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Epidemiology, diagnosis and treatment for acute hepatitis C in Japan
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Mutations in Two PKR- BindingDoin‘ains in Chronic
Hepatitis C of Genotype 3a and Correlation With
Viral Loads and Interferon Responsiveness

Shouichi Yokozakl Yoshiaki Katano,* Kazuhiko Hayashi, Masatoshi Ishigami, Akxhlro Ttoh,

Yoshiki Hirooka, Isao Nakano, and Hidemi Goto

Department of Gastroenterology, Nagoya Unwerszty Graduate School of Medicine, Nagoya, Japan

Interferon (IFN) induces the double-stranded
RNA-dependent protein kinase (PKR) to inhibit
viral replication. Two motifs of the PKR-binding
domain exist in the E2 and the NS5A regions of
the hepatitis C virus (HCV). These regions are
called the PKR-eukaryotic transcription factor
(elF2-alpha) phosphorylation homology domain
(PePHD), and the IFN sensitivity-determining
region (ISDR). Both regions: are inhibited by
PKR. Thus, several studies have reported the
relationship between these regions and IFN
responsiveness and the HCV viral load. However,
the data obtained from these studies remain
controversial. The aim of this study was to
investigate the genomic heterogeneity of the
PePHD and the ISDR in patients with genotype
3a and how this impacts HCV replication and the
response to IFN therapy. Twenty-one male
.patients infected with HCV genotype 3a were

- studied. The PePHD was well conserved, and
mutations were found in only one amino acid
position in two patients. Patients with three or
more mutations in the ISDR had lower viral
loads than those with fewer than two muta-
tions (192.2+£176.7 vs. 1279.44997.6 KIU/ml,
P=10.0277). Ten (71.4%) of 14 patients achieved
a sustained virological response to IFN therapy.
No specificamino acid substitutions in the PePHD
and the ISDR were associated with IFN respon-
siveness; however, the number of mutations in
the ISDR was significantly associated with the
HCV viral load. The findings from this study
suggest that the ISDR plays an important role in..
regulating viral replication in patients infected
with HCV genotype 3a. J. Med. Virol. 83:1727-
1732,2011. © 2011 Wiley-Liss, Inc.

KEY WORDS: hepatitis C virus (HCV); genoty-
pe3a; double-stranded - RNA-
dependent protein  kinase .

(PKR); E2-PePHD; NS5A-ISDR
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INTRODUCTION
Hepatitis C virus (HCV) is a member of the Flavivir-

- idae and causes chronic hepatitis that can develop into

cirrhosis and hepatocellular carcinoma (HCC) [Seeff,
2002]. HCV is classified into six genotypes that have

-different clinical courses, including the incidence of

HCC and interferon (IFN ) responsweness A part of the
NS5A region of HCV genotype 1b is closely associated
with the response to IFN, and is named the IFN
sensitivity-determining region (ISDR) [Enomoto et al.,
1996; Nakano et al., 1999; Pascu et al., 2004]. IFN acts
to inhibit viral replication by inducing the double-
stranded RNA-dependent protein kinase (PKR). The
ISDR is at the front of the PKR-binding domain and is
thought to be inhibited by PKR, according to an in vitro
study [Gale et al., 1998]. Thus, ISDR heterogeneity is
likely to be an important factor determining the
response to IFN treatment. However, despite recent
reports investigating ISDR analysis as a predictor of the
response to IFN therapy [Zeuzem et al., 1997; Squadrito
et al., 2002], the clinical ‘applicability of thls approach
remains to be established. In addition, it is thought that
the mode of HCV infection and the racial background
influence the predictions of IFN outcome by the ISDR
[Layden-Almer et al., 2005; Jenke et al., 2009]. Although
PKR-independent effects on NS5A have been reported,

- some’ reports have not confirmed the interaction

between PKR and NS5A [Podevin et al., 2001; Tan and
Katze, 2001; Liu et al., 2006]. Thus, the role of the ISDR
in the interaction of NS5A with PKR remains contro-
versial.
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Another PKR-binding domain, the protein kinase-
RNA activated (PKR)-eukaryotic transcription factor
(elF2-alpha) phosphorylation homology domain
(PePHD), exists inthe E2 region of HCV. Several studies
have reported a relationship between these two regions

and IFN responsiveness [Saiz et al., 1998; Berg et al.,

2000; Sarrazin et al., 2000; Durante et al., 2003;
Hung et al., 2008; Ukai et al., 2006]. However, this is
controversial for genotype 1b, and there are no reports
analyzing the NS5A-ISDR and the E2-PePHD in

genotype 3a in Japanese patients because of the rarity

of genotype 3a in the Japanese population [Hayashi
et al., 2003]. The aim of the present study was first to
determine whether the genomic heterogeneity of the E2-
PePHD and the NS5A-ISDR in Japanese patients with
genotype 3a impacts HCV replication. The second aim
was to evaluate the efficacy of IFN therapy in Japanese
patients with HCV genotype 3a.

MATERIALS AND METHODS
Patients

A total of 21 hemophiliac patients infected with HCV
(mean age 45.5 4+ 14.6 years; range, 25—80 years) were
studied. None of the patients had a history of intra-
venous drug use, chronic aleohol abuse, autoimmune
disease, or metabolic disease. Six patients were co-
infected with human immunodeficiency virus (HIV) and
were well controlled by highly active antiretroviral
therapy (HAART). The clinical characteristics of each
patient are summarized in Table I.

Schedule of IFN Therapy

Six patients received six mega units (MU) of IFN
alpha 2b INTRON A; Schering-Plough, Osaka, Japan)
injected subcutaneously daily for the first 2 weeks and

then three times a week for 22 weeks, in conjunction

with oral ribavirin (Rebetol; Schering-Plough) at a dose
of 800 mg (for those with a weight <80kg) daily. Seven

patients received Peginterferon alfa-2b (PEG-Intron, -

Schering-Plough) at a dose of 1.5ug per kilogram of
body weight injected subcutaneously once a week for
48 weeks. Ribavirin (Rebetol; Schering-Plough) was
given orally for 48 weeks. One patient had severe
anemia, which is a contraindication for ribavirin, and
received monotherapy with IFN beta (Feron; Toray,

TABLE 1. Clinical Characteristics

N=21
Age (years) 455+14.6
Sex (male/female) 21/0
AST (TU/L) 59.6426.6
ALT (IU/L) 83.61+44.1
Platelet count (10%/ul) 14.7+17.2
HCV RNA level (KIU/ml) 640 (71-3,900)
HIV co-infection (yes/no) 15/6 -

Data are expressed as mean + standard deviation.

HCV RNA level was shown by median (range).

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

J. Med. Virol. DOI 10.1002/jmv
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Tokyo, Japan) 600 MIU three times a week for 24 weeks.
After the end of the treatment, the patients were
followed for a further 24 weeks. HCV-RNA in serum
samples was examined at 2, 4, 8, and 12 weeks, at the
end of IFN therapy, and again 6 months after the end of
the treatment. Patients who were persistently negative
for serum HCV-RNA with normal serum ALT levels at
24 weeks after withdrawal of IFN treatment were
considered to have a sustained virological response,

-and all others had non-sustained virological response.

Informed consent was obtained from each patient, and
the study protocol conformed to the ethical guidelines of
the 1975 Declaration of Helsinki. Serum was stored at
—80°C until required. '

Virological Tests

All of the patients were negative for hepatitis B
surface antigen and positive for serum HCV antibody, by
commercial ELISA (Dinabot, Tokyo, Japan). In all
patients HCV RNA quantitative viremia load was
determined by a commercial assay [Kawai et al., 2002].
Anti-HIV antibody was detected by a commercial
particle agglutination assay (Fuji Rebio, Tokyo, Japan).
HCV genotyping was performed by direct sequencing of
the 5-UTR and El regions according to a method
described previously [Otagiri et al., 2002; Hayashi
et al., 2003]. The genotypes were classified according
tothe Simmonds’ nomenclature [Simmonds et al., 2005].
Direct sequencing of the E2-PePHD and the NS5A-
ISDR was performed. Briefly, RNA was extracted from
140pl of sera’ using the QIAamp Viral RNA kit
(QTIAGEN, Valencia, CA) and redissolved in 50ul
diethylpyrocarbonate-treated water. Reverse transcrip-
tion using oligo and random hexamer primers was
carried out on 10ng of RNA with the iScript cDNA
Synthesis Kit (BIO-RAD, Hercules, CA). Amplification
of the E2-PePHD and the NS5A-ISDR was performed by
nested PCR, as previously reported [Sarrazin et al,,
2000; Castelain et al., 2002]. The. E2-PePHD primers
were: sense 5'-AGAAYSCCCCACYRCTGAGGACAT-3'
and antisense 5-GGCAGTTTCTCYTCCTCAGCACT-
3. For NS5A-ISDR: sense 5'-GCCCAACACACAACTA-
CACGCGCGC-3 and antisense 5'-CTTTTCCTCCGAG-
GAGG-3'. Amplification conditions consisted of 10 min
at 94°C, followed 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, Foster City,
CA). The second PCR was performed with the following
sets of primers: for E2-PePHD, sense 5-GTGGTA-
CCATGAGCGGCGATTGGCTGCGTATCATC-3' and
antisense 5-GCTCTAG/ATCATCAGCAGCAGACCA-
CGCTCTGCTC-3; and for NS5A-ISDR, sense 5'-
TTCTTCACTGAAGTGGATGG -3/, and antisense 5'-
GTTGGTGGTACATAATCCGG-3'. The PCR products
were separated by electrophoresis on 2% agarose gels,
stained with ethidium bromide, and visualized under
ultraviolet light. The PCR products were also subjected
to cycle sequencing with an ABI PRISM Cycle Sequence
Kit (Perkin Elmer, Branchburg, NJ) that uses second
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NZL1 PSLKATCQTHRPHPDAELVDANLLWRQEMGSNITRVESET HCVIKUM)  Hiv
H4 : 590 n
1000 p
640 n
560 n
500 P
640 n
320 n
1300 n
2600 =n
760 n
2500 n
3900 n
1400 n
1200 n
540 P
2000 p
110 P
71 n
500 p
100 n
180 n

Fig. 1. Alignment of the amino acid sequence of the ISDR. HCV viral
loads and co-infection with HIV are also indicated. In the sequence

_alignment, dashes indicate amino acids identical to the consensus

sequence NZL1. ISDR, interferon sensitivity-determining region;
HCV, hepatitis C virus; HIV, human immunodeficiency virus;
P, positive; N, negative.

round primers as the sequencing primer, and analyzed
" on a ABI 310 DNA Sequencer (PE Applied Biosystems).
The sequence data were aligned and analyzed with
GENETYX software (version 7; Software Development,
Tokyo, Japan). ‘ ‘

Statistical Analysis

The data are expressed as the mean +standard
deviation (SD). The paired #-test, the chi-square test,
and Fisher’s exact test were used to analyze differences
in variables. A value of P < 0.05 was considered statisti-
cally significant. The statistical software used was
Statview 5.0 (SAS Institute Inc., Cary, NC).

RESULTS

Sequencing revealed that the E2 region including the
PePHD was well conserved. In two cases, a mutation
(S665R and H668Q) was found in the E2-PePHD. The
relationship between the NS5A-ISDR substitutions, the
HCV viralloads, and co-infection with HIV are shown in
Figure 1. The number of mutations in the ISDR of the

NZL1 strain was determined, and ISDR sequences with -

more than three mutations were defined as the mutant
type. Five patients were classified with the mutant type

1729

and 16 patients as infected with the wild type. Six
patients were co-infected with HIV. The HCV viralloads
and the frequency of substitutions in the NS5A-ISDR
were not significantly different between patients with
HIV and those without HIV. Clinical characteristics
relating to the ISDR are presented in Table II. Patients
with three or more mutations in the NS5A-ISDR
(mutant type) had lower viral loads than those with
fewer than two mutations (wild type; 192.2 £ 176.7 vs.
1279.4+997.6 KIU/ml, P=0.0277). No other factors
were statistically significant between the mutant and
the wild types.- A virological response, defined as
negativity for HCV after 2, 4, 8, and 12 weeks of IFN
therapy, occurred in 8, 2, 1, and 3 patients, respectively.
All patients were negative for HCV-RNA at the end of
the treatment. Sustained virological response was

defined as no detection of HCV-RNA at 24 weeks after

the end of the treatment. Ten patients remained
negative for HCV-RNA, but four patients relapsed with

- HCV viremia after the treatment ceased. Thus, 10

(71.4%) of 14 patients achieved sustained virological
response. Statistical analyses for associations between
the response to IFN therapy and clinical characteristics,
including substitutions in the E2-PePHD and the NS5A-
ISDR, are shown in Table III. Detection of HCV RNA
and an early virological response at the point of
HCV negativity after 12 weeks of IFN therapy was
predictive of SVR. However, other factors, including
amino acid substitutions in the E2-PePHD and the
NS5A-ISDR, were not associated with IFN responsive-
ness. There were no significant differencesin HCV RNA
levels between patients that were HCV negative after
12 weeks of IFN .therapy with an early virological
response and those without an early virological response
(996.5 +1189.1vs.1666.7 & 1040.8 KIU/ml, P = 0.3947).
HCV RNA levels were not associated with early
virological response. :

DISCUSSION
HCV has been classified into six genotypes that have

-different geographic distributions. In Japan, genotype

1b is predominant, and genotypes 2a and 2b account. for
the majority of cases in Japanese patients with chronic

" hepatitis C. Therefore, chronic hepatitis- with HCV

genotypes 1b, 2a, and 2b have been well investigated

TABLE II. Clinical Characteristics According to ISDR

Factors Wild type (n=186) Mutant type (n=5) P-value
Age (years) 45.2+13.9 46.6+18.1 0.8554
ALT (IU/L) 79.1440.0 98.0+58.0 0.4157
AST (IU/L) 52.1+18.2 61.8+35.3 0.5034
PLT (x10%mm®) 14.1+8.0 16.6£10.4 0.5065
HCV RNA level (KIU/ml) 1279.4+997.6 192.24+176.7 0.0277
HIV: P/N 4/12 2/3 0.5975
PePHD: wild/mutant 1/15 1/4 -0.2857

AST, aspartate aminotransferase; ALT, alaniﬁe aminotransferase; PLT, platelet count; HCV, hepatitis C virus; HIV, human immunodeficiency
virus; P, positive; N, negative; PePDH, protein kinase-RNA activated-eukaryotic transcription factor phosphorylation homology domain; ISDR,

interferes sensitivity-determining region. .
Data are expressed as mean + standard deviation.

J. Med. Virol.: DOI 10.1002/jmv
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TABLE III. Univariate Analysis: Factors Predictive of SVR

SVR (n=10) Non-SVR (n=4) P-value
Age (years) 41.9+£13.3 52.5+8.7 0.1705
ALT (IU/L) 82.4+37.3 88.3+£57.1 0.8223
AST (IU/L) 52.14+18.2 61.8+35.3 0.5034
PLT (x 10%mm?) 15.1+52 19.3+10.3 0.3188
HCV RNA level (KIU/ml) 706.14735.3 2225.0 +1403.2 0.0190
HIV: P/N 2/8 2/2 0.5205
PePHD: wild/mutant 10/0 3/1 0.2857
ISDR: wild/mutant 7/3 3/1 0.9999
EVR: yes/no 10/0 1/3 0.0110

SVR, sustained virologic response; AST, aspartate aminotransferase; ALT, alanine aminotransferase; PLT, platelet count; HCV, hepatitis C virus;
HIV, human immunodeficiency virus; P, positive; N, negative; PePDH, protein kinase-RNA activated-eukaryotic transcription factor
" phosphorylation homology domain; ISDR, interferon sensitivity-determining region; EVR, early virologic response.

Data are expressed as mean + standard deviation.

in Japan. However, the other genotypes (3, 4, 5, and 6)
are uncommon, and clinical data are scarce. Genotype
3a, a rare strain in Japan, is limited to patients with
hemophilia because they receive clotting factors of
foreign origin [Fujimura et al., 1996; Otagiri et al,,
2002]. Therefore, little is known about the clinical
characteristics including IFN responsiveness and the
genomic heterogeneity of the E2-PePHD and the NS5A-
ISDR in patients with chronie hepatitis C, genotype 3a
in Japan. HCV genotype is one of the most important
factors relating to the response to IFN therapy. For
example, genotypes 1 and 4 show resistance to IFN
therapy, whereas genotypes 2 and 3 show a good
response. The present study revealed that 10 (71.4%)
of 14 patients achieved sustained virological response.
The high virological response rate in genotype 3a has
been confirmed in the present Japanese patients as it
has in Caucasian patients. HCV RNA levels and early
virclogical response were also associated with sustained
virological response, as reported previously. The role of
mutations in the E2-PePHD region, which is a PKR-
binding domain, among Japanese patients with chronic
hepatitis C infected with genotype 3a was analyzed. The
E2-PePHD was well conserved, as previously reported,
and all strains but two were identical to the consensus
sequence [Chayama et al., 2000; Sarrazin et al., 2000]. It
wasdifficult to clarify the relationship between the HCV
viralload and the response to IFN therapy because of the
small sample number in the present study. An in vitro
study has revealed the potential of the E2-PePHD
[Taylor et al., 1999]; however, many more patients with
this mutation would be needed to determine the function
of the E2-PePHD. Mutations in the E2-PePHD are quite
rare, so this region, as well as HCV genotype 1, is
unsuitable for routine clinical assessment [Mufioz et al.,
2008]. B .

The usefulness of the NS5A-ISDR for the prediction of
IFN therapy differs between regions, such asin Asia and
Europe [Enomoto et al., 1996; Zeuzem et al., 1997;
Nakano et al., 1999; Squadrito et al., 2002; Pascu et al.,
2004; Mufioz et al., 2008; Yen et al., 2008; Okanoueet al.,
2009; Hayashi et al, 2010]. HCV genotype 1b is
distributed worldwide, yet subtypes differ in each
region. It has been hypothesized previously that the
geographic distribution of genotype 1b would be a factor

J. Med. Virol-DOI 10.1002/jmv

that influences the usefulness of the ISDR. Subtype J,
found only in Japan, and subtype W, distributed world-
wide, have been identified. Subtype J is closely asso-
ciated with the ISDR and confers a good response to IFN
therapy [Nakano et al., 1999, 2001]. Thus, the preva-
lence of specific subtypes is one reason behind the
conflicting opinions towards the use of the ISDR. This
extends to racial differences [Reddy et al., 1999; Shiff-
man et al, 2007]. Forming a control group when
comparing racial effects on chronic hepatitis C proved
difficult due to the heterogeneity of HCV genotypes and
subtypes. Thus, a study to evaluate racial differences is
not easy to perform because of varying HCV genotype
distribution. Japanese hemophiliacs receive clotting
factors that are imported from foreign countries and
are frequently infected with genotype 3a. Thus, the
present study on genotype 3a allowed the assessment of
racial differences by avoiding the distribution bias of
HCV genotype. In the present study, the ISDR was not
associated with the response to IFN therapy, as in
Western reports [Sarrazin et al., 2000]. The prevalence
of HCV genotypes and subtypes impacts the association
between the ISDR and the IFN response to a far greater
degree than racial differences.

» There are several limitations to the present study.
Firstly, the small number of patients examined pre-
vented the identification of a correlation between the
ISDR and IFN responsiveness. Secondly, the low-
virological response rate and the small number of
mutations in the ISDR do not favor the use of ISDR
analysisin predicting IFN responsiveness, as previously
reported for genotype 1 [Herion and Hoofnagle, 1997].
Furthermore, the high virological response rate and the
low prevalence of patients with more than three
mutations in the ISDR do not favor the use of ISDR

. analysis in predicting IFN responsiveness. Four

patients had more than three mutations in the ISDR,
which was defined as the mutant type, and only one
patient did not achieve sustained virological response.
This patient was co-infected with HIV. HIV co-infection
is known to be a negative factor for sustained virological
response [Hayashi et al., 2000; Shire et al., 2006, 2007].
Thus, patients with more than three mutations in the
ISDR tend to have good IFN responsiveness, though no
statistically significant differences have been noted.
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This might exi)lain why a strongcorrelation between the
ISDR and IFN responsiveness was not observed. The

number of amino acid substitutions in the ISDR.

inversely correlates with the HCV viral load in patients
- with genotype 1 [Enomoto et al., 1996; Nakano et al.,
1999; Pascu et al., 2004]. Similar observations were
made in our study for genotype 3a suggesting an
important role for the NS5A-ISDR in regulating viral
replication in these patients. However, because of the
small sample size in the present study, larger cohorts
are needed to confirm these results.
In addition to racial factors, host factors also contrib-

ute to IFN treatment outcomes. Many investigators

have reported that gender [Alvarez, 1996; Izopet et al.,
1998], age [Hayashi et al., 1998], and past history of
transfusion [Kleter et al., 1998] are associated with
sustained virological response in IFN-treated patients
with HCV, although this is somewhat controversial.
Since all of the patients in the present study were males
with a past transfusion history, and they were younger
than the average HCV-infected patients, we were not
able to investigate a possible effect of these factors in o
study population. , :

In conclusion, in Japanese patients with HCV geno-
type 3a, the E2-PePHD and the NS5A-ISDR are not
associated with IFN responsiveness. The NS5A-ISDR is
significantly associated with the HCV viral load sug-
gesting an important role for NS5A-ISDR in regulating
viral replication in these patients.
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It has been estimated that 170 million worldwide are
infected with hepatitis C virus (HCV), which causes
chronic hepatitis that can develop into potentially fatal
cirthosis and hepatocellular carcinoma (1). Therefore,
HCV infection is a major global health problem. Pegy-
lated-interferon (IFN)-o and ribavirin combination ther-
apy is standard treatment for patients with chronic
hepatitis' C, but it eradicates HCV for only 50% of
patients with genotypel (2, 3). The difference in response
‘was . investigated, and several factors were identified,
including age, liver fibrosis, HCV genotype, HCV RNA
levels and race (4-7). Viral factors were frequently the
focus for investigation of IFN responsiveness, and amino
acid (aa) substitutions in the core and NS5A regions were _ .
reported as markers that could be used to predict the
response to IFN therapy (8-14). However, these relation-
ships were controversial (15, 16), and investigations were
limited to viral factors alone to clarify IFN responsive-
ness. However, host genetic factors, as well as genetic
heterogeneity in the HCV genome, contribute to IFN
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Abstract

Background and aims: Mutations in the core and NS5A region of hepatitis C
virus (HCV) genotype 1b have been associated with response to interferon
(IFN) therapy. Genome-wide association studies have revealed that the single-
nucleotide polymorphism (SNP) of interleukin 28B (IL28B) contributes to
IEN response. The aim of this study was to investigate whether the SNP of
IL28B (rs8099917) and amino acid substitutions in the core and NS5A region
affect the response to IFN therapy. Methods: A total of 299 patients (157 men,
142 women; rhean age, 55.9 == 10.3 years) infected with HCV genotype 1b were
studied. The fibrosis stage was diagnosed as FO (n=23), F1 (n=121), F2
(n=62), F3 (n=32) and F4 (n=7) by liver biopsy. Results: Of the 299
patients, 138 achieved sustained v1rolog1ca1 response (SVR). On univariate
analysis, predictors of SVR were age < 60 years, male gender, higher platelet
count, lack of fibrosis, non-Q at core 70, mutant-type interferon sensitivity-
determining region (ISDR) and IL28B genotype TT. The factors related to
SVR on multivariate analysis were IL28B (P=0.0001), fibrosis (P=0.0111)
and mutations in the core region70 (P=0.0267) and ISDR (P =0.0408). The

" "best SVR was achieved in patients with non-Q70, mutant-type ISDR and T

allele (74.5%), and the worst was achieved in patients with Q70, wild- -type
ISDR and G allele (8.1%). Conclusions: The SNP of IL28B and mutations in
the core region and NS5A are associated with IEN responsiveness. Both host
and viral factors might be useful for predicting IFN response.

treatment outcomes. Therefore, several genome-wide
association studies were performed to understand the
host factors that were associated with IFN responsive-
ness; these revealed-that interleukin 28B (IL28B) poly-
morphisms are strongly associated with response to IFN
therapy (17-20). The single-nucleotide polymorphisms
(SNPs) of IL28B, 1512979860 and rs8099917 genotypes
are significantly associated with the outcome of IFN
therapy. Although Caucasians and Hispanics have weak
linkage-disequilibrium between these two SNPs, Japa-
nese patients have strong linkage-disequilibrium, with no
discrepancy between rs12979860 and rs8099917. Thus,
158099917, which is. strongly associated in Japanese
.reports, was selected for the present study (21). SNP of
IL28B and mutations in the core and NS5A regions had
different effects on IFN responsiveness, and. their com-
bined use might improve the ability to predict the
‘response to IFN. However, the relationships between
11.28B and viral factors such as mutations in the core
and NS5A regions are little known. The aim of this study
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was to investigate whether the SNP of IL28B and aa
substitutions in the core and NS5A regions in patients
with HCV genotype 1b affect the response to pegylated-
IFN-o 2b and ribavirin combination therapy.

Methods

A total of 432 patients with chronic hepatitis C genoty-
pelb and high viral load who were treated at Nagoya
University Hospital, Fujita Health University Hospital
and Ogaki Municipal Hospital were enrolled; 299 pa-
tients who completed IFN treatment for 48 weeks and
had complete clinical data were selected for this study.
Patients whose HCV RNA levels were < 100 KIU/ml
were excluded. The patients’ clinical characteristics are
summarized in Table 1. The core region (aa 30-110) and
interferon sensitivity-determining region (ISDR) (aa
2209-2248) were examined by direct sequencing. Identi-
fication of the SNP of 1L28B (rs8099917) was performed
by a real-time polymerase chain reaction (PCR) system.
Liver biopsy was performed in 245 patients, and fibrosis
stage was diagnosed according to the METAVIR criteria
(22). Patients received subcutaneous injections of pegy-
lated-IFN-o 2b (1.5 pg/kg) once each week plus oral
ribavirin (600mg for < 60kg, 800mg for 60-80kg,
1000 mg for > 80kg) daily for 48 weeks. Serum was
stored at — 80 °C for virological examination at pretreat-
ment. Patients who were persistently negative for serum
HCV RNA at 24 weeks after withdrawal of IFN treatment
were considered to have a sustained virological response
(SVR). The other patients were considered to have non-
SVR. This study was approved by each hospital’s ethics
committee. Written informed consent was obtained from
each patient, and the study protocol conformed to the
ethical guidelines of the Declaration of Helsinki.

Virological analysis

The HCV-RNA quantitative viraemia load was deter-
mined by PCR. HCV was genotyped by direct sequencing
of the 5'-untranslated region and/or El regions as

described previously (23, 24). Genotypes were classified .

according to the nomenclature proposed by Simmonds
et al. (25). Direct sequencing of the HCV core and NS5A-
ISDR region was performed as reported previously (9,
14). In brief, RNA was extracted from 140 pl of serum
with a commercial kit (QIAamp Viral RNA Kit, Qiagen,
Valencia, CA, USA) and dissolved in 50 pl of diethylpyr-
ocarbonate-treated water. RNA (10ng) was used for
reverse transcription with oligo and random hexamer
primers using a commercial kit (iScript cDNA Synthesis
Kit, Bio-Rad, Hercules, CA, USA). The HCV core region
and NS5A-ISDR were amplified by nested PCR. In brief,
each 50pl PCR reaction contained 100nM of each
primer, 1ng of template cDNA, 5l of GeneAmp 10 x
PCR buffer, 2 pl of dNTPs and 1.25 U of AmpliTaq Gold
(Applied Biosystems, Foster City, CA, USA). Primers for
the core -region were sense, 5-GGGAGGTCTCGTA
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Table 1. Baseline characteristics of the patients

Clinical characteristics N=299

Age (years) 55.9410.3

Sex: male/female 157/142

AST (UL 58.7 +48.9

ALT (IUL) . 69.8 £66.9
Platelet count (10%/uL) ) 16.6+5:3

HCV RNA level (KIU/ml) 1760 .

The fibrosis stage (100-7200)

FO, F1, F2, F3, F4 23,121,62,32,7
Body weight (kg) 57.9+12.7

Data are expressed as mean = standard deviation.

HCV RNA level was shown by median (range).

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

GACCGTGCACCATG-3' and  antisense, 5'-GAGMGG
KATRTACCCCATGAGRTCGGC-3/, and primers for the
NS5A-ISDR were sense 5-TGGATGGAGTGCGGTTGCA
CAGGTA-3' and antisense 5'-TCTTTCTCCGTGGAGG
TGGTATTG-3'. Amplification conditions consisted of
10 min at 94 °C, followed by 40 cycles of 94°C for 10s,
55°C for 30s and 72°C for 30s in a thermal cycler
(GeneAmp PCR System 9700, Applied Biosystems). The
second PCR was performed in the same reaction buffer
with the first-round PCR product as template and with the
following sets of primers: for the core region, sense primer
5'-AGACCGTGCACCATGAGCAC-3/, and antisense 5'-
TACGCCGGGGGTCAKTRGGGCCCCA-3'; and for the
NS5A-ISDR, sense 5'-CAGGTACGCTCCGGCGTGCA-3/
and antisense 5'-GGGGCCTTGGTAGGTGGCAA-3". PCR
products were separated by electrophoresis on 2% agarose
gels, stained with ethidium bromide and visualized under
ultraviolet light. PCR products were then purified and
sequenced with the second-round PCR primers with a dye
terminator sequencing kit (BigDye Terminator v1.1 Cycle
Sequencing Kit, Applied Biosystems) and an ABI 310 DNA
Sequencer (Applied Biosystems). A mutation mixture was
defined as viral mutants that constituted 50% or more of
the total viral population.

Genomic analysis

Detection of the SNP of IL28B (rs8099917) was carried out
by a real-time PCR system. In brief, genomic DNA was
extracted from 150 l of whole blood using a commercial kit
(QIAamp DNA Blood mini Kit, Qiagen) and was dissolved
in 50 pl of diethylpyrocarbonate-treated water, DNA (10 ng)
was used for PCR with primers and probes from a
commercial kit (Tagman SNP Genotyping Assays, Applied
Biosystems). The SNP of IL28B (rs8099917) was amplified,
and the results were analysed by real-time PCR in a thermal
cycler (7300 Real-time PCR System, Applied Biosystems).

Statistical analysis

Data are expressed as means + standard deviation. The
paired t-test, the X2~test and Fisher’s exact test were used
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to analyse differences in variables. A P value < 0.05 was
considered significant. Multiple logistic regtession mod-
els were used to identify factors predictive of SVR. The
statistical software used was spss software (SPSS Inc.,
Chicago, IL, USA).

Resuits
Virological response

Of 299 patients, 35 (11.7%) showed a rapid virological
response (RVR), with HCV negativity at 4 weeks, and 172
(57.5%) showed an early virological response (EVR), with
HCV negativity at 12 weeks. Overall, 234 patients became
HCV negative at the end of treatment (78.3%). However,
138 patients continued to be HCV negative after with-
drawal of IFN treatment, and 138 of 299 (46.2%) patients
_ were defined as achieving SVR. Of 35 patients with RVR,

33 (94.3%) achieved SVR. Of 172 patients with EVR, 126
(73.3%) achieved SVR. Of 127 patients without EVR, 115
became non-SVR (90.6%). Thus, RVR and EVR were
associated with SVR (P < 0.001).

‘Genetic heterogeneity in NS5A-interferon sensitivity-
determining region and response to interferon therapy

The sequence of the HCV] strain was defined as the
consensus sequence, and the approach of counting the
number of mutations to the chosen consensus sequence
in ISDR was used to analyse the ISDR system as in
previous reports (12-14). Seventy-one patients with
more than two mutations in the ISDR were defined as
mutant type, and the other 228 patients were wild type.
SVR was achieved in 41.2% (95/228) of the patients with
wild-type ISDR and in 60.6% (43/71) of the patients with
mutant-type ISDR (P=0.0063). ISDR was associated
with SVR. :

Amino acid substitutions in core regions of the hepatitis
C virus genome and response to interferon therapy

Eighty-five patients with glutamine in core region 70
were defined-as Q-type, and the other 214 patients were
non-Q-type, as in previous reports (14). Overall, 118 of
214 patients with non-Q-in the core region achieved SVR
(55.1%). The SVR rate of patients with Q in core region
70 was 23.5% (20/85). Q70 in core region 70 was
-significantly associated with poor response to IFN ther-
apy (P < 0.0001). The distribution of mutations in the
HCV core region at aa 91 was leucine (L), 210 and
methionine (M), 89. There were no signiﬁcant' differ-
ences between mutations in'the HCV core regxon ataa 91
and SVR.

The prevalence of the smgle—nucleotlde polymorphlsm of
Interleukin28B (rs8099917) T (major allele) and G
(minor allele) and response to interferon therapy

The frequencies of the IL28B genotypes were major k
homozygotes (TT), 219; heterozygotes (TG), 76; and.
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Table 2. Association between interleukin 288 genotypes and ami-
no acid substitutions in hepatitis C virus core region and interferon
sensitivity-determining region

ISDR

Mutant Wwild
TG/GG 12 . 68
T : 59 160
Pvalue=0.0324

' HCV core region 70

Non-Q . Q

TG/GG 35 45

T ; 179 40
Pvalue < 0.0001 : '

HCV core region 91

L M
TG/GG . 46 34

T L 164 55

Pvalue =0.0044

The number is patients’ number.
HCV, hepatitis C virus; IL28B, interleukin 28B; ISDR, interferon sensitivity-
determining region; L, leucine; Q, glutamine; M, methionine.

minor homozygotes (GG), 4. The rates of SVR in the
patients with TT, TG and GG were 57.9% (127/219),
14.5% (11/76) and 0% (0/4) respectively. The G allele of
the IL28B genotype was significantly ‘associated with
poor response to IFN therapy (P < 0.0001).

The relationships between. substitutions of aa in the
HCV core region, NS5A-ISDR and the SNP of IL28B are
shown in Table 2. NS5A-ISDR and both mutations in the
HCV core regions were associated with IL28B genotypes.
ISDR wild-type and Q70, which were resistant strains to
IEN therapy, were more frequently found in patients with
resistant TG/GG allele than in those with sensitive TT
allele.

Factors associated with sustained virological response

The results of univariate anaiys1s for factors predictive of
SVR are shown in Table 3. Patients with SVR were younger
than those without SVR. Males were more frequent

“among SVR patients than non-SVR patients. SVR pa-

tients had higher platelet counts than non-SVR patients.
SVR was achieved in 23.1% (9/39) of patients with
advanced fibrosis and 50.5% (104/206) of patients with-
out advanced fibrosis (P=0.0016). SVR was achieved in

. 4L7% (95/228) of patients with wild-type ISDR and

60.6% (43/71) of patients with mutant-type (P = 0.6063).
SVR occurred more frequently in patients without Q70
(55.1%; 118/214) than in those with Q70 (23.5%; 20/85;
P=0.0001). Achievement of SVR occurred more
frequently in patients with TT allele (58%; 127/219)

than in those with TG and GG alleles (13.8%; 11/80;
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Table 3. Univariate analysis: factors predictive of sustained virological response

Non-SVR
Factors SVR (n=138) (n=161) Pvalue
Age (years) 53.84+11.5 57.94+8.7 0.0005
Gender: male/female 82/56 75/86 0.0280
ALT (IU/L) 71.3+76.7 68.4+57.6 0.7110
AST (1U/L) 54.6+46.7 62.1+50.6 0.1983
PLT ( x 10%mm3) 17.745.5 15.6+4.9 0.0008
Fibrosis: FO, 1, 2/3, 4 104/9 102/30 0.0016
HCV RNA level (KIU/ml) 2001.541441.2 2168.3+1432.4 0.3705
Core 70: non-Q/Q 118/20 96/65 0.0001
Core 91: UM~ 104/106 34/55 0.0771
ISDR: wild/mutant 95/43 133/28 0.0063
1L28B: TI/TG+GG 127/11 92/69 0.0001

ALT, alanine aminotransferase; AST, aspartate aminotransferase; HCV, hepatitis C virus; IL28B, interleukin 28B; ISDR, interferon sensitivity-determining

region; L, leucing; M, methionine; PLT, platelet count; Q, glutamine.

Table 4. Factors associated with sustained virological response by
multivariate analysis

Factor Category Riskratio  95% Cl Pvalue
IL28B genotype 1T 0.106 0.043-0.259  0.0001
Fibrosis F3, F4 3.550 1.335-9.440 0.0111
Core70 Q 2.496 1.111-5.604  0.0267
ISDR Wwild 2.206 1.034-4.710  0.0408

Only factor that achieved statistical significance (P < 0.05) on multi-
variate logistic regression analysis are shown,
IL288, interleukin 28B; ISDR, interferon sensitivity-determining region.

P=0.0001). Age, sex, platelet count, liver fibrosis, core
70, ISDR and IL28B were associated with SVR. The same
11 factors used in univariate analysis were used in multi-
variate analysis. The factors related to SVR on multi-
variate analysis were IL28B genotype, liver fibrosis, core
70 and ISDR, as shown in Table 4. The other factors were
not significant. :

The virological response according to interleukin28B
genotypes and amino acid substitutions in the 70 core
region and interferon sensitivity-determining region

The SVR rates according to IL28B genotypes and aa
substitutions in the 70 core region and ISDR are shown
in Table 5. The best SVR rate was achieved in patients
with non-Q70, mutant-type ISDR and T allele, and the
worst response was achieved in patients with Q70, wild-
type ISDR and G allele.

Discussion

Viral factors associated with SVR have been the most _

frequently studied, and several regions, including 5'UTR,
core, E2, NS5A and NS5B, have been suggested to play
important roles in IFN responsiveness (8-16, 26-31).
The aa substitutions in the HCV core and NS5A region
would be two major viral factors that have strong

associations with IFN response. The ISDR located in the
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Table 5. The sustained virological response rate according to inter-
leukin 288 and amino acid substitutions in 70 core region and
interferon sensitivity-determining region

1L28B; TT

IL28B; GT/GG

Core70/I1SDR 58% (127/219) 13.8% (11/80)
‘Q/wild 35.7% (10/28) 8.1% (3/37)
20% (13/65) : ' '
Q/mutant © 50% (6/12) 12.5% (1/8)
35% (7/20) }

non-Q/wild 57.6% (76/132) 19.4% (6/31)
50.3% (82/163) )

non-Q/mutant 74.5% (35/47) 25% (1/4)

70.6% (36/51)

P-value =0.0001 by Cochran-Armitage test.
I.28B, interleukin 288B; ISDR, interferon sensitivity-determining region;
Q glutamine.

NS5A region was originally reported in 1996 by Enomoto
et al. (8) and confirmed by several Asian studies (9,
12-14), but controversial results were reported by Wes-
tern studies (15, 16). Meta-analysis showed the relation-
ships between ISDR and SVR and suggested that
unidentified factors have an effect on IFN responsiveness
(32). The ISDR interacts with protein kinase R (PKR)
and inactivates replication of HCV in vitro (33). There-
fore, ISDR heterogeneity plays an important role that
may affect response to IFN. However, some reports have
not confirmed the interaction between PKR and NS5A
(34, 35), and they suggested the PKR-independent effects
of NS5A (36, 37). Thus, the effects of aa substitutions of
the ISDR are unclear, and investigators searched for other
viral factors. The aa substitutions at 70 and 91 in the
HCV core region were reported as factors that could
predict IEN responsiveness (10). Thus, several studies
have reported that combining aa substitutions in the
HCV core region and NS5A region could improve the
predictive value of SVR in patients with genotype 1b
(12-14). These results were useful to develop individua-
lized treatment strategies for chronic hepatitis C patients.

Liver International (2011)
©® 2011 John Wiley & Sons A/S

- 274 -



