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Certain host genetic polymorphisms in interferon (IFN) signaling pathway genes are reported to be asso-
ciated with response to IFN� therapy. We studied 10 single nucleotide polymorphisms (SNPs) in IFN
signaling pathway genes to examine their associations with response to IFN treatment in chronic hepati-
tis B (CHB) patients. Two hundred and forty-six IFN� treatment-naïve CHB patients were enrolled for the
present study; all received treatment with IFN� alone for 6 months, and the efficacy of the therapy was
examined. Ten SNPs in 8 IFN signaling pathway genes were genotyped using a polymerase chain reaction-
hronic hepatitis B
nterferon-� therapy
nterferon pathway gene
ingle nucleotide polymorphism
harmacogenetic study

restriction fragment length polymorphism (PCR-RFLP) protocol. There were no significant differences in
allele frequencies and genotype distributions of the 10 SNPs between the response and non-response
groups that underwent IFN� therapy. However, the frequency of a G-T-G-A 2′,5′-oligoadenylate syn-
thetase (OAS) haplotype was significantly higher in the non-response group than that in the response
group (16.1% vs. 8.7%, p = 0.015). Our study suggested that patients with a G-T-G-A OAS haplotype were

eatm
less responsive to IFN� tr

. Introduction

Hepatitis B virus (HBV) infection is a serious public health prob-
em all over the world. HBV infection results in 0.5–1.2 million
eaths per year, which is mainly caused by its clinical consequences
uch as chronic hepatitis B (CHB), cirrhosis, and hepatocellular car-
inoma (Ganem and Prince, 2004; Rehermann and Nascimbeni,
005). Interferon alfa (IFN�) has been a first-line drug for hepati-
is B due to its antiviral and immunomodulatory activities (Saracco

nd Rizzetto, 1997). However, successful response to IFN� therapy
ccurs in only 25–50% of CHB patients treated with IFN� for 4–6
onths (Gish, 2005). Considering the length, side effects, and costs

f IFN� treatment, accurate pre-treatment prediction of response

� Parts of the present study have been presented as an abstract in the Hong
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to therapy is very important. Studies have reported that high ala-
nine aminotransferase (ALT) levels (>200 IU/L), low serum HBV DNA
levels (<100 pg/mL), female gender, and HBV genotype B are asso-
ciated with good response to IFN� therapy; however, the biological
mechanisms underlying variations in response to IFN� therapy
are not well understood (Hoofnagle and di Bisceglie, 1997; Kao
et al., 2000; Lin and Keeffe, 2001). With the advances in phar-
macogenetics, there is accumulating information indicating that
single nucleotide polymorphisms (SNPs) in drug-metabolism genes
are closely associated with the metabolism and efficacy of drugs
(Ahmadi et al., 2005). The first pharmacogenetic study on IFN� ther-
apy and its effects on hepatitis B patients was conducted by King
et al. It focused on 22 genetic polymorphisms in interferon path-
way genes and identified an intron polymorphism (rs3759756) in
the gene encoding eukaryotic translation initiation factor 2 subunit
1-alpha (EIF2S1), which may influence IFN response in hepatitis B
patients (King et al., 2002).

Through the IFN� signaling pathway, IFN� promotes viral con-
trol by immune regulation and suppression of HBV infection.
The IFN� signaling pathway genes include the JAK-STAT pathway

genes and interferon-stimulating genes (ISGs) such as myxovirus
resistance 1 (MxA), eukaryotic translation initiation factor 2-alpha
kinase 2 (PKR), 2′,5′-oligoadenylate synthetase (OAS), adenosine
deaminase (ADAR), etc. (Kalvakolanu, 2003; Samuel, 2001; Thomas
et al., 2003).

http://www.sciencedirect.com/science/journal/01663542
http://www.elsevier.com/locate/antiviral
mailto:wuxiaopan1984@tom.com
mailto:lihui99360@sohu.com
mailto:liuyingpumc@yahoo.com
dx.doi.org/10.1016/j.antiviral.2009.06.003
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We performed a nested case-control study for which we
ecruited treatment-naïve CHB patients from the Beijing Youan
ospital in northern China. The enrolled patients were treated with

FN�-1b alone for 6 months and then followed up for 6 months to
valuate the therapeutic effects. We then performed an associa-
ion study of 10 polymorphisms in interferon pathway genes and
esponse to IFN� treatment. The 10 SNPs were rs3759756 in EIF2S1
ene, which were reported to be associated with IFN response in
aiwan Han Chinese (King et al., 2002) and 9 tag-SNPs in 7 IFN
athway genes.

. Materials and methods

.1. Subjects

The subjects enrolled in the present study were 246 Han Chi-
ese treatment-naïve CHB patients (207 men/39 women) recruited

rom the Beijing Youan Hospital between November 2001 and
ctober 2003. The patients were diagnosed as having chronic
epatitis B if their serum levels of ALT and aspartate aminotrans-

erase (AST) were continuously abnormal and if they were HBsAg-
nd/or HBeAg-seropositive, and anti-HBs-seronegative 6 months
fter acute infection. Patients were excluded if: (1) there was evi-
ence of past or current infection with other hepatitis viruses or
epatitis not caused by HBV; (2) they had cirrhosis or hepatocel-

ular carcinoma; or (3) they were not of Han ethnicity. All enrolled

atients were treated with IFN�-1b (Sanyuan genetic company, Bei-

ing, China) alone, with an initial dose of 3–5 MU/d for 2 weeks,
ollowed by 3–5 MU dieb. alt. for 6 months. Patients were then
ollowed up for 6 months to evaluate the therapeutic effects. Com-
lete response (CR) was confirmed if the following evidences were

able 1
utline of SNP genotyping.

oci Primer sequences (5′-3′) Tm (◦C)a PCR pr

s2252930
F: GTTGCCACTGAGCCCTATTA

60 431R: CCTATTCTTGTCTTCCCCAC

s3177979
F: TGGATCACTCACTGTGCTTG

58 333R: CATGTGTTCCAATGTAACCA

s1293747
F: TGGTTTCACATTTCAGGGAG

60 491R: TTCATTTGGGTCAGGCGTTG

s4767043
F: AGTGTCTCCCTTTGTCATCC

62 442R: ATCTTGGTATCCCAGTGTCC

s10849829
F: ACCTTCTCCAAAGAGCAACT

60 412R: TGGATGTGAGGATACGCAGT

s17127090
F: TTCAAACAGCAAACCCAA

50 109R: ATGATAACCTCGTTCCTT

s3738032
F: GCCCTCCTTCTACAGTCAT

55 403R: CAGCCAACAGAGTCAACCT

s1127314
F: CAGGATGACACAGACCACTT

60 503R: TGCCCTTTCACCCACAACTA

s3766924
F: TGTTTACCTAGCCTGGTTTC

60 362R: TCTTTGCTCAGTCTGGGATT

s3759756
F: TCATTGCTTCACTGTGCCCT

60 695R: TTGTGTTCCAGTCCTTGCTC

a Tm, annealing temperature
ch 83 (2009) 252–256 253

present: the patients had normal ALT and AST levels, they were
HBV-DNA-negative, and HBeAg negative after therapy, or they were
anti-HBe-seropositive. Partial response (PR) was confirmed if the
following criteria were met: only ALT and AST levels return to
normal or the patient showed negative HBeAg after therapy but
was positive for HBV-DNA. Patients who did not satisfy any of the
abovementioned criteria were categorized as non-responding (NR)
patients. The study was carried out in accordance with the guide-
lines of the Helsinki Declaration after obtaining informed consent
from all the subjects and was approved by the ethics committee of
the Institute of Basic Medical Sciences, Chinese Academy of Medical
Sciences.

2.2. Serological testing

Enzyme-linked immunosorbent assay (ELISA) was performed
for the detection of serum HBsAg, anti-HBs, HBeAg, anti-HBe, and
anti-HBc (IMX; Abbott Diagnostics, North Chicago, IL). The ALT
and AST levels were measured by a continuous monitoring assay
and found to be <40 IU/L, which is within the normal range of
values.

2.3. SNP selection and genotyping

Genomic DNA was extracted from peripheral blood by using a
salting-out protocol. The 10 SNPs (rs2252930 in IFNAR1; rs3177979

in OAS1; rs1293747 in OAS2; rs4767043 in OAS3; rs10849829 in
OASL; rs17127090 in Janus kinase 1 (JAK1); rs3738032, rs1127314,
and rs3766924 in ADAR; and rs3759756 in EIF2S1) selected for
the present study are recorded in the public dbSNP database.
The SNP ID numbers and detailed sequence information are

oduct (bp) Restriction enzyme Genotype

Van91I
GG: 431bp
CG: 431bp + 150bp + 281bp
CC: 150bp + 281bp

RsaI
GG: 333bp
AG: 333bp + 271bp + 62bp
AA: 271bp + 62bp

BanII
TT: 491bp
CT: 491bp + 283bp + 208bp
CC: 283bp + 208bp

HhaI
CC: 442bp
CG: 442bp + 272bp + 170bp
GG: 272bp + 170bp

HaeIII
AA: 412bp
AG: 412bp + 144bp + 268bp
GG: 144bp + 268bp

HaeIII
GG: 109bp
CG: 109bp + 70bp + 39bp
CC: 70bp + 39bp

HhaI
AA: 403bp
AG: 403bp + 262bp + 141bp
GG: 262bp + 141bp

MspI
TT: 503bp
CT: 503bp + 235bp + 268bp
CC: 235bp + 268bp

AccB1I
AA: 362bp
AG: 362bp + 276bp + 86bp
GG: 276bp + 86bp

SspI
TT: 695bp
GT: 695bp + 520bp + 175bp
GG: 520bp + 175bp
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Table 2
Genotype distributions and allelic frequencies of SNPs in IFN pathway genes in chronic hepatitis B patients treated with IFN�.

SNPs CR + PR n = 169(%) NR n = 77(%) �2 p OR 95%CI

IFNAR1 rs2252930
C/C 89(52.7) 42(54.5)
C/G 70(41.4) 27(35.1) 2.02 0.36
G/G 10(5.9) 8(10.4)
C 248(73.4) 111(72.1)

0.09 0.76 0.93 0.61–1.44G 90(26.6) 43(27.9)

OAS1 rs3177979
A/A 75(44.4) 32(41.6)
A/G 78(46.2) 39(50.6) 0.49 0.78
G/G 16(9.5) 6(7.8)
A 228(67.5) 103(66.9)

0.016 0.90 0.97 0.65–1.46G 110(32.5) 51(33.1)

OAS2 rs1293747
C/C 42(24.9) 13(16.9)
C/T 79(46.7) 38(49.4) 2.08 0.35
T/T 48(28.4) 26(33.8)
C 163(48.2) 64(41.6)

1.89 0.17 0.76 0.52–1.12T 175(51.8) 90(58.4)

OAS3 rs4767043
C/C 24(14.2) 14(18.2)
C/G 73(43.2) 27(35.1) 1.61 0.45
G/G 72(42.6) 36(46.8)
C 121(35.8) 55(35.7)

0.0003 0.99 0.99 0.67–1.48G 217(64.2) 99(64.3)

OASL rs10849829
A/A 81(47.9) 41(53.2)
A/G 74(43.8) 31(40.3) 0.68 0.71
G/G 14(8.3) 5(6.5)
A 236(69.8) 113(73.4)

0.65 0.42 1.19 0.78–1.82G 102(30.2) 41(26.6)

JAK1 rs17127090
C/C 86(50.9) 37(48.1)
C/G 75(44.4) 36(46.8) 0.17 0.92
G/G 8(4.7) 4(5.2)
C 247(73.1) 110(71.4)

0.14 0.70 0.92 0.60–1.40G 91(26.9) 44(28.6)

ADAR rs3738032
G/G 112(66.3) 56(72.7)
G/A 55(32.5) 17(22.1) 5.79 0.06
A/A 2(1.2) 4(5.2)
G 279(82.5) 129(83.8)

0.11 0.74 1.09 0.65–1.82A 59(17.5) 25(16.2)

ADAR rs1127314
T/T 74(43.8) 38(49.4)
T/C 81(47.9) 33(42.9) 0.67 0.72
C/C 14(8.3) 6(7.8)
T 229(67.8) 109(70.8)

0.45 0.50 1.15 0.76–1.75C 109(32.2) 45(29.2)

ADAR rs3766924
G/G 114(67.5) 48(62.3)
G/A 48(28.4) 26(33.8) 0.72 0.70
A/A 7(4.1) 3(3.9)
G 276(81.7) 122(79.2)

0.40 0.52 0.86 0.53–1.38A 62(18.3) 32(20.8)

EIF2S1 rs3759756
A/A 155(91.7) 69(89.6)
A/G 14(8.3) 7(9.1) 2.26 0.32
G/G 0 1(1.3)
A 324(95.9) 145(94.2)

0.69 0.41 0.70 0.29–1.65

N

a
g
m
o
T

G 14(4.1) 9(5.8)

R, non-response; CR, complete response; PR, partial response
vailable at http://www.ncbi.nlm.nih.gov/SNP/. The 10 SNPs were
enotyped using a polymerase chain reaction–restriction frag-
ent length polymorphism (PCR-RFLP) protocol. The details

f the PCR-RFLP genotyping experiments are summarized in
able 1.
2.4. Statistical analysis

By using the �2 test, we tested whether the genotype distribu-
tions for the studied SNPs were in the Hardy–Weinberg equilibrium
(HWE). We used 2 × 2 or 2 × 3 contingency tables for comparing
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llele and genotype frequencies between the response group and
he non-response group. The EPI version 6.0 was used to calculate
he statistical power. p < 0.05 was the criterion for statistical signif-
cance. All statistical analyses were performed using the Statistical
ackage for the Social Sciences (SPSS), version 12.0. We estimated

inkage disequilibrium (LD) values (D′), r2 values, and haplotypes
y using the online software SHEsis (Shi and He, 2005).

. Results

After 6 months of therapy, we evaluated the efficacy of IFN� in
he 246 patients on the basis of the criteria for combined assess-

ent. The response rate was 68.7% (169/246), with 16.3% of the
atients showing CR (40/246) and 52.4% showing PR (129/246);
nd the NR rate was 31.3% (77/246). There was no significant differ-
nce in the distribution of age and gender among the 3 groups, but
he mean levels of ALT in the CR and PR groups were both higher
han that in the NR group (189.0 IU/L in CR, 156.5 IU/L in PR, and
00.3 IU/L in NR, p = 0.001).

Since the CR rate was fairly low, the CR and PR groups were com-
ined into a single response group for analysis. We conducted geno-
yping experiments for the 10 polymorphisms. Genotype distribu-
ions of the studied SNPs were in HWE except for the SNP rs4767043
n the OAS3 gene, which deviated slightly from the HWE in the
on-response patient group (p = 0.04). There were no significant
ifferences in allele frequencies and genotype distributions of the
0 SNPs studied between the response and non-response groups
Table 2). We also compared the allele frequencies and genotype
istributions of these SNPs in the CR and NR groups, or in CR and
R + NR groups, and the results were still negative (data not shown).

We analyzed the degree of LD for 4 SNPs in the OAS1, OAS2, OAS3,
nd OASL genes, and 3 SNPs in the ADAR gene. There was no apparent
D (D′ < 0.462, r2 < 0.089 for the OAS genes and D′ < 0.836, r2 < 0.28
or the ADAR gene). Next, we conducted a haplotype analysis of the
AS genes and the ADAR gene. For the 3 SNPs in the ADAR gene, there
ere 4 common haplotypes with a frequency >5%; however, there
ere no significant differences between the response and non-

esponse groups with respect to the frequency of these haplotypes.
or the OAS SNPs, Table 3 shows 6 common haplotypes that were
he result of these 4 SNPs and had a frequency > 5%. The frequency of
he G-T-G-A haplotype in the non-response group was significantly
igher than that in the response group (16.1% vs. 8.7%, p = 0.015). We
lso compared the G-T-G-A haplotype frequency in the CR and NR
roups, or in the CR and PR + NR groups. In the CR and NR groups,
lthough the sample size was relatively small, the frequency of the
-T-G-A haplotype in the NR group was also significantly higher

han that in the CR group (16.1% vs. 6.4%, p = 0.028). There was a
orderline significant difference between the CR and PR + NR groups
13.2% in the PR + NR group vs. 6.4% in CR group, p = 0.08).
. Discussion

In the present study, we found that patients with high levels of
LT were more responsive to IFN treatment; this observation is in

able 3
ommon haplotypes resulting from SNPs rs3177979 in OAS1, rs1293747 in OAS2,
s4767043 in OAS3, and rs10849829 in OASL.

aplotypes Non-response n (%) Response n (%) p-value OR (95%CI)

-C-C-A 18(11.4) 32(9.4) 0.51 1.23(0.66-2.28)
-C-G-A 22(14.2) 55(16.2) 0.54 0.85(0.49–1.45)
-C-G-G 11(7.1) 37(11.1) 0.16 0.61(0.30–1.22)
-T-G-A 25(16.4) 43(12.9) 0.31 1.32(0.77–2.25)
-T-C-A 14(9.1) 21(6.2) 0.25 1.51(0.75–3.07)
-T-G-A 25(16.1) 29(8.7) 0.015 2.01(1.13–3.58)
ch 83 (2009) 252–256 255

agreement with previous reports (Hoofnagle and di Bisceglie, 1997;
Lin and Keeffe, 2001). Although none of the 10 SNPs when studied
alone predicted response to treatment, we identified a haplotype,
namely, G-T-G-A, which results from SNPs in the OAS1, OAS2, OAS3,
and OASL genes, that was associated with response to IFN therapy.
However, the sample size involved in the present study is not large
enough, and it is possible that these findings may be incidental.
Therefore, it is necessary to perform further studies in other ethnic
groups and to confirm the present findings in a larger sample set.

The genotype distribution of the SNP rs4767043 in OAS3 devi-
ated from the HWE in non-response patients. It is necessary to
examine whether HWE is followed in normal control subjects. In
the present association study, however, both the cases and controls
were CHB patients. On the other hand, the purpose to apply HWE
is to eliminate the possibility of genotyping errors in molecular
genetics studies. For genotyping quality control, 20% of the sam-
ples were randomly genotyped again by a different researcher, and
we obtained 100% identical results.

Till date, there have been few studies on the relationship
between host genetic factors and response to IFN treatment. In
2002, King et al. carried out the first and most systematic pharma-
cogenetic study (King et al., 2002). They included all the available
SNPs located in the promoter region, regulatory region, and exons of
IFN pathway genes; and identified rs3759756 in the EIF2S1 gene as
a better marker for IFN response than the HBV DNA level (p = 0.023
vs. p = 0.033). They also revealed borderline significance for the MxA
G-88T polymorphism (p = 0.061). In 2007, Kong et al. found that the
genotype distribution of the MxA G-88T polymorphism differed sig-
nificantly between IFN-responders and IFN-non-responders, and
the induction of MxA mRNA by IFN� might predict sustained viro-
logical responses to IFN� treatment in CHB patients (Kong et al.,
2007). To the best of our knowledge, these 2 studies are the only
pharmacogenetic studies on IFN pathway genes and response to
IFN therapy, and rs3759756 in the EIF2S1gene and MxA G-88T poly-
morphism are the only 2 SNPs in the IFN pathway genes found to be
associated with response to IFN therapy. Some other studies have
revealed that genetic structural differences (short tandem repeat
markers)(Chen et al., 2006), IL-1ˇ gene polymorphisms (Chan et
al., 2006), and HLA-II gene polymorphisms (Chu et al., 2005; Han
et al., 2005) are associated with response to IFN treatment in CHB
patients. In all the above studies, the sample size was limited; Chu et
al.’s study had the biggest sample (Chu et al., 2005), which included
126 CHB patients. With such a limited sample size, the statistical
power for detecting a twofold association between the presence of
an allele and response to IFN treatment were considerably low (pre-
suming a 95% confidence interval, a responder/non-responder ratio
of 1/1, and a minor allele frequency of 20%, the statistical power
is about 35% in 138 persons). In our present study, we replicated
the genotyping of rs3759756 in the EIF2S1 gene, and since other
potential functional SNPs in the study of King et al. showed no sig-
nificant differences, we chose 9 other tag-SNPs in 7 IFN pathway
genes (which have not been studied before) to examine whether
these SNPs are associated with response to IFN treatment. The
results showed that none of the 10 SNPs predicted response to
treatment. There is another SNP, namely, MxA G-88T, which pre-
dicted response to treatment in Kong et al.’s study (Kong et al.,
2007), but in our previous study, this SNP did not predict response
to treatment (unpublished data). The reasons for these differences
may be as follows: first, as discussed above, since the sample sizes
in the previous studies were limited, their findings may be inci-
dental. Second, the distribution of gene polymorphism may differ

not only across different ethnicities but also among people of the
same ethnicity from different regions. Although all subjects in
the abovementioned studies were Han Chinese, our samples were
collected from northern Han Chinese subjects, while the other 2
studies collected samples from south China. Third, although our
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ample size was larger than that in the previous studies, this is not
ufficient, and there is a possibility that the present findings are
ncidental. Therefore, studies involving even larger sample sizes are
eeded.

In contrast to the limited number of pharmacogenetic studies
n IFN therapy in CHB patients, there are many more studies on
hronic hepatitis C patients; however, the results are controver-
ial. In 2008, Su et al. suggested that 3 OASL SNPs are involved
n host response to IFN-based therapy in hepatitis C patients (Su
t al., 2008). In the same year, Morgan et al. selected 8 SNPs
n the basis of previously reported associations with treatment
esponse in certain hepatitis C patients. However, they found no
ignificant association between genotypes for any individual SNP,
xcept for an ACC IL10 promoter diplotype, which was associ-
ted with sustained virological responses (Morgan et al., 2008).
n the present study, we identified a G-T-G-A haplotype result-
ng from 4 SNPs in the OAS genes to be associated with lower
irological responses. The interferon-induced 2′-5′-oligoadenylate
ynthetases (OAS) catalyze the synthesis of oligoadenylates of the
eneral structure ppp(A2′p)nA, commonly abbreviated as 2-5A, and
he IFN-inducible 2-5A response leading to the degradation of RNA.
hese effects are important in the anti-viral response (Samuel,
001). The findings therefore indicate that the OAS genes contribute
o genetic susceptibility to viral infection. The human OAS fam-
ly contains the OAS1, OAS2, OAS3, and OASL genes (Rebouillat and
ovanessian, 1999), and the 4 OAS genes are all located on chro-
osome 12q24. Notably, in the present study, the rs3177979G,

s1293747T, rs4767043G, and rs10849829A alleles, which were
n the OAS1, OAS2, OAS3, and OASL genes respectively, were all
usceptible to lower virological responses, although these differ-
nces were not significant. We concluded that this may be due
o the cumulative effect of each allele on different genes in the
AS gene family, which when combined, showed significant dif-

erences.
In summary, we have shown that patients with a G-T-G-A OAS

aplotype were less responsive to IFN treatment. However, we
ould not find any single SNP associated with virological responses.
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