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Abstract The aim of this was to investigate the rela-
tionship between single-nucleotide polymorphisms (SNPs)
in the OAS1 gene and the susceptibility to chronic hepatitis
C virus (HCV) infection in a population from the Liaoning
Province of China. High resolution melt (HRM)-PCR
analysis was conducted to examine three OAS1 SNPs:
152660 G/A, 1510774671 G/A, and rs3741981 G/A in 298
chronic HCV-infected patients and in 305 healthy controls
and to identify a relationship between SNP genotype and
susceptibility to chronic HCV infection using a case—con-
trol study design. These three OAS1 SNPs were in strong
linkage disequilibrium (rs2660 vs. rs10774671: ID’I=1.000,
* =1.000; rs2660/rs10774671 vs. 1s3741981: ID’1=0.938,
* =0.569). The frequency of AG + GG genotypes in both
1s2660 and rs10774671 and the AA + AG genotype in
rs3741981 was significantly higher among chronic HCV-
infected patients than among control (P < 0.001); the A
allele in all three SNPs was found more frequently in the
chronic HCV-infected group than in the control group (rs2660
and rs10774671: P = 0.02; rs3741981: P < 0.001). More-
over, individuals carrying the A allele in these SNPs exhibited
an increased risk for chronic HCV infection (rs2660 and
rs10774671: OR = 1.356 [1.051-1.749]; rs3741981: 1.363
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[1.085-1.712]). The haplotype created by the G allele at
both rs2660 and rs10774671 and the A allele at rs3741981
increased the risk of chronic HCV infection by 3.394-fold
(95 % CI 1.406-8.201). Our results identify OAS1 SNP
152660, rs10774671, and rs3741981 as genetic risk factors
for chronic HCV infection. Polymorphisms of the OAS1
gene might affect the susceptibility to chronic infection
with HCV.
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Introduction

Hepatitis C virus (HCV) infects 170 million patients
worldwide and is one of the primary contributors to liver
disease. Pegylated interferon alpha (Peg-IFN-o), in com-
bination with ribavirin, is currently the standard-of-care for
chronic HCV infection. The progression of disease fol-
lowing chronic HCV infection differs among individuals.
This suggests that host genetic factors, such as single-
nucleotide polymorphisms (SNPs), affect the course of
chronic HCV infection.

2',5'-Oligoadenylate synthetase (OAS) was among the
first IFN-induced enzymes to be identified. The OAS/
RNase L system plays a role in the innate immune response
to viral infections. Several studies have identified SNPs in
the OAS1 gene that influences the antiviral effects of IFNs
to severe acute respiratory syndrome (SARS) or to West
Nile virus infection. Both West Nile virus and HCV belong
to the Flaviviridae. Therefore, we hypothesized that these
same SNPs would affect the course of chronic HCV
infection.
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We used high resolution melt (HRM)-PCR analysis to
evaluate whether OAS1 gene SNPs identified from a
population in the Liaoning Province of China are associ-
ated with susceptibility to chronic HCV infection. From a
group of 298 HCV cases and 305 healthy controls, we
examined three OAS1 SNPs: a nonsynonymous A/G SNP
in the sixth exon that corresponds to an Arg397Gly sub-
stitution (rs2660), an A/G SNP at the splice-acceptor site of
exon 7 (rs10774671), and a nonsynonymous A/G SNP in
the third exon that corresponds to Ser162Gly (rs3741981).

Materials and methods
Study population

Chronic HCV-infected Chinese patients (n = 298; 185
men, 113 women; mean age 56.92 + 12.46 years) who
consulted the First Hospital of China Medical University
between November 2009 and April 2011 were selected for
this study. Eligible patients tested positive for HCV anti-
body (Abbott Laboratories, USA) and had detectable
(>5.0 x 10% TU/ml) serum HCV RNA as measured indi-
rectly by real-time reverse-transcriptase PCR (QIAGEN,
Germany). Patients positive for other hepatitis viral infec-
tion(s) were excluded from the study. The study was
approved by the Institutional Ethics Committee of China
Medical University, and all procedures followed institu-
tional guidelines.

Healthy controls (n = 305; 210 men, 95 women; mean
age: 57.63 &+ 11.18 years) having had no history of hepa-
titis were selected among physical examination cases at the
First Hospital of China Medical University between
November 2009 and April 2011. The mean ages and gender
ratios were not significantly different between the two
groups (P = 0.99 and P = 0.21, respectively).

DNA isolation and genotyping
Genomic DNA was extracted from 100 pl of whole blood

using the QIAamp DNA Micro Kit (QIAGEN), according
to the manufacturer’s instructions. Extracted DNA was

dissolved to 30 ng/pl (Thermo Fisher Scientific, USA) and
was stored at —80 °C.

HRM-PCR (Roche Applied Science, Germany) was
used for SNP genotyping. Samples were spiked with wild-
type DNA as a standard [1]. Primers with annealing tem-
peratures in the range of 55-60 °C that flanked short
(100-150 bp) sequences were designed using Primer 5
(Table 1). Real-time PCR cycling and HRM analysis were
conducted using Light Cycler® 480 System (Roche).

PCR components included Master Mix (10 pl; Roche)
containing FastStart Tag DNA polymerase reaction buffer,
dNTPs, and HRM dye; 10 uM each forward and reverse
primers (0.4 pl; Sangon Biotech, China), 25 nM MgCl,
(Roche), and 1.6 pl rs2660/rs3741981 or 2.0 pl rs10774671.
Wild-type and mutant homozygotes were distinguished by
spiking samples with a known genotype sequence before
PCR. Unknown genomic DNA (30 ng) was used as template,
along with an additional 6.0 ng (rs2660 and rs10774671) or
3.0 ng (rs3741981) of known wild-type DNA (obtained by
sequencing previously). HO (Roche) was added to bring the
final reaction volumes to 20 pl.

PCRs were conducted in 96-well plates in 25-pl volumes
using the following touchdown PCR cycling and HRM con-
ditions: initiation with a 5-min hold at 95 °C, 40 cycles of
95 °C for 10 s, touchdown cycling (decreasing 1 °C/cycle),
annealing in the range of 65-55 °C (rs2660) or 63-53 °C
(rs10774671) or 60-50 °C (rs3741981) for 10 s, and 72 °C
for 20 s. Following amplification, samples were heated to
95 °C for 30 s and then were cooled to 40 °C for 1 min to
encourage heteroduplex formation. HRM curve data were
obtained by melting over the range 65-95 °C at a rate of 25
data acquisitions per 1 °C. Results were analyzed using Light
Cycler® 480 Gene Scanning software. 40 samples selected at
random were verified by direct sequencing on an ABI7000
sequence detection system (Applied Biosystems, USA).

Statistical analysis

Data were analyzed using SPSS 17.0. Hardy—Weinberg
equilibrium, linkage disequilibrium, and resultant haplo-
types were examined using Haploview 4.0. Genotype and
allele frequencies of the OAS1 gene in the healthy group

Table 1 PCR primers and

. Polymorphism Direction Sequence Amplicon Annealing
amplicons size (bp) temperature(°C)
rs2660 Forward gCACCATCCTCTgAATgCC 149 59.2
Reverse AgACCTgggTTCTgTCCTg 59.2
rs10774671 Forward TCACAgTgTCTACCETAAATg 139 56.0
Reverse TTTCTgATACCTCCTgggATCg 60.0
rs3741981 Forward CTgACACCTAAGTTTAgAT 121 53.7
Reverse AACTCgCCCTCTTTCTgC 57.3
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and in the chronic HCV-infected group were analyzed
using the chi-squared test. The relationship between poly-
morphisms and the risk to HCV were analyzed using the
odds ratio (OR) and 95 % confidence intervals (CI). Sta-
tistical significance was set at P < 0.05.

Results
HRM analysis of OAS1 gene SNPs

HRM-PCR was used to genotype all samples for the OAS1
gene by spiking with the wild-type DNA standard (Fig. 1).
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Fig. 1 Genotyping results using HRM-PCR of OAS1 SNPs.
a 152660: red AA genotype, blue GA genotype, green GG genotype;
b rs10774671: red GG genotype, blue GA genotype, green AA
genotype; ¢ rs3741981: red GG genotype, blue GA genotype, green
AA genotype (color figure online)

Genotype results obtained using HRM or direct sequencing
were consistent with each other.

OASI1 gene SNPs

The genotype and allele frequencies of the three OAS1
SNPs were distributed according to Hardy—Weinberg
equilibrium in both the control and chronic HCV-infected
groups (Table 2).

In the control population, the distribution frequencies of
the AA, AG, and GG genotypes and of the A and G alleles
at rs2660 were 47.5, 44.6, 7.9, 69.8, and 30.2 %, respec-
tively. The genotype and allele frequencies at rs10774671
were the same as at rs2660. The frequencies at rs3741981
were 30.8, 43.1, 26.1, 52.3, and 47.7 %, respectively.

In terms of OAS1 gene SNP genotypes and allele fre-
quencies between 298 chronic HCV-infected cases and 305
controls, we observed a higher frequency of the AA genotype
at 152660 in chronic HCV-infected patients than in controls
(7 =7.119, P <0.001, OR = 1.548, 95 % CI 1.123-
2.134). The allele frequency of the A allele at rs2660 was
significantly higher in chronic HCV-infected patients than in
controls (x> = 5.486, P = 0.019, OR = 1.356, 95 % CI
1.015-1.749). The genotype and allele frequencies at
rs10774671 were the same as those at rs2660. The frequencies
of the A-allele-positive genotypes (AA and GA) and of the A
allele at rs3741981 were greater in the chronic HCV-infected
group than in controls (AA and GA genotypes: y* = 14.615,
P < 0.001, OR = 2.229, 95 % CI 1.478-3.362; A-allele:
x> = 7.076, P = 0.008,0R = 1.363,95 % CI1.085-1.712).

Because linkage disequilibrium within a disease locus may
be stronger for haplotypes than for single alleles, we examined
whether previously determined haplotypes of OAS1 were
associated with chronic HCV infection. Linkage disequilib-
rium characteristics between rs2660 and rs10774671 in our
samples were as follows: |D I= 1.000, # = 1.000. Between
1s2660/rs10774671 and rs3741981, linkage disequilibrium
characteristics were as follows: D’ |= 0.938, = 0.569. The
haplotype GGA, created by the G allele at rs2660 and
rs10774671 and by the A allele at rs3741981 (hap 4), appeared
3.368-fold more frequently in the chronic HCV-infected patient
group than in controls (P = 0.007). The other three haplotype
frequencies did not differ significantly between the two groups
(Table 3). The OR was calculated for hap4 versus the other
three haplotypes using two-way contingency table analysis.
Subjects carrying this haplotype had a 4.086-fold increased risk
of chronic HCV infection (95 % CI 1.479-11.289).

Discussion

The OASs are a family of IFN-induced enzymes that
comprise the first IFN-induced enzymes to be identified.
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Table 2 Genotype and allele frequencies of the OAS1 gene in the HCV-infected and control groups

2

Patients (n = 298) Controls (n = 305) b P OR (95 % CI)
rs2660
Genotype
AA 174 (0.583) 145 (0.475) 7.12 <0.001 1.548
AG + GG 104 (0.350) + 20 (0.067) 136 (0.446) + 24 (0.077) (1.123-2.134)
Allele
A 452 (0.758) 426 (0.698) 5.49 0.019 1.356
G 144 (0.242) 184 (0.302) (1.051-1.749)
rs10774671
Genotype
AA 174 (0.583) 145 (0.475) 7.12 <0.001 1.548
AG + GG 104 (0.350) + 20 (0.067) 136 (0.446) + 24 (0.077) (1.123-2.134)
Allele
A 452 (0.758) 426 (0.698) 5.49 0.019 1.356
G 144 (0.242) 184 (0.302) (1.015-1.749)
rs3741981
Genotype
AA + AG 100 (0.336) + 157(0.527) 94 (0.308) + 131(0.431) 14.62 <0.001 2.229
GG 41 (0.138) 80 (0.261) (1.478-3.362)
Allele
A 357 (0.599) 319 (0.523) 7.08 <0.001 1.363
G 239 (0.401) 291 (0.477) (1.085-1.712)

Four OAS genes, mapped to chromosome 12, have been
described in humans: OAS1, OAS2, OAS3, and OASL
(OAS-like) [2-5]. OAS enzymes are involved in the anti-
viral effect of IFN via the OAS/RNaseL. pathway. Fol-
lowing exposure to novel viruses, IFN-I is one of the first
cytokines released from immune-competent cells. IFN-I
subsequently initiates an innate antiviral response via the
induction of numerous IFN-stimulated genes. Among these
are the OAS genes, which encode the synthesis of oligoa-
denylates of general structure ppp(A2'p9),A (2'5'A); 2'5'A
requires double-stranded (ds) RNA structures, such as viral
genomes, to become activated. The activated enzyme then
catalyzes the polymerization of ATP into 2’,5'-linked oli-
goadenylates (2'5'A). These, in turn, bind to and activate
latent RNaseL, which degrades viral genetic material and
inhibits protein synthesis [4-6].

Among healthy controls, the major OAS1 genotype for
1s2660 and rs10774671 was AA, and the minor allele was
A (Table 2). These results are consistent with those
reported previously by Chen Lu-biao [7]. The major
genotype for rs2660 and rs10774671 was AG, and the
minor allele was A. This SNP distribution has not been
reported previously; however, the data are consistent with
those of the Chinese population in the dbSNP database
(http://www.ncbi.nlm.nih.gov/projects/SNP).  The fre-
quency distributions of these three sites in the Chinese
population differ from those of Caucasian [8], Japanese [9],

@ Springer

Table 3 Haplotype frequencies constructed with 3 OAS1 SNP in the
normal group and hepatitis C group

Haplotype (rs2660- Control ~Patients  z* P
rs10774671-rs3741981)
Hapl A-A-A 0.515 0.470 1.219 0.270
Hap2 G-G-G 0.351 0.336 0.155 0.693
Hap3 A-A-G 0.115  0.130 0.364 0.546
Hap4 G-G-A 0.019  0.064 7.372  0.007

or Vietnamese [10] populations. Therefore, the genotypes
and allele frequencies of these SNPs vary by race.

Knapp [11] reported previously that rs2660 was asso-
ciated with chronic HCV infection. Hamano [10] and He
[12] reported that the SNPs at rs2660 and rs3741981 were
associated with SARS. Lim [13] suggested that the A allele
at re10774671 was a risk factor for initial infection with
West Nile Virus in humans. Fedetz [8] detected a link
between the OAS1 gene SNPs rs10774671 and rs3741981
and susceptibility to multiple sclerosis. However, rela-
tionships to type I diabetes were inconsistent [14—18] until
now.

We observed an association between rs2660/rs10774671
and chronic HCV infection; specifically, the AA genotype
and the A allele both appeared more frequently among
patients than among healthy controls. The SNP at rs2660
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corresponds to the amino acid substitution, Arg397Gly.
Although these two SNPs are in complete linkage dis-
equilibrium (ID I= 1.000, P = 1.000), rs10774671 may be
a more functional SNP because it is positioned at the last
nucleotide of intron 5 in OAS1 and serves as a splice-acceptor
site for exon 7. The A allele is predicted to abrogate splicing at
this site. Splicing occurs further downstream, resulting in two
mRNA forms, designated p48 and p52, which are associated
with lower OAS enzymatic activity. The G allele at this site is
predicted to allow splicing, giving rise to a p46 form with high
enzymatic OAS activity. Heterozygotes exhibit intermediate
OAS activity [10, 12, 13]. The p46 form more efficiently
synthesizes 2’5’ A, degrades viral genetic material, and inhibits
protein synthesis. Hence, individuals carrying the G allele and
GG + GA atthis locus are less likely to become infected with
chronic HCV.

In our study, the frequencies of the AA and AG geno-
types at rs3741981 and the A allele were significantly
higher in the chronic HCV-infected group compared with
controls. Individuals with AA or AG genotypes or with the
A allele at this locus were associated with an increased risk
for chronic HCV infection. These data support a relation-
ship between SNPs at rs3741981 and HCV susceptibility,
with the AA and AG genotypes and the A allele being risk
factors for chronic HCV infection. This is explained by the
corresponding amino acid substitution at rs3741981. The
OAS1 protein belongs to the dsDNA-binding protein
family, which is characterized by one or more dsRNA-
binding motifs (dsSRBM) and by enzyme activation fol-
lowing binding between dsRBM and dsRNA [8, 19].
Substitutions of nearly any of the amino acids within the
consensus dsRBM decreased dsRNA binding [20-22]. The
A/G polymorphism in exon 3 of rs3741981 corresponds to
the Serl162Gly substitution, which is located near the
dsRNA-binding domain (amino acids 104-158) of OASI.
This decreases dsRNA binding and viral nucleic acid
degradation. This may explain the observation that differ-
ent individuals with different alleles exhibit different sus-
ceptibilities to chronic HCV infection.

The three OAS1 SNPs examined in this study were in
strong linkage disequilibrium. Because of the complete
linkage disequilibrium between rs2660 and rs10774671,
only four haplotypes are created by these three alleles.
Hap4, created by the G allele at rs2660 and rs10774671 and
by the A allele at rs3741981, was more frequently detected
in chronic HCV-infected patients than in controls. Haplo-
type analysis may identify relationships between disease-
related polymorphisms more effectively than linkage dis-
equilibrium analysis or single-locus analysis [23, 24]. We
observed that individuals carrying hap4 had a significantly
increased risk for chronic HCV infection.

There are many classical techniques for SNP genotyp-
ing, including denaturing high-performance liquid

chromatography, single-strand conformation polymor-
phism, denatured gradient gel electrophoresis, and allele-
specific oligonucleotide PCR. We performed HRM-PCR to
identify SNPs. As a new generation of gene-scanning
technology, HRM-PCR is a substantial improvement over
other genotyping technologies in terms of its high-
throughput, speed, simplicity, cost-effectiveness, probe-
free design, and because it allows for closed-tube analysis.
However, the detection of OAS1 gene SNPs using HRM-
PCR has not been reported previously. We detected OAS1
gene SNPs in all samples we analyzed. Direct sequence
verification demonstrated that the genotype results we
obtained are reliable. Therefore, HRM-PCR is a simple and
fast technique for detecting SNPs in the OAS1 gene.

HRM-PCR is an efficient, convenient, and low-cost
method suitable for clinical analyses. We identified that
OAS1 152660, rs10774671, and rs3741981 SNPs were
associated with chronic HCV infection, and we demon-
strated that these polymorphisms are associated with an
increased risk of infection with HCV. The SNPs identified
in this study using HRM-PCR may be applied as genetic
protective factor for chronic HCV infection.
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