. Resolvers Patients vs. Controls
polymorphism (n=567) (n=098) (n=169) OR (95%C)) P OR (95%C))
rs1053004
Genotype
TT 266 (46.9) 42 (42.9) 88 (52.1) Ref. Ref.
TC 235 (41.4) 42 (42.9) 76 (45.0) 0.599 0.883 (0.556-1.403) 0.900 0.978 (0.686-1.392)
CcC 66 (11.6) 14 (14.2) 59 0381 0.744 (0.384-1.443) 0.001 ° 4.367 (1.705-11.185)
Allele
T 767 (67.6) 126 (64.3) 252 (74.6) Ref. Ref.
C 367 (32.3) 70 (357) 86 (254) 0356 0.861 (0.627-1.183) 0019 ° 1402 (1.065-1.845)
rs1053005
Genotype
AA 271 (47.8) 44 (44.9) 84 (49.7) Ref. Ref.
AG 239 (42.2) 41 (41.8) 78 (46.2) 0814 1.057 (0.667-1.673) 0.775 0.950 (0.667-1.353)
GG 57 (10.0) 13 (13.3) 7 (4.0) 0.327 0.712 (0.360-1.407) 0.023¢ 2.524 (1.109-5.744)
Allele
A 781(68.9) 129 (65.8) 246 (72.8) Ref.
G 353 31.1) 67 (34.2) 92 (27.2) 0208 0.870 (0.631-1.199) 0.170 1.209 (0.922-1.584)
Haplotype (rs1053004- rs1053005)
T-A 767 (67.7) 126 (64.8) 246 (72.8) Ref. Ref.
GG 353 (31.1) 67 (34.2) 86 (254) 0379 0.866 (0.627-1.194) 0.059 1316 (0.999-1.735)
TG 0 (0) 0(0) 6 (1.8) 1.000 1.000 (1.000-1.000) <0001¢ 0.243 (0.218-0.271)
C-A 14 (1.2) 3(1.0) 0 (0) 0.950 1.304 (0.370-4.604) 0.034° 1.321 (1.275-1.368)

Data are presented as n (%). OR odds ratio, 95%Cl 95% confidence interval, Ref. reference. ® P value by Bonferroni correction = 0.002; °P value by Bonferroni
correction = 0.019; °P value by Bonferroni correction = 0.046; %P value by Bonferroni correction< 0.001; P value by Bonferroni correction = 0.102
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was not significant by Bonferroni correction (1.2% vs. 0%,
P=0034, P,=0.102, OR 1321, 95%CI 1.275-1.368,
Table 2).

Genotype, allele and haplotype frequencies of rs1053004
and rs1053005 polymorphisms in HBV infection resolvers
and patients with chronic hepatitis

The genotype, allele and haplotype frequencies of the
STAT3 rs1053004 and rs1053005 polymorphisms in
HBYV infection resolvers and patients with chronic hepa-
titis were compared. No significant differences in the
genotype, allele and haplotype frequencies of rs1053004
and rs1053005 polymorphisms were observed between
HBYV infection resolvers and chronic hepatitis patients
(Table 3).

Genotype, allele and haplotype frequencies of rs1053004
and rs1053005 polymorphisms in patients with chronic
hepatitis, liver cirrhosis and HCC

The genotype and allele frequencies of the STAT3
rs1053004 and rs1053005 polymorphisms in HBV in-
fected patients with chronic hepatitis, liver cirrhosis and
HCC are shown in Table 4. There were no significant
differences in the genotype and allele frequencies of both
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rs1053004 and rs1053005 polymorphisms between HBV
infected patients with chronic hepatitis, liver cirrhosis
and HCC (Table 4).

Haplotype analysis showed that, using rs1053004-
rs1053005 haplotype T-A as reference, haplotype C-G
frequency had no significant difference between HBV in-
fected patients with chronic hepatitis, liver cirrhosis and
HCC. However, haplotype T-G was less frequent in pa-
tients with chronic hepatitis and patients with liver cir-
rhosis than in patients with HCC (0% vs. 1.8%, P = 0.023,
OR 0.435, 95% CI 0.396-0.478 and 0% vs. 1.8%, P =0.
025, OR 0.549, 95% CI 0.505-0.597, respectively) but
these differences were not significant after Bonferroni
correction (P,=0.069 and P.=0.075, respectively,
Table 4). Haplotype C-A was more frequent in patients
with liver cirrhosis than in patients with HCC (1.0% vs.
0%, P =0.014, P, = 0.042, OR 2.218, 95% CI, 2.002-2.456,
respectively, Table 4).

Associations between STAT3 rs1053004 and rs1053005
polymorphisms and HBV DNA levels

Correlation analysis between STAT3 rs1053004 and
rs1053005 polymorphisms and HBV DNA levels showed
that rs1053004 genotype TC was associated with higher

Table 3 Genotype, allele and haplotype (rs1053004-rs1053005) frequencies of STAT3 rs1053004 and rs1053005 polymorphisms in
hepatitis B virus infection resolvers and patients with chronic hepatitis

STAT3 polymorphism Resolvers (n=98) CH (n=239) P OR (95%Cl)
rs1053004
Genotype
T 42 (429) 108 (45.2) Ref.
TC 42 (42.9) 103 (43.1) 0.854 0.954 (0.575-1.581)
CcC 14 (14.2) 28 (11.7) 0.501 1.286 (0.617-2.678)
Allele
T 126 (64.3) 319 (66.7) Ref.
C 70 (357) 159 (333) 0.542 1.115 (0.786-1.580)
rs1053005
Genotype
AA 44 (44.9) 110 (46.0) Ref.
AG 41 (41.8) 104 (43.5) 0814 0.946 (0.598-1.499)
GG 13(13.3) 25 (10.5) 0327 1405 (0.711-2.777)
Allele
A 129 (65.8) 324 (67.8) Ref.
G 67 (34.2) 154 (32.2) 0.396 1.149 (0.834-1.584)
Haplotype
T-A 126 (64.8) 319 (66.7) Ref.
CG 67 (34.2) 154 (32.2) 0.592 1.101 (0.774-1.568)
T-G 0 (0) 00 1.000 1.000 (1.000-1.000)
CA 3(1.0 5(12) 0.568 0658 (0.155-2.796)

Data are presented as n (%). CH chronic hepatitis, OR odds ratio, 95%Cl 95% confidence interval, Ref. reference
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HBV DNA levels compared with genotypes TT and CC (P
=0.005 and P =0.003, respectively, Fig. 1a, Additional file 1:
Table S1). The rs1053005 genotype AG was also associated
with higher HBV DNA levels compared to genotypes AA
and GG (P=0.004 and P =0.002, respectively, Fig. 1b,
Additional file 1: Table S1). Patients carrying haplo-
type T-A had higher HBV DNA levels than those car-
rying haplotype C-G and those carrying haplotype C-
A (P=0.015 and P=0.027, respectively) and HBV
DNA levels between patients carrying haplotype C-G
and those carrying haplotype C-A were not signifi-
cantly different (Fig. 1c, Additional file 1: Table S1).

Discussion

There are 4 common SNPs (rs1053004, rs1053005,
rs1053023 and rs3744483) with MAF greater than 0.05
in the 3'UTR of STAT3 [13]. The SNP rs1053004 has
been investigated in HBV infection and is suggested to
be associated with HBV-related HCC in Chinese and
Thai populations [14, 15]. The role of rs1053005,
rs1053023 and rs3744483 in chronic HBV infection re-
mains uninvestigated. Because these 3 SNPs are in per-
fect linkage disequilibrium [13], this study examined the
possible association of rs1053005 polymorphism and the
haplotypes formed by rs1053004 and rs1053005 poly-
morphisms with chronic HBV infection in Han Chinese
population. The results showed that patients with
chronic HBV infection had significantly higher frequency
of rs1053004 genotype CC and allele C than healthy
controls. Patients with chronic HBV infection also had
higher frequency of rs1053005 genotype GG than
healthy controls. Patients with chronic HBV infection
had less frequent rs1053004-rs1053005 haplotype T-G
than healthy controls. In regard with clinical disease,
haplotype C-A was more frequent in patients with liver
cirrhosis than in patients with HCC. Namely, HCC pa-
tients had lower frequency of haplotype C-A than pa-
tients with liver cirrhosis. The rs1053004 genotype TC,
rs1053005 genotype AG and haplotype T-A were associ-
ated with higher HBV DNA levels.
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STAT3 rs1053004 has been suggested to be involved in
chronic HBV infection in Chinese [14] and Thai popula-
tions [15]. STAT3 rs1053005 has been shown to be asso-
ciated with ankylosing spondylitis and autoimmune
thyroid disease in Han Chinese population [19, 20], to
affect the risk of obesity and hypertriglyceridemia in
Chinese Han population and French [21, 22], and to
contribute to anti-tuberculosis drug-induced hepatitis
(ATDH) susceptibility in Chinese Han population [23].
It is implied that this SNP is immunologically, metabol-
ically and hepatologically relevant. Insufficient immuno-
logical response is a major characteristic of chronic HBV
infection and HBV-related liver disease [3-5]. The
present study showed that patients with chronic HBV
infection had significantly higher frequency of rs1053004
genotype CC and allele C, higher frequency of
rs1053005 genotype GG, and lower frequency of haplo-
type T-G than healthy controls. These results indicated
that both rs1053004 and rs1053005 polymorphisms may
play a role in chronic HBV infection.

Previous studies showed that STAT3 SNPs rs4796793,
rs2293152, and rs1053004 were interactively involved in
the hepatocarcinogenesis in the host with HBV muta-
tions in Han Chinese [14]. The STAT3 SNP rs1053004
was also shown to be contributable to HCC susceptibil-
ity in the Thai population [15]. The SNP rs111904020
(U/G) in STAT3 3'UTR was shown to act as a promotion
factor in HCC development in Chinese population [24].
In the present study, although genotype and allele ana-
lyses did not show relevance between rs1053004 and
rs1053005 polymorphisms and HBV infected patients
with different liver diseases including HCC. Haplotype
analysis showed that HCC patients had lower frequency
of haplotype C-A than patients with liver cirrhosis.
These results suggested that rs1053004 and rs1053005
polymorphisms are possibly interactively involved in the
hepatocarcinogenesis of chronic HBV infection. Notably,
regarding the susceptibility to chronic HBV infection in
relation to healthy controls and the susceptibility to
HCC in relation to other liver disease such as liver cir-
rhosis in HBV infection, the susceptible haplotypes were

P=0.167 P=0.153 =
s : : b : P =0.004 P =0.002 : c = t P00 {
201 ! P =0.005 ::P=0.003 i AZO- b =0. " =0. . :E; .P=0-015‘l P =0.163 )
— ) I L) 1
g 15 | £ 45 | S ¥ o
3 ™ 3 =)
<)
g’ <_? = 104
= 10+ = 104 <
< < =z
>4 - a
o N 3 54
> 51 E 5+ @
¢ 2 =
0 T T 0 T T 0 T T T
T TC cc AA AG GG T-A Cc-G TG C-A
Fig. 1 Associations of rs1053004 (a) and rs1053005 (b) genotypes and rs1053004-rs1053005 haplotypes (c) with HBY DNA levels in patients with
chronic HBV infection
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differentially distributed because patients with chronic
HBV infection had less frequent haplotype T-G than
healthy controls while HCC patients had lower fre-
quency of haplotype C-A than patients with liver cirrho-
sis. Furthermore, this study indicated that genotypes,
namely rs1053004 genotype TC and rs1053005 genotype
AG, associated with higher levels of HBV DNA, are both
heterozygous. Haplotype T-A was also associated with
higher HBV DNA levels. It is suggested that the associa-
tions of STAT3 polymorphisms with the susceptibility of
chronic HBV infection and the development of liver dis-
ease including HCC are complicated.

There are other SNPs in STAT3 which have been re-
vealed to be associated with human disease. For ex-
ample, STAT3 rs3816769 and rs744166 polymorphisms
were shown to play a significant role in susceptibility to
autoimmune thyroid disease Hashimoto’s thyroiditis and
Graves’ disease in the Polish population [25]. Therefore,
more SNPs in STAT3 need to be genotyped in chronic
HBV infection and HBV-related liver disease including
HCC to clarify the detailed profile of STAT3 polymor-
phisms in HBV infection in future studies.

The present study was conducted in small sample sizes
of patients and controls, genotyped and analyzed only
two polymorphisms in the 3" UTR of STAT3, and did
not include replicative patient and control populations
to confirm the findings. Therefore, the results appear to
be very preliminary. Further studies in large patient and
control populations with more polymorphisms geno-
typed are definitely needed to elucidate the possible role
of STAT3 polymorphisms in chronic HBV infection and
HBV-related liver diseases.

Conclusions

This study indicates that STAT3 rs1053004 and
rs1053005 polymorphisms and haplotypes formed by
rs1053004 and rs1053005 are associated with chronic
HBV infection and the haplotypes appear to be also as-
sociated with the development of liver disease. Studies
in large sample sizes of patient and control populations
are required to confirm and extend these findings. Stud-
ies are also needed to elucidate the underlying mecha-
nisms related to the potential association between
STAT3 polymorphisms and chronic HBV infection and
HBV-related liver diseases.

Additional file

Additional file 1: Table S1. Associations of STAT3 rs1053004 and
rs1053005 polymorphisms and rs1053004-rs1053005 haplotypes with
HBV DNA levels. (DOC 101 kb)
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