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decreased replication and increased infectious virus
production. However, the extent of enhanced virus
production was substandally lower in JFH-1/C than
in JFH-1/52, which might have led to the ecarlier
elimination of infection in the JFH-lcc—infected
chimpanzee. In other words, the potency of infectious
virus production and spread seems to correspond to
the duration of infection in infected animals.

The association between a lower replication effi-
ciency and persistent infection is sdll unclear. It has
been reported that an escape mutant with an amino
acid substtution ar the cyrotoxic T lymphocyte
(CTL) epitope in the NS3 region exhibits lower NS3/
4 protease activity and replicaton capacity in
vitro.'”'® The JFH-1/S2 strain conrtains the T1077A
mutation in the NS3 region (Supporting Table 1),
and this mutation is located close to mutations
reported to be associated with immune evasion and
lower replication.’” Thus, the lower replication effi-
ciency of the JFH-1/52 strain may be a result of an
immune escape mutation at the expense of viral fit-
ness. Meanwhile, we cannot deny the advantage of
lower replication in establishing persistent infection.
Lower replication may contribute to the avoidance of
major histocompatibility class I-mediated antigen pre-
sentation and to escape from the host immune system.
Either way, by acquiring the ability to produce more
viral particles, the JFH-1/82 swain could rapidly
spread to surrounding cells, irrespective of its lower
replication  efficiency. Importandy, these emerged
murations did not attenuate in vivo infectvity, unlike
cell culture adaptive mutations reported to cause atte-
nuated infection 7 wive.'” Upon inoculation into
human hepatocyte—transplanted mice, JFH-1/S1, JFH-
1/82, and JFH-1/C strains could establish infection
without any mutations, produced levels of viremia
similar to JFH-1/wt, and persisted for a similar
observed period of infection (Fig. 2). This observation
is different from that in chimpanzees, where JFH-1/
wt and JFH-1/C strains were eliminated earlier than
JFH-1/82. In contrast to chimpanzees, human hepato-
cyte—transplanted mice lack a CTL and natural killer
(NK) cell-mediated immune system, which could be
responsible for this difference.® Taken together, our
results suggest that along with efficient infectious virus
production, the JFH-1/82 strain might have acquired
an advantage that helps it evade the CTL and NK
cell-mediated immune system.

Apoprosis of virus-infected cells by the immune sys-
tem is crucial as a general mechanism of clearing infec-
tons.”®?' The J6/JFH-1 chimeric virus has been
reported to exhibit proapoptotic characteristics in cell
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culture.”* However, because HCV needs (o escape the
host immune system in order to establish chronic
infection, immune cell-mediated apoptosis may be
inhibited in infected hepatocytes. In the liver, HCV-
infected hepatocytes are eliminated by targeted apopro-
sis induced by NK cells, macrophages, and CTLs with
ligand-mediated and recepror-mediated signals such as
TNF-o, FasL, and TNF-related apoptosis—inducing
ligand.?**® Thus, we used TNF-% to mimic natural
immunomediated apoprtosis and found that the JFH-
1/82—replicating cells have lower susceptibility to the
apoptosis induced by these cyrokines. In JFH-1/52~
transfected cells, TNF-o—induced apoprosis derecred
by TUNEL assay was substantially lower than that of
JFH-1/wt—transfected cells (Fig. 4). We confirmed it
by staining with anticleaved PARP. In complete agree-
ment with the results produced by way of TUNEL
assay, the number of anticleaved PARP stained cells

“among JFH-1/S2~infected cells was significantly lower

than that among JFH-1/wt—infected cells (Fig. 5). In
our previous study, we reported that HCV-specific
immune responses with T cell proliferation and inter-
feron-y production were maintained untl the disap-
pearance of viremia in the patient serum—infected
chimpanzee."" This finding indicates that continuous
selection pressure in the infected chimpanzee mighe
have contributed to the emergence of a clone with an
ability to escape the cytokine-induced apoptosis. We
are not sure whether this phenotype of JFH-1/82 is
due to its lower replication efficiency and thus lower
production of HCV proteins. The accumulation of vi-
ral proteins might predispose cells to the apoptosis
induced by TNF-2. To answer this question, it will be
necessary to investigate the genomic regions of JFH-1/
S2 and cellular host factors responsible for the ability
of this strain to escape the apoptosis.

By way of mapping analysis for JFH-1/82, we
could determine responsible regions; NS5B was for
lower replication efficiency (Supporting Fig. 1B), and
P7 and NS2 were for enhanced viral particle assem-
bly (Supporting Table 2). For the evasion of apopto-
sis, we could not specify the responsible region,
because both chimeric constructs, JFH-1/S2-wt and
JFH-1/wt-82, showed less susceptibility to cytokine-
induced apoptosis to a certain extent. These data
indicate that both structural and nonstructural regions
might have conwuibuted to the acquisidon of this
phenotype. Previously, a potent antiapoprotic effect of
the HCV NS5A protein was described.”” NS5A
interacts with Binl, which is a nucleocytoplasmic
c-Myc—interacting protein with tumor suppressor
and apoprotic properties, thus inhibiting Binl-
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associated apoptosis. Because JFH-1/S2 contains sev-
eral mutations in the NS5A region (Supporting Table
1), one or more mutations in this protein may be
associated with antiapoprotic effects.

In conclusion, we demonstrated that the JHF-1/52
strain acquired phenotypes of lower replication, higher
virus production, and less susceptibility to cytokine-
induced apoptosis. These phenotypes were associated
with mutations that emerged 23 weeks after infection
in a chimpanzee, and might have contributed to long-
term infection 77 vive. Such control of viral functions
by specific murtations may be a key viral strategy to
establish persistent infection.
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Background & Aims: The current treatment regimen for chronic
hepatitis C virus (HCV) infection is peg-interferon plus ribavirin
combination therapy. The majority of developing therapeutic
strategies also contain peg-interferon with or without ribavirin.
However, interferon is expensive and sometimes intolerable for
some patients because of severe side effects.

Methods: Using human hepatocyte chimeric mice, we examined
whether a short term combination therapy with the HCV NS3-4A
protease inhibitor telaprevir and the RNA polymerase inhibitor
MK-0608 with or without interferon eradicates the HCV from
infected mice. The effect of telaprevir and MK-0608 combination
therapy was examined using subgenomic HCV replicon cells.
Results: Combination therapy with the two drugs enhanced inhi-
bition of HCV replication compared with either drug alone. In
in vivo experiments, early emergence of drug resistance was seen
in mice treated with either telaprevir or MK-0608 alone. How-
ever, emergence was prevented by the combination of these
drugs. Mice treated with a triple combination therapy of telapre-
vir, MK-0608, and interferon became negative for HCV RNA soon
after commencement of the therapy, and HCV RNA was not
detected in serum of these mice 12 weeks after cessation of the

Keywords: NS3-4A protease inhibitor; NS5B RNA polymerase inhibitor; Human
hepatocyte chimeric mouse; Interferon.
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therapy. Furthermore, all mice treated with a high dose telaprevir
and MK-0608 combination therapy for 4 weeks became negative
for HCV RNA 1 week after the beginning of the therapy and
remained negative after 18 weeks.

Conclusions: Eradication of HCV from mice with only 4 weeks of
therapy without interferon points the way to future combination
therapies for chronic hepatitis C patients.

© 2010 European Association for the Study of the Liver. Published
by Elsevier B.V. All rights reserved.

Introduction

Chronic hepatitis C virus (HCV) infection is a leading cause of cir-
rhosis, liver failure, and hepatocellular carcinoma [1,2]. The cur-
rent standard treatment for patients chronically infected with
HCV is the combination of peg-interferon (PEG-IFN) and ribavirin
(RBV) [3-5]. However, this treatment results in a sustained viral
response (SVR), defined as negative for HCV RNA 24 weeks after
cessation of the therapy, in only about 50% of patients with geno-
type 1 HCV infection with high viral load [3-5]. In view of the lack
of effectiveness of the current therapy, many molecules have been
tested for development of novel anti-HCV therapies. Recently, a
number of new selective inhibitors of HCV proteins, the so-called
STAT-C (specifically targeted antiviral therapy for HCV) inhibitors,
have been in development. The HCV NS3-4A protease inhibitor
and the NS5B polymerase inhibitor, as well as an inhibitor of
NS5A function, have been demonstrated to have potent anti-
HCV effects and have proceeded to clinical trials [6].

Although the anti-viral effect of these drugs is quite potent,
monotherapy using these drugs results in early emergence of
drug-resistant strains [7,8]. Accordingly, these drugs are used in
combination with PEG-IFN and RBV. However, because IFN-
treatment is expensive and is frequently associated with serious
adverse events, such as cytopenias, rash/itching, alopecia, and
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mental disorders [3-5,9], a new treatment strategy, especially one
that does not use IFN, is needed for chronic hepatitis C patients.

The immunodeficient urokinase-type plasminogen activator
(uPA) mouse permits repopulation of the liver with human hepa-
tocytes that can be infected with HCV [10]. We and other groups
reported that the human hepatocyte chimeric mouse is useful for
evaluating anti-HCV drugs such as IFN-alpha and the NS3-4A pro-
tease inhibitor [11-14]. In this study, we used the NS3-4A prote-
ase inhibitor telaprevir (VX950; MP424; Mitsubishi Tanabe
Pharma Co., Osaka, Japan) [15] and the NS5B RNA polymerase
inhibitor MK0608 (2'-C-methyl-7-deaza-adenosine) [16] and
investigated the effect of a short term combination treatment
with these drugs on HCV replication both in vitro and in vivo,
and showed a successful elimination of viruses in HCV-infected
chimeric mice without the use of IFN. Although the dose of the
drugs used in this study might be intolerable in humans, elimina-
tion of the virus without IFN by only 4 weeks of therapy sheds
light on approaches to developing combination therapies using
multiple STAT-C agents without IFN.

Materials and methods
Cell culture

An HCV subgenomic replicon plasmid, pRep-Feo, was derived from pRep-Neo
(originally, pHC-VIbneo-delS [17]). The pRep-Feo carries a fusion gene comprising
firefly luciferase (Fluc) and neomycine phosphotransferase, as described else-
where [18,19]. Replicon RNA was synthesized in vitro by T7-RNA polymerase
(Promega, Madison, WI) and transfected into Huh7 cells by electroporation.
Huh?7 cells were maintained in Dulbecco's modified Eagle medium (DMEM) con-
taining 10% fetal bovine serum at 37 °C under 5% CO,. After culturing in the pres-
ence of G418 (Wako, Osaka, Japan), cell lines stably expressing the replicons were
established (Huh7/Rep-Neo).

Luciferase assay

Replicon cell lines were treated with various concentrations of either telaprevir or
MK-0608 for 72 hrs, and HCV RNA replication level was quantified by internal
luciferase assay. Luciferase activities were quantified using a luminometer (Lumat
LB9501; Promega) and the Bright-Glo Luciferase Assay System (Promega). The
50% inhibitory concentrations (ICsq) were defined as the drug concentrations pro-
ducing a 50% reduction in the levels of luciferase activities relative to average lev-
els in untreated cultures.

MTT assays

Cell viability was measured under the same experimental settings using a tetra-
zolium (MTT)-based viability assay (BioAssay, California, USA) according to the
manufacturer’s directions. The 50% cytotoxic concentrations (CCso) were defined
as the drug concentrations producing a 50% reduction in absorbance relative to
the average level in untreated cultures,

Animal treatment

Generation of the uPA**/SCID*/* mice and transplantation of human hepatocytes
were performed as described recently by our group [20]. All mice were trans-
planted with frozen human hepatocytes obtained from the same donor. All ani-
mal protocols described in this study were performed in accordance with the
guidelines of the local committee for animal experiments, and all animals
received humane care. Infection, extraction of serum samples, and sacrifice were
performed under ether anesthesia. Mouse serum concentrations of human serum
albumin (HSA), correlated with the repopulation index [20], were measured as
previously described [21]. Eight weeks after hepatocyte transplantation, mice
were intravenously injected with 100 pl of HCV-positive human serum samples.
Mice serum samples were obtained every one or 2 weeks after HCV infection, and
HSA and HCV RNA levels were measured.

JOURNAL OF HEPATOLOGY

Treatment with anti-HCV drugs in HCV-infected mice

Telaprevir and MK-0608 were dissolved with a specific solvent. Eight weeks after
HCV infection when the mice developed stable viremia (10° to 10° copies/ml),
mice were administered either 200 mg/kg of telaprevir or 3-50 mg/kg of MK-
0608 orally twice a day for 4 weeks. The specific solvent had no anti-HCV effect
in this mouse model (data not shown). To analyze the effect of the combination
treatment with telaprevir and MK-0608, these drugs were mixed and given
together as a cocktail. Human IFN-alpha-treatment was provided daily by intra-
muscular injection of diluted IFN solution (Otsuka Pharmaceutical Co., Ltd.,
Tokyo, Japan) for 4 weeks.

Human serum sample

Human serum containing a high titer of genotype 1b HCV (2.2 x 10° copies/ml)
was obtained from a patient with chronic hepatitis who had provided written
informed consent to participate in the study. Serum samples were divided into
small aliquots and stored in liquid nitrogen until use. The study protocol con-
forms to the ethical guidelines of the 1975 Declaration of Helsinki and was
approved by the institutional review committee.

RNA extraction and amplification

RNA extraction, nested PCR and quantitation of HCV by real-time polymerase
chain reaction (PCR) were performed as described previously [12,13]. Briefly,
RNA was extracted from serum samples and extracted livers using SepaGene
RVR (Sankojunyaku, Tokyo, Japan) and reverse transcribed with a random hexa-
mer and a reverse transcriptase (ReverTraAce; TOYOBO, Osaka, Japan) according
to the instructions provided by the manufacturer. Quantitation of HCV cDNA was
performed using Light Cycler (Roche Diagnostic, Japan, Tokyo). The lower detec-
tion limit of real-time PCR is 10° copies/ml.

Sequence analysis

The nucleotide and amino acid sequences of the NS3 and NS5B region of HCV
were determined by direct sequencing following PCR amplification of cDNA after
reverse transcription of HCV RNA. The primers used to amplify the NS3 region
were 5-GTGCTCCAAGCTGGCATAAC-3' and 5'-AGGACCGAGGAATCGAACAT-3' as
the first (outer) primer pair and 5-CTAGAGTGCCGTACTTCGTG-3' and 5'-
ACTGATCCTGGAGGCGTAGC-3' as the second (inner) primer pair. The primers
used to amplify the NS5B region were 5'-TAAGCGAGGAGGCTGGTGAG-3’ and
5'-CCTATTGGCCTGGAGTGTTT-3' as the first (outer) primer pair and 5'-
GACTCAACGGTCACTGAGAG-3' and 5'-CCTATTGGCCTGGAGTGTTT-3' as the
second (inner) primer pair. PCR was performed in a 25 pl solution, consisting of
a reaction buffer (12.5 pl, 2x PCR buffer for FOD FX), 5 pul 2 mM dNTPs, 0.75 pl
F primer (10 uM), 0.75 pl R primer (10 uM), 1 pul Temp DNA (10 pg-200 ng),
0.5 pul KOD FX, 4.5 pl D.W. RT-PCR reactions were carried out following the
manufacturer's instructions (Biometra T-Personal; Montreal Biotech Inc.,
Kirkland, QC, Canada). Amplification conditions included an initial denaturation
at 94 °C for 2 min, 35 cycles of amplification (denaturation at 94 °C for 2 min,
annealing of primer at 56 °C (1st PCR) or 59 °C (2nd PCR) for 30 s; extension at
68 °C for 2 min 30 s (NS3, 1st PCR), 1 min 30 s (NS3, 2nd PCR), 2 min (NS5B, 1st
PCR), or 1 min 10s (NS5B, 2nd PCR)); and final extension at 68 °C for 5 min.

Results

Anti-viral activity of telaprevir and MK-0608 on HCV subgenomic
replicon cells

The effect of telaprevir and MK-0608 on HCV replication was ana-
lyzed in vitro using HCV replicon cells. Huh7/Rep-Feo cells were
treated with various concentrations of either telaprevir or MK-
0608. Measured luciferase activity demonstrated that both drugs
inhibited HCV replication in a dose-dependent manner (Fig. 1).
The ICso of telaprevir and MK-0608 was 0.53 and 0.51 uM,
respectively, consistent with previous reports [7,16]. When
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Fig. 1. In vitro analysis of susceptibility of HCV replicon cells to anti-HCV drugs. Huh7/Rep-Neo cells were treated for 72 h with the indicated concentrations of either
telaprevir or MK-0608. Intracellular HCV RNA replication levels were determined as luciferase activities (upper panel), and expressed relative to cellular viabilities (lower

panel). Bars represent means + SD of three experiments.
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telaprevir and MK-0608 were combined, the anti-HCV effect was
increased without cellular damage (Fig. 2).

Effects of telaprevir and MK-0608 on HCV replication in vivo

To analyze the effect of telaprevir and MK-0608 in vivo, we used
genotype 1b HCV-infected human hepatocyte chimeric mice.
Eight HCV-infected mice were treated with either 200 mg/kg of
telaprevir or 3 mg/kg of MK-0608 for 4 weeks. At the end of 1
week, treatment resulted in a 1.9%0.7 log reduction of HCV
RNA in telaprevir-treated mice and a 2.6 £ 0.2 log reduction in
MK-0608-treated mice (Fig. 3A and C). During the treatment,
the level of HSA did not decrease. Serum HCV RNA level
rebounded in one of the four telaprevir-treated mice and in two
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of the three MK-0608-treated mice (a MK-0608-treated mouse
died after 1week of treatment). Nucleotide and amino acid
sequence analysis showed the emergence of a V36A mutation
(NS3-4A protease inhibitor-resistant variant) in the NS3 region
(Fig. 3B) in a telaprevir-treated mouse, and a 5282T mutation
(NS5B polymerase inhibitor-resistant variant) in the NS5B region
(Fig. 3D) in MK-0608-treated mice, similar to clinical observa-
tions and analysis using HCV-infected chimpanzees [22,23].

Combination treatment with telaprevir and MK-0608 on HCV
replication in vivo

Because mono-therapy with either telaprevir or MKO608 resulted
in emergence of drug-resistant variants, we analyzed the effect of
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Fig. 3. Antiviral effects of either telaprevir or MK0608 monotherapy on HCV-infected mice. Mice were injected intravenously with 100 pul of HCV-positive human serum
samples. Eight weeks after HCV infection, mice were treated with either 200 mg/kg of telaprevir (A) or 3 mg/kg of MK-0608 (C) for 4 weeks. Mice serum samples were
obtained at the indicated times, and HCV RNA titer (upper panel) and human serum albumin concentration (lower panel) were analyzed. The horizontal dashed line
represents the detection limit (10% copies/ml). Note that one telaprevir-treated mouse (A, closed circle) and two MK-0608-treated mice (B, closed circle and open circle)
showed a viral breakthrough during the dosing period. Nucleotide and amino acid (aa) sequence analysis of aa 36 in the HCV NS3 (B) or at aa 282 in the NS5B region (D) by

direct sequencing in mice serum samples obtained before treatment and at 4 weeks.
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Fig. 4. Antiviral effect of combination treatment on HCV-infected mice. HCV-infected mice were treated with 200 mg/kg of telaprevir plus 3 mg/kg of MK-0608 without
(A) or with (B) 1500 IU/g of human interferon-alpha for 4 weeks. Mice serum samples were obtained at the indicated times, and HCV RNA titer (upper panel) and human
serum albumin concentration (lower panel) were analyzed. (C) Nested PCR of HCV RNA, human serum albumin (HSA) and GAPDH in a telaprevir, MK-0608 and interferon-
alpha-treated mouse liver at 24 weeks (lane 2). Mice livers with (lane 1) or without (lane 3) HCV-infection were also analyzed. (D) HCV-infected mice were treated with

either 1500 (open circles) or 7000 [U/g (closed circles) of interferon-alpha for 4 weeks.

combination treatment of these drugs with or without IFN on
HCV replication in vivo. Four HCV-infected mice were treated
with telaprevir plus MK-0608 for 4 weeks (Fig. 4A). Serum HCV
RNA became negative by nested PCR with this combination treat-
ment in all mice. One mouse died after 2 weeks of treatment.
During the treatment, no emergence of resistant strains was
observed in each of the remaining three mice; however, all mice
became positive for HCV RNA again after cessation of the therapy.
Another three mice were treated with telaprevir, MK-0608 and
IFN-alpha for 4 weeks (Fig. 4B). HCV RNA became undetectable

in all three mice 1 week after the beginning of the therapy. After
4 weeks of treatment, one mouse died. In the remaining two
mice, HCV RNA did not become positive after cessation of the
therapy. One of the remaining two mice died at 20 weeks, and
the remaining mouse was sacrificed at 24 weeks (12 weeks after
the cessation of therapy). HCV was probably eliminated because
no HCV RNA was detected by nested PCR in this mouse liver
(Fig. 4C). As a control, HCV-infected mice were treated with
1500 IU/g/day of IFN-alpha alone for 4 weeks, resulting in a two
log reduction (Fig. 4D). HCV RNA became undetectable with
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Fig. 5. High doses of MK-0608 and telaprevir combination treatment elim-
inates virus in HCV-infected mice, HCV-infected mice were treated with 50 mg/
kg of MK-0608 and 200 mg/kg of telaprevir for 4 weeks. Mice serum samples
were obtained at the indicated times, and HCV RNA titer (upper panel) and
human serum albumin concentration (lower panel) were analyzed. Points
represent the means + SD of five mice.

administration of 7000 IU/g/day of IFN-alpha treatment. How-
ever, the virus rebounded after cessation of the therapy.

Four-week high dose combination therapy of MK-0608 and
telaprevir eliminated HCV from mice

We investigated whether combination treatment with high doses
of MK-0608 and telaprevir without IFN eliminates viruses from
HCV-infected mice. Five HCV-infected mice were treated with
high doses of MK-0608 (50 mg/kg) and telaprevir (200 mg/kg)
for 4 weeks. Serum HCV RNA titer became undetectable 1 week
after commencement of the therapy and remained undetectable
in all mice at 30 weeks (18 weeks after cessation of the therapy)
(Fig. 5). No apparent toxicity of the drugs was observed as none of
the mice showed a decrease in the level of serum HSA.

Discussion

Since we began performing treatment experiments using human
hepatocyte chimeric mice with HCV, we have administered many
different drugs to analyze the effects on suppression or eradica-
tion of the virus. However, until we performed the experiments
described in this study, we have never observed long term
absence of the virus following cessation of the therapy [12,24].
Strikingly, after only 4 weeks of triple therapy with [FN, telaprevir
and MKO0608, was long term absence of the virus in mouse serum
after cessation of the therapy visible (Fig. 4B). Furthermore, high
dose telaprevir and MK-0608 combination therapy resulted in a
similar absence of the virus for 16 weeks after cessation of ther-
apy (Fig. 5). In this study, mice were treated with 200 mg/kg of
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telaprevir twice a day, and 1 week of the treatment resulted in
an approximately 2 log reduction of HCV RNA (Fig. 3A), as has
been observed previously in chronic hepatitis C patients treated
with 450 mg of telaprevir every 8 hrs [25]. This result suggests
that approximately 1/15th of a dose in this mouse model may
be equivalent to a dose in humans.

During the observation period, some mice died. We do not
think that this is due to the drug regimes because the chimeric
mouse is weak, and approximately 50% of mice die spontaneously
at week 6 after transplantation [26].

Sustained virological response, the complete elimination of the
virus from the human body, is defined as testing negative for HCV
RNA in serum for more than 24 weeks after cessation of the ther-
apy. As the chimeric mouse used in this study is a weak animal, we
were unable to monitor for absence of the virus beyond 24 weeks
following cessation of therapy. However, negative testing for HCV
RNA in mouse liver by nested PCR (Fig. 4C) 12 weeks after cessa-
tion of the therapy strongly suggests that HCV was completely
eliminated from the mouse. Of course the mouse model differs
from infection in humans where the virus replicates for years in
the livers of infected patients. However, results of this study sug-
gest that we will be able to eliminate the virus in humans by treat-
ing patients with regimens similar to those used in this study.

Until recently eradication of the virus with biochemical and
histological improvement in chronically infected patients has
long been reported only with the use of IFN or PEG-IFN [27,28].
Recently, Suzuki et al. reported for the first time eradication of
the virus from chronically infected patients without IFN [29].

Elimination of the virus without IFN is desirable due to the
many serious side effects of this drug [3,5-9]. However, emer-
gence of drug resistance is a problem, as demonstrated in this
study (Fig. 3) as well as in previous studies using replicon sys-
tems and HCV-infected chimpanzees [22,23]. A recent clinical
study of NS3-4A and NS5B inhibitor combination therapy has
reported that 13 days of this combination treatment achieved
robust antiviral suppression in chronic hepatitis C patients [30].
As no study has tested the possibility of development of double
drug resistant mutants, we will have to test if long term low dose
treatment with any combination of STAT-C compounds might
induce emergence of multi-drug resistant strains. Furthermore,
as there is no report for emergence of IFN resistant strains, regi-
mens such as combination therapy with multiple STAT-C drugs
with a small or standard amount of IFN should be tested to
develop the best therapy to eradicate the virus with a minimum
of side effects and costs. Our further attempts to test possible
combinations in mice to determine the best combination of
STAT-C drugs will give us an insight into how to develop more
effective therapeutic regimens in humans.
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ME3738 enhances the effect of interferon and inhibits hepatitis
C virus replication both in vitro and in vivo
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Background & Aims:ME3738 (22B-methoxyolean-12-ene-38,
24-diol), a derivative of soyasapogenol B, attenuates liver disease
in several animal models of acute and chronic liver injury.
ME3738 is thought to inhibit replication of hepatitis C virus
(HCV) by enhancing interferon (IFN)-B production, as determined
using the HCV full-length binary expression system. We exam-
ined the effect of ME3738 combined with IFN-o on HCV replica-
tion using the genotype 1b subgenomic replicon system and an
in vivo mouse HCV model.

Methods: HCV replicon cells (ORN/3-5B/KE cells and Con1 cells)
were incubated with ME3738 and/or IFN-z, and then intracellu-
lar IFN-stimulated genes (ISGs) and HCV RNA replication were
analyzed by reverse-transcription-real time polymerase chain
reaction and luciferase reporter assay. HCV-infected human
hepatocyte chimeric mice were also treated with ME3738 and/
or IFN-o for 4 weeks. Mouse serum HCV RNA titer, HCV core anti-
gen, and ISGs expression in the liver were measured.

Results: ME3738 induced gene expression of oligoadenylate syn-
thetase 1 and inhibited HCV replication in both HCV replicon
cells. The drug enhanced the effect of [FN to significantly increase
ISG expression levels, inhibit HCV replication in replicon cells,
and reduce mouse serum HCV RNA and core antigen levels in
mouse livers. The combination treatment was not hepatotoxic
as evident histologically and did not reduce human serum albu-
min in mice.
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ELSEVIER

Conclusions: ME3738 inhibited HCV replication, enhancing the
effect of IFN-o to increase ISG expression both in vitro and
in vivo, suggesting that the combination of ME3738 and IFN might
be useful therapeutically for patients with chronic hepatitis C.

© 2010 European Association for the Study of the Liver. Published
by Elsevier B.V. All rights reserved.

Introduction

The hepatitis C virus (HCV) infects an estimated 170 million peo-
ple worldwide [1] leading to chronic hepatitis, liver cirrhosis, and
hepatocellular carcinoma [2,3]. To date, the most effective ther-
apy for viral clearance is a 48- or 72-week combination therapy
of pegylated interferon (IFN)-o and ribavirin. However, successful
eradication of the virus is achieved in only about 50% of treated
patients [4-6]. Moreover, therapy induces significant adverse
effects, such as fever, fatigue, and anemia [4], resulting in poor
tolerability. More effective and less toxic treatment is, therefore,
desired.

ME3738 (22p-methoxyolean-12-ene-3p, 24-diol), a derivative
of soyasapogenol B [7], attenuates liver disease in several animal
models of acute and chronic liver injury induced by concanavalin
A, ethanol, lithocholate, and bile duct ligation [8-12]. ME3738
induces interleukin (IL)-6 expression, and serum amyloid A and
oi1-acid glycoprotein act as downstream targets of the IL-6 signal
to protect against concanavalin A-induced liver injury [8-10]. The
drug also prevents the progression of hepatic fibrosis in rats with
bile duct ligation through suppression of activation and collagen
synthesis of hepatic stellate cells [12].

Recently, Hiasa et al. reported that ME3738 inhibited HCV
replication by enhancing IFN-B production using the HCV full-
length binary expression system that uses full-length genotype
la HCV complementary DNA plasmid with a T7 promoter
sequence and an adenoviral vector expressing T7 polymerase
[13]. However, it is not clear if the production of IFN-8 and sub-
sequent expression of IFN-stimulated genes (ISGs) was induced
by the transcribed HCV genomes through detection by innate
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