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The establishment of clonal infection of hepatitis C virus (HCV) in a small-animal model is
important for the analysis of HCV virology. A pravious study developed madels of molecularly
cloned genotype 1a and 2a HCV infection using human hepatocyte-transplanted chimeric mice.
This study developed a new model of molecularly cloned genotype 1b HCV infection. A full-length
genotype 1b HCV genome, HCV-KT8, was cloned from a serum sample from a patient with
severe acute hepatitis. The chimeric mice were inoculated intrahepatically with in vitro-transcribed
HCV-KT8 RNA. Inoculated mice developed viraemia at 2 weeks post-infection, and this persisted
for more than B weeks. Passage experiments indicated that the sera of these mice contained
infectious HCV. Interestingly, a similar clone, HCV-KT1, in which the poly(U/UC) tract was 29 nt
shorter than in HCV-KT9, showed poorer in vivo infectivity and replication ability. An in vitro study
showed that no virus was produced in the culture medium from HCV-KT9-transfected cells. In
conclusion, this study developed a genetically engineered genotype 1b HCV-infected mouse.
This mouse model will be useful for the study of HCV virology, particularly the mechanism
underlying the variable resistance of HCV genotypes to interferon therapy.

hepatocytes of humans and chimpanzees. There are many

genotypes of HCV distributed worldwide (Simmonds et al.,

Hepatitis C virus (HCV), a positive-sense, single-stranded ; 3 :
: : : 7 » 1993); among them genotype 1b is the major genotype in
RNA virus, infects and replicates efficiently only in the Asia, including Japan, and is known to be one of the most

resistant genotypes to interferon (IFN) therapy (Fried et al,,

The GenBank/EMBL/DDBJ accession numbers for the sequences of

2002). Until recently, studies of HCV replication have long

HCV-KTS and HCV-KT1 determined in this work are AB435162 and been hampered by the lack of a virus culture system. The

AB426117, respectively.

development of HCV replicon systems has allowed the
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study of the mechanisms of replication of HCV (Lohmann
et al, 1999). However, these replicons lack structural
proteins, do not replicate efficiently without adaptive
mutations and do not produce infectious virions. Recently,
it was reported that the genotype 2a full-length JFH-1
genome replicated efficiently in Huh?7 cells without adaptive
mutations and produced virions that were infectious for
both naive cells and chimpanzees, as well as for a human
hepatocyte-transplanted chimeric mouse (Wakita et al,
2005; Zhong et al., 2005; Lindenbach et al., 2006). To date,
five full-length genotype 1b clones, HCV-N (Beard et al,
1999), Con-1 (Bukh et al., 2002), HCV-J4 (Okamoto et al.,
1992), HCV-CGI1b (Thomson et al, 2001) and HCV-BK
(Takamizawa et al., 1991), have been demonstrated to be
infectious by intrahepatic inoculation of transcribed HCV
RNA into the liver of chimpanzees. Among these, only the
HCV-CGl1b genome is reported to produce HCV particles
when transfected into Huh7 cells (Heller er al.,, 2005).

Although the chimpanzee is a useful animal model for the
study of HCV infection, there are ethical restrictions on the
use of this animal. Instead, Mercer et al. (2001) developed a
useful small-animal model for the study of HCV infection
using chimeric urokinase-type plasminogen activator
(uPA)/severe combined immunodeficiency (SCID) mice
(which are immunodeficient and undergo liver failure)
with engrafted human hepatocytes. This HCV-infected
mouse model is reported to be useful for evaluating anti-
HCV drugs such as IFN-z and anti-NS3 protease
(Kneteman et al, 2006). We have previously described
methods to improve the replacement levels of human
hepatocytes in this mouse model (Tateno et al., 2004) and
we have developed a reverse genetics system for hepatitis B
virus (Tsuge et al, 2005) and HCV (Hiraga et al.,, 2007). In
the present study, we report the establishment of an
infectious genotype 1b HCV clone that infects and
replicates efficiently in human hepatocyte chimeric mice.

METHODS

Cloning of infectious genotype 1b HCV isolate. Serum samples
were obtained from a 43-year-old physician who developed severe
acute hepatitis after needle stick exposure from a patient with chronic
hepatitis C. On admission, the serum total bilirubin concentration was
10.0 mg dl™" and the prothrombin time was 40 %. The patient tested
positive for HCV antibodies by a third-generation radicimmunoassay
(Ortho-Clinical Diagnostics) and for HCV RNA by RT-PCR. Serum
HCV BNA was quantified using an Amplicor Monitor HCV test
(Roche Diagnostics). The HCV RNA titre was 2.5 x 10¢ copiesml ™' on
admission and then decreased gradually. Fig. 1 shows the serial changes
in alanine aminotransferase (ALT) as a measure of liver function and
HCV RNA levels in this patient. Serum samples obtained in the early
phase of infection were used for cloning the full-length genome.

RNA extraction, cDNA synthesis, plasmid construction and
RNA transcription. Total RNA was extracted from 100 pl serum
samples using SepaGene RV-R (Sanko Junyaku) and reverse transcribed
with random hexamers and ReverTra Ace reverse transcriptase
(Toyobo) according to the manufacturer's instructions. PCR primers
were designed based on the sequence of HCV-Conl (GenBank accession

HCV RNA 1
{m-;ug '.:a_v 10 1.5x 104 a.v 10

<10x 10

1800 ¢

ALT [ mi-)

Fig. 1. Clinical course of a patient with severe acute hepatlitis C.
Alanine aminotransferase (ALT) and prothrombin time (PT) are
shown from the day of admission (day 1). The patient was treated
daily with 10® U IFN-f intravenously for 5 days, followed by 10 U
IFN-a intramuscularly three times a week for 6 months. HCV RNA
was measured on days 1, 7, 13 and 17 (arrowheads). A serum
sample was taken on day 1 (arrow) and used to clone the full-
length HCV genome.

no. AJ238799; Bukh et al, 2002). Five overlapping cDNA segments (nt
1-2292, 22696715, 66969094, 7564-9404 and 9361-9605; nucleotide
numbers are those of HCV-Conl) were amplified by PCR with TaKaRa
LA Tagq polymerase (Takara Biochemicals) using the above cDNA.
Amplified products were separated by agarose gel electrophoresis.
Nucleotide sequences were determined using a Big Dye Terminator Mix
Cycle Sequencing kit (Applied Biosystems Japan) with an automated
DNA sequencer (model 310; PE Biosystems). We corrected the
nucleotide sequences of the obtained clones by site-directed mutagen-
esis and made them identical to the nucleotide sequences obtained by
direct sequencing. Naturally occurring restriction enzyme cutting sites
were utilized to clone each segment. We utilized the vector pBR322 and
created a multiple-cloning site under the control of the T7 promoter by
ligating a linker at restriction enzyme cutting sites as they appeared in
order from 5" to 3’ in the HCV sequences (Fig. 2a). Each segment of
HCV was cloned into this vector to generate the full-length clones, The
HCV-KT9 clone was established using the 3'-terminal fragment with
the longest poly(U/UC) tract length (115 nt), which should have a high
replication ability (Friebe & Bartenschlager, 2002; Yi & Lemon, 2003;
You & Rice, 2008). A clone with a shorter poly(U/UC) tract length
(86 nt), HCV-KT!, was also generated. A poly deficient mutant
with an amino acid substitution in the GDD motif (GDD—GND;
HCV-KT9-GND) was generated using a Quick Change Site-Directed
Mutagenesis kit (Stratagene). After digesting the plasmid with Xbal
(New England BioLabs) at the 3° end of the HCV ¢cDNA, HCV RNA
was transcribed using T7 RNA polymerase (MEGAscript; Ambion) at
37°C for 3h in a 100 pl reaction mixture, according to the
manufacturer’s instructions. The RNA was analysed using denaturing
agarose gel electrophoresis and kept at =80 °C until use.

Construction of a phylogenetic tree. A phylogenetic tree was
constructed based on the entire nucleotide sequences of 26 full-length
genotype 1b clones plus HCV-KT9. The total number of synonymous
and non-synonymous substitutions among the nucleotide sequences
was estimated using the method of Gojobori et al. (1982) and a
phylogenetic tree was constructed by the neighbour-joining method
(Saitou & Nei, 1987).

http.//vir.sgmjournals.org
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Fig. 2. (a) Schematic diagram of the organization of the cDNA
clone HCV-TKS. The T7 RNA promoter (T7P) is located
immediately upstream of the HCV genome. Restriction enzyme
sites that were used to create clone HCV-KT@ are labelled
according to their nucleotide position within the HCV sequence.
Amino acid sequences unique to HCV-KTB compared with 26
other HCV genotype 1b isolates are indicated at the bottom of the
figure, with the position of the repaired amino acid residues noted
within the polyprotein. (b) Length of the poly(U/UC) tracts of HCV-
KT1, HCV-KT9 and 22 other HCV genotype 1b clones reported
previously. Asterisks indicate clones confirmed to be infectious by
experiments using chimpanzees. (c) Phylogenetic tree constructed
with HCV-KTS and 26 genotype 1b HCV whole-genome
sequences. Bar, number of nucleotide substitutions per site.
Asterisks indicate clones confirmed to be infectious in experiments
using chimpanzees.

Intrahepatic injection experiments in human hepatocyte chi-
meric mice. We used methods described previously (Tateno et al,
2004) to generate uPA™'*/SCID™'* mice and transplant human
hepatocytes. All mice used in this study were transplanted with frozen
human hepatocytes obtained from the same donor. Mouse serum
concentrations of human serum albumin (HSA) correlate with the
repopulation index and were measured as described previously
(Tateno et al, 2004). Intrahepatic injection of RNA, extraction of
serum ples and euth ia were performed under ether
anaesthesia. Briefly, 500 ul RNA solution containing 30 pg tran-
scribed HCV RNA was injected into the liver of anaesthetized
chimeric mice through a small abdominal incision. RNA extraction
from mouse serum samples, quantification of HCV RNA and nested
PCR were performed as described previously (Hiraga er al, 2007). All
animal protocols described in this study were performed in
accordance with the guidelines of the local committee for animal
experiments and under the approval of the Ethics Review Committee
for Animal Experimentation of the Graduate School of Biomedical
Sciences, Hiroshima Universirty.

Cell culture, RNA transfection and measurement of HCV core
antigen. The human hepatoma cell line Huh7 was maintained in
Dulbecco’s modified Eagle's medium (Sigma) containing 10 % fetal
calf serum. RNA transfection and measurement of HCV core antigen
in the culture medium were performed as described previously
(Wakita er al, 2005).

Statistical analysis. The infectious ratio of chimeric mice was
compared and the differences assessed using a z” test. Differences in
HCV RNA replication ability in vitro were analysed statistically by
one-way analysis of variance followed by Scheffe's test. A P value of
less than 0.05 was considered statistically significant.

RESULTS

Characteristics of genotype 1b clones HCV-KT9
and HCV-KT1

The entire genome of HCV ¢cDNA was assembled from five
DNA fragments (Fig. 2a). We obtained 24 3'-extremity
clones with different poly(U/UC) tract lengths. We selected
the clone with the longest (U/UC) tract because a previous
study indicated that the length of poly(U/UC) tract
correlates with HCV replication in an HCV replicon system
(Friebe & Bartenschlager, 2002; Yi & Lemon, 2003; You &
Rice, 2008). The length of the poly(U/UC) tract in the
longest 3’ clone was 115 nt. The entire genome length of the
HCV-KT9 clone using this longest 3’ clone was 9621 nt. We
also generated the clone HCV-KT1 with a shorter (86 nt)
poly (U/UC) tract to compare the replication abilities of
these clones. The lengths of the poly(U/UC) tracts of 22
clones deposited in GenBank are shown in Fig. 2(b). All
infectious clones had a poly(U/UC) tract longer than 80 nt.
Fig. 2(c) shows a phylogenetic tree constructed using the
nucleotide sequences of the 26 full-length genotype 1b
clones published to date. Interestingly, the sequence of
HCV-KT9 was closest to that of HCV-CGlb (GenBank
accession no. AF333324), which has been reported to be
infectious, and formed a cluster with two other infectious
clones, HCV-N (Beard et al, 1999) and HCV-BK
(Takamizawa et al, 1991). We compared the amino acid
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sequences of HCV-KT9 with an alignment of the sequences
of the 26 other genotype 1b strains. All HCV full-length
clones reported from Japan were included in these 26 strains.
Based on these comparisons, we identified 25 aa unique to
HCV-KTS (Fig. 2a). We found that the amino acid sequence
of the IFN sensitivity-determining region in the NS5A
region, which has been suggested to mediate IFN resistance
via interaction with the cellular protein kinase R (Enomoto
et al., 1996; Gale et al,, 1997), was that of the wild-type.

Intrahepatic injection of HCV-KT1 and HCV-KT9
RNAs into human hepatocyte chimeric mice

In the next experiments, 30 pg in vitro-transcribed RNA of
HCV-KT1, HCV-KT9 or HCV-KT9-GND was injected
into the livers of chimeric mice. Eight of 10 (80 %) HCV-
KT9-injected mice developed measurable viraemia at
2 weeks post-inoculation (Table 1 and Fig. 3), with the
HCV RNA titre reaching 1.1 x 10° to 8.8 x 10° copies ml™"
at 6 weeks post-inoculation (Fig. 3). To check for the
presence of infectious HCV in the serum of HCV-KT9-
infected mice, each of five naive mice was injected with
10 pl serum sample (containing 3.5 x 10° copies of HCV)
obtained from an HCV-KT9-infected mouse 6 weeks after
inoculation. All five naive mice became positive for HCV
RNA, as confirmed by nested PCR, at 2 weeks post-
inoculation and two mice developed persistent viraemia
(Fig. 4). These results indicated that the serum of HCV-
KT9-injected mice contained infectious HCV. In contrast
to HCV-KT9, none of the three mice injected with HCV-
KT9-GND RNA developed viraemia (Table 1). These
results indicated that HCV-KT9 replicates efficiently in
mice livers and produces infectious virus continuously. On
the other hand, only one out of seven HCV-KT1-injected
mice (14 %) developed measurable viraemia (Table 1 and
Fig. 3). The level of viraemia was low in this HCV-KTI-
infected mouse, HCV RNA was negative by nested PCR at
2 weeks after inoculation and the titre was only
2.2 x 10* copies ml™" at 4 weeks post-inoculation (Fig. 3).
These results confirmed the importance of the poly(U/UC)
tract length in experimentally induced viraemia.

The nucleotide and amino acid sequences of the viral
genome isolated from an HCV-KT9-injected mouse (Fig. 3)

Table 1. Correlation between length of the poly(U/UC) tract
and HCV infection

Clone Length of Number of mice  Infection

poly(U/UC) ratio

AR Infected Not Total
infected
HCV-KT1 86 1 6 7 14%
HCV-KT9 115 8 2 10 80%*
HCV-KT9- 115 0 3 3 0%
GND

*P=0.015, compared with HCV-KT1.

108) —® HCV-KTS-nfected
(8}
O HCV-KT1-infectac
=1
= 107 -O-J-n’.‘.vlamqnmm
E (n=8)
o 100
8
> 10°
&
= 104
(&)
b= o
b ———— O—————-0
0 2 4 6
108
E
£107
X

-

Time after inoculation (weeks)

Fig. 3. Changes in HCV RNA levels and HSA concentrations in
the sera of mice infected with clonal HCV. Mice were inoculated
intrahepatically with 30 ug in vitro-transcribed HCV RNA. Eight of
the ten HCV-KT9-infected mice (B0%), one of the seven HCV-
KT1-infected mice (14 %) and none of the three HCV-KT9-GND-
infected mice became positive for HCV RNA. The resulis for six
HCV-KT1-uninfected mice are also shown, Mice serum samples
were obtained every 2 weeks post-infection for analysis of HCV
RNA titres. Data are shown as mean < S0.

at 6 weeks after RNA injection were identical to the
injected HCV-KT9 (data not shown). We tried to reclone
the poly(U/UC) tract in the HCV-KT1-infected mouse, but
it was impossible to reamplify the HCV ¢cDNA using the
remaining small amount of serum.

Analysis of virus production from HCV-KT9-
transfected cells

Next, we evaluated the ability of the HCV-KT9 clone to
replicate in transfected Huh7 cells. In these experiments,
we used JFH-1 RNA, which is known to replicate efficiently
in cell cultures, as control (Wakita et al, 2005). Core
protein was secreted efficiently from JFH-1 RNA-trans-
fected Huh7 cells. In contrast, we did not observe any
measurable levels of core protein in the supernatant of
HCV-KT9-transfected cells (Fig. 5), suggesting a minimal
replication ability of HCV-KT9 to produce and release
virus into the supernatant.

DISCUSSION

In this study, we described the establishment of a genotype
1b clone, HCV-KT9, that replicated efficiently following
injection of the transcribed RNA into chimeric mouse liver.
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Fig. 4. Passage experiments of HCV in naive chimeric mice. Five
naive chimeric mice were inoculated intravenously with 10 pl
serum sample (containing 3.5%10° copies HCV) obtained from an
HCV-KTg-infected mouse at week 6 post-inoculation. Serum
samples were obtained atl the indicated time intervals for the
measurement of HCV RNA levels and HSA concentrations. Data
represent the changes in five individual mice.

The key factor that determines the infectivity of HCV
clones has not yet been established. We previously
established a clone from HCV that replicated in a chimeric
mouse after injection of serum from a chronically HCV-
infected patient. However, we did not observe viraemia
after intrahepatic injection of the transcribed RNA from
this clone (unpublished results). In contrast, injection of
HCV-KT9 RNA in the present study resulted in viraemia in
eight out of ten mice (80%). The fact that the nucleotide

E

~®- HCV-KTS

:

g

HCV core antigen (fmol 1)

(2]
[=]=]

24 48 72
Time after transfection (h)

Fig. 5. Time-course studies of HCV core protein secretion into
the culture medium of HCV RNA-transfected cells, Huh? cells
were transfected with 10 ug HCV-KT8, HCV-KT9-GND or JFH-1
RNA. HCV core antigen in the culture medium was measured at
24, 48 and 72 h after transfection. Data are shown as mean + so of
HCV core protein levels obtained from three independent
transfection experiments.

and amino acid sequences of the virus recovered from the
infected mice were identical to those of the HCV-KT9
clone indicated that no adaptive mutation was necessary
for this clone to replicate in the chimeric mouse.

Interestingly, the clone was obtained from a patient with
severe acute hepatitis. This is similar to JFH-1, an HCV
clone with a strong replication ability in cultured cell lines,
chimpanzees and chimeric mice, which was cloned from
serum samples of a patient who developed acute fulminant
hepatitis with a high virus titre (Wakita er al, 2005). A
virus that replicates in the early stage of infection may have
strong replication ability, which may be lost in the chronic
phase of infection.

A key amino acid substitution may be present in one (or
some) of the amino acids unique to this clone (Fig. 2a). We
also showed that clone HCV-KT1, which differs from
HCV-KT9 only in the length of the poly(U/UC) tract, had
a poorer replication ability in mice (Table 1 and Fig. 3).
However, there is a possibility that a shorter poly(U/UC)
tract only slows down the rate of infection, as the HCV
RNA titre in the HCV-KT1-infected mouse at 6 weeks after
inoculation was similar to that in HCV-KT9-infected mice
(Fig. 3). It has been reported that the length and
composition of the poly(U/UC) tract is important for the
replication of HCV replicons (Friebe & Bartenschlager,
2002; Yi & Lemon, 2003; You & Rice, 2008). However, no
replication advantage of a poly(U/UC) tract longer than
86 bp was revealed in this study. This may be due to
differences in vitro and in vivo, where the innate immune
response against the virus may be more robust than in cell
culture.

As shown in the present study, reverse genetics of HCV has
become available for studies of HCV replication. The
important factors for virus replication suggested above can
be analysed further using this system.

We also examined the response of HCV-KT9-infected mice
to IFN treatment. Three HCV-KT9-infected mice were
treated with daily intramuscular injections of 1000 IU IFN-
a (g body weight) " for 2 weeks. This regimen resulted in a
reduction in HCV RNA levels of only 1.0 log copies ml ™'
(data not shown). These results are consistent with our
previous study, which showed a similar low-level reduction
in HCV RNA in mice infected with a genotype la clone,
and differ from our previous results in mice infected with
HCV genotype 2a, which became negative for HCV RNA
following daily treatment with 1000 IU IFN-z (g body
weight) ™! for 2 weeks (Hiraga er al, 2007). These results
are in agreement with our clinical experience that genotype
1 is more resistant to IFN therapy than genotype 2. As
shown in the present study and previously (Hiraga et al,
2007), reverse genetics of HCV with three genotypes, la, 1b
and 2a, is now available. By recombination of these clones
or the establishment of mutants with nucleotide and amino
acid sequences similar to each other, it may be possible to
clarify the mechanism underlying the variability in
susceptibility of HCV genotypes to IFN.
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In this study, HCV-KT9 showed no virus production
ability in vitro. Recently, Kato et al (2007) reported that
the genotype 1b HCV clone CG1b replicated in Huh7.5.1
cells and produced infectious HCV. It will be of interest to
create chimeric viruses of HCV-KT9 and HCV-CG1b, and
to determine the mutations that are important for virus
production in vitro.

In summary, we established an infection model of a
genotype 1b HCV clone using human hepatocyte chimeric
mice. This model will be useful for studies of HCV
replication, particularly the mechanism underlying the
variable resistance of HCV genotypes to IFN therapy.
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Randomized Trial of High-Dose Interferon-a-2b
Combined With Ribavirin in Patients With Chronic
Hepatitis C: Correlation Between Amino Acid
Substitutions in the Core/NS5A Region and
Virological Response to Interferon Therapy

Nami Mori, Michio Imamura, Yoshiiku Kawakami, Hiromi Saneto, Tomokazu Kawaoka,
Shintaro Takaki, Hiroshi Aikata, Shoichi Takahashi, Kazuaki Chayama,* and Hiroshima Liver
Study Group

Department of Medicine and Molecular Science, Division of Frontier Medical Science, Programs for Biomedical
Research, Graduate School of Biomedical Sciences, Hiroshima University, Minami-ku, Hiroshima, Japan

The aim of this study was to compare the efficacy
of high-dose interferon (IFN}-x-2b with standard
dose of IFN-z-2b in combination with ribavirin
(RBV) for patients with chronic hepatitis C virus
(HCV) infection, and to investigate the predictive
factors associated with virological response. Two
hundred Japanese patients with high HCV viral
load (>100 KIU/ml) were randomized to 6 or
10 mega units (MU) of 24-week IFN-x-2b with
RBV. Predictive factors were investigated; includ-
ing pretreatment amino acid (aa) sequences of
the core region and the IFN-sensitive determining
region (ISDR). The sustained virological response
rate was not different in the two groups (24% vs.
30%) but the incidence of depression was sig-
nificantly higher in the 10 MU group than 6 MU
group (7% vs. 0%, P=0.02). Younger age (<60)
and HCV genotype (2a/b) ware significant pre-
dictors of sustained virological response. In
patients infected with genotype 1b, substitutions
of core aa 70 and/or 91 were predictive for non-
virological response (P<0.001), and substitu-
tions in the ISDR was observed frequently in
virological responders. Early viral kinetics study
showed that serum HCV core antigen decreased
more slowly in both patients with aa 70 and/or 91
substitutions in the core and with absence of
substitutions in the ISDR. In conclusion, the use
of a higher dose of IFN-x-2b in combination with
RBV did not improve virological response but
resulted in higher incidence of depression.
Amino acid substitutions in the core and ISDR
are predictive of virological response to the
therapy in patients with genotype 1b and high
viral load. J. Med. Virol. 81:640-649, 2009.
© 2009 Wiley-Liss, Inc

© 2009 WILEY-LISS, INC.
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INTRODUCTION

Chronic hepatitis C virus (HCV) infection is the
leading cause of cirrhosis, liver failure, and hepatocel-
lular carcinoma [Kivosawa et al., 1990; Niederau et al.,
1998]. Interferon (IFN) is an essential component of
therapy for patients with chronic HCV infection. The
most effective therapy available at present is the
combination therapy of pegylated (PEG)-IFN and
ribavirin (RBV) [Manns et al., 2001; Fried et al., 2002;
Hoofnagle et al., 2003). Among HCV genotypes, geno-
type 1b is the most resistant genotype to IFN therapy
[Fried et al.,, 2002]. The limitation of use of the
combination therapy for HCV infection with genotype
1b is due to the low response rate during therapy and
high relapse rate after the therapy [McHutchison et al.,
1998]. Several studies have evaluated the potential
benefits of a larger dose of IFN with varying results
[Lindsay et al., 1996; Fried et al., 2000; Ferenci et al,,
2001; Hadziyannis et al., 2001; Di Marco et al., 2002;
Brouwer et al., 2004]. Although treatment has been
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Virological Response to IFN-RBV Therapy

switched to the combination of PEG-IFN and RBV in
recent years, it is important to know if a larger dose of
IFN is beneficial to patients with chronic hepatitis C.

Many molecular mechanisms through which HCV
evades host innate immunity have been reported to
date. HCV core, E2 and NS5A proteins have been
reported to inhibit the IFN signaling system [Galeet al.,
1997; Taylor et al., 1999; Blindenbacher et al., 2003;
Bode et al., 2003; Foy et al., 2003; Lin et al., 2006;
Ciccaglione et al., 2007]. Variations of amino acid (aa)
sequences in the E2 and the NS5A region have been
reported to correlate with the effect of IFN therapy
[Enomoto et al., 1996; Chayama et al., 1997, 2000;
Polyak et al., 1998, 2000; Hashimoto et al., 1999; Puig-
Basagoiti et al., 2001; Pascu et al., 2004; Gaudy et al.,
2005; Brillet et al., 2007; Torres-Puente et al., 2008].
Recently, Akuta et al. [2005, 2006, 2007a, b] reported
that substitution of aa 70 and/or 91 in the core region
is an independent and significant predictor of non-
virological response.

The aim of the present study was to evaluate the
therapeutic efficacy and safety of a large dose of IFN-a-
2b combined with RBV. For this purpose, a randomized
trial was conducted to compare the therapeutic effects of
high-dose (10 MU) versus standard dose (6 MU) of IFN-
%-2b combined with RBV in patients with high HCV
viral titers. The second endpoint of this study was to
analyze the predictive factors associated with virolog-
ical response including aa substitutions in the core
region and the NS5A region.

PATIENTS AND METHODS
Patient Selection

Two hundred adult patients enrolled into the study.
The inclusion criteria were positivity for antibody to
HCV, HCV RNA levels higher than 100 KIU/ml, and the
diagnosis of chronic hepatitis C was confirmed by liver
biopsy. The liver biopsy specimens were evaluated as
described by Desmet et al. [1994], and classified into FO
to F3. None of the patients included in this study had
liver cirrhosis (F4). Other exclusion criteria included
leukocytopenia (leukocyte <4,000/mm®) and anemia
(hemoglobin concentration <10 g/dl). Patients with
human immunodeficiency or hepatitis B super infection,
previous organ transplantation, other causes of liver
disease, poorly controlled diabetes, de-compensated
renal disease, pre-existing psychiatric disease, seizure
disorders, cardiovascular disease, hemophilia or auto-
immune type diseases were also excluded.

Study Design

The double-blind, multi-center randomized clinical
trial was conducted in 23 centers in Hiroshima city (The
Hiroshima Liver Study Group). The study was approved
by the Ethics Committee of Hiroshima University.
Written informed consent was obtained form all partic-
ipants. Eligible patients were assigned randomly into
either of the two groups without further stratification
using sequentially numbered cards in sealed envelopes.
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Patients were randomized to treatment with combina-
tion of IFN-2-2b (Intron A, Shering Plough, Kenilworth,
N.J) at a dose of 6 MU (Group A) or 10 MU (Group B) plus
RBV (Rebetol, Shering Plough). IFN-x-2b was adminis-
tered intramuscularly daily over the initial 2 weeks and
three times weekly in the remaining 22 weeks. The dose
of RBV was adjusted according to body weight (600 mg/
day for <60 kg, 800 mg/day for >60 kg). Adverse events
were monitored clinically by careful interview and
hematological examination throughout the study. The
dosage of RBV was reduced in patients who experienced
a decrease in hemoglobin concentration to <10 g/dl.

Blood samples were taken 2 and 4 weeks after the
beginning of therapy and every 4 weeks thereafter.
Biochemical and hematological tests were performed in
each center, including alanine amino transferase (ALT).
Part of the serum samples were kept frozen at - 80 C
until further analysis. Viral genotypes were determined
by phylogenetic analysis after reverse transcription
(RT)-polymerase chain reaction (PCR) and direct
sequencing.

Assessment of Efficacy

Serum HCV RNA was detected by nested PCR assay
(Cobas Amplicor HCV test v 2.0, Roche Diagnostics,
Tokyo, Japan; limit of detection, 50 TU/ml) at weeks 2,
4 and every 4 weeks during treatment and 24 weeks
after the cessation of therapy. Positive samples were
analyzed further by quantitative assay (Cobas Amplicor
HCV monitor v 2.0, Roche Diagnostics; limit of detection,
500 IU/ml).

The primary endpoint of this study was sustained
virological response, defined as undetectable serum
HCV RNA by qualitative PCR test and normalization
of ALT 24 weeks after the treatment. Non-virological
response was applied to those patients with positive
qualitative HCV RNA PCR tests in all examinations.
Virological response was used to define the remaining
patients who became PCR negative at least once during
the treatment.

Nucleotide Sequencing of the
Core and NS5A Gene

The core aa 61-110 and NSHA aa 2209-2248 (IFN-
sensitive determining region [ISDR] [Enomoto et al.,
1996]) sequences were determined by direct sequencing
using stored serum samples obtained just before
therapy. HCV RNA was extracted from serum samples
and reverse transcribed with random primers and
MMLYV reverse transcriptase (Takara Bio Inc., Shiga,
Japan). DNA fragments were amplified by PCR using
the following primers. (a) Nucleotide sequences of the
core region: The first-round PCR was performed with
primers CC11 (forward, 5'-GCC ATA GTG GTC TGC
GGA AC-3) and el4 (reverse, 5'-GGA GCA GTC CTT
CGT GAC ATG-3'), and the second-round PCR with
primers CC9 (forward, 5'-GCT AGC CGA GTA GTG TT-
3') and el4 (reverse) as described by Akuta et al, [2005,
2006, 2007a, b). After denaturation at 95°C for 5 min, 35
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cycles of amplification were set as follows; denaturation
for 30 sec at 94°C, annealing of primers for 1.5 min at
57°C, and extension for 1 min at 72°C, followed by final
extension at 72°C for 7 min. The second PCR was carried
out with the same amplification conditions used in
the first PCR, except that the second PCR primers were
used instead of the first PCR primers. (b) Nucleotide
sequences of ISDR in NS5A: PCR was performed with
IM11 (forward, 5'-TTC CAC TAC GTG ACG GGC AT-3)
and 50A2KI (reverse, 5-CCC GTC CAT GTG TAG GAC
AT-3'). After denaturation at 98°C for 30 sec, 35 cycles of
amplification were set as follows; denaturation for 10 sec
at 98°C, annealing of primers for 30 sec at 66°C, and
extension for 15 sec at 72°C, followed by final extension
at 72°C for 5 min. The amplified PCR products were
separated in a 2% agarose gel and purified by GENE-
CLEAN II kit (Q-Bio Gene, Carlsbad, CA). Nucleotide
sequences were determined using Big Dye Deoxy
Terminator Cycle Sequencing kit (Perkin-Elmer, Tokyo,
Japan). Nucleotide and aa sequences were compared
with the nucleotide sequences of genotype 1b HCV-J
(Gene Bank accession number; D90208) (Kato et al.,
1990].

Quantitation of HCV Core Antigen

HCV core antigen levels were measured using stored
serum samples just before and 4 weeks after the start of
the therapy as described previously [Aoyagi et al., 1999].

Statistical Analysis
The baseline characteristics of the patients in the
two groups were compared and the differences were

Mori et al.

assessed by Chi-square test with Yate's correction
and Mann—Whitney U-test. To assess the sustained
virological response rates, an intention-to-treat (ITT)
analysis and a per-protocol (PP) analysis were con-
ducted. The response rates and substitutions in the core
region and the ISDR were compared by Fisher's exact
test. All P values reported are two-sided and those less
than 0.05 were considered significant. To determine the
predictors of sustained virological and non-virological
responses, univariate and multivariate logistic regres-
sion analyses were carried out. Potential predictive
factors included the following variables: age, sex, alecohol
consumption, past history of IFN monotherapy, body
mass index, ALT, hemoglobin, platelets, HCV RNA
level, genotype, liver histology, total RBV dose (adjusted
for body weight [mg/kgl) and total dose of IFN-x-2b.
The odds ratio and 95% confidence intervals (95% CI)
were also calculated, Variables with statistical signifi-
cance (P < 0.05) or marginal significance (P < 0.10) on
univariate analysis were entered into multiple logistic
regression analysis to identify significant independent
factors. Statistical analyses were performed using the
SPSS software (SPSS, Inc., Chicago, IL).

RESULTS
Patient Demographics

Patient enrollment started in January 2002, and the
trial ended in March 2005. The disposition of patients
throughout the trial is shown in Figure 1. A total
of 200 patients were randomized to treatment, and
198 patients met the eligibility criteria and underwent

[ Assssed to ligivity (o=200) |

[

[ eovoliment || Exclusion (v=2) |

|

!

Allocation to Group A; Allocation to Group B;
interferon-ct-2b 6 MU + Ribavirin (n=98) interferon-a-2b 10 MU + Ribavirin (0=100)
| |
I Treatment for 6 months I

) !
discontinuation (n=16) discontinuation (n=25)
Completion of treatment course (n=82) Completion of reatment course (n=75)
i 1
| Follow-up l
i I
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Fig. 1. Flow chart of number of patients thro
study. One hundred ninety-eight patients met
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TABLE 1. Baseline Characteristics of the Patients
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Characteristic GroupAin=98 Group B (n=100) P
Age (vears)" 556=10.3 56=11.0 0.43
Male sex (%) 63 75 0.07
Alcohol consumption (%)° 23 20 0.61
Past history of [FN monotherapy (%) 33 35 0.72
Body-mass index (kg/m)* 23329 24236 0.05
ALT (TU/L)" 79.2+453 109.4+111.2 0.31
Hemoglobin (g/dl)" 142414 1456+1.2 0,02
Platelets (= 10*/mm”)* 148+48 16.56 +5.0 <0.06
HCV RNA (KIU/ml) (%)

100850 49 47

=850 51 53 0.80
Genotype (%)

1b 82 72

2a/2b 17 28 0.32

3a/3b 1 0
Liver histology"* 20+0.84 1.8+0.82 0.05

ALT, alanine aminotransferase.
“Values are mean = SD

Percentage of patients who consumed aleohol at 30 giday.
“Liver fibrosis was scored 0 (F0), no ﬁbrual.s 1 (F1), periportal expansion; 2 (F2), portaportal septa; 3 (F3),

portocentral linkage or bridging fibrosi

randomization. Ninety-eight patients were assigned to
Group A and 100 patients to Group B. Patients were
observed for 24 weeks after the treatment. Sixteen
patients of Group A and 25 patients of Group B
discontinued the treatment because of adverse events.
Table I lists the baseline characteristics of the patients.
Hemoglobin concentrations and platelet counts were
higher in group B patients. The other parameters were
similar between the two groups.

Overall Sustained Virological Response

The effect of therapy in the two groups is summarized
in Table II. The sustained virological response rate was
lower significantly in patients of group B with genotype
2a/b relative to those of group A (ITT analysis). This
reflects the fact that a larger number of patients dropped
out form the protocol because of the adverse effects
(1 [6%] of 16 in group A and 10 [43%)] of 23 in group B,
P =0.02). All patients who stopped treatment did not
achieve sustained virological response. Patients with
genotype 1b had a lower sustained virological response
rate than those with genotype 2a/b (33/124 [27%] vs.
26/39 [67%], P < 0.01).

TABLE I1. Rates of Sustained Virological Response

Dose Reduction or Discontinuation
and Adverse Events

Table Il summarizes the laboratory abnormalities
and the dose reduction and discontinuation of IFN-x-2b
and RBV due to adverse events. The overall discontin-
uation rate was 16% for group A and 25% for group B
{not significant). The most frequent adverse event
associated with dose reduction was anemia. A larger
number of patients of group B developed depression
(P=0.02).

Predictive Factors Associated With
Sustained Virological Response

Univariate analysis identified three parameters
that correlated with sustained virological response:
age (<60 years, P=0.007); genotype (2a/b, P < 0.001);
and platelet count (>15 x 10*/mm®, P=0.01). Multi-
variate analysis including the above variables identified
two parameters that independently predicted sustained
virological response: age (P=0.02) and genotype
(P < 0.001) (Table IV).

TABLE III. Dose Reduction or Discontinuation and Adverse

According to Adherence Events
Genotype Group A Group B P Group A Group B
(n=98)% (n)in=100) % (n) P
1b n=68 n=>56
ITT 16/68 (24%) 17/56 (30%) 0.39 Discontinuation 16 (16) 25 (25) 0.13
PP 16/53 (30%) 17/41 (41%) 0.25 Dose reduction or discontinuation of
2ab n=16 n=23 IFN 20 (20) 41 (41) 0.002
ITT 15/16 (94%) 11/23 (48%) 0.005 RBV 36 (35) 50 (50)  0.04
PP 15/15 (100%) 11/13 (85%) 0.21 IFN and/or RBV 37 (36) 55(55) 0.01
Depression 0(0) 707 0.02
ITT, intention to treatment analysis; PP, per p 1 lysis; IFN,

interferon; RBV, ribavirin,

IFN, interferon; RBV, ribavirin.
J. Med. Virol. DOI 10.1002fjmv
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TABLE IV. Factors Associated With Sustained Virological Analysis of aa Sequences in the Core Gene in
Response to Combination Therapy of Interferon Plus Genotype 1b Patients
Ribavirin by Multivariate Analysis

Factor Category Odds ratio (95% CI) P The relationship between aa substitutions in the core
region and the viral response to therapy was inves-

Age (years) (1}', ig‘g 2420 (1 1173“ 5.002) 0020 tigated in patients with genotype 1b uﬁinpg 93 available
Genotype 0: 1b ' i Dl ) serum samples. Figure 2 shows the sequences of aa 61—
1: 2ab 5.301 (2.401-11.702) <0001 110 of the HCV core region in 93 patients just before
commencement of treatment. Table V summarizes the
relationship between the response to IFN therapy and

Only variables that achieved statistical significance (F-<0.05) on
multivariate logistic regression analysis are shown.
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ion therapy in
93 patients infected with hepatitis C virus genotype 1b. Dashes indicate amino acids identical to the
consensus sequence of genotype 1b, and substituted amino acids are shown by standard single-letter codes.

Fig. 2. Sequences of amino acids 61110 in the core region at tof
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TABLE V. Amino Acid Substitutions in the Core Region in Non-Virologic Responders and
Virological Responders in 93 Patients With HCV Genotype 1b

Presence of Non-virological response Virological response

substitution site (n=11) % (n) (n=282) % (n) P
aa 70 64 (7) 23(19) 0.01
aa 75 73 (8) 45 (37 0.11
aa 91 82 (9) 30 (25) 0.001
aa 106 27 (3) 31 (26) 1.0
aa 110 18 (2) 12 (10) 62
aa 70 and 91 45 (8) 10 (8) 0.006
aa 70 and/or 91 100 (11) 44 (36) <0.001

aa, amino acid

substitutions of aa. Among aa substitutions, only
substitutions of aa 70 and 91 were associated with
non-virological response. All non-virological responders
had aa substitutions at 70 or 91, or both substitutions. In
contrast, only 36 of 82 (44%) virological responders had
these substitutions (P < 0.001, Table V). In contrast to
non-virological response, these substitutions were not
predictive for sustained virological response (P=0.11—
0.82).

Next, the effect of substitutions of aa 70 and 91 in the
core region on early viral kinetics was analyzed by
dividing patients into four groups according to the
pattern of aa substitutions. As shown in Figure 3, the
most rapid decrease in core antigen was noted in
patients where both aa 70 and 91 were wild-type
(double-wild). In contrast, the poorest reduction was

double-wild (n=41)

w

s

HCV core antigen (log fmol/l)

baseline
wild/mutant (0=16)

4 weeks

1

HCYV core antigen (log fmel)
N

baseline 4 weeks

Fig. 3. Reduction of amount of HCV core antigen based on the
presence of substitutions at amino acid 70 or 91. Eighty-one patients
infected with hepatitis C virus were treated with combination therapy.
Serum HCV core antigen was measured before treatment (baseline)
and at week 4. The response was divided into four patterns based on the
presence of substitution(s) at aa 70 and/or 91. Double-wild; no

noted in patients with both of aa 70 and 90 substitutions
(double-mutant). Patients with either of the two aa
substitutions (mutant/wild or wild/mutant) showed
decrease in between the above two groups. HCV core
antigen decreased below the detectable limit (20 fmol/L)
at week 4 in 37 of 40 (93%) patients who had neither aa
70 nor aa 90 substitutions. In contrast, it decreased
below the detectable limit in only 5 of 12 patients (42%)
who had both aa 70 and 91 substitutions (P=0.031).

Analysis of Nucleotide Sequence
of the NS5A Gene

The aa sequences of ISDR in the NS5A gene were
determined in 40 patients where PCR for this region
was positive. Seventeen of 40 patients had no aa

o s mutant/wild (n=12)
1
E:
i
51

o baseline A weeks

double-mutant (n=112)
= 5
1]
i’
22}
b~
g,
~ baseline 4 weeks

substitution, neither at aa 70 nor aa 91, mutant/wild; substitution

only at aa 70, wild/mutant; substitution only at aa 91, double-mutant;

substitutions at both aa 70 and 91. The fixed-quantity bottom value of

gct‘;dmhl: antigen was 20 fmol/L ealculated 1.3 in log, indicated by the
ot es,
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TABLE VI. Amino Acid Substitutions in the IFN-Sensitive Determining Region (ISDR) in
Non-Virologic Responders and Virological Responders in 40 Patients With HCV Genotype 1b

Non-virological response Virological response

ISDR* (n=8) % (n) (n=232) % (n) P
Wild-type (n=17) 36 (6) 64 (11)
Mutant-type (n=23) 9(2) 91 (21) 0.012

aa, amino acid.
*Absence of amino acid substitutions was evaluated as wild-type, and presence of one or more amino acid

substitutions as mutant-type,

substitutions in ISDR (wild-type), while the remaining
23 patients had one or more substitutions (mutant-type).
The relationship between aa substitutions of ISDR
and effects of treatment was analyzed. The existence
of aa substitution in the ISDR was not predictive
for sustained virological response (P=0.137), however,
such substitution was observed frequently in virological
responders compared to non-virological responders
(66% vs. 25%, P = 0.012) (Table VI). The use of a different
categorization based on the number of substitutions in
the ISDR (0/1 vs. >2) yielded similar results, that is, not
predictive for sustained viral response but predictive for
virological responders (data not shown).

HCV core antigen decreased more rapidly in patients
with ISDR mutant-type compared to those with wild-
tvpe (Fig. 4). HCV core antigen decreased below the
detectable limit at week 4 in only 6 of 17 (35%) patients
with wild-type. In contrast, it decreased below the
detectable limit in 19 of 23 (83%) in patients with ISDR
mutant-type (P = 0.008).

Predictive Factors Associated With Sustained
Virological Response and Non-Virological
Response in Patients With Genotype 1b

Finally, the predictive factors associated with sus-
tained virological response and non-virological response
were analyzed in patients with genotype 1b, including
aa substitutions in the core region and ISDR. Univariate

Wild (n=17)

HCV core antigen (log fmol/)

baseline 4 weeks

analysis showed two parameters correlated with sus-
tained virological response: age (<60 years, P =0.004)
and presence of aa substitutions in the core (aa 70 and/or
91, P=0.04). However, multivariate analysis, including
the above variables, identified no parameters that
influenced sustained virological response independ-
ently (age, P=0.89; core, P=0.07). Univariate analysis
showed two parameters correlated with non-virological
response: age (<65 years, P=0.02) and aa substitutions
in the core (double-mutant, P=0.01). Multivariate
analysis including the above variables identified aa
substitutions in the core as an independent factor that
influenced non-virological response (age, P = 0.40; core,
P =0.03) (Table VII).

DISCUSSION

Treatment of patients with chronic HCV infection had
improved by the advent of PEG-IFN and RBV combina-
tion therapy. However, a substantial number of patients
do not respond to the combination therapy [Taliani et al.,
2006]. Several studies described attempts to improve
the sustained virological response rate in such patients.
Recent trials showed that a longer treatment period
results in a higher sustained virological response rate
[Berg et al., 2006; Sanchez-Tapias et al.,, 2006]. How-
ever, there are no conclusive studies that compared a
larger dose of IFN with standard dose. Although the
treatment had shifted in recent years to PEG-IFN and

Mutsnt (a=23)

HCV core antigen (log fmol/)

baseline dweels

Fig. 4. Reduction of amount of HCV core antigen based on the presence of substitutions in the ISDR.
Sixty-five patients infected with hepatitis C virus were treated with combination therapy. Serum HCV core
antigen was measured before treatment (baseline) and at week 4. Patients were divided into two groups
based on the presence of amino acid substitution(s) in the ISDR. Wild-type; absence of substitutions,
mutant-type; presence of one or more substitutions. The fixed-quantity bottom value of HCV core antigen
was 20 fmol/L calculated 1.3 in log, indicated by the dotted lines.
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