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Genetic variations in vitamin D receptor were
associated with the outcomes of hepatitis C virus
infection among Chinese population

Meng-ping Wul”, Jin-wei Zhang?’, Peng Huang!, Ya-ping Han?, Yun Zhang"*, Zhi-hang Peng!, Jie Wang>,
Ping Zhu®, Jing Su!, Rong-bin Yu!, Jun Li* and Ming Yue®

Vitamin D has been considered as an immune modulator, and exerted the effect through the vitamin D receptor (VDR). This
study investigated the associations of single-nucleotide polymorphisms (SNPs) of VDR with the outcomes of Hepatitis C virus
(HCV) infection. Three SNPs (rs2228570, rs757343 and rs739837) were genotyped by TagMan assay among Chinese
population, including 538 HCV spontaneous clearance subjects, 834 persistent infection subjects and 1030 uninfected
subjects. Binary logistic analyses were used to control the effects of confounding factors. The results showed that subjects with
the rs757343 A allele and rs739837 A allele had the significantly reduced risk of HCV susceptibility (all Pgonferroni<0.05 in
dominant/additive model). In the stratified analysis, the protection of rs757343 A allele and rs739837 A allele against HCV
infection remained effective in some subgroups. In addition, patients carrying rs739837 CA genotype were less prone to develop
persistent infection (Pggnferroni = 0-033) and such effect still work in several subgroups in the stratified analysis. Furthermore,
haplotype analysis indicated that when compared with the most frequent GC haplotype, the haplotype carrying AA (odds ratio
(OR) =0.66, 95% confidence interval (Cl)=0.56-0.78) and GA (OR =0.64, 95% Cl =0.47-0.85) suggested a protective
effect. Our findings indicated that the polymorphisms of VDR are associated with the outcomes of HCV infection among Chinese

population.
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INTRODUCTION

Hepatitis C virus (HCV) infection is a serious public health problem
that affects > 185 million people worldwide.! The majority of patients
infected with HCV fail to eliminate the virus and develop chronic liver
diseases? that ultimately could lead to cirrhosis and hepatocellular
carcinoma.? The different outcomes of HCV infection depend on the
interactions of pathogen factors, including the virological factors,
immune responses and genetics background.

In the past years, vitamin D has drawn much attention for its
regulatory role both in innate and adaptive immune response. As
known, vitamin D is produced in the skin and is converted to
25-hydroxyvitamin D in the liver first, then is hydroxylated to generate
the bioactive 1,25-dihydroxyvitamin D in the kidney.> 1,25-Dihydroxy-
vitamin D is considered as a direct inducer of antimicrobial innate
immunity,® whereas it inhibits the production of helper T cell 17
cytokines and stimulates helper T cell 2 cytokine secretion®® in the
adaptive immune response. Vitamin D does possess the extensive and
complex regulator activities of human immune system.

Epidemiologic studies suggest that vitamin D deficiency is frequent
in patients with chronic liver disease.»! Low vitamin D serum level
was linked to severe fibrosis'! and low sustained virological response
(SVR) rate in interferon-alpha-based therapy for genotype 1 chronic
hepatitis C,!? and vitamin D supplement can significantly improve the
SVR rate of interferon-alpha-based therapy in hepatitis C genotype
1,1* 2, 3 naive patien‘[s14 and recurrent patien‘[s.15 However, other
studies suggested that the baseline of 25-hydroxyvitamin D status was
not independently associated with SVR or liver fibrosis stage in HCV-
1,'6 but vitamin D deficiency is associated with high activity grade.!®

The possible regulation effect of vitamin D are exerted through the
vitamin D receptor (VDR), which is commonly expressed in antigen-
presenting cells and activated T cells.!” VDR has been implicated to be
involved in many physiological processes, including cell proliferation,
differentiation and immune modulation.!®

Several single-nucleotide polymorphisms (SNPs) in VDR were
associated with the susceptibility and progression of HCV infection.
It is reported that rs2228570 TT genotype was a relapse prediction
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factor in HCV-2/3 patients treated with interferon-alpha plus
ribavirin.!® On the contrary, rs2228570 T allele was reported to be
related to the probability of obtaining SVR to therapy in a cohort of
Caucasian descent.?? The rs757343 has been demonstrated to corre-
lated with the normal serum levels of 25-hydroxyvitamin D in a larger
set of German simplex type 1 diabetes families.”! In addition, VDR
bAt [CCA]-haplotype was significantly associated with rapid fibrosis
progression?? and the probability of therapeutic failure? in chronic
hepatitis C patients.

So far, no studies had focused on the associations between genetic
variations of VDR and the outcomes of HCV infection among Chinese
population. In this study, we examined whether VDR SNPs
(rs2228570, rs757343 and rs739837) are associated with the outcomes
of HCV infection among Chinese population.

MATERIALS AND METHODS

Ethics statement

This study protocol was approved by the institutional review board of Nanjing
Medical University (Nanjing, Jiangsu, China). Written informed consents were
obtained from all participants.

Study subjects

A total of 2402 subjects were enrolled in this case—control study, including 727
hemodialysis subjects from nine hospital hemodialysis centers, 491 drug users
recruited from Nanjing compulsory detoxification center (Nanjing, Jiangsu,
China) and 1184 paid blood donors from six villages in Zhenjiang City from
October 2008 to January 2013. Individuals co-infected with any other virus
(such as hepatitis B virus and human immunodeficiency virus) suffered from
other types of liver diseases (for example, autoimmune, alcoholic or metabolic
liver diseases) or treated with any antiviral medications during the trial were
excluded. All subjects were categorized into three groups for analysis. Group A
consisted of 538 spontaneous viral clearance subjects, who were anti-HCV
positive and HCV-RNA negative in sera. Group B was composed of 834
persistent HCV-infected subjects, who were anti-HCV seropositive and HCV-
RNA seropositive. Individuals belonged to group A or group B were defined as
infected individuals. Group C included 1030 uninfected controls, who were
tested anti-HCV negative and HCV-RNA negative. All serological results were
validated on the basis of three separate experiments within consecutive
6 months during the follow-up. The uninfected controls of group C were
matched to the infected cases belonged to group A or group B by age (5-year
interval), gender and the country of recruitment.

A structured questionnaire was administered by trained interviewers to
collect information on demographic data and environmental exposure history
according to the quality assurance established to guarantee the quality of all
data obtained. The information high-risk population was estimated on the basis
of the subjects” written medical histories of HCV infection, environmental risk
exposure histories of hepatitis C collected in the study. After the interview, an
~10-ml venous blood sample was collected from each participant. The
demographical and clinical characteristics of all subjects are summarized in
Table 1.

Viral testing

Anti-HCV antibodies were tested by the third generation enzyme-linked
immunosorbent assay (Diagnostic Kit for Antibody to HCV 3.0 ELISA, Intec
Products Inc, Xiamen, China) according to the manufacturer’s instructions.
The HCV-RNA was extracted from serum using Trizol LS Reagent (Takara
Biotech, Tokyo, Japan), and a reverse transcription PCR kit (Takara Biotech)
was used for a 10-ul HCV-RNA extracting solution. The Murex HCV
Serotyping 1-6 Assay ELISA Kit (Abbott, Wiesbaden, Germany) was performed
to determine the type-specific antibodies to various HCV genotypes as
previously described.”? All results of serological viral testing were verified by
at least three separated trials within consecutive 6 months during the follow-up.
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Table 1 Demographical and clinical characteristics of HCV
spontaneous clearance, persistent infection and control populations

Group A (%)  Group B (%)  Group C (%)

Variables n=538 n=3834 n=1030 P-value
Age (mean+s.d.) 49.34+13.13 50.16+11.73 49.51+14.41 0.444*2
Gender 0.813*P
Male 224 (41.6) 336 (40.3) 429 (41.7)
Female 314 (58.4) 498 (59.7) 601 (58.3)
ALT (median 26.00 (25.00) 36.00 (40.00) 14.00 (13.00) <0.001**c¢
(IQR), U/L)
AST (median 28.00 (19.00) 35.00 (30.00) 19.00 (13.00) <0.001**:¢
(IQR), U/L)
High-risk population <0.001%*b
HD subjects 101 (18.8) 83 (10.0) 543 (52.7)
Drug user 162 (30.1) 146 (17.5) 183 (17.8)
Blood donor 275 (51.1) 605 (72.5) 304 (29.5)
HCV genotype <0.001%*b
1 142 (53.4) 240 (47.0) —
Non-1 82 (30.8) 38 (7.4) —
Mixed 42 (15.8) 233 (45.6) —

Abbreviations: ALT, alanine transaminase; AST, aspartate aminotransferase; ANOVA, analysis of
variance; HCV, hepatitis C virus; HD, hemodialysis; IQR, interquartile range.

Group A: spontaneous clearance subjects; group B: persistent infection patients; group C:
controls.

aP-value of one-way ANOVA among three groups.

bPvalue of y2-test among three/two groups.

CP-value of Kruskal-Wallis test or Mann-Whiney U-test among three/two groups.

*All P>0.05, between any two groups.

**All P<0.001, between any two groups.

VDR SNPs selection and genotyping assays
VDR SNP candidates were selected on the basis of the public HapMap SNP
database (http://www.hapmap.org), the NCBI dbSNP database (http://www.
ncbi.nlm.nih.gov/SNP), and the related literatures in which SNPs were reported
to be associated with HCV infection or other diseases in Asian populations,
with the criteria of minor allele frequency >5% among Chinese Han
population. Three SNPs (rs2228570, rs757343 and rs739837) were chosen.
Genomic DNA was extracted from leukocytes in subjects’ blood samples by
protease K digestion, followed by phenol-chloroform extraction and ethanol
precipitation. VDR SNP genotyping was performed using TagMan allelic
discrimination assay on an ABI 7900HT Real-Time PCR System (Applied
Biosystems, Foster City, CA, USA). The detailed information of primers and
probes for selected SNPs was shown in the Supplementary Table 1. The
technicians for genotyping were blinded to the clinical status of subjects. Two
negative controls were included in each 384-well plate for quality confirmation.
The success rates of genotyping for all three SNPs were >95%, and there was
100% consistency in a 10% randomly selected sample for duplicate testing.

Statistical analysis

The distribution of the general demographical, clinical, virological features, and
genotype frequencies between cases and controls were analyzed using y-test,
one-way analysis of variance or Kruskal-Wallis test when appropriate. Hardy—
Weinberg equilibrium for each SNP was estimated by y* goodness of fit test
among controls. Linkage disequilibrium (LD) parameters (> and D’) were
calculated using Haploview (version 4.2; Broad Institute, Cambridge, MA,
USA). Associations between SNPs and the outcomes of HCV infection were
estimated by calculating the odds ratios and 95% confidence intervals, adjusted
by age, gender and HCV genotype, and the information high-risk population
using binary logistic regression models. When studying HCV susceptibility,
uninfected control without HCV infection (group C) was assumed to be 1.
When studying spontaneous clearance of HCV infection, subjects with HCV
spontaneous clearance (group A) was assumed to be 1. Haplotype reconstruc-
tion was performed using the PHASE software (version 2.1; UW TechTransfer
Digital Ventures, University of Washington, Seattle, WA, USA). A two-tailed


http://www.hapmap.org
http://www.ncbi.nlm.nih.gov/SNP
http://www.ncbi.nlm.nih.gov/SNP

P-value <0.05 was considered statistically significant. For multiple comparisons
amonyg different genotypes, Bonferroni correction was applied. All the statistical
analyses were carried out by the Statistical Package for the Social Sciences
(version 20.0; SPSS Institute, Chicago, IL, USA) and Statistical Analysis System
software (version 9.1.3; SAS Institute, Cary, NC, USA).

RESULTS

Basic characteristics

A total of 2402 unrelated Chinese Han subjects were included in this
study. The baseline characteristics of the participants are summarized
in Table 1. As shown, there was no significant differences in the
distributions of age and gender among the three groups (all P>0.05).
However, significant differences were observed in alanine transami-
nase, aspartate aminotransferase, high-risk population and viral
genotype (all P<0.001).

The allele distributions of all the observed SNPs of group A
(considered as the control group when group B was compared with
group A) and group C (considered as the control group when group
(A+B) was compared with group C) were in accordance with the
Hardy—Weinberg equilibrium expectations (group A: P=0.535 for
rs2228570, P=0.201 for rs757343, P=0.179 for rs739837; group C:
P=0.361 for rs2228570, P=0.110 for rs757343, P=0.273 for
rs739837). LD information about VDR SNPs is shown in
Supplementary Table 2.

Associations of VDR polymorphisms with the susceptibility to HCV
infection

The distributions of genotypes among three groups are shown in
Table 2. After logistic regression analyses, adjusted by gender, age and
route of infection, the infected individuals carrying rs757343 A allele
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had a significantly reduced risk of HCV susceptibility compared with
those with the GG genotype (for rs757343 GA/AA genotype: all
Pyonferroni <0.05; in additive/dominant model: all Pggpferron; <0.05).
Similarly, when compared with the CC genotype, the A allele of
rs739837 was significantly associated with a decreased risk of HCV
susceptibility (for rs739837 CA/AA genotype: all Ppopferron; <0.05; in
additive/dominant model: all Pgopferroni <0.05). However, no signifi-
cant correlation was observed between the distribution of rs2228570
genotypes and HCV susceptibility (all Ppopferroni > 0.05).

In the further stratified analysis, dominant model was used to avoid
the lack of statistical power due to the small sample in some SNP
genotype subgroups. As the mean age of all subjects was about 50
years old, we divided them into two subgroups (age <50 and >50
years). The results indicated that the protective effect of rs757343 A
allele remained statistically significant in the terms of young subjects
(age <50 years), male subjects, hemodialysis patients and drug users
(all P<0.05, showed in Table 3). In addition, the rs739837 A allele
also showed significant correlations with the reduced risk of HCV
infection in dominant genetic model in young subjects (age <50
years), in male subjects, in hemodialysis patients drug users and blood
donor (all P<0.05, showed in Table 4). No significant effect of
1rs2228570 polymorphisms on HCV infection risk was found in
different strata (all P> 0.05).

Association of VDR polymorphisms with the spontaneous clearance
of HCV infection

Logistic regression analysis revealed that, compared with rs739837 CC
genotype, the carriage of CA genotype was more prone to clean HCV
(Ponferroni = 0.033, showed in Table 2). Nevertheless, there were no

Table 2 Distribution of VDR genotypes among spontaneous clearance, persistent infection and control group

Group (A+B)/group C Group B/group A

Group A Group B Group C

SNPs (genotype) n (%) n (%) n (%) OR (95% CIf Papb OR (95% CIF pe/pP
rs2228570

cC 127 (24.8) 263 (32.9) 321 (31.8) 1 1

CT 263 (51.4) 377 (47.2) 484 (47.9) 1.039 (0.842-1.283) 0.718/2.154 0.597 (0.389-0.918) 0.019/0.057

T 122 (23.8) 159 (19.9) 205 (20.3) 1.145 (0.884-1.484) 0.305/0.915 0.716 (0.431-1.188) 0.196/0.588
Additive model 1.067 (0.939-1.213) 0.320/0.960 0.833 (0.649-1.069) 0.151/0.453
Dominant model 1.070 (0.878-1.304) 0.500/1.500 0.634 (0.424-0.948) 0.026/0.078
rs757343

GG 309 (60.5) 515 (64.2) 580 (57.6) 1 1

GA 183 (35.8) 247 (30.8) 356 (35.4) 0.773 (0.635-0.942) 0.011/0.033 0.645 (0.434-0.957) 0.029/0.087

AA 19@3.7) 40 (5.0) 71(7.1) 0.560 (0.376-0.835) 4.461x10-3/0.013 1.305 (0.549-3.099) 0.547/1.641
Additive model 0.761 (0.654-0.886) 4.490x 10-4/0.001 0.838 (0.616-1.139) 0.259/0.777
Dominant model 0.739 (0.612-0.891) 1.535x10-3/0.005 0.710 (0.488-1.033) 0.074/0.222
rs739837

cC 258 (50.2) 459 (57.6) 493 (48.7) 1 1

CA 221 (43.0) 285 (35.8) 416 (41.1) 0.736 (0.606-0.893) 1.922x 10-3/0.006 0.609 (0.416-0.892) 0.011/0.033

AA 35 (6.8) 53 (6.6) 103 (10.2) 0.543 (0.386-0.765) 4.750x 10-4/0.001 0.975 (0.459-2.073) 0.948/2.844
Additive model 0.737 (0.638-0.850) 3.100x107%/9.300x 105 0.780 (0.583-1.043) 0.094/0.282
Dominant model 0.699 (0.581-0.841) 1.420x10-44.260x 10~4 0.653 (0.454-0.939) 0.022/0.066

Abbreviations: Cl, confidence interval; HCV, hepatitis C virus; OR, odds ratio; SNPs, single-nucleotide polymorphisms; VDR, vitamin D receptor.

Group A: Spontaneous clearance subjects; Group B: Persistent infection patients; Group C: Controls; Group (A+B): Infected individuals.
Bold type indicates statistically significant results.
aThe P-value, OR and 95% Cls of group (A+B) versus group C were calculated on the basis of the logistic regression model, adjusted by gender, age and high-risk population.
bMultiple testing: using Bonferroni correction.
€The P-value, OR and 95% Cls of group B versus group A were calculated on the basis of the logistic regression model, adjusted by gender, age, high-risk population and viral genotyp.
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Table 5 Haplotype analysis of rs757343 and rs739837 on the
susceptibility of HCV infection

Haplotype  Group (A+B) (%)  Group C (%) OR (95%ClI) P-value
GC 2054 (74.8) 1419 (68.9) 1.00

AA 548 (20.0) 501 (24.3) 0.66 (0.56-0.78) 6.695x 1077
GA 139 (5.1) 137 (6.7) 0.64 (0.47-0.85) 0.002
AC 3(0.1) 3(0.1) 0.38 (0.06-2.29) 0.289

Abbreviations: HCV, hepatitis C virus; OR, odds ratio; 95% Cl, 95% confidence interval.
Group A: spontaneous clearance subjects; group B: persistent infection patients; group C:
controls; group (A+B): infected individuals.

The P-value, OR and 95% Cls of group (A+B) versus group C were calculated on the basis of
the binary logistic regression model, adjusted by gender, age and high-risk population.

Bold type indicates statistically significant results.

significant associations of the other two SNPs with the clearance
of HCV.

The stratified analysis suggest that, compared with the GG genotype,
a significant decreased risk of persistent HCV infection was found in
rs757343 A allele in the female subgroup (P=0.020, showed in
Table 3). In addition, the rs739837 A allele also showed to be more
liable to spontaneously clear HCV in young subjects (age < 50 years),
in female subjects, and in drug users (all P<0.05, showed in Table 4).
The trend analysis was assessed with Cochran—Armitage test (all
P<0.05).

Haplotype analysis of rs757343 and rs739837 on the susceptibility
to HCV infection

As two SNPs (rs757343 and rs739837) were shown to be only
significantly associated with the reduced risk of HCV infection in
different genetic models, we evaluated the haplotype analysis of them
on HCV susceptibility. LD information of these two SNPs was shown
in Supplementary Table 2. Haplotype analysis indicated that when
compared with the most frequent GC haplotype, the haplotype
carrying AA (odds ratio =0.66, 95% confidence interval =0.56-0.78)
and GA (odds ratio=0.64, 95% confidence interval=0.47—0.85)
suggested a protective effect (Table 5).

DISCUSSION
In the current study, we first evaluated the associations between VDR
SNPs, including rs2228570, rs757343 and rs739837, and the suscept-
ibility and the resolution of HCV infection among Chinese Han
population. The results indicated that rs757343 A allele and rs739837
A allele were significantly associated with the protective effect against
the HCV infection, and rs739837 CA genotype was related to
spontaneous viral clearance when compared with CC genotype. In
addition, a significant locus-dosage effect was observed between the
combined favorable alleles of rs757343 and rs739837 and HCV
susceptibility.

As known, host genetic variations have a role in determining the
outcome of HCV infection. Many genes related to the immune
response have been suggested to affect the course of HCV infection
and treatment. Our previous work also showed that TLR7,2425 [L-182%¢
and estrogen receptor-o®’ were associated with the outcomes among
Chinese population. Immunomodulatory effect of vitamin D has been
known for many years. Recent studies have linked vitamin D
deficiency with some immune disorder diseases. Previous studies have
confirmed that activated form vitamin D, 1,25-dihydroxyvitamin D,
have the potential protective effects against some bacterial and viral
tuberculosis (TB) infection,®

diseases, such as Mpycobacterium
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Helicobacter pylori infection,?

infections,®® and human immunodeficiency virus infection.

Correspondingly, VDR polymorphisms have also been linked to a
range of bacterial or viral infection. Previous studies showed that
rs2228570 TT genotype was a relapse prediction factor in HCV-2/3
patients treated with interferon-alpha plus ribavirin.!” And rs2228570
T allele was also reported to be related to the probability of obtaining
SVR to therapy in a cohort of Caucasian descent.’’ The SNP
rs2228570, also reported as the site FokI (FokI restriction fragment
length polymorphism) or rs10735810 (merged into rs2228570) in
many studies, was associated with the microbiologic resolution of
pulmonary TB,?® the acute lower respiratory tract infection (predo-
minantly viral bronchiolitis),*> and the progression to acquired
immune deficiency syndrome in HIV-1 seropositive patients.> And
the SNP rs731236 (also known as the site Taql) was associated with
the TB resolution,?® the chronic hepatitis B virus infection®* and the
severity of leprosy.>

The gene encoding VDR is located on chromosome 12q13.11,
consists of nine exons, eight introns and spans ~ 75 kb.3¢ In general,
most of the VDR SNPs were found in the regulatory regions, including
the 5'-promoter area and the 3’-untranslated region (UTR), instead of
coding regions.>” The 15739837 is located in the 3'-UTR of VDR.
According to the bioinformation of SNP function prediction (http://
snpinfo.niehs.nih.gov/), rs739837 is predicted to be a binding site of
microRNA, including human miR-491-3p, miR-646 and miR-885-3p.
Thus, the genetic variation may alter the binding affinity to micro-
RNAs and regulate gene expression by post-transcriptional
repression.®® In present study, the A allele of 15739837 (C>A) were
inversely linked to the susceptibility to HCV infection. The earlier
studies found that miRNA-34b may bind to the wild C allele of
1739837 and rs739837 CC genotype may be linked with lower VDR
expression.’®3 This suggests that the C allele of rs739837 is unfavor-
able to the possible antiviral effect of vitamin D, whereas the carriage
of A allele does the exact opposite. It is consistent with our findings of
the protective effect against HCV infection of rs739837 A allele.

In the logistic regression analysis of this study, we found the
relationship of rs757343 A allele and the decreased risk of HCV
infection. The SNP rs757343, also known as the site Tru9I in many
previous researches, also known as the site Tru9l, is located in intron
8, at the 3’-end of the VDR gene. In Supplementary Table 2, the LD
information (72 and D’ value) of VDR SNPs (152228570, 15757343 and
1s739837) was presented. The data indicated that there is a strong LD
between rs757343 and rs739837 in the two kinds of comparison.
Therefore, it is plausible that this SNP may be associated with the SNP
1rs739837 located in 3’-UTR which may influence VDR messenger
RNA stabili‘c}r38 and HCV infection, even other diseases related with
immune disorder. Actually, it has been demonstrated that the
rs757343 was correlated with the susceptibility to occupational
elevated blood lead in Chinese Han population,®® with severity of
clinical features of polycystic ovary syndrome*' and with type 1
diabetes mellitus in the population of South Croatia in a family-based
study.*?

The SNP 152228570 is located in exon 2 of VDR. This variant leads
to an alteration from methionine to lysine.*> The minor T allele leads
to the production of the long 427 amino-acid VDR protein with lower
activity than the short 424 amino acids encoded by the major C
allele.** This SNP has been linked to several infectious diseases.
However, in this study, no significant relationship was detected
between 152228570 polymorphisms (C>T) and HCV susceptibility
or viral clearance among Chinese population. The conflicting findings
may result from genetic heterogeneity in divergent populations and

upper and lower respiratory tract
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disparate environmental factors. Moreover, previous studies are
limited by small sample sizes. On the basis of the putative function
of 152228570, larger well-designed studies are warranted to validate the
result in the future.

The stratification analyses of rs757343 and rs739837 based on age,
gender and high-risk population showed that the rs757343 A allele and
rs739837 A allele also confer a protective effect against HCV
susceptibility or viral persistence among some subgroups. Previous
studies have confirmed that age and gender are the important
determinants of the outcomes of HCV infection. Being young and
female seemed to be the protective factors. That may be due to the
various strength of age-related immune response** and the regulating
effects of estradiol and estrogen receptors on host innate and adaptive
immunity.*> Although different routes of infection may bring on
different HCV inoculum and different intensity of immune response,
rs757343 A allele and rs739837 A allele still exert the extensive
protective effect in subgroups with various route of infection. All these
results suggested a complex interaction between age, gender, high-risk
population and genetic factors. Furthermore, in spite of the strong LD
existed between rs757343 and rs739837, the favorable rs757343 A
allele present beneficial effect in the analysis of joint effect on the basis
of the binary logistic regression model, adjusted by gender, age and
route of infection. Considering the possible regulatory role of rs757343
related to neighboring 3'-UTR, it is biologically plausible that rs757343
and rs739837 serve as biomarkers for the outcomes of HCV infection.

There are several limitations of this study. First, a part of the
subjects were recruited from hospitals; thus, the selection bias was
inevitable. But the subjects were matched by age, gender and
residential to control the potential bias. In addition, other confound-
ing factors, such as viral genotype and route of infection, were also
adjusted in the logistic regression analysis. Second, it is almost
impossible to estimate actual age and infective dose at initial infection
of all subjects, which may influence host immune response and the
outcomes of HCV infection. Third, VDR has never been reported to
be associated with susceptibility to HCV infection by genome-wide
association studies (GWASs). However, VDR polymorphisms showed
significant associations in this study. There may be a discrepancy that
VDR has never been reported to be associated with susceptibility to
HCYV infection by GWAS. This discrepancy may be that tag SNPs were
tested in GWAS and these SNPs (rs2228570, rs757343 and rs739837)
and other SNPs, which were in strong LD with these SNPs may not be
included. And Bonferroni correction may be excluded most SNPs,
which may be weakly associated with HCV susceptibility. In addition,
there were no GWAS of HCV susceptibility in Chinese Han popula-
tions and race discrepancy may be one of important factors. Therefore,
further studies based on various ethnicities and larger sample are
needed to confirm our findings. Last, we found that allele frequencies
of rs757343 and rs739837 were deviated between male and female in
uninfected controls. In the uninfected controls, most males were blood
donors and most female were drug users. We speculated that a
complex interaction of gender and high-risk population may cause the
deviation between male and female. But a replication study with an
independent set are needed to confirm the reason.

In summary, our study first indicate that the genetic variants of the
VDR gene (15757343 A allele and rs739837 A allele) are associated with
a decreased risk of HCV infection among Chinese population. This
work may provide some new preventive, predictive and therapeutic
ideas for HCV infection. Further functional evaluations of these SNPs
are required.
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