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Table 4. Correlation between NS5A sequence heterogeneity and SVR or RVR in HCV-2a and HCV-2b infections.

Factor SVR Non-SVR

P value RVR Non-RVR Pvalue

IRRDR[2a]=3 7/49 (14%)
ISDR/ 5/49
14/49 (29%) 7/9 (78%)

7/9 (78%)

IRRDR/N[2b]=1 17/34 (50%) 7/13 (54%)

4746 (7%) 10/15 (67%)

) 14/46 (30%) 8/15 (53%)

12/34 (35%) 14/17 (82%)

*No. of isolates with a given factor/total no. of SVR or RVR.

determining region of HCV-2b.
doi:10.1371/journal.pone.0030513.t004

with the prototype sequences (HCV-J6 [18] and HCV-]J8 [19]).
The residues at positions 70 and 91, which were reported to be
associated with the treatment outcome in HCV-1b infection [13],
were both well conserved among HCV-2a and -2b isolates and,
therefore, no correlation with treatment outcome was expected for
these residues (Figures S1 and S2). In this connection, the residues
at positions 48 and 110 of HCV-2a isolates showed certain degrees
of variation. However, there was no significant correlation
between the sequence patterns and the treatment outcome.

Identification of Independent Predictive Factors for SVR

and RVR in HCV-2a and HCV-2b infections

In order to identify significant independent predictors of SVR in
HCV-2a and HCV-2b infections, univariate and multivariate
logistic regression analyses were carried out using all available data
of baseline patients’ parameters and viral genetic polymorphic
factors. Univariate analysis identified 3 factors that were
significantly associated with SVR in HCV-2a infection; the
heterogeneity of IRRDR[2a] (=4 vs. =3), ISDR/+C[2a] (=1
vs. =0) and patients’ age (<55 years) (Table 5). Subsequently,
these factors were entered in multivariate regression analysis. The
result obtained revealed that the IRRDR[2a] heterogeneity was
the only independent predictive factor for SVR in HCV-2a
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Abbreviations: SVR, sustained virological response; RVR, rapid virological response; IRRDR[2a), interferon/ribavirin resistance-determining region of HCV-2a; ISDR/+C[2a],
part of interferon sensitivity determining-region plus its carboxy-flanking region of HCV-2a; IRRDR/N[2b], an N-terminal part of interferon/ribavirin resistance-

infection (P=0.001). The IRRDR[2a] heterogeneity was also the
independent predictive factor for RVR (Table S1).

As for HCV-2b infection, univariate analysis identified two host
factors that were significantly, or almost significantly, associated
with SVR; y-GTP levels (<30 IU/L) and body weight (<65 kg)
(Table 5). No viral factor was identified in this analysis. In
subsequent multivariate analysis, Y-GTP levels was identified as an
independent predictive factor for SVR in HCV-2b infection. In
this connection, the heterogeneity of IRRDR/N[2b], a viral
factor, was identified to be significantly associated with RVR in
HCV-2b infection (Table S1).

Discussion

The clinical outcome of PEG-IFN/RBV therapy for HCV
infection is influenced by a number of host and viral factors [20]. It
has recently been reported that host genetic polymorphisms near
or within the IL28B gene on the chromosome 19 show a critical
impact on the treatment outcome of patients infected with HCV-
la and -1b [21-23]. Also, HCV genetic polymorphisms have been
known to contribute to differences in the treatment outcome, as
demonstrated by the observations that SVR rates for patients
infected with HCV genotypes 2 and 3 are higher than those for
patients infected with HCV genotype 1 [2,6]. Moreover,

(C) IRRDR/N[2b]
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Figure 4. Correlation between NS5A sequence heterogeneity and pretreatment serum HCV core antigen titers in HCV-2a and HCV-
2b infections. Pretreatment serum HCV core antigen titers of patients classified on the basis of the number of mutations in IRRDR[2a] (interferon/
ribavirin resistance-determining region of HCV-2a) (=4 vs. =3) (A), ISDR/+C[2a] (part of interferon sensitivity determining-region plus its carboxy-
flanking region of HCV-2a) (=1 vs. =0) (B) and IRRDR/N[2b] (=2 vs. =1) (an N-terminal part of interferon/ribavirin resistance-determining region of

HCV-2b) (C) are depicted. Maximum and minimum values are indicated

by the upper and lower bars, respectively. Distribution ranges are displayed

as boxes. Mean and median values are also indicated inside the boxes as+and horizontal bars, respectively.

doi:10.1371/journal.pone.0030513.g004

@ PLoS ONE | www.plosone.org

7 February 2012 | Volume 7 | Issue 2 | €30513




infected patients treated with PEG-IFN/RBV therapy.

NS5A-IRRDR of HCV-2a/2b and PEG-IFN/RBV

Table 5. Univariate and multivariate analyses for identification of independent predictive factors for SVR in HCV-2a- and -2b-

Univariate

Variable

Genotype

Multivariate

o (95% CI)

IRRDR{2a] mutations 21.0 (3.6-122.5)

HCV-2a

 ISDR/#Cl2a] mutations 88 (16-47.4)
Age (<5"S'kyears) 9.8 (1.1—84.7)

HOV2b  yGTP(<301UA) 260 (13-5047)

0.0003 21.0 (3.6-122.5)

Body weight (<65 kg) 3.8 (1.0-13.9)

doi:10.1371/journal.pone.0030513.t005

polymorphisms of NS5A and core regions of a given HCV
genotype, in particular HCV-1b, have been linked to the
difference in SVR rates {7,8,11-13,17]. It should be noted that
the significant link between polymorphisms of NS5A and core
regions of HCV-1b and treatment outcome was inferred mostly
from studies carried out on patients in Asian countries, in
particular Japan, and that somewhat controversial results were
obtained from studies carried out on patients infected with HCV-
la or -1b in non-Asian countries [24-31]. However, we would like
to point out that most of these publications focused mainly on
ISDR and core mutations, but not on IRRDR. In addition, the
impact of viral genetic variation on treatment outcome in non-
HCV-1 mfection, either in Asian or non-Asian countries, is still
unclear.

In our previous study, we identified IRRDR in NS5A of HGV-
1b as a significant determinant for PEG-IFN/RBV treatment
outcome; EVR and, more importantly, SVR [11,12]. Consistent
with the previous observation, we have demonstrated in the
present study that sequence heterogeneity within IRRDR is closely
correlated with the treatment responses in HCV-2a and -2b
infections. In HCV-2a infection, IRRDR[2a]=4 was closely
associated with RVR (Table S1) and SVR (Table 5). In HCV-
2b infection, the sequence heterogeneity within an N-terminal part
of IRRDR (IRRDR/N[2b]) was significantly associated with
RVR (Table S1). Furthermore, both IRRDR[2a]=4 and ISDR/
+C[2a]=1 showed remarkable positive predictive values (95%) for
SVR prediction (Table S2), suggesting the clinical usefulness of
these markers to encourage those patients to receive PEG-IFN/
RBV treatment. On the other hand, their negative predictive
values for non-SVR were rather low (50% and 33%). This suggests
the possible involvement of another factor(s) that determines non-
SVR and may limit the clinical usefulness of these markers to
accurately predict non-SVR.

The present results were dependent upon the small number of
non-SVR patients due to the high response rates of HGV-2a and -
2b. In spite of this, the parallels between the RVR/non-RVR and
the SVR/non-SVR analyses, especially in HCV-2a infection,
support the possibility that the sequences presented in this study
are truly representative of the viruses in general circulation.

The clinical correlation between IRRDR sequence heteroge-
neity and virological responses of IFN-based therapy in HCV
infection can be linked to a recent experimental observation by
Tsai et al. [32] that an HCV subgenomic RNA replicon
containing NS5A of HCV-1b exerted more profound inhibitory
effects on IFN activities than the original HCV-2a replicon, and
that domain swapping between NS5A sequences of HCV-1b and -
2a in the V3 and/or a C-terminal region including IRRDR

@ PLoS ONE | www.plosone.org

Abbreviations: SVR, sustained virological response; IRRDR[2a], interferon/ribavirin resistance-determining region of HCV-2a; ISDR/+C[2a], part of interferon sensitivity
determining-region plus its carboxy-flanking region of HCV-2a; y-GTP, gamma glutamyl transpeptidase.

resulted in a transfer of their anti-IFN activities. Also, it is worthy
to note that IRRDR is among the most variable sequences across
the different genotypes and subtypes of HCV [33] whereas its
upstream and downstream sequences show a higher degree of
sequence conservation (Figure 5). This may suggest that whereas
the upstream and downstream sequences have a conserved
function(s) across all the HCV genotypes, IRRDR sequences have
a genotype-dependent or even a strain-dependent function(s).
Indeed, the upstream sequences, especially a Pro-rich motif, play
key roles in multiple stages of viral replication [34] while the
downstream sequence in viral particle assembly and production
[35]. Therefore, the sequence heterogeneity of IRRDR and its
significant correlation with IFN-responsiveness imply the possibil-
ity that IRRDR is involved, at least partly, in the viral strategy to
evade IFN-mediated antiviral host defense mechanisms. Its
possible molecular mechanism, however, is yet to be elucidated.
The IRRDR sequence heterogeneity also suggests genetic
flexibility of this region and, indeed, the C-terminal portion of
NS5A was shown to tolerate sequence insertions and deletions
[36]. This flexibility might play an important role in modulating
the interaction with various host systems, including IFN-induced
antiviral machineries. It is also possible that the genetic flexibility
of IRRDR is accompanied by compensatory changes elsewhere in
the viral genome and that these compensatory changes affect
overall viral fitness and responses to IFN-based therapy [37].

The relapse rate was higher in HCV-2b infection than in HCV-
2a (Table 1). It should be noted that while the sequence
heterogeneity within IRRDR [2a] was significantly correlated with
both RVR and SVR in HCV-2a infection, IRRDR/N[2b] was
correlated only with RVR in HCV-2b infection. These observa-
tions might be linked to an intrinsic difference in IFN- and/or
RBV-sensitivity between HCV-2a and -2b isolates [8,38]. We
assume that HCV-2b is considered between HCV-1b and HCGV-
2a in terms of resistance to PEG-IFN/RBV treatment and that an
extended treatment for a total of 36~48 weeks would be needed to
prevent relapse in HCV-2b infection, especially for patients who
have risk factors that do not fit the SVR or RVR prediction
criteria (Table 5 and Table S1).

A mutation at position 70 of the core protein of HGV-1b has
been reported to be correlated with PEG-IFN/RBV treatment
outcome [12,13]. In the present study, however, we found no
significant correlation between core protein polymorphism and
treatment outcome in HGV-2a or -2b infections. The residue at
position 70 of the core protein of HCV-2a and -2b isolates was
Arg, which is known to be associated with SVR in HCV-1b
infection [12,13], and was well conserved in all the isolates tested
in the present study (Figures S1 and S2). The observed sequence
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Figure 5. Sequence alignment of IRRDR (interferon/ribavirin resistance-determining region) and its upstream and downstream
sequences of different HCV genotypes. The residues in the region that corresponds to IRRDR of HCV-1b [11] are written in boldface letters. Dots
indicate residues identical to the HCV-1b sequence. References of aligned sequences are: HCV-1b, EI-Shamy et al. [11]; HCV-2a and -2b, Murakami et
al. [8]; HCV-3a, X76918; HCV-4a, Y11604; HCV-5a, AF064490; HCV-6a, D84262; HCV-7a, EF108306.

doi:10.1371/journal.pone.0030513.g005

conservation at position 70 might be the reason for the lack of
significant correlation between core protein polymorphism and
treatment outcome in HCV-2a or -2b infections. On the other
hand, Thr at position 110 of the core protein of HCV-2a has
recently been reported to be significantly associated with SVR
[10]. In the present study, Thr at position 110 was found in 35%
(14/40) and 14% (1/6) of SVR and non-SVR cases, respectively
(Figure S1). Similarly, Thr at position 48 was found in 35% (14/
40) of SVR cases, but not in non-SVR cases (0/6). The observed
differences between SVR and non-SVR, however, were not
statistically significant due possibly to the small number of samples
tested. A larger-scale study would be needed to determine the
possible importance of those residues.

We preliminarily analyzed a host genetic factor, the single
nucleotide polymorphism (SNP) at rs8099917 near the IL28B gene
[21-23], of a portion of the patients examined in the present study.
The result showed that the minor genotypes (T/G and G/G) were
found in 5.1% (2/39) and 15.4% (2/13) of RVR and non-RVR
patients, respectively, and 2.8% (1/36) and 20.0% (2/10) of SVR
and non-SVR patients, respectively (Kim et al., unpublished
observation). Although the differences were not statistically
significant due probably to the small number of the patients
tested, the minor genotypes showed a trend toward being
associated with non-SVR, and with non-RVR to a lesser extent,
in HCV-2a and -2b infections, as has been reported for HCV-1a
and -1b infections [21-23]. The impact of the IL28B SNP,
however, appeared to be weaker in HCV-2a and -2b infections
than that seen in HCV-1a and -1b infections, and also weaker
than that of the most powerful viral factor, IRRDR[2a]=4, in
HCV-2a infection. In this context, we found that, of the four
patients with the minor IL28B genotypes, two patients (nos. 2 and
105), who underwent unfavorable treatment response (non-RVR
and non-SVR), were infected with HCV isolates of IRR-
DR[2a]=3 or IRRDR/N[2b]=1 while the other two patients
(no. 63 and 106), who achieved favorable treatment response
(SVR and/or RVR), were infected with HCV isolates of
IRRDR[2a]=4. This might imply the possibility that, in HCV-2
infection, the combination of the minor IL28B genotypes and a
low degree of IRRDR sequence heterogeneity has a strong power
to predict unfavorable treatment responses whereas a high degree
of IRRDR sequence heterogeneity has a dominant predictive
power for favorable treatment responses regardless the IL28B
genotype. Analysis in a large-scale multicenter study is needed to
clarify this issue.

In conclusion, our data suggest that the sequence heterogeneity
of NS5A, ie., IRRDR[2a]=4, and ISDR/+C[2a]=1 to a lesser

@ PLoS ONE | www.plosone.org

extent, would be a useful predictive marker for SVR in HCV-2a
infection. Also, IRRDR/N[2b]=2 is significantly associated with
RVR in HCV-2b infection. These results further emphasize the
importance of NS5A, a viral factor, in determining the
responsiveness to PEG-IFN/RBV therapy.

Supporting Information

Figure S1 Sequence alignment of the core protein of
HCV-2a isolates. Core protein sequences (aa 1 to 120) of HCV-
2a obtained from SVR and non-SVR patients are aligned.
Prototype sequence of HCV-J6 [18] is shown on the top. The
numbers along the sequence indicate the aa positions. Dots
indicate residues identical to those of the prototype sequence.

(TIF)

Figure S2 Sequence alignment of the core protein of
HCV-2b isolates. Core protein sequences (aa 1 to 120) of HCV-
2b obtained from SVR and non-SVR patients are aligned.
Prototype sequence of HCV-J8 [19] is shown on the top. The
numbers along the sequence indicate the aa positions. Dots
indicate residues identical to those of the prototype sequence.

(TTF)

Table S1 Univariate and multivariate analyses for
identification of independent predictive factors for
RVR in HCV-2a- and -2b-infected patients treated with
PEG-IFN/RBYV therapy.

(DOC)

Table $2 Positive and negative predictive values (PPV
and NPV) of NS5A polymorphic factors for SVR predic-
tion.

(DOC)
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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-o and ribavirin (PEG-IFN/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-
ed with 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 0s), 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 pl 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, Ill., 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 AB28508I,
AB354116 through AB354118, and AB518774 through AB518861.

Results

Patients’ Responses to PEG-IFN/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
HCYV 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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Table 2. Correlation between IRRDR

polymorphism and patients’ demographic ~ Factor IRRDR=6 IRRDRs5 p value

characteristics
Age, mean * SD 58.71 £ 8.44 59.61 £10.30 0.71
Sex, male/female 17/7 18/26 0.02
Body weight, kg 59.87 +9.56 58.20 +11.92 0.56
Platelets, X 10*/mm’ 1722%55 14.96 +4.71 0.16
Hemoglobin, g/dl 14.25+1.48 13.55+1.77 0.11
v-GTP, IU/1 49.50 = 44.29 55.60 £ 65.60 0.69
GPT, 1U/1 47.54+33.09 49.33 £34.78 0.84
HCV-RNA, KIU/ml 2,070.21+1,720.27 2,038.57 £ 1,963.05 0.95
HCV core antigen, fmol/l 6,750.87 £ 6,859.82 9,320.52+10,636.48  0.30

IRRDR = Interferon/ribavirin resistance-determining region; y-GTP = y-guanosine
triphosphate; GPT = glutamic pyruvate transaminase.

Table 3. Correlation between NS5A and core protein polymorphisms and ultimate virological responses of patients treated with PEG-

IFN/RBV
Protein Factor Total* SVR® Non-SVR  Null- Relapse p value
SR (};‘Ti’relipse SVRvs. SVRvs. SVRvs. relapse
papwicas non-SVR null- (ETR-relapse plus
through) response  breakthrough)
NS5A  IRRDR=6 24 18 (75)°  6(25) 3 (12.5) 3 (12.5) <0.0001  0.005  0.0006
IRRDR<5 44 11 (25)  33(75) 14 (32) 19 (43)
Ala?3¢0 18 12 (67) 6(33) 1(5) 5 (28) 0.026 0016 0.2
Non-Ala?3®® 50 17 (34)  33(66) 16 (32) 17 (34)
ISDR>2 18 10 (56) 8 (44) 6 (33) 2(11) 0.27 1.0 0.048
ISDR<1 50 19(38)  31(62) 11 (22) 20 (40)
Core  Wild-core (Arg’%/Leu®!) 33 18(55)  15(45) 5(15) 10 (30) 0.1 0.07 0.27
Non-wild-core 35 11 (31) 24 (69) 12 (34) 12 (34)
GIn’° 21 5(24) 16 (76) 8 (38) 8 (38) 0.06 0.04 0.19
Non-GIn”° 47 24(51)  23(49) 9(19) 14 (30)
Met®! 19 7(37)  12(63) 5(26) 7 (37) 0.59 0.74 0.75
Non-Met?! 49 22(45) 27 (55) 12 (24) 15 (31)

SVR = Sustained virological response; ETR = end-of-treat-
ment response; IRRDR = interferon/ribavirin resistance-deter-
mining region; Ala?*** = alanine at position 2360; ISDR = inter-
feron sensitivity-determining region; Arg’® = arginine at position
70; Leu’! = leucine at position 91; GIn”® = glutamine at position
70; Met®! = methionine at position 91.

* Total number of isolates with a given factor.

® Number of SVR, non-SVR, null-response or relapse (ETR-
relapse plus breakthrough) cases with a given factor.

¢ Values in parentheses are percentages.

Correlation between Core Polymorphism and

Treatment Responses

Recently, it was reported that polymorphism at posi-
tions 70 and/or 91 of the core protein of HCV-1b correlates
with and predicts the treatment outcome of Japanese pa-
tients treated with PEG-IFN/RBV combination therapy

4 Intervirology 2012;55:1-11

[8, 9]. We aimed to test the consistency of this observation
among our patient cohort. The result revealed that among
33 patients infected with HCV isolates of wild-core (Arg’?/
Leu"), 18 (55%), 15 (45%), 5 (15%) and 10 (30%) patients
were SVR, non-SVR, null-response and relapse (ETR-re-
lapse plus breakthrough), respectively (table 3; fig. 1). On
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Fig. 1. Sequence alignment of the core protein (aa 65-96) and IRRDR of NS5A obtained from pretreated sera in
patients infected with HCV-1b. The consensus (Cons) sequence is shown at the top. Amino acids at positions 70
and 91 of the core protein, and position 2360 of NS5A are shown in boldface.

the other hand, of 35 patients infected with HCV isolates
of non-wild-core, 11 (31%), 24 (69%), 12 (34%) and 12 (34%)
patients were SVR, non-SVR, null-response and relapse
(ETR-relapse plus breakthrough), respectively. Thus, there
was no significant correlation between wild-core and SVR
or non-SVR (p = 0.1). However, a single mutation at posi-

HCV NS5A and Core Mutations and
IFEN/RBV

tion 70 (GIn” vs. non-GlIn’®) was significantly correlated
with treatment outcome (SVR vs. null-response; p = 0.04).

As for the on-treatment responses, wild-core (Arg’"/
Leu®) was significantly correlated with EVR and ETR,
whereas GIn” was correlated with non-EVR and non-
ETR (table 4).

Intervirology 2012;55:1-11 5



Table 4. Correlation between NS5A and core protein polymorphisms and on-treatment virological responses of patients treated with

PEG-IFN/RBV

Protein Factor Total* RVR® Non- EVR Non- ETR Non- p value
LoV Ly LI RVRvs. EVRvs. ETRys.
non-RVR non-EVR non-ETR
NS5A IRRDR>6 24 5@21)¢ 19(79) 17(71) 7(29) 21(87) 3(13) 0.12 0.04 0.026
IRRDR<5 44 3(7) 41(93) 19(43) 25(57) 26(59) 18(41)
Ala?360 18 4(22) 14(78) 13(72) 5(28) 16(89) 2(11) 0.19 0.1 0.04
Non-Ala?360 50 4(8) 46(92) 23(46) 27(54) 31(62) 19(38)
ISDR>2 18 6(33) 12(67) 9 (50) 9(50) 11(61) 7 (39) 0.003 0.79 0.39
ISDR<1 50 2(4) 48(96) 27(54) 23(46) 36(72) 14(28)
Core Wild-core (Arg’%/Lev’!) 33 5(15) 28(85) 23(70) 10(30) 28(85) 5(15) 0.47 0.009 0.009
Non-wild-core 35 3(9) 32(91) 13(37) 22(63) 19(54) 16(46)
Gln”® 21 2(10) 19(90) 6(29) 15(71) 10(48) 11(52) 1.0 0.009  0.02
Non-Gln”® 47 6(13) 41(87) 30(64) 17(36) 37(79) 10(21)
Met®! 19 2(11) 17(89)  8(42) 11(58) 11(58) 8(42) 1.0 0.29 0.25
Non-Met! 49 6(12) 43(88) 28(57) 21(43) 36(73) 13(27)

RVR = Rapid virological response; EVR = early virological re-
sponse; ETR = end-of-treatment response; IRRDR = interferon/
ribavirin resistance-determining region; Ala?*%* = alanine at po-
sition 2360; ISDR = interferon sensitivity-determining region;
Arg’® = arginine at position 70; Leu®! = leucine at position 91;

GIn”® = glutamine at position 70; Met® = methionine at posi-
tion 91.

% Total number of isolates with a given factor. ® Number of
RVR, non-RVR, EVR, non-EVR, ETR or non-ETR cases with a
given factor. ¢ Values in parentheses are percentages.

Table 5. Correlation between NS5A and core protein polymor-
phisms

Factor % (number of subjects/ p value
number of subtotal)®
IRRDR>6 IRRDR<5
Ala?360 50 (12/24) 14 (6/44) 0.003
Non-Ala?3¢0 50 (12/24) 86 (38/44)
ISDR>2 42 (10/24) 18 (8/44) 0.047
ISDR<1 58 (14/24) 82 (36/44)
Wild-core (Arg”%/Leu’!) 67 (16/24) 39 (17/44) 0.04
Non-wild-core 33 (8/24) 61 (27/44)
GIn”® 21 (5/24) 36 (16/44) 0.27
Non-GIn”° 79 (19/24) 64 (28/44)

IRRDR = Interferon/ribavirin resistance-determining region;
Ala?*%0 = alanine at position 2360; ISDR = interferon sensitivity-
determining region; Arg’® = arginine at position 70; Leu”' = leu-
cine at position 91; GIn’® = glutamine at position 70.

3 Number of isolates with a certain factor/total number of
HCYV isolates with IRRDR>6 or IRRDR<5.

6 Intervirology 2012;55:1-11

Correlation between NS5A and Core Polymorphisms

We then examined the possible correlation among the
polymorphic factors in NS5A and core proteins. A sig-
nificant correlation was observed between IRRDR=<5
and non-Ala?*° as the majority (86%) of HCV isolates
with IRRDR=<5 had non-Ala?**° (p = 0.003) (table 5).
Also, a significant correlation was obtained between
IRRDR =<5 and ISDR=<1 since 82% of IRRDR=<5 were
ISDR=1 (p = 0.047). When IRRDR and core polymor-
phisms were compared, IRRDR =6 was significantly cor-
related with wild-core (Arg’’/Leu’!) (p = 0.04). On the
other hand, there was no significant correlation between
IRRDR=6 and non-GIn”’, or IRRDR=<5 and GIn’", al-
though the majority (79%) of IRRDR =6 were non-Gln’°.

Influence of NS5A and Core Polymorphisms on

HCYV Clearance Kinetics during PEG-IFN/RBV

Combination Therapy

To investigate the influence of NS5A and core poly-
morphisms on HCV-RNA Kkinetics during the entire
course of PEG-IFN/RBV combination therapy, Kaplan-
Meier HCV survival curve analysis was carried out based
on HCV-RNA positivity according to NS5A and core
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Fig. 2. Kaplan-Meier HCV survival curve analysis based on HCV-RNA positivity during the whole treatment
course according to NS5A (a, b) and the core protein (c, d) polymorphisms. The difference between the analyzed

groups was measured by the log-rank test.

polymorphisms. The result showed that HCV isolates of
IRRDR =6 were cleared from patients’ sera more rapidly
than those with IRRDR <5 (fig. 2a). On the other hand,
HCV-RNA clearance kinetics did not differ significantly
between HCV isolates of ISDR=2 and those of ISDR=<1
(fig. 2b). As for the core polymorphism, HCV isolates of
non-wild-core or GIn”® persisted in patients’ sera for lon-
ger periods of time than those of wild-core (Arg’%/Leu’")
or non-GlIn” (fig. 2¢, d).

Next, HCV clearance kinetics during the very early
stages of the treatment course, e.g., 24 h, 1, 2 and 4 weeks

HCV NS5A and Core Mutations and
IFN/RBV

after initiation of PEG-IFN/RBV therapy was examined.
For this purpose, a possible correlation between the de-
gree of IRRDR, ISDR and core polymorphisms and the
proportion of patients who achieved significant reduc-
tion (1 log after 24 h, 1 log after 1 week, 1.5 log after 2
weeks, and 2 log after 4 weeks) of core antigen titers was
analyzed. Interestingly, IRRDR=6 was significantly as-
sociated with reduction and/or disappearance of serum
HCV core antigen titers at 24 h, 1, 2 and 4 weeks after
initiation of the treatment (table 6). Again, there was no
significant correlation between ISDR sequence variation

Intervirology 2012;55:1-11 7



Table 6. Correlation between the proportions of patients with rapid reduction of HCV core antigen titers and degree of NS5A and core

protein polymorphisms

Protein Criteria

Number of patients with significant reduction of HCV core antigen titers/number of total

24 h? p value 1week  pvalue 2 weeks  pvalue 4 weeks  pvalue
(=1 log)® (=1 log) (21.5log) (=2 1og)
NS5A IRRDR>6 20/23 0.0006 18/23 0.004 17/23 0.018 19/23 0.008
IRRDR<5 17/40 16/40 16/40 19/40
ISDR>2 10/19 1.0 11/19 0.59 10/19 1.0 11/19 1.0
ISDR<1 24/44 21/44 22/44 27/44
Core  Wild core (Arg’%/Leu’) 23/31 0.01 22/31 0.02 20/31 0.13 24/31 0.005
Non-wild-core 13/32 13/32 14/32 13/32
GIn”° 6/19 0.03 5/19 0.01 6/19 0.06 6/19 0.004
Non-GIn”® 28/44 27/44 26/44 32/44

Note: Patients Nos. 108, 111, 129, 135 and 152 were excluded
from this analysis because their core antigen titers at certain time
points were missing.

IRRDR = Interferon/ribavirin resistance-determining region;
ISDR = interferon sensitivity-determining region; Arg’”’ = argi-

nine at position 70; Leu®! = leucine at position 91; GIn”® = gluta-
mine at position 70.

* Period after initiation of IFN/RBV therapy.

® Criteria of significant reduction of HCV core antigen titers.

(ISDR=2 and ISDR<1) and reduction of HCV core an-
tigen titers during the very early stages of PEG-IFN/RBV
therapy. On the other hand, non-wild-core or GIn”® were
significantly associated with slow reduction and/or per-
sistence of HCV core antigen in the patients’ sera (ta-

ble 6).

Identification of Independent Predictive Factors for

SVR by Uni- and Multivariate Logistic Regression

Analyses

Finally, in order to identify significant independent
predictive factors of PEG-IFN/RBV treatment outcome,
first, all available data of baseline patients’ parameters,
on-treatment responses and NS5A and core polymor-
phisms were entered in a univariate logistic analysis. This
analysis yielded 11 factors that were correlated or nearly
correlated with the treatment outcome; IRRDR muta-
tions categorized as IRRDR=6 and IRRDR<5, Ala**%°
and non-Ala?*®’, core protein polymorphism categorized
as wild-core (Arg’%/Leu’) and non-wild-core, Gln”® and
non-GIn’%, RVR and non-RVR, EVR and non-EVR, ETR
and non-ETR, HCV core antigen titers, age, platelets
count and hemoglobin levels (table 7). Subsequently,
these 11 factors were entered in multivariate logistic re-
gression analysis. This analysis yielded IRRDR mutations
(p = 0.005), EVR (p = 0.0001) and age (p = 0.02) as inde-
pendent predictive factors of PEG-IFN/RBV treatment
outcome (table 7).
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Discussion

Both host and viral genetic polymorphisms influence
the outcome of PEG-IFN/RBV therapy for HCV-infected
patients [15]. It has recently been reported that host genet-
ic polymorphisms near or within the IL28B gene on chro-
mosome 19 show a significant impact on the treatment
outcome for patients infected with HCV genotype 1 (HCV-
la and -1b) [16-18]. Also, HCV genetic polymorphisms
have been known to contribute to differences in the treat-
ment outcome, as demonstrated by the observations that
SVR rates for patients infected with HCV genotypes 2 and
3 are higher than those for patients infected with HCV
genotype 1 [15]. Moreover, viral genetic polymorphisms,
especially in the NS5A (ISDR and IRRDR) and the core
regions, among HCV isolates of a given genotype have
been linked to the difference in SVR rates [6-9, 19, 20]. In
the present study, we compared the impact of IRRDR,
ISDR and core polymorphisms of HCV-1b isolates on the
clinical outcome of PEG-IFN/RBV therapy. Our results
suggest that the degree of IRRDR mutations is more dom-
inant than that of ISDR mutations and core polymorphism
for predicting the anti-HCV treatment outcome.

IRRDR corresponds to a region near the C-terminus
of NS5A. The obtained result that the IRRDR polymor-
phism influences the clinical outcome of IFN-based anti-
HCYV therapy can be linked to a recent experimental ob-
servation by Tsai et al. [21]. They reported that an HCV
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Table 7. Uni- and multivariate logistic regression analyses to identify independent predictive factors for success

of PEG-IFN/RBV combination therapy

Univariate Multivariate
variable p value odds ratio (95% CI) p value
IRRDR mutations

(IRRDR=>6 vs. IRRDR<5) <0.0001 14.33 (2.24-91.65) 0.005
Ala2360 0.01 1.75 (0.19-15.36) 0.62
Core polymorphism

(wild-core vs. non-wild-core) 0.06 0.41 (0.05-3.28) 0.34
GIn”® 0.04
RVR <0.0001
EVR <0.0001 41.83 (6.12-285.68) 0.0001
ETR <0.0001
HCYV core antigen, fmol/l 0.05
Age 0.01 0.91 (0.84-0.99) 0.02
Platelets, X 10*/mm? 0.07
Hemoglobin, g/dl 0.006

IRRDR = Interferon/ribavirin resistance-determining region; Ala?*? = alanine at position 2360; GIn”® =
glutamine at position 70; RVR = rapid virological response; EVR = early virological response; ETR = end-of-

treatment response.

subgenomic RNA replicon containing NS5A of HCV-1b
exerted more profound inhibitory effects on IFN activity
than the original HCV-2a replicon, and that domain
swapping between NS5A sequences of HCV-1b and -2ain
the V3 and/or a C-terminus region including IRRDR re-
sulted in a transfer of their anti-IFN activity. Since the
C-terminal region of NS5A is among the most variable
sequences across the different genotypes and subtypes of
HCV [22], the difference in IFN responsiveness among
different strains of a given HCV subtype could also be at-
tributable, at least partly, to the genetic polymorphism
within this region. The molecular mechanism underling
the possible involvement of IRRDR in IFN responsive-
ness of the virus is still unknown. The significant differ-
ence in IRRDR sequence pattern may suggest genetic
flexibility of this region and, indeed, the C-terminal por-
tion of NS5A was shown to tolerate sequence insertions
and deletions [23, 24]. This means that the C-terminal
portion of NS5A is not essential for virus replication in
cultured cells. It does not exclude the possibility, however,
that the same region plays an important role in modulat-
ing the interaction with various host systems, including
IFN responsiveness. It is also possible that the genetic
flexibility of this region, especially IRRDR, is accompa-
nied by compensatory changes elsewhere in the viral ge-
nome and that these compensatory changes affect overall
viral fitness and responses to IFN therapy [25].

HCV NS5A and Core Mutations and
IFN/RBV

While we observed significant correlation between the
overall number of mutations in IRRDR and PEG-IFN/
RBYV responsiveness, we also found a particular aa muta-
tion, Ala**%, that was significantly associated with SVR
(tables 3, 7; fig. 1). It is possible that Ala or Val at this po-
sition confers a certain advantage for interaction between
NS5A and the other viral or host proteins, which might
affect IFN-induced antiviral responses. This issue needs
to be elucidated in further studies.

The ISDR polymorphism was the only virological fac-
tor examined that showed a significant correlation with
RVR (table 4), with the result being consistent with a re-
cent report by other investigators [26]. This significant
correlation, however, disappeared as the treatment went
on. In contrast, the IRRDR polymorphism did not cor-
relate significantly with RVR, however, it was the domi-
nant viral genetic factor that was correlated with SVR
(tables 3, 7). Interestingly, the combination of IRRDR and
ISDR polymorphisms (IRRDR=6 plus ISDR =2) was sig-
nificantly correlated with RVR and SVR (p = 0.0001 and
0.01, respectively; data not shown). This suggests a pos-
sible integrated influence of IRRDR and ISDR polymor-
phisms, or NS5A as a whole, on the treatment outcome.
Further study is needed to clarify the issue.

The core protein polymorphisms (wild-core vs. non-
wild-core, and GIn”® and non-GIn”) were significantly
correlated with the on-treatment HCV clearance kinetics
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(fig. 2c, d; tables 4, 6). However, this significant correla-
tion became blurred thereafter and eventually no signifi-
cant correlation was observed between wild-core (Arg”%/
Leu®!) and the final treatment outcomes (table 3). On the
other hand, GIn”° was significantly associated with null-
response, and almost significantly with non-SVR. This
result is consistent, at least partly, with previous reports,
including a recent multicenter study in Japan, that identi-
fied GIn” as a predictive factor for poor responses to
PEG-IFN/RBYV treatment [8, 9, 14].

Recently, it was reported that the C-terminal region of
NS5A plays a critical role in regulating the early phase of
HCV particle formation [27, 28]. Moreover, sequence al-
teration within this region affected the degree of interac-
tion between NS5A and core protein, which in turn af-
fected the efficiency of progeny virus production [29]. In
the present study, we observed a significant correlation
between the degree of IRRDR mutations (IRRDR=6)
and the core polymorphism (table 5). Therefore, it would
be interesting to investigate the degree of interaction be-
tween NS5A with IRRDR of high or low degrees of se-
quence variation and the wild-type (Arg’%/Leu®!) or non-
wild-type of core protein, and also the impact of these
interactions on progeny virus production and IFN sensi-
tivity of the virus.

The present study identified the IRRDR polymor-
phism as the only viral genetic factor that independently
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On the other hand, HCV is likely to utilize an alternative
mechanism(s) by which to escape IFN actions through its
various structural and non-structural proteins [30]. Also,
a different lineage(s) of HCV-1b strains that relies more
on the alternative mechanism than on IRRDR may pre-
vail in other regions of the world. It is possible, therefore,
that the impact of the IRRDR polymorphism differs with
different cohorts. Analysis in a large-scale multicenter
study is needed to clarify this issue.

In conclusion, NS5A (IRRDR and ISDR) and core pro-
tein polymorphisms are useful viral markers for predict-
ing the outcome of PEG-IFN/RBV therapy for chronic
hepatitis C. In particular, IRRDR=6 is a useful marker
for prediction of SVR.

Acknowledgements

This study was supported in part by Health and Labor Sci-
ences Research Grants from the Ministry of Health, Labor and
Welfare, Japan. This study was also carried out as part of the Pro-
gram of Founding Research Centers for Emerging and Reemerg-
ing Infectious Diseases, Ministry of Education, Culture, Sports,
Science and Technology, Japan, and the Global Center of Excel-
lence (G-COE) Program at Kobe University Graduate School of
Medicine.

Bialek SR, Terrault NA: The changing epide-
miology and natural history of hepatitis C
virus infection. Clin Liver Dis 2006;10:697-
715.

Williams R: Global challenges in liver dis-
ease. Hepatology 2006;44:521-526.

Fried MW, Shiffman ML, Reddy KR, Smith
C, Marinos G, Goncales FL Jr, Haussinger
D, Diago M, Carosi G, Dhumeaux D, Craxi
A, Lin A, Hoffman J, Yu J: Peginterferon al-
fa-2a plus ribavirin for chronic hepatitis C
virusinfection. N Engl] Med 2002;347:975-
982.

Backus LI, Boothroyd DB, Phillips BR, Mole
LA: Predictors of response of US veterans to
treatment for the hepatitis C virus. Hepatol-
ogy 2007;46:37-47.

Welker MW, Hofmann WP, Welsch C, von
Wagner M, Herrmann E, Lengauer T, Zeu-
zem S, Sarrazin C: Correlation of amino acid
variations within nonstructural 4B protein
with initial viral kinetics during interferon-
a-based therapy in HCV-1b-infected pa-
tients. ] Viral Hepat 2007;14:338~349.

6 Enomoto N, Sakuma I, Asahina Y, Kurosaki
M, Murakami T, Yamamoto C, Ogura Y, Izu-
mi N, Marumo F, Sato C: Mutations in the
nonstructural protein 5A gene and response
to interferon in patients with chronic hepati-
tis C virus 1b infection. N Engl ] Med 1996;
334:77-81.

7 El-Shamy A, Nagano-Fujii M, Sasase N, Imo-
to S, Kim SR, Hotta H: Sequence variation in
hepatitis C virus nonstructural protein 5A
predicts clinical outcome of pegylated inter-
feron/ribavirin combination therapy. Hepa-
tology 2008;48:38-47.

8 Akuta N, Suzuki F, Kawamura Y, Yatsuji H,
Sezaki H, Suzuki Y, Hosaka T, Kobayashi M,
Kobayashi M, Arase Y, Ikeda K, Kumada H:
Predictive factors of early and sustained re-
sponses to peginterferon plus ribavirin com-
bination therapy in Japanese patients infect-
ed with hepatitis C virus genotype 1b:amino
acid substitutions in the core region and low-
density lipoprotein cholesterol levels. ] Hep-
atol 2007;46:403-410.

Intervirology 2012;55:1-11

9 Akuta N, Suzuki F, Sezaki H, Suzuki Y, Ho-
saka T, Someya T, Kobayashi M, Saitoh S,
Watahiki$, Sato ], Matsuda M, Kobayashi M,
Arase Y, Ikeda K, Kumada H: Association of
amino acid substitution pattern in core pro-
tein of hepatitis C virus genotype 1b high vi-
ral load and non-virological response to in-
terferon-ribavirin combination therapy. In-
tervirology 2005;48:372-380.

10 Okamoto H, Sugiyama Y, Okada S, Kurai K,

AkahaneY, Sugai Y, Tanaka T, Sato K, Tsuda
F, Miyakawa Y, et al: Typing hepatitis C virus
by polymerase chain reaction with type-spe-
cific primers: application to clinical surveys
and tracing infectious sources. ] Gen Virol
1992;73:673-679.

11 El-Shamy A, Sasayama M, Nagano-Fujii M,

Sasase N, Imoto S, Kim SR, Hotta H: Predic-
tion of efficient virological response to pe-
gylated interferon/ribavirin combination
therapy by NS5A sequences of hepatitis C vi-
rus and anti-NS5A antibodies in pretreat-
ment sera. Microbiol Immunol 2007;51:471-
482.

El-Shamy/Kim/Ide/Sasase/Imoto/Deng/
Shoji/Hotta



12

13

14

15

16

Ogata §, Nagano-Fujii M, Ku Y, Yoon S, Hot-
ta H: Comparative sequence analysis of the
core protein and its frameshift product, the
F protein, of hepatitis C virus subtype 1b
strains obtained from patients with and
without hepatocellular carcinoma. J Clin
Microbiol 2002;40:3625-3630.

Shirakawa H, Matsumoto A, Joshita S, Kom-
atsu M, Tanaka N, Umemura T, Ichijo T, Yo-
shizawa K, Kiyosawa K, Tanaka E: Pretreat-
ment prediction of virological response to
peginterferon plus ribavirin therapy in
chronic hepatitis C patients using viral and
host factors. Hepatology 2008;48:1753-1760.
Okanoue T, Itoh Y, Hashimoto H, Yasui K,
Minami M, Takehara T, Tanaka E, Onji M,
Toyota ], Chayama K, Yoshioka K, Izumi N,
Akuta N, Kumada H: Predictive values of
amino acid sequences of the core and NS5A
regions in antiviral therapy for hepatitis C: a
Japanese multi-center study. ] Gastroenterol
2009;44:952-963.

Kau A, Vermehren J, Sarrazin C: Treatment
predictors of a sustained virologic response
in hepatitis B and C. ] Hepatol 2008;49:634-
651.

Ge D, Fellay J, Thompson AJ, Simon JS, Shi-
anna KV, Urban TJ, Heinzen EL, Qiu P, Ber-
telsen AH, Muir AJ, Sulkowski M, McHutchi-
son JG, Goldstein DB: Genetic variation in
1L28B predicts hepatitis C treatment-in-
duced viral clearance. Nature 2009;461:399~
401.

HCV NS5A and Core Mutations and
IFN/RBV

17

18

19

20

21

22

Suppiah V, Moldovan M, Ahlenstiel G, Berg
T, Weltman M, Abate ML, Bassendine M,
Spengler U, Dore GJ, Powell E, Riordan S,
Sheridan D, Smedile A, Fragomeli V, Muller
T, Bahlo M, Stewart GJ, Booth DR, George J:
IL28B is associated with response to chronic
hepatitis C interferon-a and ribavirin thera-
py. Nat Genet 2009;41:1100-1104.

Tanaka Y, Nishida N, Sugiyama M, Kurosaki
M, Matsuura K, Sakamoto N, Nakagawa M,
Korenaga M, Hino K, Hige S, Ito Y, Mita E,
Tanaka E, Mochida S, Murawaki Y, Honda
M, Sakai A, Hiasa Y, Nishiguchi S, Koike A,
Sakaida I, Imamura M, Ito K, Yano K, Ma-
saki N, Sugauchi F, Izumi N, Tokunaga K,
Mizokami M: Genome-wide association of
1128B with response to pegylated interferon-
o and ribavirin therapy for chronic hepatitis
C. Nat Genet 2009;41:1105-1109.
Murakami T, Enomoto N, Kurosaki M, Izu-
mi N, Marumo F, Sato C: Mutations in non-
structural protein 5A gene and response to
interferon in hepatitis C virus genotype 2 in-
fection. Hepatology 1999;30:1045-1053.
Akuta N, Suzuki F, Hirakawa M, Kawamura
Y, Yatsuji H, Sezaki H, Suzuki Y, Hosaka T,
Kobayashi M, Kobayashi M, Saitoh S, Arase
Y, Ikeda K, Kumada H: Association of amino
acid substitution pattern in core protein of
hepatitis C virus genotype 2a high viral load
and virological response to interferon-riba-
virin combination therapy. Intervirology
2009;52:301-309.

Tsai YH, Kuang WF, Lu TY, Kao JH, Lai MY,
Liu CJ, Chen PJ, Hwang LH: The non-struc-
tural 5A protein of hepatitis C virus exhibits
genotypic differences in interferon antago-
nism. ] Hepatol 2008;49:899-907.
Macdonald A, Harris M: Hepatitis C virus
NS5A: tales of a promiscuous protein. ] Gen
Virol 2004;85:2485-2502.

23

24

25

26

27

28

29

30

Moradpour D, Evans MJ, Gosert R, Yuan Z,
Blum HE, Goff SP, Lindenbach BD, Rice CM:
Insertion of green fluorescent protein into
nonstructural protein 5A allows direct visu-
alization of functional hepatitis C virus repli-
cation complexes. ] Virol 2004;78:7400-7409.
Appel N, Pietschmann T, Bartenschlager R:
Mutational analysis of hepatitis C virus non-
structural protein 5A: potential role of dif-
ferential phosphorylation in RNA replica-
tion and identification of a genetically flexi-
ble domain. J Virol 2005;79:3187-3194.
Yuan HJ, Jain M, Snow KK, Gale Jr M, Lee
WDM: Evolution of hepatitis C virus NS5A re-
gion in breakthrough patients during pe-
gylated interferon and ribavirin therapy. J
Viral Hepat 2009;17:208-216.

Enomoto N, Maekawa S: HCV genetic ele-
ments determining the early response to pe-
ginterferon and ribavirin therapy. Intervi-
rology 2010;53:66-69.

Hughes M, Griffin S, Harris M: Domain III
of NS5A contributes to both RNA replication
and assembly of hepatitis C virus particles.
Gen Virol 2009;90:1329-1334.

Appel N, Zayas M, Miller S, Krijnse-Locker
J, Schaller T, Friebe P, Kallis S, Engel U,
Bartenschlager R: Essential role of domain
III of nonstructural protein 5A for hepatitis
C virus infectious particle assembly. PLoS
Pathog 2008;4:e1000035.

Masaki T, Suzuki R, Murakami K, Aizaki H,
Ishii K, Murayama A, Date T, Matsuura Y,
Miyamura T, Wakita T, Suzuki T: Interaction
of hepatitis C virus nonstructural protein 5A
with core protein is critical for the produc-
tion of infectious virus particles. J Virol
2008;82:7964~7976.

Gale M Jr, Foy EM: Evasion of intracellular
host defence by hepatitis C virus. Nature
2005;436:939-945.

Intervirology 2012;55:1-11

11



Microbiology and Immunology

Microbiol Immunol 2011; 55: 418-426
doi:10.1111/j.1348-0421.2011.00331.x

ORIGINAL ARTICLE

Sequence heterogeneity of NS5A and core proteins
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ABSTRACT

Both host and viral factors have been implicated in influencing the response to pegylated-
interferon/ribavirin (PEG-IFN/RBV) therapy for hepatitis C virus (HCV) infection. Among the viral
factors, sequence heterogeneity within NS5A and core regions has been proposed. This study aimed to
clarify the relationship between virological responses to PEG-IFN/RBV therapy and sequence hetero-
geneity within NS5A, including the IFN/RBV resistance-determining region (IRRDR), the interferon
sensitivity-determining region (ISDR) and the core region. Pretreatment sequences of NS5A and the core
regions were analyzed in 57 HCV-1b-infected patients who were to be treated with PEG-IFN/RBV.
Of 40 patients infected with HCV having an IRRDR with four or more mutations (IRRDR > 4),
28 (70%) patients achieved a sustained virological response (SVR). On the other hand, only 4 (24%)
of 17 patients infected with HCV having an IRRDR with three or fewer mutations (IRRDR < 3) achieved
a SVR (P = 0.001). Similarly, 22 (71%) of 31 patients infected with HCV and having an ISDR with
one or more mutations (ISDR > 1) achieved a SVR while 10 (38%) of 26 patients infected with HCV
and having an ISDR without any mutations (ISDR = 0) achieved a SVR (P = 0.014). As for the core
region, there was significant correlation between a single mutation at position 70 (GIn’®) and non-SVR
(P = 0.02). Notably, GIn”® was more prominently associated with the null response (P = 0.0007). In
conclusion, sequence heterogeneity within the IRRDR and ISDR, and a single point mutation at position
70 of the core region of HCV-1b are likely to be correlated with virological responses to PEG-IFN/RBV
therapy.

Key words Core, interferon/ribavirin resistance-determining region, interferon sensitivity-determining region, pegylated-
interferon/ribavirin.

Hepatitis C virus is a major cause of chronic liver diseases ~ world’s population, are infected with HCV. Seventy per-
worldwide. Approximately 180 million people, ~3% ofthe ~ cent of acute infections become persistent, and 50-75%
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NS5A-IRRDR/ISDR and core and PEG-IFN/RBV

of patients with chronic HCV infection progress to hep-
atocellular carcinoma (1-5). Therefore, HCV infection is
a major global health problem. Although more than two
decades have passed since the discovery of HCV, therapeu-
tic options remain limited. Current standard treatment of
chronic HCV infection consists of PEG-IFN and RBV,
which leads to a SVR in approximately half of treated
patients, especially those infected with the most resistant
genotypes, HCV-1a and HCV-1b (6, 7). Given the consid-
erable side effects and high cost of this treatment, which
result in discontinuation of treatment by some patients,
reliable prediction of treatment outcome is needed. An
expanded range of predictors may assist clinicians and
patients to more accurately assess the likelihood of an
SVR and thus to make more reliably informed treatment
decisions (8).

Because the SVR rate to PEG-IFN/RBV therapy de-
pends on viral genotypes, it is generally considered that
HCV genetics affect the treatment response (9). In this
context, NS5A has been widely discussed because of its
known correlation with IFN responsiveness. Initially, in
the era of IFN monotherapy, it was proposed that se-
quence variations within a region in NS5A spanning from
aa 2209 to 2248, called the ISDR, were correlated with
IFN responsiveness (10). Subsequently, in the era of com-
bination therapy with PEG-IFN/RBV, we identified a new
region near the C-terminus of NS5A spanning from aa
2334 to 2379, which we referred to as the IRRDR (11).
The degree of sequence variations within the IRRDR was
significantly associated with the clinical outcome of PEG-
IFN/RBV combination therapy. On the other hand, pre-
diction of SVR by aa substitutions at positions 70 and
91 of the core protein in Japanese patients infected with
HCV-1b has also been proposed (12~14). More recently,
we investigated the impact of NS5A polymorphisms, in-
cluding those in IRRDR and ISDR, and core polymor-
phism on virological responses to PEG-IFN/RBV ther-
apy among HCV-1b-infected patients in Hyogo Prefec-
ture, Japan. The criterion of six or more mutations in the
IRRDR (IRRDR > 6) was identified as the most power-
ful viral genetic factor that independently predicted SVR
(15). In another study curried out on a patient cohort
in Yamagata Prefecture, Japan, we proposed that poly-
morphism in the secondary structure of the N-terminal
region of NS3 of HCV-1b influences virological responses
to PEG-IFN/RBV therapy, and that virus grouping based
on NS3 polymorphism can also be used to predict the out-
come of the therapy (16). In the present study, we further
analyzed the Yamagata cohort for a possible relationship
between heterogeneity of NS5A and the core regions of the
HCV genome and virological responses to PEG-IFN/RBV
therapy.

© 2011 The Societies and Blackwell Publishing Asia Pty Ltd

MATERIALS AND METHODS

Patients

Fifty-seven patients who were chronically infected with
HCV-1b, their diagnoses being based on detection of
anti-HCV antibody and HCV RNA, and who had been
seen at Yamagata University Hospital in Yamagata, Japan,
were enrolled in the study. Their HCV subtypes were
determined according to the method of Okamoto et al.
(17). Patients were treated with PEG-IFNa-2b (Pegintron;
Schering-Plough, Kenilworth, NJ, USA) (1.5 ug per kilo-
gram of body weight, once weekly, subcutaneously) and
RBV (Rebetol; Schering-Plough) (600~800 mg daily,
orally), according to a standard treatment protocol for
Japanese patients established by a Hepatitis Study Group
of the Ministry of Health, Labor and Welfare, Japan. All pa-
tients received >80% of the scheduled doses of PEG-IFN
and RBV. Serum samples were collected from the patients
before treatment and at intervals of 4 weeks during the
whole observation period (72 weeks), and tested for HCV
RNA titers as reported previously (18).

The study protocol was approved beforehand by the
Ethics Committee at Yamagata University Hospital, and
written informed consent for study participation was ob-
tained from each patient prior to treatment. Also, the study
protocol conforms to the provisions of the Declaration of
Helsinki.

Sequence analysis of hepatitis C virus NS5A
and the core regions of the hepatitis C virus
genome

Hepatitis C virus RNA was extracted from 140 uL of serum
using a commercially available kit (QIAmp viral RNA kit;
Qiagen, Tokyo, Japan). Amplification of full-length NS5A
and the core regions of the HCV genome were performed
as described elsewhere (11, 18, 19). The sequences of the
amplified fragments of NS5A and core regions were de-
termined by direct sequencing without subcloning. The
aa sequences were deduced and aligned using GENETYX
Win software version 7.0 (Genetyx, Tokyo, Japan).

Statistical analysis

To evaluate the optimal threshold of the IRRDR and ISDR
mutations for SVR prediction, we constructed an ROC
curve and calculated the AUC, sensitivity and specificity
(11). Statistical differences in treatment responses accord-
ing to NS5A and core sequence heterogeneity were de-
termined by the x? test. Likewise, statistical differences
in the patients’ baseline variables according to the degree
of IRRDR polymorphism were determined by Student’s ¢
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test for numerical variables and the x? probability test for
categorical variables. Univariate and multivariate logistic
analyses were performed to identify variables that were
independently correlated with the treatment outcome.
Variables with a P value of <0.1 in univariate analysis
were further included in a multivariate logistic regression
analysis. The odds ratios and 95% CI were also calcu-
lated. All statistical analyses were performed using SPSS
version 16 software (SPSS, Chicago, IL, USA). Unless
otherwise stated, a P value of <0.05 was considered
statistically significant.

Nucleotide sequence accession numbers

The sequence data reported in this paper have been
deposited in the DDBJ/EMBL/GenBank nucleotide se-
quence databases under the accession numbers AB601987
through AB602043.

RESULTS

Patients’ responses to
pegylated-interferon/ribavirin combination
therapy

Among the 57 patients enrolled in this study, 8 (14%),
36 (63%), 42 (74%) and 32 (56%) patients were negative
for HCV-RNA at week 4 (RVR), week 12 (EVR), week 48
(ETR) and week 72 (SVR), respectively (Table 1). SVR
was achieved by all (100%) of RVR, 30 (83%) of 36 EVR,
and 32 (76%) of 42 ETR patients. Non-SVR patients rep-
resented 44% (25/57) of total cases. Twenty-six percent
(15/57) of the patients had continuous viremia during the
whole observation period (72 weeks), referred to as a null
response; whereas 18% (10/57) had transient disappear-
ance of serum HCV RNA at a certain time point followed
by a rebound in viremia either before, or after the end of,
the treatment course, referred to as a relapse.

Table 1. Proportions of various virological responses of patients treated
with PEG-IFN/RBV

Virological response

Proportion

RVR 14% (8/57)f
EVR 63% (36/57)
ETR 74% (42/57)
SVR 56% (32/57)
Non-SVR 44% (25/57)
Null response 26% (15/57)
Relapse 18% (10/57)

f, number of patients in the relevant category /total number of patients.
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Correlation between interferon/ribavirin
resistance-determining region
polymorphism and treatment responses

The degree of sequence variation within the IRRDR has
been proposed as a useful predictor of HCV treatment
outcome (11, 15, 20, 21). We performed ROC curve anal-
ysis to estimate the optimal cutoff number of IRRDR mu-
tations that differentiated between a SVR and non-SVR
in the present patient cohort. Based on the results ob-
tained, we estimated four mutations as the optimal num-
ber of IRRDR mutations since this provided the high-
est sensitivity (88%) and good specificity (52%) with an
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Fig. 1. ROC curve analysis of (a) IRRDR and (b) ISDR sequence
heterogeneity for SVR prediction. The curves depicted by solid lines
shows the AUC. Solid circles with numerals plotted on the curve rep-
resent different numbers of IRRDR and ISDR mutations analyzed. The
dashed lines touch the optimal number of IRRDR and ISDR mutations for
SVR prediction.
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NS5A-IRRDR/ISDR and core and PEG-IFN/RBV

Table 2. Correlation between NS5A and core protein polymorphisms and virological responses of patients treated with PEG-IFN/RBV

P value
SVR vs SVR vs SVR vs
Protein  Factor Total t SVR* Non-SVR  Null response Relapse non-SVR  null response  relapse
NS5A IRRDR > 4 40 28 (70%) 12 (30%) 7(17.5%) 5(12.5%) 0.001 0.003 0.01
IRRDR < 3 17 4 (24%) 13 (76%) 8 (47%) 5(29%)
ISDR > 1 31 22 (71%) 9 (29%) 5(16%) 4(13%) 0.014 0.02 0.1
ISDR=0 26 10 (38%) 16 (62%) 10 (38%) 6 (24%)
Core Wild-core (Arg”%/Leu®") 24 15 (63%) 9 (37%) 5 (21%) 4(16%) 0.4 0.4 0.7
Non-wild-core 33 17 (52%) 16 (48%) 10 (30%) 6 (18%)
GIn’0 14 4 (29%) 10 (71%) 9 (64%) 1(7%) 0.02 0.0007 0.8
Non- GIn”® 43 28 (65%) 15(35%) 6 (14%) 9(21%)
Met?! 22 10 (46%) 12 (54%) 6 (27%) 6 (27%) 0.2 0.6 0.1
Non- Met®! 35 22(63%)  13(37%) 9(26%) 4(11%)

1, total number of isolates with a given factor; ¥, number of SVR, non-SVR, null-response or relapse cases with a given factor. P values indicating

statistically significant difference are written in bold.

AUC of 0.66 (Fig. 1a). In this study, therefore, we used
the criteria of four or more mutations in the IRRDR
(IRRDR > 4) and IRRDR < 3. In this connection, it should
be stated that the criteria of IRRDR > 6 and IRRDR < 5
which were used on different patient cohorts in Hyogo Pre-
fecture (11, 15) were not selected by the ROC curve anal-
ysis in this study because of their low sensitivity (34%),
although they had higher specificity (80%) than that of
IRRDR > 4 (52%). This difference was probably due to
the low prevalence of HCV isolates with IRRDR > 6 (28%)
in the present patient cohort.

We found that 70%, 30%, 17.5% and 12.5% of pa-
tients infected with HCV isolates with IRRDR > 4 were
SVR, non-SVR, null response and relapse cases, respec-
tively (Table 2 and Fig. 2). By contrast, 24%, 76%, 47%
and 29% of patients infected with HCV isolates with
IRRDR < 3 were SVR, non-SVR, null response and re-
lapse cases, respectively. Thus, the proportions of SVR,
non-SVR, null response and relapse cases were signifi-
cantly different among HCV isolates with IRRDR > 4 and
IRRDR < 3.

Interestingly, while IRRDR polymorphism was corre-
lated with the final treatment outcome, it was also closely
correlated with all the responses during treatment, repre-
sented by RVR, EVR and ETR (Table 3).

Next, we investigated the correlations between the
patients’ demographic, hematological, biochemical and
virological baseline variables and the degree of IRRDR
polymorphism. This analysis revealed that patient age was
the only factor that was significantly correlated with the
degree of IRRDR polymorphism, patients who were in-
fected with HCV isolates of IRRDR > 4 being significantly
younger on average than patients infected with HCV iso-
lates with IRRDR < 3 (P =0.035) (Table 4).
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Correlation between interferon
sensitivity-determining region
polymorphism and treatment responses

Based on ROC curve analysis, we estimated one mutation
in the ISDR as an optimal cut-off number of mutations for
SVR prediction since it had the highest sensitivity (69%)
combined with the highest specificity (64%) and yielded
an AUC of 0.67 (Fig. 1b). Seventy-one percent, 29%, 16%
and 13% of patients infected with HCV isolates with one
or more mutations in the ISDR (ISDR > 1) were SVR,
non-SVR, null response and relapse cases, respectively
(Table 2 and Fig. 2). By contrast, 38%, 62%, 38% and
24% of patients infected with HCV isolates with no mu-
tation in the ISDR (ISDR = 0) were SVR, non-SVR, null
response and relapse cases, respectively. Thus, the propor-
tions of SVR, non-SVR and null response cases were signif-
icantly different among HCV isolates with ISDR > 1 and
ISDR = 0.

ISDR polymorphism and the on-treatment responses
had significant correlation only with EVR, since 77% of
patients infected with HCV isolates with ISDR > 1 were
EVR whereas 54% of patients infected with HCV isolates
with ISDR = 0 were non-EVR (P = 0.01, Table 3).

Correlation between core polymorphism and
treatment responses

Recently, it was reported that polymorphism at posi-
tions 70 and/or 91 of the core protein of HCV-1b are
useful negative markers for the treatment outcome of
Japanese patients treated with PEG-IEN/RBV combina-
tion therapy (12-14). We have investigated the impact
of various sequences patterns of both positions on treat-
ment responses. We found that 63%, 37%, 21% and 16%
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Fig. 2. Sequence alignment of IRRDR of NS5A of HCV-1b obtained from pretreatment sera. The consensus sequence is shown at the top
(Cons). Dots indicate residues identical to those of the consensus sequence. Number of IRRDR and ISDR mutations, as well as the sequence pattern
at aa 70 of the core protein, are shown on the right. The number of ISDR mutations was determined by comparing with the consensus sequence

reported by Enomoto et al. (10).

of patients infected with HCV isolates with wild-core
(Arg’®/Leu®®) were SVR, non-SVR, null response and re-
lapse cases, respectively, compared to 52%, 48%, 30% and
18% of patients infected with HCV isolates with non-wild-
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core (Table 2). Thus, there was no significant correlation
between wild-core and SVR or non-SVR (P = 0.4). How-
ever, the presence of a single point mutation at position
70 (GIn’® vs non- GIn”®) was significantly associated with
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