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Abstract

Background and Aims: The association between HLA-DP single nucleotide polymorphisms (SNPs) and chronic hepatitis B
virus (HBV) infection varies between different populations. We aimed to study the association between HLA-DP SNPs and
HBV infection and disease activity in the Chinese population of Hong Kong.

Methods: We genotyped SNPs rs3077 (near HLA-DPAT) and rs9277378 and rs3128917 (both near HLA-DPBT) in 500 HBV
carriers (hepatitis B surface antigen [HBsAgl-positive), 245 non-HBV infected controls (HBsAg- and antibody to hepatitis B
core protein [anti-HBc]-negative), and 259 subjects with natural HBV clearance (HBsAg-negative, anti-HBc-positive). Inactive
HBV carriers state was defined by HBV DNA levels <2,000 IU/ml and persistently normal alanine aminotransferase level for
least 12 months.

Results: Compared to the non-HBV infected subjects, the HBV carriers had a significantly lower frequency of the rs3077 T
allele (p=0.0040), rs9277378 A allele (p=0.0068) and a trend for lower frequency of rs3128917 T allele (p=0.054). These
alleles were associated with an increased chance of HBV clearance (rs3077: OR=1.41, p=0.0083; rs9277378: OR=1.61,
p=0.00011; rs3128917: OR = 1.54, p=0.00017). Significant associations between HLA-DP genotypes and HBV clearance were
also found under different genetic models. Haplotype TAT was associated with an increased chance of HBV clearance
(OR=1.64, p=0.0013). No association was found between these SNPs and HBV disease activity.

Conclusion: HLA-DP SNPs rs3077, rs9277378 and rs3128917 were associated with chronicity of HBV disease in the Chinese.
Further studies are required to determine whether these SNPs influence the disease endemicity in different ethnic
populations.
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receptor alpha [5], vitamin D receptor [6], mannose-binding
protein [7], cytotoxic T-lymphocyte antigen 4 (CTLA-4) [8] and
human leukocyte antigen (HLA) [9,10,11,12], have been suggested

Introduction

Approximately 400 million people worldwide are chronic

carriers of hepatitis B virus (HBV) [1]. The disease spectrum of
chronic hepatitis B varies among patients, ranging from inactive
non-replicative to active replicative state, which may lead to
fulminant hepatic failure, liver cirrhosis, or hepatocellular
carcinoma (HCC). While persistence or resolution of HBV
infection may be affected by a variety of factors, including viral,
environmental and host factors, family or twin studies have
suggested that host genetic constitution is also an important factor
which influences chronicity of HBV infection [2,3]. Many host
genetic variations, including genes coding for cytokines such as
interferon-gamma and tumor necrosis factors [4], estrogen
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to influence chronicity or clearance of HBV infection. In
particular, single nucleotide polymorphisms (SNPs) near the
(TLA-4, genes coding for an inhibitory receptor expressed by T-
lymphocytes, and near the HLA-DRI3 locus, coding for compo-
nent of the major histocompatibility complex class II cell surface
receptors, have been studied in several case-control studies for
their association with HBV infection in different populations
[8,9,10,11,12]. However, these candidate gene studies were not
conducted on a large scale genome-wide approach.

Several genome-wide association studies (GWAS) have been
performed with large cohorts to study the association of genetic
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variations with HBV infection. These GWAS studies did not find a
strong association between HBV infection and those previously
identified candidate HBV-associated SNPs. These GWAS studies
demonstrated that certain SNPs near the HLA-DP loci, are
associated with persistent HBV infection [13,14,15]. In a
pioneering GWAS study with 786 Japanese chronic HBV carriers
and 2,201 controls, Kamatani and colleagues have identified an
association between chronic hepatitis B and 11 SNPs in the HLA-
DP region, two of which, namely rs3077 and rs9277535, were
further validated in three additional Japanese and Thai cohorts
[13]. The association between these HLA-DP SNPs with chronicity
and/or clearance of HBV infection was further confirmed by two
other GWAS studies, one with 2,667 Japanese chronic HBV
carriers and 6,496 controls by the same group [14] and one with
181 Japanese chronic HBV carries, 184 healthy controls, and 185
individuals with natural clearance of HBV [15]. The association of
some of these HLA-DP SNPs with HBV infection has been verified
In many studies, but the association differs between studies in
different population cohorts, and more SNPs are yet to be
identified [16,17,18,19,20,21].

HLA-DP molecules, belonging to HLA class II, are involved in
antigen presentation to CD4+ T helper cells. As HLA-DP plays an
important role in host-immune response and particularly antigen
presentation, it would be interesting to investigate the possible
association of the HLA-DP loci variations with hepatitis B disease
activity, which is immune-mediated. Since the findings are not
consistent in different study cohorts [18,20], the association of
these HLA-DP SNPs with HBV disease activity remains unclear.

In the present study, we primarily aimed to investigate the
association of 3 HLA-DP SNPs, namely rs3077, rs9277378 and
rs3128917, with chronicity of HBV infection in the Chinese
population in Hong Kong. In addition, we studied the association
of these SNPs with hepatitis B disease activity. This will extend our
understanding of the association between HLA-DP variations and
HBV infection and may provide some evidences to explain the
widely different prevalence of chronic HBV in different ethnic
groups in the world.

Patients and Methods

Patients

The present study recruited 500 chronic HBV carriers (hepatitis
B surface antigen [HBsAg]-positive for more than 6 months) who
had been followed up in our liver clinics in the Queen Mary
Hospital, Hong Kong. Upon their first and/or follow up visits,
these HBV carriers had given verbal informed consent for the
storage of blood samples for further studies. We have also
recruited 706 consecutive HBsAg-negative control subjects who
have donated blood at the Hong Kong Red Cross Blood
Transfusion Service, and they all had given verbal informed
consent during blood donation for the storage of blood samples.
Data were analyzed anonymously for the 706 HBsAg-negative
blood donors. Approval has been obtained from the Institution
Review Board, Queen Mary Hospital, The University of Hong
Kong, for retrieving archived samples for this study. Among the
706 HBsAg-negative subjects, 202 had previous history of hepatitis
B vaccination and were excluded from the subsequent analysis. All
study patients/subjects are Chinese, and all blood samples were
collected during the period January 2010 to March 2011. All
subjects were tested negative for hepatitis C virus and human
immunodeficiency virus by the Procleix Ultrio Assay (Novartis
Diagnostics, Emeryville, CA).

Of the 504 non-vaccinated control subjects, 259 had HBV
natural clearance (HBV clearance group), denoted by the presence
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of detectable anti-HBc by the Elecsys assay (Roche Diagnostics,
Basel, Switzerland). The remaining 245 subjects (non-HBV
infected group) were negative for both HBsAg and anti-HBc.
Longitudinal clinical data, including alanine aminotransferase
(ALT) and HBV DNA measurements, were obtained from the 500
HBV carriers. Inactive asymptomatic HBV carriers were defined
by HBV DNA levels <2,000 IU/ml and persistently normal ALT
(<58 U/L for male and <36 U/L for female) for least 12 months.

Genotyping Assays

Three SNPs within chromosome 6, namely rs3077 (in the 3’
untranslated region of the HILA-DPAI gene), rs9277378 and
rs3128917 (inside and near the HILA-DPBI gene, respectively),
were studied (Figure 1). rs3077 was selected for this study because
rs3077 and rs9277535 (at the 3’ untranslated region of HLA-
DPBI) have been identified to be strongly associated with
persistent HBV infection [13]. We chose to study rs9277378
mstead of rs9277535 because, our previous large scale genotypic
analysis revealed that, rs9277378 was more readily detected in
DNA extracted from sera than rs9277535 (data not shown).
Moreover, linkage disequilibrium (LD) analysis by the Haploview
software (version 4.2) revealed that rs9277378 has a strong LD
with 159277585 (D’=1.00, R?=0.954) in the HapMap Han
Chinese in Beijing (CHB) and Japanese in Tokyo (JPT)
Populations. [22] We also confirmed, in a small subset of 50
randomly selected samples from the current study, that rs9277535
and rs9277378 genotypes were concordant in 48 (96%) samples
with a strong LD (D’ = 1.00, R*=0.903). The SNP rs3128917 was
also chosen for the present study, as this SNP has the highest odds
ratio (OR) among 11 SNPs which influence chronicity of HBV
infection [16].

The 3 selected SNPs, rs3077, rs9277378 and rs3128917, were
genotyped using the TagMan SNP genotyping assay (Life
Technologies, Carlsbad, CA). Briefly, free circulating DNA was
extracted from 200 pl of serum samples, using the Purelink
Genomic DNA Mini Kit (Life Technologies). The SNP genotyp-
ing reaction was performed in a TagMan real-time PCR format,
using SNP-specific primers and FAM- and VIC-labeled allele-
specific probes provided in the TagMan SNP genotyping kit (Life
Technologies) and the real-time PCR enzymes and reagents
provided in QuantiFast Probe PCR Kit (QIAGEN, Hilden,
Germany). The real-time PCR reaction was performed in a

RotorGene-Q) real-time PCR System (QIAGEN).

Statistical Analyses

Statistical analyses were performed using PLINK v.1.07
(http://pngu.mgh.harvard.edu/purcell/plink/) [23] and SPSS
18.0 (SPSS Inc., Chicago, IL). Logistic regression was performed
to compare between case and control groups, and all ORs and p
values were adjusted for age and sex. The Student ¢ test was used
to test normally distributed variables. Categorical variables were
tested by the Chi-square test. Statistical significance was defined by
p<<0.05.

Results

Demographic Characteristics and Hardy-Weinberg
Equilibrium

The mean age of the HBV carriers was 46.8£12.1 years, which
was significantly higher than that of the non-HBV infected
subjects (36.4%£9.9 years; p<<0.0001) and that of the HBV
clearance subjects (40.3%£10.9 years; p<<0.0001). The proportion
of male (304/500; 61%) in the HBV carriers was significantly
higher than that in the non-HBV infected group (127/245; 52%;
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Figure 1. Relative locations of the three studied SNPs and HLA-DPAT and HLA-DPBT genes on chromosome 6. The names of the three
SNPs are shown on top, and the chromosomal positions on chromosome 6 are marked in the ruler in the middle. The HLA-DPAT and HLA-DPB1 genes
are shown as arrows in the bottom, with the exons shown as black boxes, introns as white boxes, and un-translated regions as gray boxes/arrows.

doi:10.1371/journal.pone.0066920.g001

p=0.020), but did not differ from that in the HBV clearance
subjects  (152/259; 59%; p=0.573). Three SNPs (rs3077,
rs9277378, and rs3128917) were genotyped in these 500 HBV
carriers, 245 non-HBV infected controls and 259 HBV clearance
subjects. All 3 polymorphisms in the HBV carriers, non-HBV
infected controls and HBV clearance subjects were in Hardy-
Weinberg equilibrium, and there was no significant difference

between the observed and expected genotypic frequencies in all 3
SNPs in all 3 groups (all p>0.05; Table S1).

Association between HLA-DP Polymorphisms and
Chronicity of HBV Infection

The allelic frequencies of the three studied SNPs are listed in
Table 1. The minor alleles for rs3077, rs9277378 and rs3128917
determined from the present study cohort were T, A and T,
respectively. There was a significantly higher proportion of the
rs3077 and rs9277378 minor alleles (T and A, respectively) in the
non-HBV infected controls than in the HBV carriers (p=0.0040
and 0.0068, respectively). There was a trend of a higher
proportion of the rs3128917 T allele in the non-HBV infected
controls than in the HBV carriers (p =0.054). The HBV clearance
subjects had a significantly higher proportion of rs3077 T allele,
rs9277378 A allele, and rs3128917 T allele than in the HBV
carriers (p =0.0083, 0.00011, and 0.00017 for rs3077, rs9277378
and rs3128917, respectively).

Genotype frequencies for the 3 SNPs were compared between
the HBV carriers and non-HBV infected controls, as well as
between the HBV carriers and HBV clearance group. The
genotype distributions of the 3 study groups are listed in Table 2.
Compared with the non-HBV infected controls, HBV carriers had
a lower prevalence of the minor alleles of rs3077 and rs9277378,
as shown by both the dominant-effect (homozygote minor+heter-

ozygote vs. homozygote major) model (p =0.0089 and 0.0162 for
rs3077 and 1s9277378, respectively) and the additive-effect
(additive dosage of minor allele) model (P=0.0036 and 0.0058
for rs3077 and rs9277378, respectively). There was also a lower
frequency of the rs3128917 T allele in the HBV carriers when
analyzed using the dominant-effect model (p=0.0395), but the
difference was only marginal when the additive-effect model was
applied (p=0.0561).

Comparison was also made between the HBV carriers and
HBV clearance subjects to test the association of these 3 SNPs with
natural clearance of HBV infection. As shown in Table 2, rs3077
T allele, rs9277378 A allele, and rs3128917 T allele were
associated with an increased chance of clearance of infection in
both the dominant-effect model (rs3077: OR =142, 95%
confidence interval [CI]=1.04-1.95, p=0.0284; rs9277378:
OR=1.61, 95% CI=1.18-2.2, p=0.0029; and rs3218917:
OR=1.79, 95% CI=1.29-2.48, p=0.00054) and the additive-
effect model (rs3077: OR: 1.42, 95% CI=1.1-1.83, p=10.0079;
rs9277378: OR=1.62 95% CI=1.27-2.07, p=0.00011; and
rs3218917: OR =1.52, 95% CI=1.22-1.9, p =0.00024).

Genotypic analysis showed that rs9277378 AA genotype might
be most relevant to the clearance of HBV infection (OR = 3.20,
p=8.71x107> Table 2). Therefore we performed subgroup
analysis to investigate the role of rs3077 and rs3128917 in the
patients/subjects with rs9277378 GG genotype, which represent
the genotype least likely to clear HBV infection. As shown in
Table 2, 398 patients/subjects had rs9277378 GG genotype: 283
(56.6%) HBV carriers and 115 (44.4%) subjects with HBV
clearance. Among these 398 patients/subjects, there was no
significant difference between the HBV carriers and HBV
clearance subjects in the proportion of the protective allele of
rs3077 (A allele proportion=9.2% vs. 11.3%, respectively;

Table 1. Allelic difference and its association with chronicity and clearance of HBV infection.

Non-HBV
infected HBV Clearance
Minor HBV carriers subjects subjects )
SNP ID Allele (2n=1000) (2n=490) (2n=518) OR (95% CI)* p* OR (95% CI)" p
rs3077 T 207 (20.7%) 141 (28.8%) 143 (27.6%) 0.67 (0.51-0.88) 0.0040 1.41 (1.09-1.82) 0.0083
19277378 A 242 (24.2%) 159 (32.5%) 176 (34.0%) 0.70 (0.54-0.91) 0.0068 1.61 (1.26-2.05) 0.00011
rs3128917 T 335 (33.5%) 202 (41.2%) 231 (44.6%) 0.78 (0.62-1.00) 0.054 1.54 (1.23-1.93) 0.00017

All logistic regression analyses were adjusted for age and sex.
*HBV carriers vs. non-HBV infected subjects.

fClearance subjects vs. HBV carriers.
doi:10.1371/journal.pone.0066920.t001

PLOS ONE | www.plosone.org

June 2013 | Volume 8 | Issue 6 | €66920



HLA-DP SNP and HBV Infection

7000269900 2uod [euInof/L£EL°0L:I0p

'SI31Ied AgH "SA S13[qns ddueIedd AgH,

's109(qNs Pa1dBJUI AGH-UOU 'SA SIBLIED AGH

'X3s pue abe 1oy paisnfpe a1om saskjeue uoissaibai d1sIbo| ||y

20000 (06'1-2T'L) T5'L 19500 (00°1-29°0) 6£0 SANIPPY

50000 @r'z-671) 641 S6£0°0 (86:0-6%°0) 69°0 jueuiwoq
»_OLX¥8'9 (tse-or'L) Tzt L7L0 (rL'L-1%0) 89'0 (1°00) ¢§ (€91) OF (el 9 i
95000 (TeT-9LL) vo'L S6£0°0 (86'0-L+0) 89'0 (0'6) LTL (8'6t) TTL Ty LT o1

= 00'L = 00°L (6'0€) 08 (6°€€) €8 ('sv) Lz 99 L168TLESI
110000 (LoT-LT1) To'L 85000 (06'0-25°0) 89'0 3ALIPPY
62000 (zz-8LL) L9°L 79100 (€6'0-L+0) 99'0 jueuiwoq
s 0LX 18 (LLs-6L1) 0T€ 61100 (€8'0-2Z0) €0 (rzL) ce (v'6) €T (0°9) 5T vy
SL¥0°0 (¥6'1-00°L) OF'L 20700 (86'0-6%'0) 690 (Tew) TLL (L'op) €LL ('8¢€) T61 oV

- 00'L - 00'L (rvy) SLL (S'vP) 601 (9°99) €82 99 8LELLT6S
6£00°0 (€8°L-0L'L) T¥'L 9€00°0 (£8:0-050) 99'0 SANIPPY
¥820°0 (S6'L-v0°L) TH'L 68000 (68°0-5+0) ¥9'0 jueuiwog
STLO0 (85¥-0T'L) SE€T €610°0 (£8°0-0Z°0) L0 (1) 0T (82) 61 (Ty) LT in
6010 (€8'1-v60) LEL TLE00 (£6:0-8%°0) 89°'0 (8'6€) €01 (0°zv) €01 (0°€€) ¥oL oL

= 00'L = 00°L (5T9) 9L (Tos) €21 (8'79) ¥L€E Bb) LLOES!

d (1D %S6) O »d #(ID %S6) HO 6ST=U (%) s»3fqns spZ=u (%) sP3[qns 00s=Uu [spow al dNS

asuesea|d) AGH

pa3129jul AgGH-UON

(%) s49111ed AgH >nauab/adfiousp

‘uoIdAYUI AgH JO Sduesesd pue AydIUoIYd Yyum sadAlousb dg-yH JO uonenossy *z ajqel

June 2013 | Volume 8 | Issue 6 | €66920

PLOS ONE | www.plosone.org



p=0.727) and rs3128917 (T allele proportion =13.8% vs. 17.4%,
respectively; p =0.254).

Haplotype Analysis

LD information of these 3 SNPs for our 3 study groups is shown
in Table S2. Haplotype analysis was also performed to assess the
effect of the combination of these SNPs on HBV chronicity and
clearance of HBV. Of the 8 possible haplotypes out of these 3
SNPs, 5 common haplotypes (with overall haplotype frequencies
>0.05) were identified. As shown in Table 3, comparing to the
haplotype containing all 3 risk alleles (CGG), the haplotypes TAT
and CAT were associated with a higher chance of HBV clearance
(for TAT: OR=1.64, 95% CI=1.21-2.24, p=0.0013; and for
CAT: OR=1.98, 95% CI=1.35-2.9, p=0.00041). Since both
haplotype CAT and TAT were associated with HBV clearance,
we also performed haplotype analysis on only the last 2 SNPs
(rs9277378 and rs3128917; both at HLA-DPBI gene). The
haplotype AT was significantly associated with an increased
chance of HBV clearance (OR=1.70, 95% CI=1.32-2.18,
p=3.66x10"", with reference to haplotype GG).

Association between HLA-DP Polymorphisms and HBV

Disease Activity

Among the 500 HBV carriers, 192 (38.4%) were asymptomatic
inactive carriers (HBV DNA levels <2,000 IU/ml and persistently
normal ALT for least 12 months). The active carriers were
significantly older than the inactive carriers (mean age: 48.1£12.3
vs. 44.7*11.7 years, respectively; p=0.002), and there was a
higher percentage of male in the active carriers (66%) than in the
inactive carriers (53%; p = 0.003). Association analysis showed that
there were no significant differences in the allele frequency of
1rs3077, rs9277378, and rs3128917 between the active and inactive
HBYV carriers (p=0.175, 0.240, and 0.656, respectively). Similarly,
there were no significant genotypic differences between the active
and inactive carriers when with the dominant model (p=0.341,
0.411 and 0.495 for rs3077, rs9277378 and rs3128917, respec-
tively) and additive model (p=0.172, 0.229 and 0.663 for rs3077,
rs9277378 and rs3128917, respectively) were applied. None of the
haplotypes was associated with HBV disease activity (all p>0.05).

Discussion

Recent GWAS studies have suggested that certain variations in
the HLA-DP regions are associated with protection against chronic
hepatitis B as well as viral clearance [13,14,15]. In the present

HLA-DP SNP and HBV Infection

study, we have studied 3 SNPs to extend our understanding of the
association of these variations with HBV infection in Chinese
population in Hong Kong and identified that the rs3077 T allele,
1s9277378 A allele and rs3128917 T allele were protective for
chronicity of HBV infection. While other studies have demon-
strated that HLA-DP SNPs rs3077 and rs9277535 are strongly
associated with chronic hepatitis B infection
[13,14,15,16,17,18,19,20,21], to our knowledge, the present study
is the first study to determine the association between rs9277378
and chronicity of HBV infection. Although it is possible that the
authentic effect of 159277378 polymorphism may be due to its high
LD with rs9277535, our findings with rs9277378 suggested that
more SNPs (or combination of SNPs) in the HLA-DP regions may
be associated with HBV infection.

Data on the association of HLA-DP variations with chronic
HBV infection are relatively scarce. In one study with 201
Caucasian chronic HBV carriers and 235 controls, the rs3077 T
allele has also been identified to be protective against chronic
HBV infection [18]. However, in that study, the rs3077 T
protective allele was the major allele in the Caucasian cohort. This
is consistent with the data from the HapMap project, which show
that the frequencies of the protective alleles for rs3077 (1),
rs9277378 (A) and rs3128917 (T) were higher in people with
European ancestry than in the African and Asian populations [22].
Taken together, all these findings of HLA-DP genomic variations
may shed light on the difference in the geographic distribution of
HBV infection: it is possible that the lower prevalence of chronic
HBYV infection in the European/Caucasian populations is due to
the higher prevalence of the protective HLA-DP alleles. Similarly,
the high prevalence of chronic HBV infection in the Asian/
African populations is likely due to the lower prevalence of the
protective HLA-DP alleles. However, it should be noted that other
factors, apart from HLA-DP variations, are also associated with
chronicity of HBV infection. If the HLA-DP variations were the
sole decisive factors for chronicity, the prevalence of chronic
hepatitis B would have been much more than 10% in the Chinese.
Moreover, a certain proportion of Asian/Chinese who possess the
risk HLA-DP alleles may not have contacted HBV in their life time.
Thus, many other factors, such as viral, environmental and other
host genetic factors, are likely to be associated with chronicity of
HBV infection. Nevertheless, the findings from the present as well
as other genetic association studies, suggest that HLA-DP
variations are probably one of the genetic factors which plays an
important role in the development of chronicity of HBV infection.

Clearance of HBV infection is associated with a high level of
CD4+ T cells response [24,25]. HLA-DP molecules, belonging to
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Table 3. Haplotype association with chronicity and clearance of HBV infection, with the most common haplotype, CGG, as the
reference.

Non-HBYV infected HBV Clearance )
Haplotype HBYV carriers (%) subjects (%) subjects (%) OR (95% CI)* p* OR (95% CI)" p'
CGG 597 (59.7%) 256 (52.2%) 256 (49.6%) 1 = 1 =
TAT 147 (14.7%) 106 (21.6%) 108 (20.9%) 0.62 (0.45-0.86) 0.0044 1.64 (1.21-2.24) 0.0013
CAT 80 (8%) 49 (10%) 66 (12.8%) 0.70 (0.45-1.09) 0.116 1.98 (1.35-2.90) 0.00041
CGT 102 (10.2%) 41 (8.4%) 50 (9.7%) 1.15 (0.76-1.74) 0.495 1.07 (0.74-1.56) 0.458
TGG 53 (5.3%) 28 (5.7%) 30 (5.8%) 0.70 (0.42-1.17) 0.177 1.31 (0.80-2.13) 0.213
All logistic regression analyses were adjusted for age and sex.
SNP order of haplotype: rs3077, rs9277378, rs3128917.
*HBV carriers vs. non-HBV infected subjects.
fClearance subjects vs. HBV carriers.
doi:10.1371/journal.pone.0066920.t003
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HLA class II, are involved in antigen presentation to CD4+ T
helper cells. The antigen-binding sites of HLA-DP molecules are
highly polymorphic, and they play an important role in the
physical binding of peptides and subsequent recognition by T-cell
[26,27]. While it can be expected that variations in the HLA-DP
coding regions will affect antigen presentation and hence viral
clearance, the 3 studied SNPs do not lie within the HLA-DP coding
region. The SNP rs3077 lies in the 3’ untranslated region of HLA-
DPAI, rs9277378 lies in the second intron of HLA-DPBI, and
rs3128917 is located ~2.5kb downstream of HLA-DPBI (Figure 1).
As variations in these SNPs will not cause specific changes in the
HIA-DP coding sequence, the effect of variations in these 3 SNPs
on HLA-DP function and viral clearance is likely to be indirect.
There are at least two possible mechanisms. Firstly, it is possible
that variation in these SNPs may alter the expression of the HLA-
DP genes, through the alternation of non-coding RNA sequence or
microRNA binding site, as demonstrated in a recent study that
variations in rs3077/rs3128917 and rs9277535 affect the expres-
sion of HLA-DPAI and HLA-DPBI respectively [28]. Secondly, as
these SNPs are in a strong LD with the HLA-DP alleles, it is also
likely that variations in these 3 SNPs reflect some yet to be
identified variations in HLA-DP coding sequence [13,16]. Thus
variations in these 3 SNPs may be a marker for the variations in
the HLA-DP coding sequence, which in turn affect antigen
presentation of HBV-derived peptides and alter immune response
and chronicity of infection. In fact, it has been demonstrated in a
chimpanzee HBV infection model that the outcome of HBV
infection is determined by the kinetics of viral spread and CD4 'T-
cell priming [29]. This suggests that the outcome of HBV infection
can be influenced by the physical binding of HBV-derived
peptides and their subsequent recognition by CD4 T-cell, which
is dependent on HLA-DP polymorphism. The correlation between
variations in HLA-DPAI and HLA-DPBI SNPs and the change in
HIA-DP gene expression and molecule structure deserves a more
thorough sequence analysis, and the functional roles of these
polymorphisms remain to be studied.

Haplotype-based association analysis is more sensitive than
individual SNP association analysis and can capture additional
phenotype-related variants with a greater statistical power. This
study found that both haplotypes TAT and CAT were associated
with an increase chance of HBV clearance, with ORs of 1.64 and
1.98, respectively, both of which were greater than that of the
individual SNPs (Table 1). However, there are two caveats. First,
although the haplotype CAT showed the greatest OR of 1.98, its
relatively greater 95% CI range and low overall haplotype
frequency (0.097; data not shown) suggested that its effect on
HBV clearance requires further investigations. Second, compared
to the OR for individual alleles in the SNPs (for example, for
rs9277378, OR = 1.61; Table 1), there was only a small increase in
OR by the current haplotype analysis. In this current study, we
found that the rs9277378 AA genotype might have the strongest
association with HBV clearance (Table 2), and subgroup analysis
indicated that the role of other protective SNPs in the rs9277378
GG subgroup was not significant. Therefore individual SNP
analysis may be sufficient to provide information on the single
most relevant and best-associated SNP with HBV clearance.
Nevertheless, haplotype analysis may still have its value by
increasing the statistical power in the association analysis and
taking into account the effect of variants in other SNPs.

Given the greater genetic distance and weak LD between
1rs3077 (near HLA-DPAI) and the two other SNPs (rs9277378 and
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rs3128917; both near HLA-DPBI) and the relatively high LD
between rs9277378 and rs3128917 (Table S2), it is possible that
the two HLA-DPBI SNPs form one haplotype block while rs3077
belongs to a distinct haplotype block. Our finding that haplotype
of the HLA-DPBI SNPs (rs9277378 and rs3128917) alone was
associated with HBV clearance (OR =1.70), independent on the
effect of HLA-DPAI SNP rs3077, also pointed to this possibility.
Although, in our present analysis, the effect of rs3077 alone on
HBV clearance appeared to be less than that of the rs9277378-
rs3128917 haplotype, it is likely that a more complex network or
combination of more SNPs in the HLA region is associated with
chronicity of HBV infection. Other recent studies have identified
some SNPs in the HLA-DQ region which are also associated with
susceptibility to HBV infection [14,17]. The interaction between
SNPs in the HLA-DP and HLA-DQ regions, their association with
HBYV infection in different populations, and their correlation with
HIA-DP and HLA-DQ gene expression remain to be a challenging
task to decode the genetic factors involved in HBV infection.

Another important finding from the present study is that we
were not able to identify any association between HLA-DP
genomic variations and HBV disease activity. This is consistent
to other studies which also fail to identify any association between
other SNPs in the HLA-DP region and HBV disease progression
[18,20]. Because only a limited number of SNPs was studied in our
and other studies, more in-depth studies may be required to
elucidate the association between HLA-DP variations and HBV
disease activity. Similarly, the association between SNPs in the
HLA regions and HCC development remains to be confirmed in
different study cohorts. Two recent studies had identified 3 SNPs,
12856718  (HLA-DQA2/DQBI), 1s3077 (HLA-DPAI), and
1s9272105 (HLA-DQA1/DRBI) to be associated with HBV-related
HCC development [17,30], while other studies failed to associate
rs3077 and other HLA SNPs with HBV-related HCC develop-
ment [15,21,31]. Detailed studies in different populations are
needed to further elucidate the association between HLA genetic
variations and HBV disease activity and HCC development.

In conclusion, we showed that HLA-DP SNP rs3077, rs9277378,
and rs3128917 were individually associated with chronicity of
HBYV infection. Haplotype analysis revealed that haplotype TAT
was strongly associated with HBV clearance. None of these 3
SNPs was associated with HBV disease activity.

Supporting Information

Table S1 Hardy-Weinberg calculations for all 3 poly-
morphisms in the HBV carriers, non-HBV infected and

HBYV clearance subject groups.
(DOCX)

Table S2 Linkage disequilibrium data in the HBV
carriers, non-HBYV infected and clearance subjects.

(DOCX)

Author Contributions

Conceived and designed the experiments: DKHW TW YT MFY.
Performed the experiments: DKHW TW. Analyzed the data: DKHW
TW WKS JF. Contributed reagents/materials/analysis tools: DKHW TW
FYH. Wrote the paper: DKHW. Recruitment of study subjects: WKS
CKL JF CKL

June 2013 | Volume 8 | Issue 6 | €66920



References

1.

2.

Lai CL, Ratziu V, Yuen MF, Poynard T (2003) Viral hepatitis B. Lancet 362:
2089-2094.
Lin TM, Chen CJ, Wu MM, Yang CS, Chen JS, et al. (1989) Hepatitis B virus

markers in Chinese twins. Anticancer Res 9: 737-741.

. Thursz M (2001) Genetic susceptibility in chronic viral hepatitis. Antiviral Res

52: 113-116.

. Ben-Ari Z, Mor E, Papo O, Kfir B, Sulkes J, et al. (2003) Cytokine gene

polymorphisms in patients infected with hepatitis B virus. Am J Gastroenterol
98: 144-150.

. Deng G, Zhou G, Zhai Y, Li S, Li X, et al. (2004) Association of estrogen

receptor alpha polymorphisms with susceptibility to chronic hepatitis B virus
infection. Hepatology 40: 318-326.

. Bellamy R, Ruwende C, Corrah T, McAdam KP, Thursz M, et al. (1999)

Tuberculosis and chronic hepatitis B virus infection in Africans and variation in
the vitamin D receptor gene. J Infect Dis 179: 721-724.

. Thomas HC, Foster GR, Sumiya M, McIntosh D, Jack DL, et al. (1996)

Mutation of gene of mannose-binding protein associated with chronic hepatitis B
viral infection. Lancet 348: 1417-1419.

. Thio CL, Mosbruger TL, Kaslow RA, Karp CL, Strathdee SA, et al. (2004)

Cytotoxic T-lymphocyte antigen 4 gene and recovery from hepatitis B virus
infection. J Virol 78: 11258-11262.

. Godkin A, Davenport M, Hill AV (2005) Molecular analysis of HLA class II

associations with hepatitis B virus clearance and vaccine nonresponsiveness.
Hepatology 41: 1383-1390.

. Thursz MR, Kwiatkowski D, Allsopp CE, Greenwood BM, Thomas HC, et al.

(1995) Association between an MHC class II allele and clearance of hepatitis B
virus in the Gambia. N Engl J Med 332: 1065-1069.

. Hohler T, Gerken G, Notghi A, Lubjuhn R, Taheri H, et al. (1997) HLA-

DRB1#¥1301 and *1302 protect against chronic hepatitis B. J Hepatol 26: 503~
507.

. Ahn SH, Han KH, Park JY, Lee CK, Kang SW, et al. (2000) Association

between hepatitis B virus infection and HLA-DR type in Korea. Hepatology 31:
1371-1373.

. Kamatani Y, Wattanapokayakit S, Ochi H, Kawaguchi T, Takahashi A, et al.

(2009) A genome-wide association study identifies variants in the HLA-DP locus
associated with chronic hepatitis B in Asians. Nat Genet 41: 591-595.

. Mbarek H, Ochi H, Urabe Y, Kumar V, Kubo M, et al. (2011) A genome-wide

association study of chronic hepatitis B identified novel risk locus in a Japanese
population. Hum Mol Genet 20: 3884-3892.

. Nishida N, Sawai H, Matsuura K, Sugiyama M, Ahn SH, et al. (2012) Genome-

Wide Association Study Confirming Association of HLA-DP with Protection
against Chronic Hepatitis B and Viral Clearance in Japanese and Korean. PLoS
One 7: ¢39175.

. Guo X, Zhang Y, Li J, Ma J, Wei Z, et al. (2011) Strong influence of human

leukocyte antigen (HLA)-DP gene variants on development of persistent chronic
hepatitis B virus carriers in the Han Chinese population. Hepatology 53: 422
428.

PLOS ONE | www.plosone.org

22.

23.

24.

28.

29.

31.

HLA-DP SNP and HBV Infection

. Hu L, Zhai X, Liu J, Chu M, Pan S, et al. (2012) Genetic variants in human

leukocyte antigen/DP-DQ influence both hepatitis B virus clearance and
hepatocellular carcinoma development. Hepatology 55: 1426-1431.

. Vermehren J, Lotsch J, Susser S, Wicker S, Berger A, et al. (2012) A common

HLA-DPALI variant is associated with hepatitis B virus infection but fails to
distinguish active from inactive Caucasian carriers. PLoS One 7: €32605.

. Wang L, Wu XP, Zhang W, Zhu DH, Wang Y, et al. (2011) Evaluation of

genetic susceptibility loci for chronic hepatitis B in Chinese: two independent
case-control studies. PLoS One 6: ¢17608.

. LiJ, Yang D, He Y, Wang M, Wen Z, et al. (2011) Associations of HLA-DP

variants with hepatitis B virus infection in southern and northern Han Chinese
populations: a multicenter case-control study. PLoS One 6: e24221.

. An P, Winkler C, Guan L, O’Brien SJ, Zeng Z, et al. (2011) A common HLA-

DPALI variant is a major determinant of hepatitis B virus clearance in Han
Chinese. J Infect Dis 203: 943-947.

International HapMap C, Altshuler DM, Gibbs RA, Peltonen L, Dermitzakis E,
et al. (2010) Integrating common and rare genetic variation in diverse human
populations. Nature 467: 52-58.

Purcell S, Neale B, Todd-Brown K, Thomas L, Ferreira MA, et al. (2007)
PLINK: a tool set for whole-genome association and population-based linkage
analyses. Am J] Hum Genet 81: 559-575.

Penna A, Del Prete G, Cavalli A, Bertoletti A, D’Elios MM, et al. (1997)
Predominant T-helper 1 cytokine profile of hepatitis B virus nucleocapsid-
specific T cells in acute self-limited hepatitis B. Hepatology 25: 1022-1027.

. Urbani S, Boni C, Amadei B, Fisicaro P, Cerioni S, et al. (2005) Acute phase

HBV-specific T cell responses associated with HBV persistence after HBV/
HCV coinfection. Hepatology 41: 826-831.

. Fontenot AP, Torres M, Marshall WH, Newman LS, Kotzin BL (2000)

Beryllium presentation to CD4+ T cells underlies disease-susceptibility HLA-DP
alleles in chronic beryllium disease. Proc Natl Acad Sci U S A 97: 12717-12722.

. Diaz G, Amicosante M, Jaraquemada D, Butler RH, Guillen MV, et al. (2003)

Functional analysis of HLA-DP polymorphism: a crucial role for DPbeta
residues 9, 11, 35, 55, 56, 69 and 84-87 in T cell allorecognition and peptide
binding. Int Immunol 15: 565-576.

O’Brien TR, Kohaar I, Pfeiffer RM, Maeder D, Yeager M, et al. (2011) Risk
alleles for chronic hepatitis B are associated with decreased mRNA expression of
HLA-DPAI and HLA-DPBI in normal human liver. Genes Immun 12: 428—
433.

Asabe S, Wieland SF, Chattopadhyay PK, Roederer M, Engle RE, et al. (2009)
The size of the viral inoculum contributes to the outcome of hepatitis B virus
infection. J Virol 83: 9652-9662.

. Li S, Qian J, Yang Y, Zhao W, Dai J, et al. (2012) GWAS Identifies Novel

Susceptibility Loci on 6p21.32 and 21q21.3 for Hepatocellular Carcinoma in
Chronic Hepatitis B Virus Carriers. PLoS Genet 8: ¢1002791.
Chan KY, Wong CM, Kwan JS, Lee JM, Cheung KW, et al. (2011) Genome-
wide association study of hepatocellular carcinoma in Southern Chinese patients
with chronic hepatitis B virus infection. PLoS One 6: ¢28798.

June 2013 | Volume 8 | Issue 6 | €66920



