
H
a

X
Z
a

5
b

c

B

a

A
R
R
A

K
C
I
H
P

1

c
s
B
N
l
t
t
a
2
a
a
h
l

(

0
d

Antiviral Research 89 (2011) 189–192

Contents lists available at ScienceDirect

Antiviral Research

journa l homepage: www.e lsev ier .com/ locate /ant iv i ra l

uman leukocyte antigen class I and class II genes polymorphisms might be
ssociated with interferon � therapy efficiency of chronic hepatitis B

ilin Zhua,1, Te Dua,1, Xiaopan Wua,1, Xinhui Guob, Nifang Niua, Liping Pana,
henhui Xina, Li Wangc, Zhuo Lib, Hui Li c,∗∗, Ying Liua,∗

National Laboratory of Medical Molecular Biology, Institute of Basic Medical Sciences, Chinese Academy of Medical Sciences, School of Basic Medicine, Peking Union Medical College,
Dongdan 3 Tiao, Beijing 100005, PR China
Department of Infectious Disease, Affiliated Youan Hospital, Capital University of Medical Sciences, PR China
Department of Epidemiology, Institute of Basic Medical Sciences, Chinese Academy of Medical Sciences, School of Basic Medicine, Peking Union Medical College, 5 Dongdan 3 Tiao,
eijing 100005, PR China

r t i c l e i n f o

rticle history:
eceived 17 August 2010
eceived in revised form 1 December 2010
ccepted 10 January 2011

eywords:

a b s t r a c t

Certain host genetic polymorphisms in human leukocyte antigen (HLA) genes are reported to be
associated with response to interferon � (IFN�) therapy. Two hundred and eighteen IFN� treatment-
naïve chronic hepatitis B (CHB) patients were enrolled in the present study. HLA-A, B, C and DQA1,
DQB1, DRB1 gene alleles were detected by polymerase chain reaction-sequencing based typing (PCR-
SBT) and PCR-sequence specific primer (PCR-SSP), respectively. Frequencies of HLA-DQB1*0303 and
hronic hepatitis B
nterferon � therapy
uman leukocyte antigen
harmacogenetic study

DRB1*08 in response group were clearly lower than those in nonresponse group (P = 0.019, OR = 1.81,
95%CI = 1.07–3.15; P = 0.031, OR = 2.43, 95%CI = 1.02–5.98, respectively). Frequencies of haplotype *1101-
*4601-*0102 (HLA-A, B, C) and haplotype *0302-*0303-*09 (HLA-DQA1, DQB1, DRB1) were clearly
lower than those in nonresponse group (P = 0.009, OR = 4.84, 95%CI = 1.29–19.48; P = 0.031, OR = 1.94,
95%CI = 1.01–3.73, respectively). These results suggest that patients with HLA-DQB1*0303 or DRB1*08
alleles, and haplotype *1101-*4601-*0102 (HLA-A, B, C) or haplotype *0302-*0303-*09 (HLA-DQA1, DQB1,

onsiv
DRB1), might be less resp

. Introduction

Hepatitis B virus (HBV) is the most common cause of acute and
hronic liver diseases worldwide. HBV infection results in 500 thou-
ands to 1.2 million deaths per year caused by chronic hepatitis
(CHB), cirrhosis, and hepatocellular carcinoma (Rehermann and
ascimbeni, 2005). Interferon � (IFN�) has been one of the first

ine drugs for hepatitis B due to its antiviral and immunomodula-
ory activities since its advent (Ormeci, 2003); however, responses
o IFN� vary greatly, and only 25–50% individuals respond to IFN�
fter 4–6 months of treatment (Papatheodoridis and Hadziyannis,
004). Individually tailored therapy is the ultimate goal for the ther-

py of HBV, which will be built upon the reorganization of factors
ffecting efficacy and side effects of anti-HBV drugs. Subjects with
igh alanine aminotransferase (ALT) level, active liver disease, and

ow HBV DNA level better respond to therapy (Saracco and Rizzetto,
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1997). The evidence in support of genetic factors arises from sev-
eral studies in Chinese population (Chu et al., 2005; Han et al., 2005;
King et al., 2002; Wu et al., 2009). Moreover, a long term efficacy
research of IFN� demonstrated that Asian patients respond to IFN
worse than North Americans and Europeans (Lok et al., 2001).

Candidate genes of pharmacogenetic studies of IFN� in therapy
of chronic hepatitis B patients have been focused on human leuko-
cyte antigen (HLA) class II genes and interferon pathway genes.
In 2002, King et al. identified an intron single nucleotide poly-
morphism (SNP) in eIF-2� as a greater marker for IFN response
than HBV DNA level (King et al., 2002). In 2009, we studied 10
single nucleotide polymorphisms in IFN signaling pathway genes
and found that the frequency of a G-T-G-A 2′,5′-oligoadenylate
synthetase (OAS) haplotype was significantly higher in the non-
response group than that in the response group (Wu et al., 2009).

The HLA complex located on the short arm of chromosome 6 that
include HLA-A, -B, -C, and -D. The HLA-A, -B, and -C loci code for
class I molecules. The HLA-D region consists of three primary sub-

regions designated DP, DQ, and DR, and these loci code for class II
molecules. Both class I and class II molecules are extremely impor-
tant in immunologic processes (Lander et al., 2001). HLA class I
molecules, which are expressed in most somatic nucleated cells,
are largely responsible for the presentation of pathogen-derived
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Table 1
Frequencies distribution of common alleles in HLA-I and II genes in two efficacy
groups.

Loci Alleles CR + PR
(n = 152)

NR (n = 66) P/Pc OR 95%CI

A *0201 46(0.151) 22(0.167) 0.69 1.12 0.62–2.02
*0206 16(0.053) 8(0.061) 0.73 1.16 0.44–2.97
*0207 19(0.062) 12(0.091) 0.29 1.50 0.66–3.37
*1101 48(0.158) 25(0.189) 0.42 1.25 0.71–2.19
*2402 47(0.155) 14(0.106) 0.18 0.65 0.33–1.27
*3001 25(0.082) 8(0.061) 0.43 0.72 0.29–1.73
*3101 16(0.053) 7(0.053) 0.99 1.01 0.37–2.69
*3303 21(0.069) 9(0.068) 0.97 0.99 0.41–2.34

B *1301 19(0.062) 7(0.053) 0.70 0.84 0.31–2.18
*1302 23(0.076) 8(0.061) 0.57 0.79 0.31–1.92
*1501 18(0.059) 10(0.076) 0.51 1.30 0.54–3.08
*4001 27(0.089) 15(0.114) 0.42 1.32 0.64–2.68
*4601 28(0.092) 19(0.144) 0.11 1.66 0.85–3.22
*5101 21(0.069) 9(0.068) 0.97 0.99 0.41–2.34

C *0102 42(0.138) 24(0.182) 0.24 1.39 0.77–2.48
*0303 23(0.076) 15(0.114) 0.20 1.57 0.75–3.26
*0304 28(0.092) 15(0.114) 0.49 1.26 0.62–2.56
*0401 14(0.046) 9(0.068) 0.34 1.52 0.59–3.85
*0602 39(0.128) 10(0.076) 0.11 0.56 0.25–1.20
*0702 42(0.138) 14(0.106) 0.36 0.74 0.37–1.46
*0801 31(0.102) 10(0.076) 0.39 0.72 0.32–1.59
*1402 16(0.053) 7(0.053) 0.98 1.01 0.37–2.69

DQA1 *0101 21(0.069) 8(0.061) 0.74 0.87 0.34–2.14
*0102 52(0.171) 24(0.182) 0.79 1.08 0.61–1.89
*0103 21(0.069) 12(0.091) 0.43 1.35 0.60–2.98
*0201 30(0.099) 16(0.121) 0.48 1.26 0.63–2.50
*0301 29(0.095) 9(0.068) 0.36 0.69 0.30–1.59
*0302 53(0.174) 28(0.212) 0.35 1.28 0.74–2.19
*0501 53(0.174) 21(0.159) 0.70 0.90 0.50–1.61
*0601 24(0.079) 5(0.038) 0.11 0.26 0.15–1.31

DQB1 *0201 40(0.132) 22(0.167) 0.34 1.32 0.72–2.41
*0301/4 75(0.247) 24(0.182) 0.14 0.68 0.39–1.17
*0302 17(0.056) 4(0.030) 0.25 0.53 0.15–1.71
*0303 49(0.161) 34(0.258) 0.019/0.15 1.81 1.07–3.05
*0502 21(0.069) 8(0.061) 0.74 0.87 0.34–2.14
*0503 22(0.072) 8(0.061) 0.66 0.83 0.33–2.02
*0601 22(0.072) 11(0.083) 0.69 1.17 0.51–2.61
*0602 29(0.095) 12(0.091) 0.88 0.95 0.44–2.01

DRB1 *15 44(0.145) 16(0.121) 0.51 0.82 0.42–1.56
*03 16(0.053) 7(0.053) 0.98 1.01 0.37–2.69
*04 25(0.082) 6(0.045) 0.17 0.53 0.19–1.41
*11 20(0.066) 9(0.068) 0.93 1.04 0.42–2.49
*12 43(0.141) 18(0.136) 0.89 0.96 0.51–1.80
*14 19(0.062) 2(0.015) 0.06 0.23 0.04–1.05
90 X. Zhu et al. / Antiviral

eptides from the cytosol to CD8-positive cytotoxic T-lymphocytes
CTLs), and are also target ligands for killer cell immunoglobulin-
ike receptors (KIRs) (Klein and Sato, 2000). HLA class II molecules,
owever, express on the surface of antigen presenting cells and tar-
et cells, and bind antigen peptide (including viral peptide), which
an be recognized by CD4+ T cell and produce immunity reaction
nd stimulate production of cytokine to modulate CD8+ cytotoxic
cell (CTL) and promote antibody occurrence (Cao et al., 2002).
LA has been the target gene of many pharmacogenetic studies,
s reviewed by Becquemont (2010). HBV is cleared through CTL
illing infected cells and preventing other cells from infection. Vig-
rous HLA restricted CD4+ T cell responses towards the hepatitis B
ore antigen (HBcAg) result in acute HBV infections, and in chronic
epatitis patients weak or no responses are observed (Urbani et al.,
005).

Therefore, understanding the role of host genetic variability in
he antiviral therapy is helpful for creation of genetically individ-
alized treatment. In the present study, nested case control study
as applied to perform the association study between HLA-A, B, C,
QA1, DQB1, DRB1 genes and response to IFN� treatment.

. Materials and methods

.1. Subjects

The detailed information of subjects included in the present
ork had been described in our former work (Wu et al., 2009).
riefly, 218 treatment-naïve CHB patients (178 men/40 women)
ere enrolled in the present study. All enrolled patients were

reated by IFN�-1b for six months. Response was identified as com-
lete response (CR), partial response (PR) and non-response (NR).
he study was performed after obtaining informed consent from
ll subjects, and approved by the ethics committee of Institute of
asic Medical Sciences, Chinese Academy of Medical Sciences.

.2. Genotyping

Genomic DNA was extracted from peripheral blood. Geno-
ypes in HLA-A, HLA-B and HLA-C were detected by poly-

erase chain reaction-sequencing based typing (PCR-SBT) (Beijing
enomics Institute) and PCR-sequence specific primer (PCR-
SP) was used to detect genotypes of HLA-DQA1, HLA-DQB1
nd HLA-DRB1 as shown elsewhere (Olerup et al., 1993;
lerup and Zetterquist, 1992). To distinguish DQA1*0301 from
QA1*0302, two pairs of primers were designed according to

he sequence of the 3rd exon of DQA1, with the common
ense primer, 5′-TGAGGTCACAGTGTTTTCCA-3′, and the spe-
ific antisense primer, 5′-TTGCAGTCATAAATCTCATCAG-3′, and
-′TTGCAGTCATAAATCTCATCAT-3′ for non-DQA1 *0302/3 and
QA1*0302/3, respectively (231 bp). In the reaction system geno-

yping class II genes polymorphisms, positive internal control
rimers with concentration as one fifth of specific primers were
ooled in order to eradicate pseudonegative possibilities. This con-
rol product was a 439 bp fragment of human growth hormone
ene1, with primers 5′-CAGTGCCTTCCCAACCATTCCCTTA-3′ and 5′-
TCCACTCACGGATTTCTGTTGTGTTTC-3′, respectively.

.3. Statistical analysis

We used 2 × 2 contingency tables for comparing HLA allele fre-
uencies between the response group and non-response group. The

PI 6.0 version was used to calculate the statistical power. P < 0.05
as the criterion for statistical significance. All statistical analyses
ere performed using the Statistical Package for the Social Sciences

SPSS), version 12.0. Haplotype construction and analysis were per-
ormed by SHEsis online software (Shi and He, 2005).
*07 35(0.115) 14(0.106) 0.78 0.91 0.45–1.83
*08 12(0.039) 12(0.091) 0.031/0.28 2.43 1.02–5.98
*09 61(0.201) 31(0.235) 0.42 1.22 0.73–2.05

3. Results

After six months of therapy, 218 CHB patients were evaluated
for the efficacy of IFN� by the combined assessment criteria. Since
the CR rate was fairly low, CR group and PR group were com-
bined into response group to be analyzed. The response rate was
69.7% (152/218), consisting of 17.4% of CR (38/218) and 52.3% of
PR (114/218), and NR rate was 30.3% (66/218). There was no sig-
nificant difference in distribution of age and gender among three
groups, but the mean levels of ALT in the CR group and PR group
were both higher than that in the NR group (188 IU/L in CR, 156 IU/L
in PR and 101 IU/L in NR, P = 0.001).

Since the CR rate was fairly low, the CR group and PR group
were combined into response group to be analyzed. We con-

ducted genotyping experiments for the 6 HLA loci. Overall, we
detected 10 HLA-DQA1 alleles, 14 HLA-DQB1 alleles, 14 HLA-DRB1
alleles, 24 HLA-A alleles, 45 HLA-B alleles and 33 HLA-C alleles.
Table 1 showed common alleles with frequencies >5% in each
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Table 2
Association of common haplotypes formed by HLA-A-B-C and HLA-DQA1-DQB1-DRB1 with efficacy of IFN�.

HLA Haplotype CR+PR (n = 152) NR (n = 66) P OR 95%CI

A-B-C
*1101-*4601-*0102 4(0.013) 8(0.061) 0.009 4.84 1.29–19.48
*3001-*1302-*0602 18(0.059) 3(0.023) 0.10 0.37 0.09–1.36
*3303-*5801-*0302 11(0.036) 3(0.023) 0.57 0.62 0.13–2.44

DQA1-DQB1-DRB1

*0102-*0602-*15 13(0.043) 9(0.068) 0.27 1.64 0.63–4.22
*0103-*0601-*08 8(0.026) 8(0.061) 0.10 2.39 0.79–7.18
*0201-*0201-*07 16(0.053) 12(0.091) 0.13 1.80 0.77–4.16
*0302-*0303-*09 27(0.089) 21(0.16) 0.031 1.94 1.01–3.73
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*0501-*0301/4-*11 12(0.039)
*0501-*0301/4-*12 14(0.046)
*0601-*0301/4-*12 18(0.059)

LA locus. Of these alleles, frequencies of HLA-DQB1*0303 and
RB1*08 in response group were clearly lower than those in NR
roup (P = 0.019, OR = 1.81, 95%CI = 1.07–3.15; P = 0.031, OR = 2.43,
5%CI = 1.02–5.98, respectively), while there were significant dif-
erences of other alleles between the two groups.

We next conducted haplotype analysis in HLA class I genes
nd class II genes. Table 2 showed common haplotypes with fre-
uencies >3% formed by HLA-A-B-C and HLA-DQA1-DQB1-DRB1
enes. The result revealed that haplotype *1101-*4601-*0102
HLA-A, -B, -C) and haplotype *0302-*0303-*09 (HLA-DQA1, DQB1,
RB1) were associated with non-response (1.3% vs 6.1%, P = 0.009,
R = 4.84, 95%CI = 1.29–19.48; 8.9% vs 16.0%, P = 0.031, OR = 1.94,
5%CI = 1.01–3.73, respectively).

. Discussion

Our study reported some associated alleles and haplotypes
f HLA class I and class II genes with efficacy of IFN� therapy.
e reported that patients with HLA-DQB1*0303 or DRB1*08 alle-

es, and haplotype *1101-*4601-*0102 (HLA-A, B, C) or haplotype
0302-*0303-*09 (HLA-DQA1, DQB1, DRB1), were less responsive
o IFN� treatment. However the sample size involved in the present
tudy is not large enough, and it is possible that these findings may
e incidental. Further validation studies in other ethnic groups and
he confirmation of the present finding in a larger sample set are
herefore required.

Nowadays standard IFN monotherapy is not the common way
hat hepatitis B is treated, as most patients are treated by IFN com-
ined with a nucleoside analogue such as lamivudine. In the present
tudy, we enrolled IFN monotherapy patients, because we thought
onotherapy would be more suitable for genetic association stud-

es. Patients received only one drug therapy, so the confounding
actors would be less.

Our study was the first to test the association of HLA class I genes
ith efficacy of IFN� therapy. Although none of the alleles studied

lone predicted response to treatment, we identified a haplotype
1101-*4601-*0102 constructed with HLA-A, -B, -C genes was asso-
iated with non-response to IFN therapy. Notably, in the present
tudy, the HLA-A *1101, HLA-B *4601 and HLA-C *0102 were all
usceptible to lower virological responses, although these differ-
nces were not significant. We concluded that this may be due to
he cumulative effect of each allele, which when combined, showed
ignificant differences.

In 2005, two studies in China reported that several HLA class II
ene alleles were associated with efficacy of IFN� therapy (Chu
t al., 2005; Han et al., 2005). But our study, however, did not
onfirm this result. The reason for these differences may be as

ollows: First, as discussed above, the sample size involved in the
revious work was quite limited. Second, the distribution of gene
olymorphism differed in different region. Although all Han Chi-
ese involved in our sample were collected in Beijing, the other
wo studies collected samples from Shanghai and Shandong. Third,
7(0.053) 0.52 1.36 0.47–3.83
5(0.038) 0.70 0.82 0.25–2.49
4(0.030) 0.21 0.50 0.14–1.60

although our sample size was larger than in the previous works,
there is the possibility that the present findings are incidental. So
studies with even larger subjects are needed.

To explain fundamental reason of the association between HLA
genes and efficacy, it is necessary to elucidate functions of allelic
functions. Although current research provides lack of functional
evidence, we can find some clues from some previously published
observations. The HLA � chain and � chain construct a nine-pocket
antigen binding pocket, its polymorphism is shown in peptide bind-
ing pocket region, and the deep pockets P1, P4, P6, P7 and P9 play
important roles for antigen peptide binding (Gebe et al., 2002).
The interaction between peptide skeleton, peptide lateral chains
and HLA class II molecules play important role in maintaining the
structure and stability of HLA class II molecules–antigen peptide
complex and the ensuing T cells immune reaction. Within the DQ
molecule, both genes encoding � and � chain contain the poly-
morphisms determining the peptide binding specificities, while in
DR molecule only � chain coding gene contains polymorphisms.
Summarizing the antigen binding pocket structures of molecules
encoded by DQB1*0303 allele, we found a common ground for them
that the amino acid sequence of P6 is Tyr-Tyr-Arg, P7 is Tyr-Tyr-Val-
Arg-Thr, and P9 is Tyr-Tyr-Tyr-Ala-Ala/Asp. Compared with other
DQB1 alleles, they are rich of tyrosine amino residues, which might
be a hint that the structures rich of tyrosine are associated with
persistence of viral antigen peptides.

Although there is no evidence supporting this hypothesis, the
chemical and geometric properties of molecules encoded by differ-
ent DQB1 and DRB1 alleles are significantly distinct, that probably
affects the types and affinities of antigen peptide bound by HLA-DQ,
DR molecules, stabilities of the DQ/DR–antigen peptide complex,
and interaction of the complex with the T cell receptor. A study
published in 2005 provides a wonderful example for testing this
model. Godkin et al. (2005) demonstrated that the ability of viral
peptides to bind to particular HLA glycoproteins are different which
provided an answer to internal mechanism of the association of HLA
class II gene polymorphism with the outcome of HBV infection and
response to vaccination.

Briefly, polymorphisms of HLA genes are important host genetic
markers affecting the efficacy of IFN� therapy. However there are
still some aspects to be cleared and modified in the future. First
of all, a larger pharmocogenetic study should be carried out since
there were not sufficient individuals treated by IFN in this study.
Secondly, nucleotide analogue drug has become a first line drug for
HBV infection therapy, but we have to admit that neither nucleotide
analogue nor combined therapy was studied.
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