€Ie

Table 1. Summary of results for GWAS and replication study

Chr (position)  SNP Nearest gene  Allele (1/2)  Stage Case MAF*  Control MAF*  P-value® OR® (95% CI) P
11 12 22 11 12 22

6 (33141000)  rs3077 HLA-DPAI A/G GWAS 38 156 264 0.25 330 991 735 0.40 128 x 1071 1.98 (1.68-2.32)

First replication 42 240 324 027 313 947 762 0.39 1.93 x 107 1,74 (1.51-2.01)

Second replication 36 139 204 0.28 268 742 529 042 952 x 10712 1.84 (1.55-2.19)

Third replication 115 430 681 027 155 420 304 0.42 153 x 10720 1,93 (1.69-2.2)

Meta-analysis® 1.57x 107 1.87 (1.73-2.01)  0.62
6 (33162839) 159277535  HLA-DPBI AIG GWAS 40 179 239 028 384 1020 652 0.43 3.72x 107'7 195 (1.67-2.28)

First replication 58 254 294 031 364 963 696 0.42 370 x 10712 1.63 (1.42-1.87)

Second replication 42 145 192 0.30 301 758 480  0.44 543 x 1071 1.83 (1.54-2.17)

Third replication 133 464 628 0.30 160 429 290  0.43 102 x 1071 1,75 (1.54~1.99)

Meta-analysis® 2.55%x 107 177 (1.65-1.91)  0.40
6(32778233) 152856718  HLA-DQBI AIG GWAS 158 226 73 041 477 1001 568 0.48 441 x 1071 1,59 (1.37-1.85)

First replication 209 266 127 043 484 966 572 0.48 107 x 1077 1.43 (1.27-1.64)

Second replication 128 191 62 0.41 325 746 468 045 749 x 1071 172 (1.45-2)

Third replication 465 530 227 040 216 420 243 0.48 359 % 107 1.59(1.39-1.79)

Meta-analysis® 3.99 x 10737 156 (1.45-1.67)  0.24
6 (32837990) 157453920  HLA-DQB2  AJG GWAS 4 72 382 0.09 67 582 1407  0.17 127 x 10719 2,20 (1.73-2.81)

First replication 5127 471 011 50 575 1397 0.17 547 x 107¢ 1,56 (1.28-1.9)

Second replication 4 75 302 0.11 53 422 1064 0.17 304 % 107° 1,69 (1.32-2.17)

Third replication 14 198 1011 0.09 19 245 615 0.16 221 x 1071 1.88(1.56-2.27)

Meta-analysis® 5.98 x 10728 1.81 (1.62-2.01) 0.16

*MAF, minor allele frequency.

bpvalue of the Cochrane—Armitage trend test for each stage.

°OR and CI are calculated using the non-susceptible allele as reference.
dP-value of the Breslow—Day test.
“Results of meta-analysis were calculated by the Mantel—Haenzel method.
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Subsequently, we examined the interaction of four SNPs in
HLA-DP and HLA-DQ genes on CHB susceptibility. We only
found evidence for interactive effects between HLA-DP SNPs
and also between HLA-DQ SNPs (Supplementary Material,
Table S6). For all other pairwise combinations, each locus
had an independent role in CHB (Piyeraction = 0.10). CHB
risk increases with increasing number of risk alleles for four
SNPs (Fig. 4 and Supplementary Material, Table S7). Individ-
uals with seven or eight risk alleles have more than 5-fold
higher CHB risk than those with two or less risk alleles.
Taken together, our findings clearly indicated the additive
effects of variants in HLA-DP and HLA-DQ loci on CHB
susceptibility.

HLA-DQ molecules function as a heterodimer of o and B
subunits, those are encoded by the HLA-DQAI and the
HLA-DQOBI genes, respectively. The SNP rs2856718 is
located in a linkage disequilibrium (LD) block including
HLA-DQBI and HLA-DQAI genes, and 157453920 and
152856718 are in LD with * of 0.1 and D’ of 0.73 (Fig. 3
and Supplementary Material, Fig. S4). Similar to HLA-DPs,
HLA-DQs are highly polymorphic especially in exon 2
which encode antigen-binding sites. We therefore considered
that the association of these SNPs with CHB might reflect
variations in antigen-binding sites of HLA-DQAI and DQBI
that would affect the immune response to HBV. Hence, we
genotyped HLA-DQAI and DOBI alleles by direct sequencing
of exon 2 (cases and controls from the GWAS and first repli-
cation sets) and found HLA-DQBI*0303 and DQBI*0602
were significantly associated with CHB susceptibility (P =
1.49 x 107° and 1.87 x 107, OR = 1.64 and 2.51, respect-

*ively), while DQBI*0501 and DQBI*0604 were significantly
associated with protection from persistent HBV infection (P =
3.61 x 10 * and 5.38 x 10" '®, OR = 0.50 and 0.22, respect-
ively) (Supplementary Material, Table S8). To further investi-
gate the relationship between HLA-DQ alleles and CHB
susceptibility, we performed logistic regression analysis
using SNPs rs2856718 and rs7453920 as covariates. Interest-
ingly, HLA-DQBI*0303 and*0604 showed strong association
with CHB after adjustment for rs2856718 and rs7453920
P=63x10"% and P=259 x 1075, respectively). In
addition, we performed logistic regression analysis using the
top HLA-DQ alleles that show the strongest association
(DOEBI1*0303, *0602, *0501, *0604) as covariate. As expected,
HLA-DQ SNPs rs2856718 and rs7453920 failed to find the
association between CHB and those SNPs (P = 0.36, and
P =10.08, respectively). Finally, we performed conditional
analysis of the DOBI, DPAI and DPBI alleles together. As
a result, HLA-DP SNPs rs3077 and 1s9277535 as well as
HLA-DQ SNPs rs2856718 and rs7453920 did not show any
further association beyond these HLA-DQ and DP alleles
(189277535, P =055 OR=088; 133077, P=NA;
rs2856718, P=0.63, OR =0.95 and rs7453920, P = 0.30,
OR = 0.85). We also performed conditional analysis of the
DPAI and DPBI and we found that HLA-DQ alleles *0303,
*0602 and *0604 still showed strong association (P =
0.0006, OR = 1.5; P =0.00047, OR = 2.28 and P = 6.66 x
1077, OR = 0.31) except for DOBI*0501 (P =0.35, OR =
0.81) which already showed weak association before adjust-
ment as shown in Supplementary Material, Table S8. Collec-
tively, these results together confirmed our findings for the

1.43 (1.34-1.53)

OR (95% CI)
1.73 (1.61-1.85)
1.67 (1.56-1.8)

Pagjusted for rs7453920
6.34 x 1072

NA

9.42 x 107!
9.03 x 107%

1.7 (1.58-1.83)
1.67 (1.55-1.79)

1.60 (1.44-1.77)

OR (95% CI)

Pagjusted for 152856718

6.80 x 10747
496 x 1078

7.45 x 1074
NA

143 (13-1.67)
1.43 (1.37-1.56)
1.67 (1.51-1.85)

OR (95% CI)

Padjusted for 19277535
2.05 x 1071
238 x 107%
221 x 1072

NA

OR (95% CI)
1.25 (1.15-1.45)
1.43 (1.33-1.54)
1.66 (1.49-1.85)

P, adjusted for rs3077
1.67E—05
8.12E—27
1.52E—21

NA

P-value®

1.57 x 107
2.55 x 1074
3.99 x 1077
5.98 x 10728

Trend P-values are shown with or without adjusting the analysis for the most associated SNPs in HLA-DP and HLA-DQ loci.

Table 2. Logistic regression results for the top SNPs in HLA-DP and HLA-DQ loci associated with CHB in all stages
*Meta-analysis P-value was calculated by the Mantel—~Haenzel method.

SNP
r$3077
19277535
rs2856718
rs7453920
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Figure 4. Cumulative effects of CHB risk alleles. (A) Distribution of risk
alleles in CHB cases (red bars) and controls (blue bars). (B) Plot of the increas-
ing OR for CHB with increasing number of risk alleles. The OR are relative to
the median number of four risk alleles (153077, rs9277535, rs2856718 and
rs7453920). Vertical bars correspond to 95% Cls. Horizontal line marks the
null value (OR =1).

causality of HLA-DQ and HLA-DP alleles and their indepen-
dent effects on the CHB susceptibility. We further performed
haplotype analysis and found four haplotypes showing the
highest association (839 x 107° =342 x 10~ H),
DQAI*0102-DOB1*0604 and DQAI*0101-DOBI*0501 were
considered to have protective cffects (P=342x10"", OR
=0.16 and P=106x 107>, OR= 0.39, 1espect1vely),
whereas DQA7*0102-DOB1*0303 and DQAI1*0301-DQBI*
0601 increased a risk of CHB (P=839x 107>, OR=
19.03, and P=734x 10>, OR=502, respectively,
Table 3). Furthermore, we performed integrated analysis to
test the haplotypic relationship between HLA-DP and DQ.
We found seven associated haplotypes: DQAI*0501-DQBI1*
0301-DPA1*0202-DPB1*0501, DQAI*0301-DQB1*0401 DP
A1*0103DPB1*0201, DQAI*0301-DOBI1*0302-DPA1*0202-
DPBI1*0501 and  DQAI*0102-DQBI*0604-DPAI* 0103-
DPBI1*0401 showed protectlve effects (P=1.90 x 10
OR =018 P=530 x 10 >, OR = 027; P=590 x 10 >,
OR =043 and P=9.70 x 10“3, OR =041, respectively),
whereas DQAI*0301-DQBI1*0301-DPA1*0103-DPB1*0201,
DQAI*0102-DQBI*0602-DPA1*0202-DPBI1*050] and DQ
AI*0301-DQBI*0601-DPA1*0202-DPB1*0501 were associ-
ated with susccptlblhty to CHB (P =230 x 1077, OR =
49; P=930x10* OR=48 and P = 330x10 *, OR
=11, respectively, Supplementaly Material, Table S9).
Taken together, our findings strongly implicated the significant
association of HLA-DQ-DP haplotypes with CHB.
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Recent GWASs have identified several SNPs that are
associated with viral and non-viral liver diseases as well as
response to HBV vaccination and liver function test (16—
18). More recently, Zhang ef al. (19) performed a GWAS of
hepatocellular carcinoma in chronic HBV carriers of
Chinese ancestry. They successfully identified one intronic
SNP 1517401966 in KIFIB on chromosome 1p36.22 that
was highly associated with HBV-related hepatocellular carci-
noma. We analyzed those loci in our GWAS data, but failed to
find the association between CHB and those SNPs (Sup-
plementary Material, Table S10).

DISCUSSION

Here, we present the results of the two-stage GWAS fol-
lowed by two independent replications on a total of 2667
cases with CHB and 6496 controls in Japanese population.
In this study, we genotyped additional 279 cases and 1122
controls by using [llumina Human610-Quad BeadChip. As
a result, we increased the number of samples in the first
screening from 179 cases and 934 controls in the previous
study to 458 cases and 2056 controls in current study. As
a result, the statistic power to detect SNPs with moderate
effects (i.e. OR of 1.4 and risk allele frequency of 0.2)
mcreased from 23 to 85% at a significance threshold of
5 x 10 . Indeed, two SNPs in HLA-DQ locus did not indi-
cate sxgmﬁcam association in the GWAS stage of our pre-
vious GWAS (P=5.62x10"% for rs2856718 and P =
4.88 x 1077 for 157453920), confirming the importance of
sample size in GWAS (20).

Most of significant SNPs with P-value of smaller than
5% 1077 (74 among 88 SNPs) are located in the MHC
region which encompasses a large number of genes involved
in our immunological response.

Three groups of HLA class I genes produce cell-surface Ag,
designated HLA-DR, HLA-DQ and HLA-DP. 1t is suggested
that the host immune response to HBV is under T lymphocyte
control, and this response has been shown to be
HLA-restricted (21). The HLA-DQ locus is located ~300 kb
telomeric of the HLA-DP locus in a different LD block.
Indeed, the analysis of the HLA complex revealed several
recombination hot spots distributing across the HLA
complex, including two hot spots near DP and DQ genes
(22,23). The result of conditional analyses also demonstrated
that the association of the HLA-DQ locus with CHB is inde-
pendent from that of the HLA-DP locus.

Previous reports showed an association of HLA class 11
alleles with susceptibility of persistent HBV infection
(24-27), but the results were inconsistent even within the
same population except for HLA-DRI3. HLA-DRI3 (corre-
sponding to HLA-DRBI*1301 and *1302 alleles) was consist-
ently associated with HBV clearance across the population,
and we found that rs11752643 which is strongly linked with
HLA-DR13 (28) showed a strong association in the GWAS
stage (P =126 x 107'%). The SNP 153892710 which is in
strong LD with 1511752643 (=08, D' = 1) and showed
higher association in the GWAS stage (P=4.49 x 107!
was selected for replication in the first independent replication
set. However, 1s3892710 failed to clear Bonferroni correction
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Table 3. Haplotype analysis

No. Haplotype Haplotype frequencies P-value® OR? (95% CI)
HLA.DOAI HLA.DOBI Case (%) Control (%)
1 *0102 *0604 1.22 6.59 342 x 1071 0.16 (0.09-0.29)
2 *0101 *0501 1.68 4.77 1.06 x 107° 0.39 (0.24-0.65)
3 *0501 *0301 3.06 5.79 152 x 1073 0.53 (0.35--0.79)
4 *0301 *0401 9.73 13.40 298 x 1072 0.76 (0.57-1.02)
5 *0301 *0302 5.08 7.56 1.67 x 1072 0.72 (0.50-1.02)
6 *0301 *0402 2.55 349 1.73x 107} 0.74 (0.45-1.22)
7 *0401 *0402 1.31 1.62 491 x 107! 0.72 (0.36—1.44)
8 *0101 *0503 4.23 4.34 8.69 x 107! 0.94 (0.62--1.42)
9 *0103 *0601 18.70 18.90 9.11x 107! Reference
10 *0601 *0301 1.38 0.89 253 %107} 1.46 (0.68-3.11)
11 *0301 *0503 1.48 0.95 2.06 x 107! 1.65 (0.74-3.68)
12 *0301 *0301 2.46 1.79 1.97 x 107} 1.33 (0.76-2.33)
13 *0101 *0502 2.09 1.39 1.89 x 107} 1.67 (0.90-3.11)
14 *0301 *0303 16.90 13.10 7.50 x 1072 1.32 (1-1.74)
15 *0102 *0602 3.39 1.55 347 x 10*% 2.24 (1.28-3.92)
16 *0102 *0303 1.91 0.25 8.39 x 107> 19.03 (2.53-143.39)
17 *0301 *0601 2.45 0.42 7.34x107° 5.02 (1.87-13.45)

“P-values, OR and its 95% Cls of each haplotype were calculated as described in Materials and Methods.

for multiple testing after adjustment for rs9277535 (P =
473 x 10%). In addition, the association of hepatitis B with
HLA-DQ SNPs 152856718 and rs7453920 remarkably attenu-
ated after adjustment for rs11752643 using the logistic
regression model (P=2.53 x 107° and P=5.84 x 1074,
respectively). Unlike HLA-DP SNPs, 153077 and 1s9277535
remained highly significant (P=7.74 x 10”"® and 2.52 x
1072, respectively). Therefore, our findings clearly indicated
that hepatitis B is associated with the variants on HLA-DP loci
independent of the association with SNP 1511752643 that is
closely linked with HLA4-DR13 and also reinforce the previous
report of HLA-DQ-DR linkage. Thus, our study demonstrated
that the association of CHB with the variants in the HLA-DQ
locus was more prominent and consistent than those with
HLA-DRI13 in the Japanese population. However, the 19
major haplotypes shown in Supplementary Material,
Table S9 accounted for only 51.80% of cases and 57.92% of
controls, and other 314 haplotypes were missed due to low
haplotype frequency (<1% in both cases and controls). There-
fore, the result of DP-DQ haplotype analyses should be care-
fully interpreted. Subsequently, further functional analysis
including HLA-DR, DQ and DP is essential to fully elucidate
the molecular mechanism whereby these variations confer
CHB susceptibility.

In summary, we have demonstrated that genetic variations
in the HLA-DQ genes were strongly associated with CHB in
the Japanese population, and this association was independent
from the HLA-DP genes which we reported previously. Con-
sidering the importance of the MHC region in the clearance
after the infection of HBV, our findings should provide a
novel insight that the antigen presentation on the HLA-DP
and HLA-DQ molecules might be critical for virus elimination
and play an important role in the development of CHB. We are
confident that our findings would serve to allow better under-
standing of the pathogenesis of hepatitis B and contribute to
better clinical outcome of the disease.

MATERIALS AND METHODS
Study population

A total of 2667 cases and 6496 control subjects were analyzed
in this study. Characteristics of each cohort are shown in Sup-
plementary Material, Table S1. DNA samples from both CHB
patients and non-HBV controls used in this study were
obtained from the BioBank Japan at the Institute of Medical
Science, the University of Tokyo (29) except for samples for
the third replication. Among the BioBank Japan samples, we
selected HBsAg-seropositive CHB patients with elevated
serum aminotransferase levels for more than six months,
according to the guideline for diagnosis and treatment of
chronic hepatitis from The Japan Society of Hepatology
(http://www jsh.or.jp/medical/gudelines/index.html). The control
groups for the GWAS and first replication as well as for the
second replication consisted of subjects with diseases other
than CHB (uterine cancer, esophageal cancer, hematological
cancer, pulmonary tuberculosis, ovarian cancer, keloid, per-
ipheral artery disease and ischemic stroke) that were also
negative for HBsAg. Case and control samples for the third
replication cohort were collected from hospitals participating
to the Hiroshima Liver Study Group (listing of participating
doctors in this study group can be obtained at http: //home.
hiroshima-u.ac.jp/naikal/research_profile/pdf/liver_ study_
group_e.pdf) and Toranomon Hospital. All the participants
provided written informed consent. This project was approved
by the ethical committees at each institute.

SNP genotyping and QC

In the GWAS stage, 458 patients with CHB and 2056
non-HBV controls were genotyped using Illumina Infinium
HumanHap550v3 or Illumina Infinium Human610-Quad
DNA Analysis Genotyping BeadChip. SNP QC for all
sets of samples was applied as follows: SNP call rate of
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>0.99 in both cases and controls and P-value of the Hardy—
Weinberg equilibrium test of >1.0 x 107° in controls. SNPs
with minor allele frequency of <0.01 in both case and
control samples were excluded from the further analysis. In
the first replication, we genotyped an additional panel of 616
cases by multiplex polymerase chain reaction (PCR)-based
Invader assay (Third Wave Technologies, Madison, WI,
USA) (30). After excluding 10 cases with the call rate of
<0.95, all cluster plots were visually analyzed by trained
staffs and SNPs with ambiguous calls were excluded. Ran-
domly selected 94 case samples in the GWAS stage were
re-genotyped in the first replication and SNPs with concor-
dance rates of <98% between two assays (Illumina and
Invader) were excluded. In the subsequent replication ana-
lyses, we used the TagMan genotyping system (Applied Bio-
systems, Foster City, CA, USA) or the multiplex PCR-based
Invader assay.

HLA-DQAI1 and HLA-DQBI1 genotyping

We analyzed HLA-DQ genotypes using 748 cases and 614
controls (from GWAS and first replication sets). The second
exons of the HLA-DQAI and HLA-DQBI genes were ampli-
fied and directly sequenced according to the protocol reported
previously (31-33). HLA-DQAI and DQOBI alleles were deter-
mined based on the alignment database of dbMHC.

Statistical analysis

In the GWAS stage and replication analyses, statistical signifi-
cance of the association with each SNP was assessed using
1-df Cochrane—Armitage trend test and logistic regression
analysis adjusted with top SNP (rs9277535) in the HLA-DP
locus. Significance levels after Bonferroni correction for mul-
tiple testing were P = 3.0 x 10 > (0.05/16) in the first replica-
tion and P = 0.025 (0.05/2) in second and third replication.
OR and Cls were calculated using the non-susceptible allele
as a reference. The meta-analysis was conducted using the
Mantel-Haenszel method. Heterogeneity among studies was
examined by the Breslow—Day test. To assess the association
of each HLA allele, we used Fisher’s exact test on two-by-two
contingency tables with or without each HLA allele. To
analyze the association of haplotypes, we used R package hap-
lo.stats. P-values for each haplotype were given by the results
of a score test, and OR and 95% Cls were calculated from
cocfficients of the generalized linear model. OR of each hap-
lotype were calculated relative to the major haplotype. All of
these statistical values were calculated by function haplo.cc.

Software

For general statistical analysis, we used R statistical environ-
ment version 2.11.1 (http://cran.r-project.org) or plink-1.07
(http://pngu.mgh.harvard.edw/~purcell/plink/). Estimation of
haplotype frequencies and analysis of haplotype association
were performed by R package haplo.stats (34). Sequence var-
iants in the second exons of HLA-DQA I and HLA-DQBI were
analyzed by Sequencher 4.8. Haploview software was
employed to analyze LD values and draw LD map.
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SUPPLEMENTARY MATERIAL
Supplementary Material is available at HMG online.
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Introduction

More than 2 billion people have been infected with the hepatitis
B virus (HBV) worldwide, of which 350 million are chronic
carriers and about 600 000 die annually of HBV-related acute or
chronic liver disease |1]. Although many individuals eventually
achieve a state of nonreplicative infection, the prolonged
immunologic response to infection leads to the development of
cirrhosis, liver failure, or hepatocellular carcinoma (HCC) in up to
40% of patients |2]. In China, where HBV infection is endemic,
there are estimated 93 million HBV carriers, and among them 30
million are patients with chronic hepatitis B [3]. Multiple causes
influence the risk of chronic HBV infection in china, for example,
age, gender, viral genotype, ethnicity, variation in genes of the
immune system and so on [4].

@ PLoS ONE | www.plosone.org

Several polymorphisms of the HLA loci have been reported for
hepatitis B virus infection |5,6]. A study in Gambian found that
the allele DRB1#1302 was associated with the clearance of the
virus |7]. Hepatitis B virus persistence and disease chronicity were
associated with HLA-DQA1*0501 and HLA-DQB1¥0301 in Chi-
nese [8] and with HLA-DR9 in Koreans [9]. Although the
association between common diseases and these HLA (or non-
HLA) genes has become increasingly evident |10}, their results are
conflicting among the studies, and have not been confirmed by
other investigators [11].

A recent study found that the HLA-DPlocus was associated with
chronic hepatitis B in Japanese and "Thais [12]. As the frequencies
of these HLA-DP alleles in Chinese populations were similar to
those in Japanese populations, it would be necessary to confirm
whether there was the association between the HLA-DP genetic
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variation and HBV infection in Chinese populations. Lo this end,
we selected the most strongly associated SNPs (the previous
GWAS results) from each HLA-DP locus (rs9277535 at the HLA-
DPBI and r1s2395309 at the HLA-DPAI, respectively) and
genotyped these two polymorphisms in a population-based case-
control study of Chinese Hans, including 2 805 cases and 1 796
controls from Hubei province (Central China), Shandong province
(North China) and Guangdong province (South China).

Materials and Methods

Ethic statement

The study was approved by the local research ethics committee
(REC) at the Tongji Hospital of Huazhong University of Science
and Technology in accordance with the principle of the Helsinki
Declaration 1I. All written informed consent documents from each
participant were obtained during the enrollment phase.

Study subjects

A total of 4 601 unrelated Han Chinese were recruited in this
study between September 2007 and June 2011. All subjects were
divided into six groups: a) HBV clearance group(Clear); b) Healthy
control group(Health); c) Persistent asymptomatic HBV carriers
group(AsC); d) Chronic active hepatitis B group(CHB); ¢) HBV-
related liver cirrhosis group(LC); and f) HBV-related heptocellular
carcinoma group(HCC). 'The diagnostic criteria for study inclusion
were listed in ‘I'able S1, which had been described in the previous
publication [13,14]. All individuals were gathered from three Han
Chinese cohorts. First, we recruited 2 280 subjects from T'ongji
hostital and Union hospital in Wuhan, Hubei province. Second,
we gathered additional 1 304 subjects from 'The Affiliated
Hospital of Binzhou Medical College and Qingdao Infectious
Disease Hospital in Shandong province, 1 017 subjects from
Shenzhen Third People’s Hospital, Shenzhen Fourth People’s
Hospital and Shenzhen Sixth People’s Hospital in Guangdong
province.

A uniform questionnaire was used at three enrollment sites and
recorded self-report of risk factors for HBV transmission, family
history of HBV infection, past and current smoking, alcohol
ingestion, etc. The demographic information included gender,
birth-date, birthplace, and past and current residency.

DNA Isolation and Genotyping

Genomic DNA was isolated from peripheral whole blood using
TIANamp blood DNA kit (Tiangen Biotech |Beijing] Co., Ltd.,
China). The concentration and purity of the DNA were
determined with a NanoDrop spectrophotometer and diluted to
a final concentration of 8 ng/pL. The genotyping of genetic
polymorphisms was performed via the TagMan method according
to the protocol of TagMan® SNP Genotyping Assays (Applied
Biosystems, California, USA). Allelic category was measured
automatically using the Sequence Detection System 2.3 software
(Applied Biosystems) according to the intensity of VIC and FAM
dye. o detect these SNPs (152395309 and rs9277535), we
customized the TagMan® MGB Probe as well as the primers for
PCR amplification (Table S2.).

Statistical analysis

Statistical analysis was conducted by using haploview 4.2,
Arlequin 3.5, Statal0.0 and SPSS 17.0 softwares. Linkage
disequilibrium was assessed by the haploview 4.2 softwares using
frequencies obtained from the Health group. The (Bayesian) ELB
algorithm was used to infer haplotypes by using Arlequin 3.5. The
Hard-Weinberg equilibrium of alleles and population pairwise

@ PLOS ONE | www.plosone.org
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comparisons were also evaluated by using Arlequin 3.5 [15]. A
meta-analysis of all studies was performed for each SNP associated
with chronic hepatitis B by.using Statal0.0 softwares. Odds ratios
(ORs) and 95% confidence intervals (Cls) were calculated on the
basis of the binary logistic regression analysis (adjustment for
gender and age). The strength of association between the
genotypes or alleles and HBV infection was estimated by using
SPSS 17.0 softwares. A best-fit model was constructed by means of
comparisons with other models. Values of P<0.05 were
considered statistically significant.

Results

Hardy-Weinberg equilibrium test

Hardy-Weinberg equilibrium was estimated by Fisher’s exact
test using Arlequin 3.5 software. There was no significant
difference between observed and expected frequencies of each
genotype in these involved populations (P>0.05). This result
indicated that these populations had a relatively stable genetic
background and were suitable for further genetic statistical
analysis.

The clinic and demographic characteristics .

The clinical and demographic characteristics of the case-control
study were summarized in Table 1, including gender, age,
drinkers, serum total bilirubin level (I-Bil), HBV-DNA load,
alanine transaminase (ALT) and serum markers of hepatitis B
virus. 'There was no significant difference in the percentage of
hepatitis B e antigen (HBeAg) positive (P=0.10) between
asymptomatic HBV carriers (17.1%) and the patients of chronic
hepatitis B group (20.2%). In addition, there was more alcohol
consumption in patients (<0.05) with HBV-related liver cirrhosis
group (24.3%) and HBV-related heptocellular carcinoma group
(30.5%) than those in HBV clearance group (10.2%) and healthy
control group (8.9%). The difference in the alcohol consumption
status was due to few drinkers in Chinese female population.
Although an effort was made to obtain a good match on age and
sex, there were more men in four case groups (averaged 73.5%)
than those in HBV clearance group (51.6%, P<<0.05) and healthy
control group (47.5%, P<0.05).

Population pairwise comparisons and grouping of
subjects

"T'o explore whether differences in susceptibility loci were caused
by the disease or by genetic background between populations, we
first needed to determine which populations should be compared
with each other, and whether there were populations that could be
lumped together to simplify statistical analysis. "To this end, we
performed population pairwise comparisons Fgy testing between
each population using Arlequin 3.5 software. The principle of
population pairwise comparisons states that: if there is no
difference in heredity between two populations, the data
permuting of genotypes or haplotypes between two populations
should not cause a significant difference, which can be evaluated
by Fsy P value (£>0.05). According to the results shown in
Table 2, we could infer that Shandong population had greater
difference than Hubei population or Guangdong population in
genetic background (£<<0.0001). As the pairwise comparisons for
Hubei population and Guangdong population were not signifi-
cantly different (P=0.191), and both of them were the same
geographic position (southern of china) | 16], we had determined to
merge Hubei population and Guangdong population into
southern Chinese population. Meanwhile, Shandong population
was taken as northern Chinese population. Furthermore, in order
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Table 1. Clinical characteristics of study subjects.
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Characteristics Health(n=962)

m;& Wit s
421(51.6)

T

51.70+10.96

51.48+11.04

e
Family history, no. (%) No No

TBil (umol/L) No No

‘No’ means non-detected.

liver cirrhosis group; HCC, HBV-related heptoceliular carcinoma group;
doi:10.1371/journal.pone.0024221.t001

to identify whether the two polymorphisms were associated with
HBYV infection or clearance, we combined all the types of HBV
infection populations into one group by using the healthy group or
clearance group as the reference.

Logistic regression analysis of the HLA-DP loci
polymorphisms

Then, to investigate which genotypic models were significantly
associated with the various outcomes, we conducted comparisons
of four models (Multiplicative model, Additive model, Dominant
model and Recessive model) in southern and northern Chinese
populations respectively (data not show). For the four models, the
best-fit genotypic effect of these two SNPs (rs2395309 and
1s9277535) was observed in the dominant model which was the
protective genotype AA and AG (see Table 3). After compared
with the Healthy control group, both single nucleotide polymor-
phism (SNP) sites (rs2395309 and rs9277535) showed associations
with HBV infection in southern Chinese population (Odds ratio
[OR]=0.57; 95% Confidence intervals [CI] :0.47, 0.70;
P=3.36x10"% at rs2395309; OR =0.52; 95% CI :0.43, 0.64;
P=268x107"" at rs9277535), as well as in northern Chinese
population (OR=0.50; 95% CI :0.35, 0.71; P=1.23x10"* at
152395309; OR =0.50; 95% CI :0.36, 0.68; P=1.74x107" at

Table 2. Matrix of significant Fsy P values among populations.

Populations Hubei Shandong

Guangdong

Guangdong 0.191 *

Population pairwise comparisons Fsy tests were performed between pairs of
groups using Arlequin 3.5software. Statistically significant values are in shown
in bold.

Abbreviations: Hubei, Hubei populations; Guangdong, Guangdong populations;
Shandong, Shandong populations.
doi:10.1371/journal.pone.0024221.1002
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Clear(n=834) AsC

. S SHARBAG
.4) 765(81.0)

156(17.1)
36(4.0)

11.71£9.01

331

LC(n=544)

HCC(n=387)

. -
R

48.30+11.02

195{(20.2) 64(11.8)

142(14.7)

161.55+171.06

‘Drinkers’ was defined as alcohol consumption of >40 g/week, which included occasional drinkers and daily drinkers.
Abbreviations: Clear, HBV clearance group; Health, Healthy control group; AsC, Asymptomatic HBY carriers group; CHB, Chronic active hepatitis B group; LC,HBV-related

1s9277535). And, interestingly, HLA-DP rs2395309 and rs9277535
sites also showed a strong protective effect for HBV clearance not
only in southern Chinese population (OR =1.31; 95% CI :1.17,
1.45; P=9.63x10"" at rs2395309; OR =1.33; 95% CI :1.20,
1.49; P=1.67x1077 at 1s9277535) but also in northern Chinese
population (OR=1.20; 95% CI :1.03, 1.40; P=0.021 at
152395309; OR =1.26; 95% CI :1.06, 1.49; P=8.37x10"2 at
rs9277535). As shown in I'able 3, notably, the genotype
distributions of both sites (rs2395309 and rs9277535) were clearly
different between southern and northern Healthy populations (7
values=8.95x107> and 1.64x1077, respectively. P values of
Pearson’s x* test for allele model). The two minor-allele
frequencies (MAF) in both Healthy populations (southern and
northern Han Chinese) were 30.1% vs 38.8% at rs2395309,
38.1% vs 52.2% at rs9277535. In addition, to decrease the bias of
sex and age in population sampling, we further conducted the
stratified analysis for sex and age. As presented in 'I'able S3, male
and female patients showed different associations with HBV
diseases in these two SNPs (rs2395309 and rs9277535). Specially,
in the northern Chinese population, this difference was notable
between male patients and female patients. Furthermore, in the
stratified analysis of age, most cases were no significant differences
in genotype distributions of two SNPs sites between patients with
age=45 years and patients with age>45 years (L'able S4.).

Associations of the HLA-DP loci polymorphisms with HBV
progression

Considering the function of HLA-DP molecules, we were
interested in the possible association between the polymorphisms
in HLA-DP gene and the disease progression of chronic hepatitis B.
‘Lo test our prediction, we further analysed the difference in two
SNPs genotype distributions by using asymptomatic HBV carrier
as control group. Unfortunately, there were not associations in
chronic active hepatitis B group (OR = 1.03; 95% CI : 0.79, 1.54;
£=0.822 at rs2395309; OR =0.92; 95% CI:0.71, 1.18; P=0.501
at 1s9277535, in southern Chinese population; OR =0.92; 95%
Cl:0.62, 1.38; P=0.697 at rs2395309; OR =1.33; 95% CI : 0.86,
2.06; P=0.198 at 159277535, in northern Chinese population),
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Table 3. Associations of two SNPs (rs2395309, rs9277535) with HBV infection and clearance in Han Chinese populations.

South of china North of china
grou

el

s

P value OR {95%
iy
P value OR (95%Cl)
: s
S
AA/AG/G

o]

3

177/830/1195%

80/277/216"
68

o

97/203/80" 118/287/206*
. e L

AA/AG/GG 177/830/1195% 67/251/208" 118/287/206 67/165/75"

"Healthy control group.

"HBV clearance group.

*HBV infection groups, including Asymptomatic HBV carriers, Chronic active hepatitis B group, HBV-related liver cirrhosis group, HBV-related heptocellular carcinoma
group.

The P values, odds ratios (OR), and 95% confidence intervals (Cl) were calculated on the basis of the binary logistic regression analysis, adjusted for sex and age.
doi:10.1371/journal.pone.0024221.t003

HBV-related liver cirrhosis group (OR=1.11; 95% Cl : 0.82, OR=1.29; 95% CI : 0.81, 2.06; P=0.286 at rs9277535, in
1.52; P=0.499 at rs2395309; OR=1.24; 95% CI : 0.92, 1.67; northern Chinese population) and HBV-related heptocellular
P=0.163 at 1rs9277535, in southern Chinese population; carcinoma group(OR =0.85; 95% CI : 0.63, 1.16; P=0.305 at
OR=0.74; 95% CI : 048, 1.16; P=0.189 at rs2395309; r52395309; OR=0.98; 95% CI : 0.73, 1.31; P=0.881 at

Table 4. Results of the association test for two SNPs(rs2395309,rs9277535) haplotypes in Han Chinese populations.

South of china

A-A 247(22.3) 205(17.0) 227(16.8) 238(16.0) 122(16.2) 92(14.5)

G-A 173(15.6) 177(19.5) 140(10.4) 143(9.6) 95(12.6) 78(12.4)

P value" Reference 147x10°° 6.47x10°8 253x107° 6.07x1077

P value Reference 7.35x10 8.92x10 245x10 1.06x10

A-A 226(30.8) 200(31.5) 118(28.0) 103(27.3) 71(23.6) 21(20.5)

G-A 157(21.4) 98(17.5) 66(15.6) 60(15.9) ' 62(20.7) 15(15.4)

=
value' Reference 0.032 0.012 0.004 0.003

P value Reference

s

0.021 0.007 0.005

s

"Two SNPs haplotypes G-G, A-A in Health group compared with those in HBV infection groups.

Two SNPs haplotypes G-G, A-A in HBV infection groups compared with those in Clearance group.

The P values, odds ratios (OR), and 95% confidence intervals (Ci) were calculated by Pearson Chi-Square test.

Abbreviations: Clear, HBV clearance group; Health, Healthy control group; AsC, Asymptomatic HBV carriers group; CHB, Chronic active hepatitis B group; LC,HBV-related
liver cirrhosis group; HCC, HBV-related heptocellular carcinoma group; OR, odds ratio; Cl, confidence interval.

doi:10.1371/journal.pone.0024221.t1004
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D OR {95% Cl)
19277535

Japanese,GWAS First(Kamatani2009) €———@——— 054{042,069)
Japanese,GWAS Second(Kamatani2009) — —fl— 059 (051,0.69)
Thailander(Kamatani2009) — 0.56 {0.46, 0.69)
North Han Chinese(Current Study) el 0.65(0.51,0.83)
South Han Chinese(Current Study) R - e 0.56 (0.48,067)
North Han Chinese(Guo 2011) ——— 0.55(047,0.65)
Subtotal (-squared = 0.0%, p = 0.882) <> 0.57(053,062)
152395309

Japanese, GWAS First(Kamatani2009) L 0.58(045,0.74)
Japanese, GWAS Second(Kamatani2009) — ~——fl—— 0.58(050,067)
North Han Chinese(Current Study) e e 0.68(0.53,0.88)
South Han Chinese(Current Study) il 0.67 (056, 0.80)
Morth Han Chinese(Guo 2011) e e 0.63(053,074)
Subtotal (-squared = 0.0%, p = 0.673) <> 062(057,087)

NOTE: Weights are from random effects analysis
T T B

5 75 1 125

Figure 1. Meta-analasis of the rs9277535 and rs2395309. The meta-analysis combined with the results of previous studies, including more
than 2,243 cases and 4,137 controls. Each effect size is shown with its confidence interval. Abbreviations: p, P heterogeneity value; OR, odds ratios;

95%Cl, 95% confidence interval.
doi:10.1371/journal.pone.0024221.g001

1rs9277535, in southern Chinese population; OR =0.56; 95% CI :
0.28, 1.11; P=0.097 at rs2395309; OR =0.84; 95% CI : 0.42,
1.68; P=0.615 at rs9277535, in northern Chinese population)
compared with asymptomatic HBV group(1'able S5.).

>

Associations of the HLA-DP loci polymorphisms with
clinical factors

In order to analyze the associations between two SNPs and
clinical factors (HBV-DNA load, AL and 'I'B), we used the
independent-sample Kolmogorov-Smirnov t test in CHB group,
LC group and HCC group. Although the GG patients have a
higher mean on the HBV-DNA load, no significant difference was
found between patients of different genotypes (see Fig. S1). In the
analysis of AL'L, the associations between two SNPs and the ALT
level only be found in HBV-related liver cirrhosis group (= 0.002
at rs2395309; £=0.009 at rs9277535), rather than in other
groups. Meanwhile, for the associations of the I'B level, there was
no difference between GG patients and AG+AA patients (/2>0.05
in each group).

Results of the Haplotype analysis and Meta-analysis

To further understand the contributions of these loci to HBV
susceptibility, two-locus haplotypes were constructed for two SNPs
152395309 and rs9277535 (lable 4.). Pairwise linkage disequilib-
rium (LD) analyses performed using all individuals from the health
group showed that rs2395309 and rs9277535 SNPs were in LD
with each other (D'=0.57, r*=0.23 in southern Chinese
population; D’ =0.58, r*=0.20 in northern Chinese population).
In trying to derive HBV infection-specific haplotypes, the
haplotype frequencies of two SNPs (rs2395309 and rs9277535)
were evaluated in both Chinese populations. Four haplotypes were
observed, and among them three haplotypes had frequencies more
than 5% (l'able 4.). Compared with protective A-A haplotype

@ PLoS ONE | www.plosone.org

homozygotes, only G-G haplotype homozygotes had a significant
increased risk for HBV infection (P value and odds ratios were
shown in "l'able 4). Then, we summarized a meta-analysis
combined with the results of related studies [12,17], including
more than 2,243 cases and 4,137 controls. As shown in Figure 1
and T'able 86, these odds ratios were quite similar among the three
ethnic groups (Japanese, Thais and Chinese) and no heterogeneity
was observed (P het=0.673 at rs2395309; P het=0.882 at rs
9577535).

Discussion

In this analysis, we confirmed that two SNPs sites (rs2395309
and rs9277535) in the HLA-DPAI and HLA-DPBI genes were
significantly associated with HBV infection in southern and
northern Han Chinese populations. Again, our haplotype analysis
showed the frequency of G-G haplotype had a significant increase
in the HBV infected populations, as compared with the healthy
control group or HBV clearance group. As a result, we inferred
that these persons with G-G haplotype have a higher risk of HBV
infection than those persons with A-A haplotype. Meanwhile, the
A-A haplotype could be strongly predictive for HBV clearance in
HBV infection populations. Although our manuscript suggested
that the genotype distributions of both sites (152395309 and
rs9277535) were different between southern and northern Chinese
population, the frequencies of two protective alleles A in Chinese
populations were also similar to those in Asian populations,
compared with European and Central American populations (data
from public databases, HapMap). ‘The results of the genetic
association in our study were consistent with the previous study
[12]. Hence, we could confirm that the polymorphisms of HLA-
DPAI and HLA-DPBI gene play a very important role in chronic
hepatitis B virus infection in southern and northern Han Chinese
populations.
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It has been well documented that men are more likely than
women to be infected with HBV and develop liver cirrhosis and
hepatocellular carcinoma [18,19]. The reasons for the gender
distinction between HBV populations and health populations are
complex, including occupation, alcohol drinking, tobacco smok-
ing, family history of HBV infection and so on. Some previous
reports suggested that sex hormones might interact with HBV in
the infection process and lead to a dominant sex disparity in HBV
populations. Naugler et al. [20] found that estrogen-mediated
inhibition of interleukin-6 production by Kupffer cells reduced the
risk of liver cancer in females. Wang et al. [21] study demonstrated
that the androgen pathway could increase the transcription of
HBYV through direct binding to the androgen-responsive element
sites in viral enhancer. Consequently, to decrease the bias of sex in
population sampling, we further conducted the stratified analysis
for sex. Although we found that male and female northern
Chinese showed a different susceptibility to HBV infection, it only
had 25% and 21% statistical power to detect these ORs of 0.73
and 0.74, which may lead to the false-negative results of rs2395309
and 159277535 in northern female Chinese. The small sample for
female HBV patients in this study might be the major reason for
the non-significant associations in female Chinese. Hence, we only
concluded that the genetic variants of HLA-DPAI and HLA-DPBI
loci differ slightly between male and female Chinese, and the
reasons why there is different between male and female for HBV
infection need to be further studied.

And indeed, by consulting previous studies [22,23], we found
that there are different distributions in some /LA alleles among
Han Chinese populations. Yor instance, HLA-DRBI*0301 [8], a
risk-allele with respect to chronic HBV infection in Han Chinese,
markedly has higher frequency in southern Han Chinese
population than those in northern Han Chinese population. Since
the frequency distribution of HLA-DP alleles were barely reported
in China, it could be inferred only indirectly that there were also
different distributions at HLA-DP alleles between two Han Chinese
populations. And, it was the difference that led to the distinct
distributions of both SNPs (rs9277535 and rs2395309) between
southern and northern Han Chinese population. Nevertheless, this

- explanations why the distributions of the HLA alleles (or SNPs)
differed between Han Chinese populations were complicated, such
as evolution and migration history of the Chinese population
[24,25,26], MHC-based mate choice [27], pathogen-driven
selection at HLA alleles |28,29] and so on. T'aking into account
the different distributions of HBV genotypes [30] and HBV carrier
rate |31] in China, as well as recent studies [12,17] and our results,
we deduced that the mechanism of pathogen-driven selection
(HBV and/or other pathogens) might be the leading cause of the
different distributions at HLA-DP alleles between two Han Chinese
populations.

Moreover, after infection with hepatitis B virus (HBV), the host’s
inflammatory immune response induces hepatocellular damage and
is followed by the pathogenesis of liver cirrhosis and cancer [32].
Liver cancer arises most frequently in the setting of chronic liver
inflammation |33]. Considering the function of HLA-DP molecules,
HBYV antigen presentation on HLA-DPmolecules may be critical for
virus elimination and has an important role in the progression of
hepatitis B [34]. Therefore, we further analysed the possible
association between the polymorphisms in HLA-DP gene and the
disease progression of chronic hepatitis B. Unfortunately, compared
with asymptomatic HBV carrier, there were no associations in
chronic active hepatitis B group, HBV-related liver cirrhosis group
and HBV-related hepatocellular carcinoma group. Although
chronic HBV infection is the most important cause of HCC
worldwide and contributes to at least 70% of cases of HCC in Asian-
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Africa [35], only a tiny fraction of chronic HBV carriers develop
HCC in their lifetime [36]. It is suggested that the risk of HCC is
caused by a complex interplay between multiple genetic and
environmental factors. Recently, Zhang et al. have conducted the
first liver GWAS for HCC in Chinese ancestry and identified a
single susceptibility locus in the UBE4B-KIF1B-PGD region on
1p36.22 |{37]. Since the region involve in these aspects of vesicles
transport, cell apoptosis, DNA repair, and other intracellular
pathways, it seems likely that different genes play disparate roles in
HBV infection and HBV progression. For example, immune
pathway (HLA-DP or other genes) is the primary cause of HBV
infection, but intracellular pathway (Ubiquitin or other pathways) is
the major reason of HBV progression. Thus, by combining our
results with the aforementioned discussion, we inferred that the
polymorphisms in HLA-DPAI and HLA-DPBI gene influence the
infection of HBV in Chinese populations, rather than the
progression of HBV disease.

Since the early 1970s [38], classical human leukocyte antigen
loci have stood out as the leading candidates for infectious disease
susceptibility. The classical HLA loci are the class | (HL4-4, -B, -C,
-k, -F, and -G) and class 1l (HLA-DR, -DQ, -DM, and -DP
molecules. HLA class 11 molecules are the central part in the
immune system by presenting peptides to the antigen receptor of
CD4+ I cells [39]. Antigen presentation is not only crucial for the
regulation of protective immune responses against invading
pathogens, but also necessary for the maintenance of self-
tolerance. It is therefore perhaps not surprising to find that the
human MHC class 11 gene region holds the largest number, and
some of the longest recognised, associations with a autoimmune,
inflammatory and infectious diseases |40,41]. Although HLA-DPs
have a structure similar to other classical HLA4 class 11 molecules,
HLA-DP molecule roles in the immune response have not been
well characterized until now. In a previous study, Hirayama et al.
[42] indicated that the HIA class Il genes for the HLA-DR-DQ
alleles were associated with protection against early changes in
liver fibrosis, whereas HLA-DP alleles were associated with
protection from the late phase of schistosomal hepatic fibrosis.
Owing to lack of replication of the previously report, more studies
are essential to provide conclusive genetic and functional evidence
to support a role for HLA-DP in HBV disease susceptibility.

In summary, in this multicenter case-control study, we have
confirmed that the G alleles of two SNPs sties in the HLA-DPAI
and HLA-DPBI were significantly associated with hepatitis B virus
(HBV) infection in Han Chinese populations, and both A alleles
(rs2395309 and rs9277535) also showed a strong protective effect
for HBV clearance. Furthermore, we found that the genotype
distributions of both sites (rs2395309 and rs9277535) were clearly
different between southern and northern Han Chinese population.
By using asymptomatic HBV carrier as control group, our study
showed that there were no associations of HLA-DP variants
(rs2395309 and rs9277535) with HBV progression. Although
HBV disease is not determined solely by genetic factors, the
experimental results offer the foundation for further study of
genetic variations in the HLA-DPAI and HLA-DPBI for the
prevention and therapy of chronic HBV infection.

Supporting Information

Figure S1 Associations of these two SNPs (rs2395309,
rs9277535) genotypes with HBV DNA levels. P values of
independent-sample Kolmogorov-Smirnov t test for dominant
model (AA+AG vs GG). Abbreviations:SNPs, single nucleotide
polymorphisms.
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Table S1 Diagnosis criteria for Healthy control group
(Health), HBV clearance group (Clear), Asymptomatic
chronic HBV carriers group (AsC), Chronic active
hepatitis B group (CHB), HBV-related liver cirrhosis
group (LC) and HBV-related heptocellular carcinoma
group (HCC).

(DOC)

Table 82 TagMan probes and Primers for two SNPs
(rs2395309 and rs9277535).
DOC)

Table 83 The stratified analysis of gender between two
SNPs (rs2395309, rs9277535) genotypes and different
populations. Male and female patients showed different
genotype distributions in these two SNPs (rs2395309 and
139277535), specially in the northern Chinese population. The P
values, odds ratios (OR), and 95% confidence intervals (C1) were
calculated on the basis of the binary logistic regression analysis,
adjusted for age.

(DOC)

Table S4 The stratified analysis of age between two
SNPs (rs2395309, rs9277535) genotypes in south Chinese
population and north Chinese population. Most cases were
no significant difference in genotype distributions of two SNPs sites
between patients with age=45 years and patients with age>45
years. The £ values, odds ratios (OR), and 95% confidence
intervals (CI) were calculated on the basis of the binary logistic
regression analysis, adjusted for sex.

DOC)

Table 85 Associations of two SNPs (rs2395309,
rs9277535) with HBV progression in Han Chinese
populations. Compared with asymptomatic HBV group, those
two sites (rs2395309 and 1rs9277535) in HLA-DPAl or HLA-
DPBI gene had no associations with the chronic active hepatitis B,
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Genome-wide association study identifies a susceptibility
locus for HCV-induced hepatocellular carcinoma

Vinod Kumar!2, Naoya Kato®, Yuji Urabe!, Atsushi Takahashi2, Ryosuke Muroyama?, Naoya Hosono?,
Motoyuki Otsuka®, Ryosuke Tateishi*, Masao Omata*, Hidewaki NakagawaZ, Kazuhiko Koike?,
Naoyuki Kamatani?, Michiaki Kubo?, Yusuke Nakamura!-? & Koichi Matsuda!

To identify the genetic susceptibility factor(s) for hepatitis C
virus-induced hepatocellular carcinoma (HCV-induced HCCQ),
we conducted a genome-wide association study using 432,703
autosomal SNPs in 721 individuals with HCV-induced HCC
(cases) and 2,890 HCV-negative controls of Japanese origin.
Eight SNPs that showed possible association (P < 1 x 10-5)

in the genome-wide association study were further genotyped
in 673 cases and 2,596 controls. We found a previously
unidentified locus in the 5’ flanking region of MICA on
6p21.33 (rs2596542, Py pined = 4.21 x 10713, odds ratio =
1.39) to be strongly associated with HCV-induced HCC.
Subsequent analyses using individuals with chronic hepatitis C
(CHQ) indicated that this SNP is not associated with CHC
susceptibility (P = 0.61) but is significantly associated with
progression from CHC to HCC (P = 3.13 x 1078), We also
found that the risk allele of rs2596542 was associated with
lower soluble MICA protein levels in individuals with
HCV-induced HCC (P = 1.38 x 10~13),

It is estimated that more than 170 million people are infected with
HCV worldwide!. Persistent HCV infection causes CHC and, subse-
quently, fatal liver diseases such as liver cirrhosis and HCC. Therefore,
the treatment of HCV carriers is an issue of global importance. HCC
is the third most common cause of cancer-related deaths?, and HCV
infection accounts for 30-70% of the individuals with HCC3*,
HCV-induced HCC is a multistep and progressive liver disease in
which disease progression may be influenced by both environmental
and genetic risk factors. The impact of host genetic variation on pro-
gression to CHC after HCV exposure is well documented by recent
genome-wide association studies (GWAS)>~7. However, no compre-
hensive analyses have been performed to explore the genetic basis
of HCV-induced HCC. Therefore, we conducted a GWAS for HCV-
induced HCC.

We genotyped the DNA of 721 individuals with HCV-induced
HCC and 2,890 HCV-negative controls (Supplementary Table 1)
from BioBank Japan®. After the initial standard SNP quality filters,

we obtained genotyping results for 432,703 SNPs for association
analysis. Because progression from CHC to liver cancer is strongly
affected by age and gender?, we performed a logistic regression ana-
lysis by including age and gender as covariates at all tested loci in our
analyses. The genetic inflation factor (A) was 1.03, indicating that
there is no or little population stratification (Supplementary Fig. 1).
Although no SNPs cleared the GWAS significance threshold (P < 5 x
107) at this stage, we identified eight independent loci showing pos-
sible association (P < 1 x 1075 Supplementary Fig. 2).

In the replication stage, 673 cases from an independent HCC cohort
from the University of Tokyo and 2,596 HCV-negative controls from
BioBank Japan were genotyped at these eight SNPs. We observed a
significant replication of association at rs2596542 on chromosome
6p21.33 (P = 8.62 x 107, odds ratio (OR) = 1.44, 95% confidence
interval (CI) 1.27-1.63; Table 1), whereas the remaining seven
SNPs failed to replicate the association (Supplementary Table 2).
Furthermore, the combination analysis of the GWAS and replication
study data at rs2596542 revealed a highly significant association in
which the frequency of the risk allele A is higher in cases (P = 4.21 x
10713, OR = 1.39; Fig. 1 and Table 1) after the age and gender adjust-
ment, without any heterogeneity (P = 0.24) between the two stages. To
further investigate the impact of rs2596542 on the complex nature of
the HCV-induced HCC phenotype, we genotyped 1,730 individuals
with CHC who had not developed liver cirrhosis or HCC during their
recruitment. As a result, rs2596542 was found to have no association
with chronic hepatitis C susceptibility (P = 0.61) but was significantly
associated with progression from CHC to HCC (P = 3.13 x 1078,
OR = 1.36; Table 2).

Because heavy alcohol consumption (>50 g per day) as well as poor
response to interferon (IFN) treatment were shown to be the major
risk factors for HCC among individuals with CHC?, we evaluated
the effect of alcohol consumption as a confounding factor and found
that 152596542 remained highly significant even after adjustment for
this factor (non-HCV versus HCC, OR = 1.39, P=1.22 x 10~'%; CHC
versus HCC, OR = 1.25, P = 2.31 x 1074 Supplementary Table 3).
The major genotypes of HCV can be determined by a serotyping
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Table 1 Association results of rs2596542 in the GWAS, replication stage and combined

was not in high LD with rs9275572 (D’ = 0.41,

analysis 2 =0.16), and both SNPs remained associated
SNP Chr. (locus) Stage Case RAF Control RAF P OR (95% CI) with HCC even after conditional analysis on
rs2596542 (A/G) 6 (MICA) ~ GWAS? 0.388 0.331 450% 106 1.34(1.16-1.53) each other and had small reductions in their
Replication2  0.413 0.331 8.62x 10-° 1.44(1.27-1.63) ORs upon conditioned analysis (OR = 1.23,
Combined®  0.400 0.331 4.21x10°13 1.39(1.27-1.52) P=4.43x10"%and OR = 1.17, P = 0.00059,

MH test

7.76 x 10712 1.35(1.24-1.47)

respectively; Supplementary Table 6).

We analyzed 1,394 cases with HCC (721 in the GWAS and 673 in the replication) and 5,486 controls (2,890 in
GWAS and 2,596 in replication). Chr., chromosome; RAF, risk allele frequency (allele A); OR, odds ratio for the minor

allele calculated by considering the major allele as a reference; MH, Mantel-Haenszel.

ap values and ORs are adjusted for age and gender by logistic regression analysis under an additive model.

assay that is based on the type-specific antibodies produced by the
infected host!®. A subgroup analysis for HCV serotypes or history
of IFN therapy indicated that this variation is associated with HCC
susceptibility independently of HCV genotypes or treatment response
(Supplementary Fig. 3). Consistent with this result, rs1051796, which
had r? = 0.7 and D’ = 0.95 with rs2596542, was not associated with
IFN response (P = 0.89) according to previously published data in the
Japanese population!!.

1r$2596542 is located within the class I major histocompatibility
complex (MHC) region. The human MHC region encompasses the
complex and extended linkage disequilibrium (LD) structure!13,
Several HLA alleles and genes within MHC region have been impli-
cated in HCV infection or clearance or in response to treatment!4-16,
Therefore, we searched the whole 7.5-Mb extended MHC region using
GWAS data to test the possibility of other associated loci. We found
a moderate association peak at rs9275572 (P = 4.99 x 107°), which
is located between HLA-DQA and HLA-DQB loci (Supplementary
Fig. 4). Subsequent replication and combination analyses at rs9275572
indicated a significant association with HCV-induced HCC (P =9.38 x
10~%, OR = 1.30; Supplementary Table 4). The multiple logistic
regression analysis to control for alcohol consumption along with age
and gender also indicated a significant association at rs9275572 (P =
3.21 x 1073, OR = 1.29; Supplementary Table 5). However, rs2596542
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Figure 1 Regional association plot at rs2596542. Above, the Pvalues

of genotyped SNPs are plotted (as —log; values) against their physical
position on chromosome 6 (NCBI Build 36). The Pvalue for rs2596542
at the GWAS stage, replication stage and combination analysis is
represented by a purple diamond, circle and diamond, respectively.
Estimated recombination rates from the HapMap JPT population show the
local LD structure. Inset, the SNP’s colors indicate LD with rs2596542
according to a scale from r2 = O to /2 = 1 based on pairwise r? values from
HapMap JPT. Below, gene annotations from the UCSC genome browser.

A haplotype analysis between these two
markers showed four possible haplotypes,
with haplotype AA showing higher risk (with
OR = 1.44) compared to the major haplo-
type GG (Supplementary Table 7). However, the OR for the risk
haplotype was 1.32 with P = 2.31 x 10710 after comparing against
all observed haplotypes in the population (Supplementary Table 7),
which is weaker than that of rs2596542 alone (OR = 1.39, P = 4.21 x
1071%). Hence, the impact of rs2596542 is much stronger than the
haplotype of two SNPs, suggesting that rs2596542 is a principal
genetic factor in this region. We also found that rs9275572 has a
moderate association with CHC susceptibility as well as progression
from CHC to HCC (P=0.03 and P=2.58 x 10", OR = 1.09 and OR =
1.29, respectively; Supplementary Table 8). Because HLA-DQ and
HLA-DR alleles were shown to be associated with viral persistence and
early liver disease among Japanese individuals'S, further study will be
needed to confirm whether the association at rs9275572 is because of
its LD with HLA-DQ or DR alleles.

In this regard, it is interesting to note that rs9275572 had a very
strong expression quantitative trait locus effect on HLA-DQBI (log;,
odds (LOD) > 19.48) and HLA-DRB4 alleles (LOD >26.88)!7. Thus,
it will be important to test the functional effect of the common haplo-
type (AA; Supplementary Table 7), which tags the risk alleles at these
two SNPs.

Two SNPs, rs12979860 and rs8099917, at the IL28B locus were
reported to be associated with spontaneous clearance of HCV virus!®
and response to pegylated IFN-ot and ribavirin therapy!l, respectively.
However, we found no association at rs12979860 and rs8099917 in
our dataset (Supplementary Table 9). Because we used non-HCV
control subjects rather than subjects who had cleared HCV infection
spontaneously, and because only about 20% of the cases with HCC
had been treated with IFN, our study may not be suitable to detect
associations at the IL28B locus. In addition, the protective C allele
at rs12979860 is nearly fixed throughout east Asia, with a frequency
of more than 91% in the Japanese population as compared to 67% in
European AmericansS, indicating a role for other factors in spontane-
ous clearance.

The top associated SNP, rs2596542, is located 4.7 kb upstream of
MICA, the MHC class I polypeptide-related sequence A gene, and
41.7 kb downstream of the HLA-B gene (Supplementary Fig. 5). The
regional association plot at the rs2596542 locus, made using genotype
data from the GWAS (Fig. 1) and imputation analysis (Supplementary
Fig. 6), revealed that all of the modestly associated SNPs are tightly

Table 2 152596542 (A/G) is associated with progression from CHC
to HCC

Subjects RAF (Comparison) P? OR2 95% Cl
Healthy 0.331

CHC 0.333  (Healthy vs. CHC) 0.61 1.02 0.94-1.10
HCC 0.398  (CHCvs. HCC) 3.13 x 1078 1.36 1.22-1.51

We analyzed 5,486 controls, 1,730 CHC cases and 1,394 HCC cases. RAF, risk allele
frequency (allele A); OR, odds ratio for the minor allele by considering the major allele

as a reference.
Calculated by logistic regression analysis, by PLINK upon age and gender adjustment under
additive model.
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Figure 2 Correlation between soluble MICA levels and rs2596542
genotype. The x axis shows the genotypes at rs2596542, and the y axis
shows the concentration of soluble MICA in pg/mi. The number of
independent samples tested in each group is shown in parentheses.

Each group is shown as a box plot, and the median values are shown as
thick dark horizontal lines (median values of AA = 0, AG = 43.6 and GG =
77.74). The box covers the twenty-fifth to seventy-fifth percentiles, and
the whiskers outside the box extend to the highest and lowest value within
1.5 times the interquartile range. Points outside the whiskers are outliers.
We tested the difference in the median values among genotypes using
the Kruskal-Wallis test (P= 1.6 x 10713). We plotted the box plots using
default settings in R (see URLs).

linked to rs2596542 (r? > 0.4) and are confined to the MICA gene
locus. On the other hand, the imputation analysis of HLA-tagging
SNPs did not show any evidence of linkage with rs2596542 (Online
Methods and Supplementary Table 10), suggesting that MICA is a
disease-associated candidate gene at this locus.

MICA is a membrane protein that acts as a ligand for NKG2D
to activate anti-tumor effects through natural killer cells and CD8*
T cells'. On the other hand, MICA is secreted into the serum by
cleavage at the transmembrane domain with matrix metalloprotein-
ases?®?! and inhibits the anti-tumor effect of natural killer cells and
CD8* T cells by blocking their action??-%, Elevated expression of both
the membrane-bound and soluble forms of MICA (sMICA) have been
reported in several cancers, including HCC?>-%7. Exon 5 of MICA
encodes the transmembrane domain and contains a variable number
of tandem repeats (VNTR) consisting of 4, 5, 6 or 9 repeats of GCT
or one additional G nucleotide insertion into the 5-GCT-repeat allele
(referred as A4, A5, A6, A9 and A5.1, respectively). The insertion of
G (A5.1) causes a premature stop codon and subsequent loss of the
transmembrane domain, leading to altered subcellular localization?®.
Therefore, we tested whether rs2596542 is in linkage with functional
MICA VNTR alleles.

We further genotyped 673 cases with HCV-induced HCC and 890
non-HCV controls for the MICA VNTR locus with capillary-based
electrophoresis (Supplementary Fig. 7). A case-control analysis
revealed that the MICA VNTR is associated with HCV-induced HCC
(global P =4.55 x 1077; Supplementary Table 11). Particularly, alleles
A9 and A6 were associated with conferring a higher risk of HCC (OR =
1.73 and OR = 1.34, respectively), whereas the A5 and A5.1 alleles
had a protective effect. Comparison of the genotypes at 152596542
and the VNTR locus revealed that the A risk allele at rs2596542 is in
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LD with the A9 and A4 alleles, and the non-risk G allele is in LD with
the A5 and A5.1 alleles, whereas we observed no linkage between an
A6 allele and 152596542 (Supplementary Table 12). We also geno-
typed 124 individuals with CHC; however, we observed no significant
association between individuals with CHC and controls or individuals
with CHC and HCC (Supplementary Tables 13,14).

We then tested whether the VNTR alleles, rs2596542 alleles,
or VNTR-rs2596542 haplotypes had any association with MICA
expression in individuals with HCV-induced HCC. We determined
sMICA levels by ELISA using a total of 665 HCC serum samples
(Supplementary Table 15). Notably, rs2596542 was significantly
correlated with sMICA levels, and specifically, the risk genotype AA
was associated with low levels of sMICA (P = 1.38 x 10~!3; Fig. 2),
whereas VNTR alleles (Supplementary Fig. 8) and VNTR- rs2596542
haplotypes (Supplementary Table 16) showed no strong associa-
tion. The absence of any correlation between MICA VNTR alleles
and sMICA suggests that sMICA levels are not regulated by post-
translational processing or a premature stop codon caused by A5.1
alleles in individuals with HCC. We also examined the SMICA level in
different stages of HCV-induced liver disease (in non-HCV subjects
and those with CHC and HCV-induced liver cirrhosis) and found
that sMICA level was elevated at the early stage of disease and was
not correlated with disease progression (Fig. 3). Additionally, the risk
allele A was also correlated with low sMICA levels in subjects with
CHC (Supplementary Fig. 9). These findings suggest that MICA
expression was induced by factors caused by chronic HCV infection,

Figure 3 Correlation between soluble MICA and HCV-related diseases.
The x axis shows the disease stages after HCV infection, and the y axis
shows the concentration of soluble MICA in pg/ml. The number of
independent samples tested in each group is shown in parentheses. Each
group is shown as a box plot, and the median values are shown as thick
dark horizontal lines {(median values of non-HCV = 0, CHC = 64.55,

LC =72.11 and HCC = 77.98). The box covers the twenty-fifth to seventy-
fifth percentiles, and the whiskers outside the box extend to the highest
and lowest value within 1.5 times the interquartile range. Points outside
the whiskers are outliers. We tested the difference in the median values
among the disease groups using the Wilcoxon rank test. The box plots were
plotted using default settings in R. Non-HCV, individuals not exposed to
HCV infection; CHC, individuals with chronic hepatitis C; LC, individuals
with liver cirrhosis; HCC, individuals with hepatocellular carcinoma.
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similar to various types of stresses such as viral infection, inflam- 2.
mation and heat shock??’. The levels of sSMICA were shown to be
directly proportional to the level of membrane-bound MICA?, and ™
membrane bound MICA is essential for activating natural killer cells
and CD8* T cells to eliminate virus-infected cells!®. Considering the
association of the risk allele A with low levels of sMICA, our find- s,
ings suggest that the individuals who carry the rs2596542 A allele .
would express low levels of membrane-bound MICA in response to
HCYV infection, which thus leads to poor or no activation of natural 7.
killer cells and CD8* T cells against virus-infected cells. Eventually,
these individuals are likely to progress from CHC to HCC. Notably, g
several SNPs that are in absolute linkage with rs2596542 are located
within the promoter or enhancer region of MICA and may alter the
binding of stress-inducible transcriptions factors such as heat shock
proteins (Supplementary Table 17). In this regard, it is important 10
to analyze the factors that regulate MICA expression, particularly in =~ 1,
the context of CHC. Although, the molecular mechanism whereby
MICA polymorphisms confer the risk of disease progression should 12
be characterized in the future, our findings reveal a crucial role of ’
genetic variations in the host innate immune system in the develop-  13.
ment of HCV-induced HCC.

14,
URLs. R, http://cran.r-project.org/; PLINK, http://pngu.mgh.harvard. 5
edu/~purcell/plink/; Primer3 v0.3.0, http://frodo.wi.mit.edu/primer3/; ‘
LocusZoom, http://csg.sph.umich.edu/locuszoom/; FastSNP, http://  16.
‘fastsnp.ibms.sinica.edu.tw/pages/input_CandidateGeneSearch.jsp.

17.
METHODS
Methods and any associated references are available in the online version 18.
of the paper at http://www.nature.com/naturegenetics/. 19.
Note: Supplementary information is available on the Nature Genetics website. 20.
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ONLINE METHODS

Sample collections. We obtained DNA from 721 HCV-related HCC cases, 1,730
CHC cases and 5,486 HCV-negative controls from the BioBank Japan project’!.
For replication analysis, DNA from 673 HCV-induced HCC cases was obtained
from a prospective HCC study cohort of the University of Tokyo. A diagnosis of
CHG, liver cirrhosis or HCC were based on histological, clinical and laboratory
findings obtained by trained physicians. Case samples with HBV co-infection
were excluded from the analysis. Interferon was administrated to 20.4% of HCC
cases and 70.1% of cases were not treated. The remaining 9.5% of the cases
lacked information about interferon treatment. The non-HCV controls obtained
from BioBank Japan contained case-mixed individuals after excluding all indi-
viduals with cancer, chronic hepatitis B, diabetes or tuberculosis. All subjects
were of Japanese origin and provided written informed consent. The clinical and
demographic details of the samples are summarized in Supplementary Table 1.
We also obtained serum samples from BioBank Japan and the University of
Tokyo (Supplementary Table 12). This research project was approved by the
ethical committees of the University of Tokyo and RIKEN,

SNP genotyping and quality control. In the GWAS, 721 individuals with
HCV-related liver cancer and 2,890 controls were genotyped using Illumina
HumanHap610-Quad and Illumina HumanHap550v3 Genotyping BeadChip,
respectively. In the replication stage, 673 cases with HCV-related disease, 1,730
cases with CHC and 2,596 controls were genotyped by the multiplex PCR-based
Invader assay (Third Wave Technologies) and the Illumina HumanHap610-
Quad, respectively. The common SNPs between the llumina HumanHap550v3
and the Illumina HumanHap610-Quad arrays from all autosomal chromo-
somes were included for the analysis. We applied standard SNP quality control
filters to exclude SNPs with low call rate (<99%), a Hardy-Weinberg equilib-
rium P < 1.0 x 107 for controls and minor allele frequency of <0.01. In the
end, we obtained 432,703 SNPs for the analysis. In the replication analysis,
the allele discrimination plots were validated by two well-trained researchers
(the plots are available on request). We excluded samples with low genotyping
rate (<99%) and employed principal component analysis to avoid the popula-
tion stratification issue, in which individuals belonging only to Hondo cluster
were included in the analysis (Supplementary Fig. 10)*2,

Statistical analysis. The association of SNPs with the disease phenotype
in the GWAS, replication stage and combination analyses was tested using
multivariate logistic regression analysis after adjusting for age at recruitment
(continuous) and gender by assuming an additive model and using PLINK??,
In the GWAS, the genetic inflation factor (A) was derived by applying logistic
regressed P values for all the tested SNPs. The quantile-quantile plot was drawn
using R. The ORs were calculated by considering the major allele as a reference,
unless it was stated otherwise elsewhere. The combined analysis of the GWAS
and replication stage was verified by conducting the Mantel-Haenszel method.
We considered P < 5 x 1078 as the genome-wide significance threshold, which
is the Bonferroni-corrected threshold for the number of independent SNPs
genotyped in HapMap Phase 2 (ref. 34). Heterogeneity across the two stages
was examined by using the Breslow-Day test3®.

For multiple logistic regression analysis at rs2596542 using the R program,
we considered age at recruitment (60 or >60 years)?, gender (male or female)
and alcohol consumption (non-drinkers, < 50 g alcohol per day or >50 g alco-
hol per day) as covariates from both the GWAS and replication stage cases
with HCC and non-HCYV controls. Association at the MICA VNTR locus was
analyzed by Fisher’s exact test, and the global P value was calculated using a
X7 test. Statistical comparisons between genotypes and sMICA levels were
performed by Kruskal-Wallis test or Wilcoxon rank test using R. We employed
the R package haplo.stats to infer haplotypes and to perform haplotype associa-
tion analysis. P values for association between sMICA levels and haplotype
distribution were obtained by score test under an additive model by using the
haplo.score function. ORs and 95% confidence intervals were calculated from
the coefficients of the GLM model by considering the major haplotype as a
reference. We used the haplo.cc function to calculate these statistical values.

HCYV serotype. HCV serotype data was available for 531 cases with HCC
from the replication stage. HCV serotype was examined by serotyping assay
(SRL Laboratory) according to previously reported methods®¢. According to

the Simmonds classification’, serotype 1 corresponded to disease types la
and 1b, whereas serotype 2 corresponded to disease types 2a and 2b.

MICA VNTR locus genotyping. We followed the method suggested by Applied
Biosystems. Briefly, the 5" end of the forward primer was labeled with 6-FAM,
and the 5" end of reverse primer was labeled with the GTGTCTT non-random
sequence to promote addition of As. The primer sequences were previously
reported. The PCR products were mixed with Hi-Di Formamide and GeneScan-
600 LIZ size standard and separated using a GeneScan system on a 3730x] DNA
analyzer (Applied Biosystems). GeneMapper software (Applied Biosystems) was
used to assign the repeat fragment size (Supplementary Fig. 7).

Quantification of soluble MICA. sMICA levels were measured by sandwich
enzyme-linked immunosorbent assay, as described in the manufacturer’s
instructions (R&D Systems).

Imputation and association analysis at HLA allele tagging SNPs. We obtained
a SNP or a combination of SNPs which can tag HLA alleles in the Japanese
population from a previous study'?. The untyped genotypes of these SNPs were
imputed in the GWAS samples by using a hidden Markov model programmed
in MACH? and haplotype information from HapMap JPT samples. We applied
the same SNP quality criteria as in the GWAS for selecting SNPs for the analysis.
The association was tested on all SNPs that passed the quality control criteria
using logistic regression analysis conditioned on age and gender.

Initially, we obtained the pair-wise LD between HLA alleles tagging SNPs
and rs2596542. We performed case-control association analysis in our GWAS
dataset. As shown in Supplementary Table 9, none of the HLA-tagging SNPs
showed evidence of linkage or association except rs2844521, and rs2844521
was in absolute linkage with rs2596542 (+> = 1, D’ = 1) and thus showed
similar association. We obtained actual genotype data at 152596501, as this
SNP is included on the 550K SNP platform, and inferred the haplotype
between 152844521 and rs2596501. However, the haplotype GT (the G allele
0f rs2844521 and the T allele of rs2596501), which is reported to tag the HLA-
B*3501 allele (> = 1, D’ = 1), was not associated with HCC in our GWAS data-
set (P =0.39). We also performed a conditional logistic regression analysis on
1s2596501 (data not shown) and found no effect on the association between
1s2596542 and HCV-induced HCC. This data suggested that rs2596542 asso-
ciation is independent of HLA-B*3501. Although we observed mild associa-
tion between other HLA-B alleles (HLA-B*5401, P = 0.004; HLA-B*6701,
P =0.012) and HCV-induced HCC, the association at rs2596542 alone was
the most significant. Taken together, we found no strong evidence for linkage
of HLA alleles with rs2596542.

Software. For general statistical analysis, we used R statistical environment
version 2.6.1 or plink version 1.06. The Haploview software version 4.2 (ref. 39)
was used to calculate LD and to draw Manhattan plots. Primer3 v0.3.0 web tool
was used to design primers. We used LocusZoom for plotting regional asso-
ciation plots. We used FastSNP*? web tool for functional annotation of SNPs
(see URLSs for all software packages).
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Abstract

Background and aims Protease inhibitor (PI)-resistant
hepatitis C virus (HCV) variants may be present in sub-
stantial numbers in Pl-untreated patients according to
recent reports. However, influence of these viruses in the
clinical course of chronic hepatitis C has not been well
characterized.

Methods The dominant HCV nonstructural 3 (NS3) amino
acid sequences were determined in 261 HCV genotype
1b-infected Japanese patients before pegylated interferon
plus ribavirin (PEG-IFN/RBV) therapy, and investigated
the patients’ clinical characteristics as well as treatment
responses including sustained virological response (SVR)
rate. HCV-NS3 sequences were also determined in 39 non-
SVR patients after completion of the therapy.

Results Four single mutations (T54S, Q80K, 1153V, and
D168E) known to confer PI resistance were found in 35 of
261 patients (13.4%), and double mutations (I153V plus
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T54S/D168E) were found in 6 patients (2.3%). Responses to
PEG-IFN/RBY therapy did not differ between patients with
and without PI-resistance mutations (mutation group, SVR
48%; wild-type group, SVR 40%; P = 0.38). On the other
hand, two mutations appeared in two non-SVR patients after
PEG-IFN/RBV therapy (1153V and E168D, 5.1%).
Conclusions Pl-resistance-associated NS3  mutations
exist in a substantial proportion of untreated HCV-1b-
infected patients. The impact of these mutations in the
treatment of PIs is unclear, but clinicians should pay
attention to avoid further development of PI resistance.

Keywords HCV - Protease inhibitor - Naturally
occurring viral resistance mutations

Introduction

Hepatitis C virus (HCV) infects more than 170 million
persons worldwide and thus represents a global health
problem. At least 130 million infected individuals are
chronic carriers of HCV and are at significant risk of
developing liver cirrhosis and hepatocellular carcinoma [1].
The current standard treatment with pegylated interferon
plus ribavirin (PEG-IFN/RBV) is complicated by frequent
adverse reactions, and a sustained virologic response (SVR)
can be achieved only in 50% of patients infected with the
most prevalent genotype 1 [2]. In Japan, since 70% of
patients are infected with intractable genotype 1b HCV,
more effective treatments are urgently required.

A promising approach is the development of specifically
targeted antiviral therapies for hepatitis C (STAT-C). HCV-
specific protease inhibitors (PIs) target an essential step in
HCYV replication by blocking the nonstructural 3/4A (NS3/
4A) protease-dependent cleavage of the HCV polyprotein
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