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Epidemiology, diagnosis and treatment for acute hepatitis C in Japan
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Prevalence of Hepatitis C Virus Genotype 1la in
Japan and Correlation of Mutations in the NS5A
Region and Single-Nucleotide Polymorphism of
Interleukin-28B With the Response to Combination
Therapy With Pegylated-Interferon-Alpha 2b

and Ribavirin
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Hepatitis C virus (HCV) genotype 1a is rare in
Japanese patients and the clinical characteris-
tics of this genotype remain unclear. The
interferon (IFN) sensitivity-determining region
(ISDR) and single-nucleotide polymorphisms
(SNPs) of interleukin-28B (IL28B) among
patients with HCV genotype 1b are associated
with IFN response, but associations among
patients with genotype 1a are largely unknown.
This study investigated the clinical characteris-
tics of genotype 1a and examined whether ge-
nomic heterogeneity of the ISDR and SNPs of
IL28B among patients with HCV genotype 1a
affects response to combination therapy with
pegylated-IFN-a2b and ribavirin. Subjects com-
prised 977 patients infected with HCV genotype
1, including 574 men and 412 women (mean
age, 55.2 & 10.6 years). HCV was genotyped by
direct sequencing of the 5-untranslated region
and/or core regions and confirmed by direct se-
quencing of the NSBA region. HCV genotypes
1a (n = 32) and 1b (n = 945) were detected.
Twenty-three {71.9%) of the 32 patients with ge-
notype 1a were patients with hemophilia who
had received imported clotting factors. Preva-
lence of genotype 1a after excluding patients
with hemophilia was thus 0.9%. Of the 23
patients with genotype 1a who completed IFN
therapy, 11 (47.8%) were defined as achieving
sustained virological response. Factors related
to sustained virological response by univariate
analysis were 1L28B and ISDR. In conclusion,

© 2012 WILEY PERIODICALS, INC.

HCV genotype 1a is rare in Japan. The presence
of IL28B genotype TT, and more than two
mutations, in the ISDR are associated with a
good response to IFN therapy in patients with
HCV genotype 1a. J. Med. Virol. 84:438-
444, 2012. © 2012 Wiley Periodicals, Inc.

KEY WORDS: hepatitis C virus; genotype 1a;
NS5A; IL 28B; interferon

INTRODUCTION

Hepatitis C virus (HCV) is a member of the Flavi-
viridae family and causes chronic hepatitis that can
develop into cirrhosis and hepatocellular carcinoma
[Seeff, 2002]. HCV infection is a significant global
health problem, affecting 170 million individuals
worldwide. HCV can be divided into six genotypes and
several subtypes according to genomic heterogeneity
[Simmonds et al., 2005]. Each genotype shows a
unique distribution and clinical characteristics such
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as interferon (IFN) responsiveness [Ghany et al,
2009]. HCV genotypes 1b, 2a, and 2b are the major
types encountered in Japan [Enomoto et al., 1990;
Hayashi et al.,, 2003]. Genotype la is common world-
wide, but is rare in Japan except among individuals
with hemophilia who have received imported clotting
factors [Fujimura et al, 1996; Otagiri et al., 2002;
Hayashi et al., 2003]. The prevalence and clinical
characteristics, including IFN responsiveness, of Jap-
anese patients with HCV genotype 1a are unclear.
HCV NS5A protein reportedly includes a domain asso-
ciated with IFN response. This domain, located in the
NS5A region of HCV genotype 1b, is closely associated
with response to IFN therapy and is known as the
IFN sensitivity-determining region (ISDR) [Enomoto
et al, 1996]. IFN acts to inhibit viral replication by
inducing double-stranded RNA-dependent protein ki-
nase (PKR). The ISDR is located at the 5 end of the
PKR-binding domain and is inhibited by PKR in vitro
[Gale et al., 1998]. ISDR heterogeneity of genotype 1b
is thus an important factor that may affect response
to IFN [Enomoto et al., 1996; Nakano et al., 1999;
Pascu et al., 2004; Hayashi et al., 2011a]. Several
studies have reported a relationship between ISDR
and IFN responsiveness among patients with HCV ge-
notype la [Hofgértner et al., 1997; Zeuzem et al,
1997; Kumthip et al., 2011; Yahoo et al., 2011]. How-
ever, this remains controversial for genotype 1a, and
the utility of ISDR sequences for predicting IFN re-
sponsiveness has not been investigated for HCV geno-
type la in Japan due to the rarity of this genotype.
Both genetic heterogeneity of the HCV genome and
host genetics contribute to IFN responsiveness. Sever-
al genome-wide association studies have thus been
performed to clarify host factors associated with IFN
responsiveness, revealing that interleukin-28B
(IL28B) polymorphisms are strongly associated with
response to IFN therapy [Ge et al, 2009; Suppiah
et al., 2009; Tanaka et al., 2009; Thomas et al., 2009].
Combined use of the single-nucleotide polymorphisms
(SNPs) of IL28B and amino acid substitutions in the
core region and ISDR could thus improve the predic-
tion of response to IFN in patients with HCV geno-
type 1b [Akuta et al., 2011; Hayashi et al., 2011b;
Kurosaki et al., 2011]. However, the effects of a com-
bined evaluation of the SNPs of IL28B and amino acid
substitutions in the ISDR in patients with HCV geno-
type la on IFN response are unclear. The aim of the
present study was to determine whether genomic het-
erogeneity of the ISDR and SNPs of IL28B among
patients with HCV genotype la affect response to
combination therapy with pegylated-IFN-a2b and
ribavirin.

PATIENTS AND METHODS

A total of 977 patients (569 men, 408 women) with
chronic hepatitis C genotype 1 and high viral load
(<100 KIU/ml) who were treated at Nagoya Universi-
ty Hospital and affiliated hospitals were enrolled in

439

this study. Mean age of patients was 55.1 & 12.2
years (range: 18-75 years). None of the patients had a
history of chronic alcohol abuse, autoimmune disease,
or metabolic disease. Patients with active intravenous
drug use and immigrants were excluded from this
study. The core region (aa 30-110) and ISDR (aa
2,209-2,248) of HCV were examined by direct se-
quencing. SNPs of IL28B (rs8099917) were identified
using a real-time polymerase chain reaction (PCR)
system. Patients received subcutaneous injections of
pegylated-IFN-a2b (1.5 pg/kg) once each week along
with oral ribavirin (600 mg/day for patients <60 kg,
800 mg/day for 60-80 kg, 1,000 mg/day for >80 kg)
for 48 weeks. Patients who became negative for HCV-
RNA between 16 and 36 weeks after initiating IFN
treatment had the IFN treatment extended to
72 weeks, in accordance with Japanese guidelines
[Kumada et al, 2010]. HCV-RNA levels in serum
samples were examined at 12 weeks, at the end of
IFN therapy, and at 6 months after the end of treat-
ment. Serum was stored at —80°C for virological ex-
amination at pretreatment. Early virological response
was defined as HCV-negative status at 12 weeks.
Patients who were persistently negative for serum
HCV-RNA at 24 weeks after withdrawal of IFN treat-
ment were considered to show sustained virological
response. Written informed consent was obtained
from each patient, and the study protocol conformed
to the ethical guidelines of the 1975 Declaration of
Helsinki.

Virological Analysis

HCV-RNA quantitative viremia load was deter-
mined by PCR. HCV was genotyped by direct sequenc-
ing of the 5'-untranslated region and/or core regions
as described previously and confirmed by direct se-
quencing of the NS5A region [Otagiri et al., 2002; Dal
Pero et al., 2007; Hayashi et al., 2011a]. Genotypes
were classified according to the nomenclature pro-
posed by Simmonds et al. [2005]. Direct sequencing of
the core and NS5A-ISDR regions was performed as
reported previously [Dal Pero et al., 2007; Hayashi
et al, 2011al. In brief, RNA was extracted from
140 pl of serum using a commercial kit (QIAamp Vi-
ral RNA Kit; Qiagen, Valencia, CA) and dissolved in
50 pl of diethylpyrocarbonate-treated water. RNA
(10 ng) was used for reverse transcription with oligos
and random hexamer primers with a commercial kit
(iScript ¢cDNA Synthesis Kit; Bio-Rad, Hercules, CA).
The HCV core region and NS5A-ISDR were amplified
by nested PCR. In brief, each 50-pl PCR reaction mix-
ture contained 100 nM of each primer, 1 ng of tem-
plate cDNA, 5 ul of GeneAmp 10x PCR buffer, 2 pl of
dNTPs, and 1.25 U of AmpliTaq Gold (Applied Biosys-
tems, Foster City, CA). Primers for the core region
were: sense, 5-GGGAGGTCTCGTAGACCGTGCAC-
CATG-3 and antisense, 5-GAGMGGKATRTACCC-
CATGAGRTCGGC-3'. Primers for the NS5A-ISDR
were: sense, 5-GCCTGGAGCCCTTGTAGTC-3 and
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TABLE I. Clinical Characteristic of Patients With HCV

Genotype la

N =32
Age (y.0.) 36.4+ 22
Sex: male/female 28/4
AST (JU/L) 48.8 + 33.6
ALT (IU/L) 64.6 + 57.8
Platelet (10/1) 18.8 + 6.0
HCV RNA level (KIU/ml) 2607.4 + 3072.2
Source (clotting factor/BTF/unknown) 23/2/7

AST, aspartate aminotransferase; ALT, alanine aminotransferase;
HCV, hepatitis C virus.

antisense, 5-CTGCGTGAAGTGGTGGAATAC-3'. Am-
plification conditions consisted of 10 min at 94°C, fol-
lowed by 40 cycles of 94°C for 10 sec, 55°C for 30 sec,
and 72°C for 30 sec in a thermal cycler (GeneAmp
PCR System 9700; Applied Biosystems). The second
PCR was performed using the same reaction buffer
with the first-round PCR product as template, and the
following sets of primers: for the core region, sense
primer 5-AGACCGTGCACCATGAGCAC-3' and anti-
sense  5-TACGCCGGGGGTCAKTRGGGCCCCA-3;
and for the NS5A-ISDR, sense 5-TGTTTCCCCCACG-
CACTAC-3' and antisense 5-TGATGGGCAGTTTT-
TGTTCTTC-3. PCR products were separated by
electrophoresis on 2% agarose gels, stained with ethi-
dium bromide, and visualized under ultraviolet light.
PCR products were then purified and sequenced with
the second-round PCR primers using a dye terminator
sequencing kit (BigDye Terminator v1.1 Cycle Se-
quencing Kit; Applied Biosystems) and an ABI 310
DNA Sequencer (Applied Biosystems).

Genotyping Analysis

Detection of SNPs for IL28B (rs8099917) was con-
ducted using a real-time PCR system. In brief, geno-
mic DNA was extracted from 150 pl of whole blood
with a commercial kit (QIAamp DNA Blood mini Kit;
Qiagen) and dissolved in 50 pl of diethylpyrocarbon-
ate-treated water. DNA (10 ng) was used for PCR and
genotyping of IL28B SNP (rs8099917) was performed
by TagMan allelic discrimination (ABI-Prism 7300
SDS software; Applied Biosystems) with TagMan SNP
Genotyping Assays provided by Applied Biosystems
(C__11710096_10).

Hayashi et al.
Statistical Analysis

Data are expressed as mean =+ standard deviation
(SD). The paired t-test was used to analyze differences

. in variables. A value of P < 0.05 was considered sta-

tistically significant. Statview 5.0 software (SAS Insti-
tute, Cary, NC) was used for all analyses.

RESULTS

Thirty-two of the 977 patients (3.3%) were infected
by genotype la. Clinical characteristics of patients
with genotype la are summarized in Table I. Twenty-
three cases involved patients with hemophilia who
had received imported clotting factors. The prevalence
of genotype la after excluding patients with hemo-
philia was 0.9%. A comparison of clinical characteris-
tics according to hemophilia status is shown in
Table II. No significant differences were apparent
among the two groups. Differences in clinical charac-
teristics between genotypes la and 1b are shown in
Table III. Males were more frequent among patients
with genotype la (87.5%) than among those with
genotype 1b (57.2%), as the majority of patients with
genotype la were young male patients with hemophil-
ia. Sequence alignments of the core region at codons
71 and 90 showed arginine and cysteine, respectively,
in all patients. The HCV core region of genotype la
was thus well-conserved, with no significant muta-
tions at codons 71 or 90. This is not similar to previ-
ous findings for genotype 1b [Akuta et al., 2005, 2011;
Hayashi et al., 2011a,b; Kurosaki et al., 2011]. Align-
ment of the amino acid sequence for NS5A-ISDR is
shown in Figure 1. The sequence of the HCV-1 strain
was defined as the consensus sequence of genotype
1a, and the number of mutations to the chosen con-
sensus sequence in ISDR was used to analyze the
ISDR system. Sequences of the HCV-1 strain and
HCV-1 strain with only one amino acid substitution
were defined as wild-type, while ISDR sequences with
more than two amino acid substitutions were defined
as mutant-type. Twenty-seven strains were defined as
wild-type and 5 strains were defined as mutant-type.
IL28B genotypes could be obtained for 25 patients,
and IL.28B alleles were TT (n = 14) and TG (n = 11).
Twenty-three patients received pegylated-IFN-a2b
plus ribavirin therapy. Twenty patients were treated
for 48 weeks, and 1 patient was treated for 72 weeks.
Two patients were withdrawn at 24 weeks due to a

TABLE II. Clinical Characteristi¢ According to Hemophilia

Patients with hemophilia (N = 23) Patients without hemophilia (N = 9) P-value
Age (y.0.) 37.1+9.2 371+ 16.3 0.9966
Sex: male/female 22/1 6/3 0.0572
AST IU/L) 51.2 £+ 34.8 41.9 + 30.9 0.5072
ALT (IU/LY) 68.2 + 55.8 54.0 + 66.1 0.5566
Platelet (104/u1) 18.4 + 6.8 19.8 £ 3.0 0.5602
HCV levels (KIU/ml) 2599.6 + 3108.0 2630.0 + 3176.5 0.9812

AST, aspartate aminotransferase; ALT, alanine aminotransferase; HCV, hepatitis C virus.
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