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Abstract

Objective: Hepatitis C virus (HCV genome) polymorphisms
are thought to influence the outcome of pegylated-interfer-
on/ribavirin (PEG-IFN/RBV) therapy. This study aimed to ex-
amine non-structural protein 5A (NS5A) polymorphisms, e.g.
IFN/RBV resistance-determining region (IRRDR) and IFN sen-
sitivity-determining region (ISDR), and core protein poly-
morphism as predictive therapeutic markers. Methods: Pre-
treatment sequences of NS5A and core regions were ana-
lyzed in 68 HCV-1b-infected patients treated with PEG-IFN/
RBV. Results: Of 24 patients infected with HCV having an
IRRDR with 6 or more mutations (IRRDR=6), 18 (75%) pa-
tients achieved sustained virological response (SVR), where-
as only 11 (25%) of 44 patients infected with HCV having
IRRDR=<5 did. IRRDR=6 was significantly associated with
SVR (p<0.0001). On the other hand, ISDR=2 was significant-

ly associated with relapse (either before [breakthrough] or
after end-of-treatment response [ETR-relapse]) (p < 0.05)
and a point mutation of the core protein from Arg to GIn at
position 70 (GIn’%) was significantly associated with null-re-
sponse (p < 0.05). Multivariate analysis identified IRRDR=6
as the only viral genetic factor that independently predicted
SVR. Conclusion: NS5A (IRRDR and ISDR) and core protein
polymorphisms are associated with the outcome of PEG-
IFN/RBV therapy for chronic hepatitis C. In particular,
IRRDR=6 is a useful marker for prediction of SVR.

Copyright @ 2011 S. Karger AG, Basel

Introduction

Hepatitis C virus (HCV) is the major cause of chronic
liver diseases worldwide [1]. As a consequence of the long-
term persistence of chronic hepatitis C, the number of
patients with hepatocellular carcinoma is expected to in-
crease further over the next 20 years [2]. To reduce the
impact of this worldwide health problem, efficient treat-
ment is required. Currently, a combination therapy of pe-
gylated-interferon-a and ribavirin (PEG-IFEN/RBV) is a
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standard treatment for chronic hepatitis C [3]. However,
this therapy is sometimes difficult to tolerate and results
in a sustained virological response (SVR) in only ~50%
of patients, especially those infected with the most resis-
tant genotypes, HCV-1a and HCV-1b [3]. Given the con-
siderable side effects, the possibility of discontinuation
and the high cost of this treatment, prediction of treat-
ment outcome is needed. An expanded range of predic-
tors may assist clinicians and patients in more accurately
assessing the likelihood of an SVR and thus in making
more informed treatment decisions [4].

Since the HCV genotype is one of the major factors af-
fecting the IFN-based therapy response, IFN resistance
is, at least partly, genetically encoded by HCV itself [5]. In
this context, non-structural protein 5A (NS5A) has been
widely discussed for its correlation with IFN responsive-
ness. Enomoto et al. [6] proposed that sequence vari-
ations within a region in NS5A spanning from amino
acids (aa) 2,209 to 2,248, called the IFN sensitivity-deter-
mining region (ISDR), is correlated with IFN responsi-
veness. Recently, we identified a new region near the C-
terminus of NS5A spanning from aa 2,334 to 2,379, which
we referred to as the IFN/RBV resistance-determining
region (IRRDR) [7]. The degree of sequence variation
within IRRDR was significantly associated with the clin-
ical outcome of PEG-IFN/RBV combination therapy. On
the other hand, prediction of SVR by aa substitutions
within the core protein in Japanese patients infected with
HCV-1b has also been proposed [8, 9]. In multivariate
analysis, the criterion of double-wild core, presence of
Arg at position 70 and Leu at position 91 (Arg’%/Leu®),
was identified as an independent SVR predictor.

This study aimed to examine NS5A polymorphisms,
including those in IRRDR and ISDR, and core polymor-
phism as predictive markers for HCV treatment outcome.
The core protein with Arg’%/Leu®® was defined as wild-
core while the other patterns as non-wild-core. The pos-
sible correlation of either Arg’® alone or Leu®! alone with
the clinical outcome of PEG-IFN/RBV therapy was also
examined.

Patients and Methods

Patients

A total of 68 patients seen at Kobe Asahi Hospital in Kobe, Ja-
pan, who were chronically infected with HCV-1b, with diagnoses
based on anti-HCV antibody detection and HCV-RNA detection,
were enrolled in the study. HCV subtype was determined as ac-
cording to the method of Okamoto et al. [10]. Patients were treat-
edwith PEG-IFNa-2b (Pegintron®; Schering-Plough, Kenilworth,
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N.J., USA) (1.5 pg/kg b.w., once weekly, s.c.) and RBV (Rebetol®;
Schering-Plough) (600-800 mg daily, per os), according to a stan-
dard treatment protocol for Japanese patients established by a
hepatitis study group of the Ministry of Health, Labor and Wel-
fare, Japan. All patients received >80% of scheduled dosage of
PEG-IFN and RBV. Serum samples were collected from the pa-
tients at intervals of 4 weeks before, during and after the treat-
ment, and tested for HCV RNA and core antigen titers as report-
ed previously [11].

The study protocol was approved beforehand by the Ethic
Committee in Kobe Asahi Hospital, and written informed con-
sent was obtained from each patient prior to the treatment.

Sequence Analysis of HCV NS5A and Core

HCV RNA was extracted from 140 ul of serum using a com-
mercially available kit (QIAmp viral RNA kit; Qiagen, Tokyo, Ja-
pan). Amplification of full-length NS5A and core regions of the
HCV genome were performed as described elsewhere [7, 11, 12].
The sequences of the amplified fragments of NS5A and core re-
gions were determined by direct sequencing. The aa sequences
were deduced and aligned using Genetyx Win software version
7.0 (Genetyx Corp., Tokyo, Japan).

Statistical Analysis

Statistical differences in the patients’ baseline parameters ac-
cording to the degree of IRRDR polymorphism were determined
by Student’s t test for numerical variables and Fisher’s exact prob-
ability test for categorical variables. Likewise, statistical differ-
ences in treatment responses according to NS5A and core poly-
morphisms were determined by Fisher’s exact probability test.
Kaplan-Meier HCV survival curve analysis was performed based
on serum HCV-RNA positivity data during the treatment period
(48 weeks) according to NS5A and core polymorphisms. The data
obtained were evaluated by the log-rank test. Uni- and multivari-
ate logistic analyses were performed to identify variables that in-
dependently predicted the treatment outcome. Variables with a p
value of <0.1 in univariate analysis were included in a multivari-
ate logistic regression analysis. The odds ratios and 95% confi-
dence intervals (95% CI) were also calculated. All statistical anal-
yses were performed using SPSS version 16 software (SPSS Inc.,
Chicago, Il1., USA). Unless otherwise stated, a p value <0.05 was
considered as statistically significant.

Nucleotide Sequence Accession Numbers

The sequence data reported in this paper have been deposited
in the DDBJ/EMBL/GenBank nucleotide sequence databases un-
der the accession numbers AB285035 through AB285081,
AB354116 through AB354118, and AB518774 through AB518861.

Results

Patients’ Responses to PEG-IEN/RBV Combination

Therapy

Among 68 patients enrolled in this study, HCV-RNA
negativity was achieved by 8 (12%) patients at week 4 (rap-
id virological response [RVR]), 36 (53%) patients at week
12 (early virological response [EVR]), 47 (69%) patients at
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Table 1. Proportions of various virological responses of patients
treated with PEG-IFN/RBV

Virological response Proportion, patients

n/total %
RVR 8/68 12
EVR 36/68 53
ETR 47/68 69
SVR 29/68 43
Non-SVR 39/68 57
Null-response 17/68 25
ETR-relapse 18/68 26
Breakthrough 4/68 6

PEG-IFN/RBV = Pegylated-interferon/ribavirin; RVR = rapid
virological response; EVR = early virological response; ETR =
end-of-treatment response; SVR = sustained virological response.

week 48 (end-of-treatment response [ETR]) and 29 (43%)
patients at week 72 (SVR) (table 1). A total of 39 patients
(57%) failed to achieve SVR and they were referred to as
non-SVR. Non-SVR can be further divided into three cat-
egories: (i) null-response, which is defined by continued
presence of serum HCV RNA during the entire period of
the treatment and follow-up; (ii) breakthrough, defined as
transient disappearance of HCV RNA followed by its re-
appearance before the end of the 48-week treatment, and
(iii) ETR-relapse, defined by reappearance of HCV RNA
after ETR has been achieved. Seventeen (25%) patients
were null-response while 18 (26%) and 4 (6%) patients were
ETR-relapse and breakthrough, respectively (table 1).

Correlation between NS5A Polymorphism and

Treatment Responses

Using a receiver operating characteristic curve analy-
sis, 6 mutations in IRRDR were previously estimated as
an optimal cutoff number of mutations for SVR predic-
tion [7]. Initially the correlation between the patients’ de-
mographical, hematological, biochemical and virological
baseline parameters and the degree of IRRDR polymor-
phism was examined. This analysis revealed that patient’s
sex was the only factor that significantly correlated to the
degree of IRRDR polymorphism since 49% (17/35) of
males were infected with HCV isolates having IRRDRs
with 6 mutations or more (IRRDR=6) compared to 21%
(7/33) of females (p = 0.02) (table 2). HCV-RNA titers or
HCV core antigen titers did not differ significantly be-
tween patients infected with HCV isolates of IRRDR=6
and those of IRRDR<5.

HCV NS5A and Core Mutations and
IFN/RBV

Next, the possible correlation between IRRDR poly-
morphism and the ultimate treatment responses was ex-
amined. Among 24 patients infected with HCV isolates
of IRRDR =6, 18 (75%), 6 (25%), 3 (12.5%) and 3 (12.5%)
patients were SVR, non-SVR, null-response and relapse
(ETR-relapse plus breakthrough), respectively (table 3).
By contrast, among 44 patients infected with HCV iso-
lates of IRRDR <5, 11 (25%), 33 (75%), 14 (32%) and 19
(43%) patients were SVR, non-SVR, null-response and re-
lapse (ETR-relapse plus breakthrough), respectively. The
proportions of different treatment responses among
HCV isolates with IRRDR=6 and IRRDR=<5 were sig-
nificantly different. Furthermore, patients infected with
HCV isolates with Ala at position 2360 (Ala**) in
IRRDR had a more significant likelihood of SVR than
those infected with HCV isolates with non-Ala?*¢°, who
tended to be non-SVR, in particular null-response (ta-
ble 3; fig. 1).

As the IRRDR polymorphism was closely correlated
with the ultimate treatment responses, it was also signif-
icantly correlated with the on-treatment responses, in
particular EVR and ETR (table 4). However, there was no
significant correlation between the IRRDR polymor-
phism and RVR. Also, the presence of Ala?*** was corre-
lated significantly with ETR.

Regarding the analysis of ISDR polymorphism and its
correlation to the treatment responses, first, the criterion
of ISDR with 4 mutations or more (ISDR =4), the initial
criterion of IFN responsiveness proposed by Enomoto et
al. [6] was tested. Since the prevalence of ISDR=4 was
only 9% (6/68) of all isolates analyzed, this criterion did
not significantly correlate with the treatment responses
(data not shown). Next, the correlation between the
treatment responses and ISDR mutations at a cutoff
point of 2 mutations, a newly proposed ISDR criterion of
PEG-IFN/RBV responsiveness [13, 14] was tested. Al-
though there was no significant difference in the propor-
tions of SVR and non-SVR between HCV isolates with
ISDR of 2 mutations or more (ISDR=2) and those of
ISDR=<1, a small but significant difference in the pro-
portions of SVR and relapse (ETR-relapse plus break-
through) was observed between ISDR=2 and ISDR=1
(table 3). Interestingly, ISDR polymorphism was the only
virological factor examined in this study that showed a
significant correlation with RVR (table 4). However, this
correlation disappeared when further time points of
treatment course, such as EVR and ETR, were consid-
ered.
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