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performed standard virion titration by immunofluorescent
antibody staining. The result showed that the virus titer of J6/
JFH/Luc supernatant, collected at day 4 post-RNA trans-
fection, was 5 x 10% fluorescent-focus forming units (ffu) per
ml. In contrast, the titer of JFH/Luc supernatant was below the
detection limit (<1 x 10* ffu/ml). Interestingly, the peaks of
the core release and the infectivity were slightly different, i.e.,
the peak of the core release of J6/JFH1 was on day 6, and that
of the infectivity was on day 4 post-electroporation. Collec-
tively, these data revealed that J6/JFH1 had a greater ability to
release progeny virions than JFH1, though the levels of intra-
cellular replication were comparable between J6/JFH1/and
JFH1.

3.3. Characterization of cell-free infectious progeny
virions in luciferase reporter HCV RNA-transfected cells

Next, we examined whether the J6/JFH1/Luc-derived
supernatants had the features of a virus and thus could be
used as a surrogate for HCV. The supernatants collected from
each culture of reporter RNA-electroporated cells were irra-
diated with ultra-violet (UV) for 5 min, and the supernatants
were then inoculated into naive Huh7.5 cells. As shown in
Fig. 3A, the infectivity of the reporter virus was completely
abrogated by UV-irradiation. The results indicated that the
luciferase activity transduced by the supernatants was derived
from the genome of the reporter virus, not from incorporation
of the luciferase protein into the virion. The entry of the HCV
virion was mediated by binding between the cellular surface
protein CD81 and the HCV envelope protein E2 [15]. There-
fore, the naive Huh7.5 cells were pre-treated with a recombi-
nant monoclonal antibody against CD81. After 1 h pre-
treatment, the J6/JFH1/Luc supernatant was inoculated into
the cells, and the luciferase activity of cells was analyzed at
48 h post-inoculation (Fig. 3B). Normal mouse IgG showed no
effect on the infectivity of the JO6/JFH/Luc supernatant. In
contrast, the infectivity of the J6/JFH/Luc supernatant was
decreased by pre-treatment with anti-CD81 antibody in
a dose-dependent manner. The results suggested that the
supernatant from luciferase reporter J6/JFH1/Luc-transfected
cells contained a virus with characteristics similar to HCV,

and that this reporter virus could be utilized to investigate all
the steps of virus replication, including the intra-cellular viral
replication, the virus production and the virus entry as
a surrogate model of HCV.

3.4. Analysis of a potential role for ESCRT family
proteins in HCV virus production

Prior to the recent establishment of the JFH1-based cell-
culture system, there was no system for producing the HCV
virus, and thus many aspects of the virus production of HCV
still remain poorly understood. Generally, the production of
the enveloped virus requires a multi-step process that includes
the proper transport of viral proteins and organization of viral
proteins on the cellular membrane, and these steps are coor-
dinated by a variety of cellular factors [16,17]. From numerous
intensive studies, it has been revealed that the process of
budding of many enveloped viruses utilizes the ESCRT
machinery, which is responsible for the formation of luminal
vesicles of endosomal multivesicular bodies (MVB)
[16,18—20]. The ESCRT machinery consists of a number of
cellular proteins that make up three functional sub-complexes
— ESCRT-1, ESCRT-II and ESCRT-III — and other related
factors; i.e., Vps4 and AIP/Alix are also participated in the
function of ESCRT machinery [20]. A series of analyses about
ESCRT networks has revealed the consensus amino acid
motifs of viral proteins; the P(T/S)AP motif was observed to
interact with Tsg101, and the YPxL motif was seen in the case
of AIP/Ailx [19]. We searched for these motifs in the J6 and
JFH1 genomes, and found one AIP/Alix interacting the YPxL
motif in the NS5B region (aa. 2604 to 2607; YPDL). There-
fore, the relation between ESCRT and HCV was examined by
analyzing the virus production using a luciferase reporter HCV
system. First, we constructed the expression plasmids of the
ESCRT-I protein TsglO1, and the ESCRT-associated proteins
Nedd4L and AIP/Alix. The ESCRT expression plasmids were
transfected into the J6/JFHI1/Luc or JFH1/Luc RNA-
transfected Huh7.5 cells. After 48 h of transfection, the
culture supernatants were collected and inoculated into the
culture of the naive Huh7.5 cells. The effects of over-
expression of ESCRT proteins on intra-cellular virus
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Fig. 3. Anti-CD81 antibody blocks luciferase reporter HCV infection. The reporter viruses containing supernatants were prepared as described in Materials and
methods. (A) The JFH1/Luc and J6/JFH1/Luc supernatants were irradiated with UV at 5 min, and then added to naive Huh7.5 cells. The infectivity was analyzed by
luciferase assay. (B) Huh7.5 cells were pre-treated with anti-CD81 monoclonal antibody or control mouse IgG at 1 h before infection. Cells were then infected with
J6/JFH1/Luc reporter viruses for 6 h. At 48 h post-infection, the cells were lysed and assayed for luciferase activity. Activities are expressed as the relative activity
compared to that of the null antibody-treated sample. The assays were repeated at least three times, and the mean values are presented.
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replication and virus production were analyzed by monitoring
the luciferase activity of reporter RNA-transfected cells
(Fig. 4A), and the luciferase activity expressed by supernatant
virus (Fig. 4B). As shown in Fig. 4A, the overexpression of
Nedd4L., Tsgl01, and AIP/Alix had no effect on the intra-
cellular replication of either reporter HCV. As shown in
Fig. 4B, the virus production from J6/JFH1/Luc also was not
affected by these ESCRT protein expressions. In contrast, the
expression of AIP/Alix decreased the virus production from
JFH1/Luc by 50%. This result implied that the ESCRT
machinery might have played some role in the difference in
the efficacy of virus production observed between JFH1 and
J6/JFH1. AAA-ATPase Vps4, which is present in humans in
two isoforms (Vps4A and Vps4B), is a key modulator protein
for the final step of ESCRT machinery. To analyze the role of
ESCRT in HCV virus production, we constructed expression
vectors for Vps4A and 4B, as well as expression vectors for
a dominant-negative Vps4A(E228Q) and Vps4B(E235Q) [19].
As shown in Fig. 4C, the intra-cellular replications of JFHI
and J6/JFH1 were not influenced by the wild-type or
dominant-negative Vps4 expression. In contrast, the levels of
virus production of JFH1/Luc were reduced up to 50% by the
expression of both dominant-negative Vps4 mutants (Fig. 4D).
Interestingly, neither dominant-negative Vps4 influenced the
virus production of J6/JFH1/Luc. These results implied that
JFH1 might utilize the ESCRT machinery for release of
infectious virus particles.

3.5. Effect of polyions on the infectivity of the J6/JFHI1/
Luc reporter virus

Next, we tested the usefulness of the J6/JFH1/luc reporter
system for virus entry analysis. The binding of the viral and
cellular receptors is coordinated with the ionic conditions,
indicating that compounds that affect the ionic charge of the
receptor surface might be potent inhibitors of virus infection
[21,22]. Polyions with a positive or negative charge are
frequently used for virus entry analyses, and exhibit inhibitory
activity on virus infection [21,22]. Therefore, we investigated
the effect of different polyions on the infectivity of the J6/
JFH1/Luc virus in order to clarify the influence of electrostatic
interactions in virus binding to cell membranes. As candidate
compounds, we used both polymers having a positive charge
(polybrene (size of 3000 Da), DEAE-dextran (100,000 Da),
and poly-L-lysine (500,000 Da)) and those having a negative
charge (heparin (15,000 Da), dextran sulfate (50,000 Da), and
polyvinyl sulfate (150,000 Da)). These polymers were added
to the Huh7.5 cells at 1 h before inoculation of the J6/JFH1/
Luc virus into the cells. After 48 h of inoculation, the cells
were harvested and the luciferase activity was analyzed
(Fig. SA and B). As shown in Fig. 5A, two polyanions, heparin
and polyvinyl sulfate, decreased the infectivity of J6/JFH1/Luc
virus in a dose-dependent manner, whereas one polyanion,
dextran sulfate, enhanced the infectivity up to 2-fold. In the
case of polycations, the addition of polybrene enhanced virus
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Fig. 5. Effect of multiple polyions on J6/JFH1/Luc virus infection of Huh7.5 cells. Huh7.5 cells were infected with J6/JFH1/Luc virus in the presence of each of the
polyions for 6 h, and a luciferase assay was performed 48 h later. The data was expressed as the relative activity compared to the luciferase activity in the absence
of polyions. The assays were repeated at least three times, and the mean values are presented.

infection up to 3-fold in a dose-dependent manner, although
poly-L-lysine and DEAE-dextran showed no effect on the
infectivity of the J6/JFH1/Luc virus (Fig. SB). The effect
shown by compounds belonging to positive and negative
polyions suggested that the electric charge is not sufficient by
itself to explain the inhibitory or enhancing activity of these
drugs on the HCV virus entry. These results indicated that the
J6/JFH1/Luc virus was useful to easily monitor HCV virus
entry.

3.6. Screening of microRNA inhibition on intra-cellular
HCYV replication

To confirm the usefulness of the J6/JFHI1/Luc reporter
system in the analysis targeting intra-cellular replication of
HCV, we analyzed the possible involvement of micro RNAs
(miRNAs) in HCV infection. miRNAs are evolutionarily
conserved, small, non-coding RNA molecules that regulate
gene expression at the level of translation [23,24]. Recently, it
has been reported that some miRNAs influence the replication
of HCV in the cells [25—27]. For example, the expression of
miR-122 in the cells might be essential for HCV replication
[25]. In addition, the number of miRNAs has been increasing
due to numerous strenuous analyses in recent years. Therefore,
we compared the full sequences of the viral genome among 4

different HCV strains (H77C, Conl, J6, JFH1) with the
sequences of 630 human miRNAs using the miRNA database
program (RegRNA: http://regrna.mbc.nctu.edu.tw/index.php),
and then identified 54 miRNAs that matched with at least one
HCYV strain. 10 of the 54 miRNAs matched with all four HCV

- strains. Hence, we focused on analysis of the function of the

10 miRNAs on HCV replication and prepared commercially
available miRNA inhibitors (Anti-miR™ miRNA inhibitor,
Ambion) that were chemically modified, single-stranded
nucleic acids designed to specifically bind to and inhibit
endogenous target miRNA molecules. The J6/JFH1/Luc RNA-
electroporated cells were transfected with each of the 10
specific miRNA inhibitors and the luciferase activities were
analyzed at 48 h post-transfection of the inhibitors. None of
the miRNA inhibitors significantly affected the cell viability
(data not shown). As shown in Fig. 6A, the inhibition of miR-
122 reduced the level of intra-cellular virus replication by up
to 50% as previously reported [25]. A similar reduction of
viral replication was also observed by treatment with the miR-
34b inhibitor. The treatment with an anti-miR negative control
that is a random sequence anti-miR molecules that has been
extensively tested in human cell lines and validated to not
produce identifiable effects on known miRNA functions
showed no significant effect on HCV replication. None of the
other inhibitors showed any significantly greater effect on the
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Fig. 6. Effect of miRNA inhibitor on intra-cellular replication of J6/JFH1/Luc RNA in Huh7.5 cells. Target cells were electroporated with J6/JFH1/Luc RNA, and
then transfected with a miRNA-specific or a non-target negative control miRNA inhibitor. At 48 h post-transfection, cells were harvested and analyzed for
luciferase activity (A). In parallel, the culture supernatants were collected at 48 h post-transfection to assess the effect of miRNA inhibitors on the virus production.
The supernatants were added to naive Huh7.5 cells, and the progeny virus infectivities were then analyzed by luciferase assay. (B) The data relative to the
luciferase activity obtained from a non-target negative control miRNA inhibitor are indicated. The assays were repeated at least three times, and the mean and
standard error are presented. Statistical significance relative to the negative control miRNA samples as calculated by z-test is shown (*p < 0.05).
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virus replication than the anti-miR negative control. The miR-
34b and miR-122 inhibitors decreased the virus production to
the levels 64% and 53% of the control, respectively (Fig. 6B).
Since the extent of the reduction in virus production was
comparable with that of intra-cellular HCV RNA levels
(Fig. 6A), it was likely that these miRNA inhibitors affected
the intra-cellular viral replication rather than interfering with
the particle formation and the release of the virion. These
results suggest that the function of miR-34b could affect the
replication of HCV, and also suggested that the J6/JFH1/Luc
system was useful to analyze the intra-cellular replication of
HCV.

4. Discussion

In this report, we generated two bicistronic luciferase
reporter HCV clones from JFH1 and J6/JFHI1, and estab-
lished a unifying system that can monitor intra-cellular viral
replication, virion production, and virus entry. Using two
constructs, we initially compared the potential of intra-
cellular viral replication and virus production. After trans-
fection of reporter RNAs, the level of the intra-cellular core
protein and the luciferase activity in RNA-transfected cells
showed similar kinetics for JFH1/Luc and J6/JFH1/Luc
(Fig. 1B and C). In contrast, both the efficacy of core protein
production into the culture supernatant and the infectivity of
supernatant virus from J6/JFH1/Luc were significantly
higher than that of JFH1/Luc (Fig. 2A and B). These results
indicated two possibilities that JFH1 and J6/JFHI1 utilize
different machinery for progeny virus packaging and
budding, or that they utilize the same machinery for the virus
production but to a different degree. To evaluate the differ-
ence in the virus production between JFH1 and J6/JFH1, we
analyzed the role of ESCRT machinery in virus production
(Fig. 4A—D). Dominant-negative Vps4 expression inhibited
JFH1/Luc virus production, but did not influence J6/JFH1/
Luc virus production. In the course of preparing this manu-
script, Corless et al. reported that HCV requires late
components of the ESCRT pathway for release of infectious
virus particles [28]. They showed that a dominant-negative
Vps4 expression inhibited the production of virus-like
particles derived from JFH1 in a dose-dependent manner.
The findings reported by Corless et al. and the findings of our
present study emphasize that the ESCRT machinery plays an
essential role in JFH1 virus production.

To examine the virus entry, we analyzed the effect of anti-
CD81 antibody and polyions on reporter virus infectivity
(Figs. 3B and 5A and B). The pre-treatment with anti-CD81
antibody decreased the infectivity of the reporter J6/JFH
virus in a dose-dependent manner. The result suggested that
the reporter J6/JFH1 virus, similar to HCVcc, utilized the
CD81 as a major entry receptor, and that our reporter virus
could be used as a surrogate model of HCV entry analysis. As
a result of polyions analysis, one of the polycations (dextran
sulfate) and one of the polyanions (polybrene) increased the
reporter virus infectivity, and the remainder of the polyions
inhibited the virus infectivity. These results indicate the

possibility that not only the electrostatic condition of polyions
but also their molecular weight may be a determinant of the
receptor binding of HCV. Considering that several membrane
molecules have been identified as candidate cellular receptors
for HCV entry [15,29,30], the polyions could interact with
a different molecule(s) to influence virus production. As for
heparin, it was reported that cell surface heparan sulfate
proteoglycans play an important role in mediating HCV
envelope—target cell interaction [31]. Basu et al. [32] also
reported that heparin treatment completely blocked HIV/HCV
E1-E2 pseudotype infection. In their analysis, however, the
inhibitory effect of heparin against cell culture-grown HCV
H77 was somewhat lower than that of HIV/HCV EI-E2
pseudotypes. In our present study, the level of inhibitory effect
of heparin on J6/JFH1 reporter virus infection was not so
prominent. Collectively, these data suggest a possibility that
cell surface heparan sulfate proteoglycans contribute to the
infection of both HIV/HCV E1—E2 pseudotype and cell
culture-grown HCV with a different degree. Therefore, to
develop a polyion-based anti-HCV drug, a more detailed
assessment of the interaction between each candidate receptor
and polyion is necessary.

Using microRNA inhibitors, the decrease of miR-34b
expression suppressed intra-cellular HCV  replication
(Fig. 6A). miR-34b belongs to the evolutionary conserved
microRNA family of miR-34s [33], known for their role in the
p53 tumor suppressor network [34]. miR-34s have been shown
to be controlled in a tissue-specific manner by p53. Both wild-
type and mutant-type p53 protein expressions in serum and
cytoplasm of liver tissue were more pronounced in patients
with hepatocellular carcinoma associated with HCV infection
[35]. Wild-type p53 binds to a transcriptional regulatory
element of miR-34s, thereby up-regulating miR-34 expression
[34]. However, it is not understood whether the mutant-type
p53 increases miR-34b expression. Furthermore, HCV repli-
cation in chronic hepatitis is higher than that of hepatocellular
carcinoma [36]. Therefore, more detailed research is needed to
reveal the significance of miR-34b expression in HCV repli-
cation and hepatocellular carcinoma.

As mentioned above, we have generated a recombinant
luciferase reporter HCV, and have shown that the reporter
HCV could be used for the quantitative analyses of intra-
cellular replication, virus entry, and virion production. In
general, the intra-cellular HCV replication has been analyzed
by the quantitative real-time RT-PCR method that could detect
a small amount of viral RNA because of the greatly high
sensitivity. However, the real-time RT-PCR method involves
multi-step procedures of the RNA extraction, the reverse
transcription and the PCR reaction, which require skillfulness
to perform. The high sensitivity and the multiple-steps of the
real-time RT-PCR system sometimes cause an experimental
error(s) when conducted by less-experienced individuals. On
the other hand, our HCV luciferase reporter system is simpler
and easier to perform compared to the real-time PCR system.
The significant advantage of the reporter HCV is that it can
analyze a large number of samples at a time in a time- and
cost-saving manner. Also, it can be used to evaluate all the
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events of viral life cycle. By using it, we have started the
screening of anti-HCV substances from the natural resource
chemical libraries and found a number of potential candidates
for the analysis. Thus, this system can be applicable for robust
screening analyses of chemical compounds to discover
a potential therapeutic target of HCV.
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a Conserved N-Glycosylation Motif of the

E2 Glycoprotein of Hepatitis C Virus Markedly
Enhances the Sensitivity to Antibody
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The molecular basis of antibody neutralization
against hepatitis C virus (HCV) is poorly under-
stood. The E2 glycoprotein of HCV is critically
involved in viral infectivity through specific
binding to the principal virus receptor compo-
nent CD81, and is targeted by anti-HCV neutral-
izing antibodies. A previous study showed that
a mutation at position 534 (N534H) within the
sixth N-glycosylation motif of E2 of the J6/JFH1
strain of HCV genotype 2a (HCV-2a) was re-
sponsible for more efficient access of E2 to
CD81 so that the mutant virus could infect the
target cells more efficiently. The purpose of this
study was to analyze the sensitivity of the pa-
rental J6/JFH1, its cell culture-adapted variant
P-47 possessing 10 amino acid mutations and
recombinant viruses with the adaptive muta-
tions to neutralization by anti-HCV antibodies in
sera of HCV-infected patients. The J6/JFH1 vi-
rus was neutralized by antibodies in sera of
patients infected with HCV-2a and -1b, with
mean 50% neutralization titers being 1:670 and
1:200, respectively (P < 0.00001). On the other
hand, the P-47 variant showed 50- to 200-times
higher sensitivity to antibody neutralization
than the parental J6/JFH1 without genotype
specificity. The N534H mutation, and another
one at position 416 (T416A) near the first N-
glycosylation motif to a lesser extent, were
shown to be responsible for the enhanced
sensitivity to antibody neutralization. The pres-
ent results suggest that the residues 534,
and 416 to a lesser extent, of the E2 glycopro-
tein are critically involved in the HCV infectivity
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and antibody neutralization. J. Med. Virol.
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INTRODUCTION

Hepatitis C virus (HCV), a member of the family
Flaviviridae, the genus Hepacivirus, is an enveloped,
positive-stranded RNA virus that infects an estimated
170 million people worldwide. The virus evades the

Grant sponsor: Science and Technology Research Partnership
for Sustainable Development (SATREPS) Program of Japan Sci-
ence and Technology Agency (JST) and Japan International Co-
operation Agency (JICA); Grant sponsor: Japan Initiative for
Global Research Network on Infectious Diseases (J-GRID)
Program of Ministry of Education, Culture, Sports, Science and
Technology, Japan; Grant sponsor: Research on Hepatitis,
Health and Labour Sciences Research Grants of Ministry of
Health, Labour and Welfare, Japan; Grant sponsor: Global
Center of Excellence (G-COE) Program of Kobe University
Graduate School of Medicine.

Mikiko Sasayama present address is Mahidol-Osaka Center
for Infectious Diseases, Bangkok, Thailand.

*Correspondence to: Hak Hotta, MD, PhD, Division of Micro-
biology, Center for Infectious Diseases, Kobe University
Graduate School of Medicine, 7-5-1 Kusunoki-cho, Chuo-ku,
Kobe 650-0017, Japan. E-mail: hotta@kobe-u.ac.jp

Accepted 7 September 2011

DOI 10.1002/jmv.22257

Published online in Wiley Online Library

(wileyonlinelibrary.com).

— 124 —



230

host immune system to establish chronic infection,
which often leads to serious liver diseases, such as
cirrhosis and hepatocellular carcinoma. Even with a
current standard treatment with pegylated interferon
plus ribavirin, sustained viral clearance is obtained
for only approximately 50% of patients infected with
HCV genotype 1b (HCV-1b). Neither antibody-based
prophylaxis nor an effective vaccine is currently
available.

A better understanding of the interplay between
viral and host factors that determine HCV clearance
or persistence is needed for the design of effective pas-
sive immunotherapy and effective vaccines. A growing
body of evidence from studies in humans and chim-
panzees suggests that HCV-specific T-cell immunity
plays an important role in the viral clearance [Bowen
and Walker, 2005]. Also, several studies have indicat-
ed a role for humoral immunity in HCV infection
[Bartosch et al., 2003; Logvinoff et al., 2004; Lavillette
et al., 2005; Netski et al., 2005; Pestka et al., 2007,
Dowd et al.,, 2009]. However, this aspect remains
poorly characterized.

The E2 glycoprotein of HCV plays an important role
in viral attachment and, therefore, becomes a major
target of anti-HCV neutralizing antibodies. Identifica-
tion of protective epitopes in E2 conserved among dif-
ferent HCV strains is a major challenge in vaccine
design [Tarr et al.,, 2006; Helle et al.,, 2007; Gal-
Tanamy et al., 2008; Keck et al., 2008]. The develop-
ment of infectious retroviral pseudoparticles (HCVpp)
bearing HCV envelope glycoproteins helps us study
interactions between E2 epitopes and the virus
receptor CD81 or neutralizing antibodies [Bartosch
et al., 2003; Logvinoff et al., 2004; Lavillette et al.,
2005; Pestka et al., 2007; Dowd et al., 2009]. More
significantly, authentic HCV particles produced by
the HCV cell culture system (HCVec) are currently
available for this purpose [Lindenbach et al., 2005;
Wakita et al,, 2005; Zhong et al.,, 2005; Fournier
et al., 2007].

Recently, it was demonstrated using HCVce that a
mutation at position 534 from Asn to His (N534H) in
the E2 glycoprotein of the HCV J6/JFH1 strain con-
fers an advantage to the mutant viruses at the entry
level probably through more efficient access to CD81
[Bungyoku et al., 2009]. The Asn-534 is located in the
sixth of 11 N-linked glycosylation sites and the
N534H mutation is predicted to remove this glycosyla-
tion. The present study has shown that the N534H
mutation in the E2 glycoprotein of HCV J6/JFH1
markedly enhances the sensitivity of the virus to neu-
tralization by specific neutralizing antibodies in sera
of patients infected with HCV.

MATERIALS AND METHODS
Cells and Viruses

Huh-7.5 cells [Blight et al., 2002] and pFL-J6/JFH1
[Lindenbach et al., 2005] were kindly provided by
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Dr. C. M. Rice (Rockefeller University, New York, NY,
USA). Huh-7.5 cells were cultured in Dulbecco’s modi-
fied Eagle’s medium (DMEM; Wako, Osaka, Japan)
supplemented with 10% fetal bovine serum (Biowest,
Nuaille, France), 0.1 mM non-essential amino acids
(Invitrogen, Carlsbad, CA), penicillin (100 IU/ml), and
streptomycin (100 pg/ml) (Invitrogen) at 37°C in a
COg incubator. Propagation of HCV J6/JFH1, its cell
culture-adapted mutant P-47 and recombinant viruses
possessing each of the adaptive mutations was de-
scribed previously [Deng et al., 2008; Bungyoku et al.,
2009].

Human Sera and Anti-HCV Neutralization Test

Sera were collected from 89 patients infected chron-
ically with HCV-1b or HCV-2a, who were treated with
pegylated interferon «-2b and ribavirin, as described
previously [El-Shamy et al., 2007, 2008]. Sera were
also collected from 11 patients with acute HCV-1b
infection, either severe acute hepatitis or mild self-
resolving hepatitis. The study protocol was approved
by the Ethic Committees in Kobe University and
Yamagata University and informed written consent
provided by patients and volunteers. Sera collected
from healthy volunteers who were negative for anti-
HCV antibodies served as a control. The sera were
inactivated at 56°C for 30 min before being used for
the virus neutralization test.

An HCV neutralization test was performed as de-
scribed previously [Sasayama et al., 2010]. In brief,
serially diluted serum samples were mixed with the
same amount of HCV solution containing 1 x 10 cell-
infecting units. After incubation at 37°C for 1 hr, the
mixtures were inoculated to Huh-7.5 cells (2 x 10°
cells per well in 24-well plates) and incubated in a 5%
COs incubator. After 3 hr, the inocula were removed
and fresh complete DMEM were added to the cells. At
24 hr postinfection, cells were fixed with ice-cold
methanol, blocked with 5% goat serum in phosphate-
buffered saline and subjected to immunofluorescence
analysis using mouse monoclonal antibody against
HCV core antigen (2H9) [Wakita et al., 2005] and
Alexa Fluor 488-conjugated goat anti-mouse IgG
(H + L) (Molecular Probes, Eugene, OR). The immu-
nostained cells were counterstained with Hoechst
33342 (Molecular Probes) at room temperature for
5 min and observed under a fluorescence microscope
(BZ-9000; Keyence, Osaka, Japan). The number of
HCV-infected cells in each well was counted by using
a software BZ-H1C (Keyence). The serum dilutions
that neutralized 50% of the virus infectivity was cal-
culated by curvilinear regression analysis [Abe et al.,
2003]. Titers were expressed as 50% neutralization
titers (NT5q).

Statistical Analysis

Student’s ¢-test was used to compare the data
between different groups. A P-value of <0.05 was con-
sidered to be significant.
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RESULTS

Anti-HCV Neutralizing Antibodies in Sera of
Patients Infected With HCV

Sera were obtained from patients chronically
infected with HCV-1b or -2a, and tested for anti-HCV
neutralizing activities. Representative results of neu-
tralization curves using the parental J6/JFH1 and the
P-47 mutant as challenge viruses are shown in
Figure 1. When measured against J6/JFH1, NTj;,
titers of sera of patients infected with HCV-1b ranged
from 1:10 to 1:700, with the mean NTjy, titer being
1:197, whereas those of patients infected with HCV-2a
ranged from 1:100 to 1:1,500, with the mean value be-
ing 1:670 (Table I). The difference in NTj, between
patients infected with HCV-1b and -2a was statisti-
cally significant (P < 0.00001). When measured
against P-47, on the other hand, unexpectedly high
NTso titers were obtained ranging from 1:4,000 to
1:182,000, with the mean values being 1:40,500 and
1:32,900 for patients infected with HCV-1b and -2a,
respectively. These results suggest the possibility that
an adaptive mutation(s) of P-47, most probably pres-
ent in the envelope glycoproteins, confers higher sen-
sitivity to neutralization by anti-HCV antibodies.

Unlike the case with J6/JFH1, when P-47 was used
as a challenge virus, no significant difference in NTxq
titers was observed between patients infected with
HCV-1b and -2a (Table I). This result suggests the
possible presence of a genotype-dominant neutraliza-
tion epitope(s) on the envelope glycoproteins of J6/
JFH1 although anti-HCV neutralizing antibodies in
patients’ sera are reactive to both HCV-1b and -2a.
The broad reactivity of the neutralizing antibodies in
patients’ sera across different HCV genotypes is con-
sistent with previous observations by other research-
ers [Logvinoff et al., 2004; Meunier et al.,, 2005;
Fournier et al., 2007; Pestka et al., 2007; Scheel et al.,
2008].

~o~#10 (J6/JFHT)
-8~ #23 (J6/JFHT)
—&- #42 (J6IJFH1)
~o-#10 (P-47)
- #23 (P-47)
~& #42 (P-47)

% Neutralization

Serum dilution

Fig. 1. Neutralization curves (NT5, assay) of sera obtained from
HCV-infected patients against HCV J6/JFH1 and its adaptive mu-
tant P-47. J6/JFH1 or P-47 was incubated with serial dilutions of
HCV-infected patients (nos. 10, 23, and 42; all infected with HCV-
1b) and tested for neutralization activities. The neutralization rates
at each dilution were plotted. Filled and open symbols indicate data
obtained with J6/JFH1 and P-47, respectively.
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Sera obtained from patients with acute hepatitis C
contained much lower titers of anti-HCV neutralizing
antibodies compared to those in sera from chronic
hepatitis patients, with the average NTj, titers
against J6/JFH1 and the adaptive mutant P-47 being
1:15 and 1:126, respectively (Table I). Two patients
with severe acute hepatitis C with elevated serum al-
anine aminotransferase levels of >1,000 1U/ml [Saito
et al., 2004; unpublished], possessed relatively high
NT;, titers against P-47 (1:150 and 1:1,100) compared
to the remaining nine patients who experienced mild
self-resolving hepatitis (<1:10 to 1:50).

A Single-Point Mutation (N534H or T416A) of the
HCV E2 Glycoprotein Increases Sensitivity to
Neutralization by Anti-HCV Antibodies

Neutralization of virus infectivity by antibodies
usually involves their interaction with viral envelope
glycoproteins. It has been reported that the cell cul-
ture-adapted mutant P-47 possesses 10 amino acid
mutations, including four mutations in E2, compared
to the parental J6/JFH1 [Bungyoku et al., 2009]. To
examine which mutation(s) in E2 is responsible for
the increased sensitivity of P-47 to neutralization by
antibodies in patients’ sera, recombinant viruses pos-
sessing each one of the four mutations in E2 were
used (Fig. 2A). The result obtained revealed that a re-
combinant virus possessing a single-point mutation at
position 534 from Asn to His (N534H) and another
one possessing four mutations (E2) were as sensitive
as P-47 to neutralization by sera of chronic hepatitis
patients (Fig. 2B) and the two patients with acute
hepatitis C (data not shown). The T416A and T396A
mutants were also significantly more sensitive than
J6/JFH1, but less sensitive than P-47, N534H, and E2
mutants, to neutralization by antibodies in patients’
sera. In this connection, it was recently reported that
a JFH1 virus-based T416A mutant showed increased
sensitivity to antibody neutralization [Dhillon et al.,
2010].

DISCUSSION

The present results revealed that sera of patients
infected with HCV-1b possessed cross-genotypic neu-
tralizing antibodies against the J6/JFH1 strain of
HCV-2a, albeit with significantly lower titers (ca. one-
third) compared to the homotypic neutralization titers
observed for patients infected with HCV-2a (Table I).
When measured against the adaptive mutant P-47 de-
rived from J6/JFH1, neutralizing antibody titers of
the patients sera increased markedly to the level 50-
to 200-times higher than that measured against J6/
JFH1. Also, the partial genotype-specificity observed
with J6/JFH1 was no longer evident when measured
against P-47. The marked increase in the sensitivity
of P-47 to antibody neutralization was assigned to a
mutation at position 534 (N534H), and another one at
position 416 (T416A) to a lesser extent, of the E2 gly-
coprotein (Fig. 2).

J. Med. Virol. DOI 10.1002/jmv
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TABLE 1. NTs Titers in Sera of HCV-Infected Patients With Chronic or Acute Hepatitis C
NTj titer® measured against
CH/AH Genotype J6/JFH1 P-47
CH HCV-1b (n = 69) 197 + 164 (1) 40,500 + 31,800 (206)
CH HCV-2a (n = 20) 670 + 652° (3.4) 32,900 + 26,500° (167)
AH HCV-1b (n = 11) 15 + 28 (0.08) 126 + 326 (0.6)

(<10-100) (<10-1,100)

CH, chronic hepatitis; AH, acute hepatitis.

®Mean = SD. The number in the parenthesis means the ratio when compared to the mean titer that was obtained with sera of

HCV-1b-infected CH patients against J6/JFH1.

PP < 0.00001, compared to the mean titer obtained with sera of HCV-1b-infected patients against J6/JFH1 (Student’s z-test).
°P = 0.33, compared to the mean titer obtained with sera of HCV-1b-infected patients against P-47 (Student’s ¢-test).

The N534H and T416A mutations are located at the
sixth, and in close proximity to the first, respectively,
of the conserved 11 N-linked glycosylation sites of the
HCV E2 glycoprotein [Helle et al., 2007; Bungyoku
et al., 2009]. It was recently reported that the posi-
tions 416 and 534 are conformationally located in the
former and the latter halves of the central domain 1
(Dla and DIb), respectively, of E2 and that the two
parts of DI domain interact to form the CD81-binding
region [Helle et al., 2010; Krey et al., 2010; Albecka
et al., 2011]. This region is, therefore, considered as
the possible target for neutralizing antibodies that in-
hibit E2-CD81 interactions [Helle and Dubuisson,

A
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Swoemcie1] E2 ] 2] 3 |148 | sa | sB peme 3 jglJFH1
IR 4 AR Py

5 g
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3 0
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Fig. 2. Effects of amino acid mutations at positions 396, 416, 534,
and 712 of the HCV E2 glycoprotein on neutralization by anti-HCV
antibodies in patients’ sera. A: A schematic diagram of the muta-
tions seen in the adaptive mutant P-47 and recombinant viruses
carrying each (T396A, T416A, N534H, and A712V) and all (E2) of
the four mutations in E2. Filled circles indicate the positions of the
mutations. B: A representative result of virus neutralization by
anti-HCV antibodies in an HCV-infected patient (no. 10; HCV-1b).

J. Med. Virol. DOI 10.1002/jmv

2008; Law et al., 2008; Owsianka et al., 2008; Perotti
et al., 2008].

The N534H mutation removes glycans at this posi-
tion as it disrupts the consensus sequence for N-
linked glycosylation. The removal of glycans at posi-
tions 417, 532, and 645 (the first, sixth, and eleventh
glycosylation site, respectively) of the H77 isolate
(HCV-1a) was shown to increase the sensitivity of
HCVpp to neutralizing antibodies and to enhance the
access of CD81 to its binding site on E2 [Falkowska
et al., 2007; Helle et al., 2007]. It should be noted,
however, that the HCVpp system relies on retroviral
pseudoparticles bearing HCV envelope glycoproteins
that assemble at the plasma membrane or in multive-
sicular bodies whereas HCV virions assemble on the
endoplasmic reticulum membranes that are closely as-
sociated with lipid droplet [Miyanari et al.,, 2007;
Helle and Dubuisson, 2008]. Therefore, the virus
neutralization data obtained with HCVpp should be
verified using the HCVcc system in which virion
assembly and maturation take place through the
authentic process.

By using the HCVce system, it was shown that a
variant virus possessing the N534K mutation spread
faster than the parental JFH1 virus [Delgrange et al.,
2007], with the result suggesting the possibility that
removal of glycans on residue 534 resulted in more
efficient access of E2 to CD81. It is also possible that
removal of glycans on this residue might allow more
efficient access of neutralizing antibodies to the
CD81-binding region of E2, resulting in increased sen-
sitivity to antibody neutralization. In fact, Helle et al.
[2010] recently reported that removal of glycans at
five (the first, second, fourth, sixth, and eleventh) N-
linked glycosylation sites in E2 markedly increased
the sensitivity of JFH1 virus to antibody neutraliza-
tion, suggesting that the glycans interfere with the
access of neutralizing antibodies to a determinant cru-
cial for virus infectivity. It was also reported that
mutations at positions 415 (N415D) and 416 (T416A)
near the first glycosylation site of JFH1 virus
increased the sensitivity to neutralizing antibodies in
patients’ sera [Dhillon et al., 2010]. Also, a mutation
at position 451 (G451R), which is located in the do-
main 2 (DII) but still in close proximity to DI [Helle
et al., 2010; Krey et al., 2010; Albecka et al., 2011],
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increased the sensitivity of JFH1 virus to antibody
neutralization [Grove et al., 2008].

In conclusion, the present study using J6/JFH1
virus, another HCVce strain, has demonstrated that
the N534H mutation within the sixth N-glycosylation
site of the E2 glycoprotein, and the T416A mutation
near the first N-glycosylation site to a lesser extent,
markedly enhances sensitivity to neutralization by
antibodies in sera of HCV-infected patients. These
results suggest that glycans on Asn-534 of the HCV
E2 glycoprotein plays an important role in protecting
the virus from humoral immune mechanisms of the
host.
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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/RBYV 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-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, atleast 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,

2 Intervirology 2012;55:1-11

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 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, I11., 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-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
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?3¢®, 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.

Intervirology 2012;55:1-11 3
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Table 2. Correlation between IRRDR

polymorphism and patients’ demographic ~ Factor IRRDR26 IRRDR<5 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 x4.71 0.16
Hemoglobin, g/dl 14.25+1.48 13.55%1.77 0.11
v-GTP, IU/ 49.50+£44.29 55.60 £ 65.60 0.69
GPT, 1U/ 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/] 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"‘ SVRb ’ Non—SVR Nullf .+ Relapse . p‘valluye - ’ ;
| o 5 ’ ’ : ’,feSp’Q”n‘se, . (IIETII{)—’reiPS’e‘ SVRVS;:": Sy s. SVRYS,. relapse
: - plusbreak- 5 gy ~ (ETR-relapse plus
" through) .  breakthrough) -
NS5A  IRRDR26 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)
Ala23%0 18 12 (67) 6(33) 1(5) 5(28) 0.026 0016 0.2
Non-Ala?¥0 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.

2 Total number of isolates with a given factor.

b 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
IFN/RBV

tion 70 (Gln”® vs. non-GIn”) 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).
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Table 4. Correlation between NS5A and core protein polymorphisms and on-treatment virological responses of patients treated with

PEG-IFN/RBV

Protem : Factor ; . e thal‘i : RVRb

~ Non- _f'p"v:alué:: / ,
L ETR ~ RVRws. EVRws. ETRvs.
- non-RVR non-EVR non-ETR

NS5A IRRDR=6 24 521)¢ 19(79) 17(71) 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?3%0 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’%/Leu®) 33 5(15) 28(85) 23(70) 10(30) 28(85)  5(15) 047 0.009  0.009
Non-wild-core 35 3(9)  32(91) 13(37) 22(63) 19(54) 16(46)
GIn”® 21 2(10) 19(90) 6(29) 15(71) 10(48) 11(52) 1.0 0.009  0.02
Non-GIn”® 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

Ala?360 50 (12/24) 14 (6/44) 0.003
Non-Ala?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.

® Number of isolates with a certain factor/total number of
HCV isolates with IRRDR26 or IRRDR<5.
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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-GIn”’.

Influence of NS5A and Core Polymorphisms on

HCV 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
courseaccording to NS5A (a, b) and the core protein (¢, 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. 2c, 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/RBYV 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
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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 reductibn, Qf HCYV core antigen titers/number of total

24h? pvalue  lweek pvalue  2weeks pvalue  4weeks  pvalue
(=1 log)® (=1 log) " (215l0g) (=21og)
NS5A  IRRDR=26 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 27144
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.

2 Period after initiation of IFN/RBV therapy.

b 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 Gln’® 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-
HCV therapy can be linked to a recent experimental ob-
servation by Tsai et al. [21]. They reported that an HCV
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