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Abstract

The aim of this study was to investigate the efficacy and safety of combination therapy of interferon and ribavirin for aged patients with
chronic hepatitis C.
Methods: This study was conducted at Osaka University Hospital and institutions participating in the Osaka Liver Disease Study Group on
329 patients with chronic hepatitis C receiving interferon and ribavirin combination therapy (group A, under 60 year old, n=199; group B,
60-64 year old, n=64; group C, over 65 year old (mean age, 67.8£2.2 year old, n=66)). Of the 293 paticnts who were tested for HCV
serotype and HCV viral loads, 215 had HCV-RNA with serotype 1 and high viral loads (1H) and the other 78 had HCV-RNA with serotype
2 or low viral loads (non-1H).
Results: Inper-protocol analysis, the overall SVR rate of 1H patients was 28% (51/184). Among the LH patients, the SVR rate was significantly
lower in group C (16%) and group B (17%) than in group A (34%) (p <0.05). The overall SVR rate of non-1H patients was 85% (57/67).
No significant difference was found in the SVR rate among group C (79%), group B (100%), and group A (84%). On the other hand, the
discontinuance of both drugs due to side effects was 29% (19/66) in group C, 20% (13/64) in group B, and 11% (21/199) in group A, with
the discontinuance rates being higher in the older group (p = 0.002).
Conclusions: In aged chronic hepatitis C patients, interferon and ribavirin combination therapy can be recommended for the non-1H patients
who showed a high SVR rate of approximately 65%, but not for the 1H patients.
© 2006 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Hepatitis C virus (HCV) is estimated to infect up to
170 million people worldwide [1]. Long persistence of HCV
infection can lead to progression of liver fibrosis causing liver
cirrhosis and ultimately hepatocellular carcinoma (HCC)
[2,3]. In Japan, it is estimated that two million people are
infected with HCV, and more than 30,000 patients die of
HCC every year, with approximately 80% being caused by
HCV infection [4]. It has been reported that HCV carriers
in Japan tend to be old [5], and liver fibrosis progresses in
aged patients. Moreover, the risk of HCC increases with pro-
gression of liver fibrosis and older age, with the occurrence
of HCV-related HCC reaching a peak at around the age of
65 years old [3]. Past studies have made clear that interferon
(IFN) therapy is effective for eliminating HCV, and IFN ther-
apy significantly reduces the progression of liver fibrosis [6,7]
and the risk of HCC, especially among virologic or biochemi-
cal responders [8-10]. Furthermore, recently, several groups
have reported that IFN therapy, specially the SVR group,
improved the survival of patients with HCV [11,12], also in
aged patients [13].

The combination therapy with IFN and ribavirin has been
reported to be effective for eliminating HCV compared with
IFN monotherapy [14-16], but additional side effects of rib-
avirin, such as hemolytic anemia, which is not found in IFN
monotherapy have been reported, leading to discontinuance
of the treatment [17]. For aged patients, sufficient informed
consent should be obtained before the start of stronger anti-
viral therapy with possible severe side effects, because the
function of the organs is generally poor, and the adverse
cffects of IFN therapy have been observed more frequently
in older patients [18].

The question arises of whether aged patients with chronic
hepatitis C should be treated with the combination therapy of
IFN and ribavirin, while IFN monotherapy has been shown to
be effective even in aged patients. In this study, we conducted
a multi-center, retrospective study of patients with chronic
hepatitis C treated by IFN and ribavirin combination therapy,
and examined the cfficacy and prevalence of side cffects to
clarify the adaptation of anti-viral treatment for aged patients.

2. Patients and methods
2.1. Patients

The current study was conducted at Osaka University Hos-
pital and the institutions of the Osaka Liver Disease Study
Group. The 329 patients with chronic hepatitis C included
in this study were treated with combination IFN-a-2b and
ribavirin between January 2001 and April 2004. All patients
had HCV RNA detectable in serum by the polymerase chain
reaction (PCR) method, had elevated ALT (above the upper
limit of the normal) and had been histologically proven to
have chronic hepatitis. None of the patients were positive

for hepatitis B surface antigen and anti-human immunod-
eficiency virus antibody or had other forms of liver disease
(alcoholic liver disease, hepatotoxic drugs, autoimmune hep-
atitis). This study protocol was carried out according to the
ethical guidelines of the 1975 Declaration of Helsinki and
informed consent was obtained from each patient.

2.2. Determination of HCV RNA levels

Serum HCV-RNA levels were quantified using branched
DNA (bDNA) probe assay (version 2; Chiron, Dai-ichi
Kagaku, Tokyo) [19,20] or combined PCR assay (Amplicor-
HCYV monitor assay) [21]. In this study, a high viral load was
designated as the condition of a serum HCV-RNA level of
more than 109 equivalents/ml by bDNA assay or more than
10 copies/ml serum by Amplicor-HCV monitor assay [22].

2.3. Treatment schedule

The 329 patients were treated with IOMU (n=79) or 6 MU
(n=243)or3 MU (n="7) IFN-o-2b intramuscularly every day
for the first 2 weeks and the three times a week for the follow-
ing 22 weeks in combination with ribavirin at a daily dose of
600 or 800 mg, depending on body weight (<60 or >60kg,
respectively). The starting doses of ribavirin were 800 mg
per day for 178 patients, 600 mg per day for 148 patients,
and 400 mg per day for three patients. The ribavirin dose was
decreased or stopped in 91 paticnts (28 %) due to side cffects.
The ribavirin dose of 200 mg was reduced if the hemoglobin
value was below 10g/dl. The ribavirin was stopped if Hb
fell bellow 8.5 g/dl. One hundred and five patients continued
only IFN therapy for 24 weeks after the combination therapy,
because the combination therapy of IFN-o-2b and ribavirin
for 48 weeks was not covered by medical insurance in Japan at
that time. Patients with persistently undetectable HCV RNA
6 months after completion of treatment were considered to
have achieved a sustained virological response.

2.4. Statistical analysis

Age, histological scores before IFN therapy, serum ALT
levels, red blood cell (RBC) count, hemoglobin (Hb), white
blood cell (WBC) count and platelet (Plt), and creatinine are
expressed as mean == S.D. Statistical analysis for group com-
parisons was performed by the x2-test. The SVR rate was
evaluated using the probability proportional to size analy-
sis (PPS analysis) and the intention-to-treat analysis (ITT
analysis). A value of p < 0.05 (two-tailed) was considered to
indicate significance.

3. Results
3.1. Clinical characteristics before combination therapy

The baseline clinical features of the 329 patients are shown
in Table 1. At the start of the treatment, 130 patients were 60
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Table 1
Baseline characteristics of patients according to age

Group A (n1=199) Group B (n=64) Group C (n=066) p-value

Age (years old) 49.0487 62014 67.84+22
Sex (M/F) 142/54% 36/28 43/23 4p<0.05
HCYV serotype (1/2/unknown) 142/51/6 53/10/1 54/12/0 N.S.
HCV-RNA (H/L/unknown) 173/12/14 58/2/4 60/5/1 N.S.
1H/non [H/unknown 125/53/21 45/8/11 4511774
Fibrosis (F 1/F2/F3/F4/unknown) 75/46/33/6/39 26/15/10/2/11 19/15/17/4/11 N.S.
ALT (1U/L) 1124 85P 91 %49 90+ 57 p<0.05°
WBC 53304 15700 4970+ 1390 4760+ 1120 p<0.05°
RBC (x10% ) 458 47" 433445 431 £47 p<0.01°
Hb (g/dl) 14.64 1.5 140+1.2 137+ 1.4 p<0.01°
Plt (x 10* pl) 16.0+7.0 149453 142449 p<0.05°

Note: Data are given as the mean == S.D. N.S., not significant. Group A, patients under 60 years of age (gender of three patients were unknown); group B.
patients older than 60 years but under 65 years of age: group C. patients older than 65 years of age; 1H group, patients with genotype 1 and high viral load;

non-1H group, patients other than 1H group.
 Significant level was compared with group B.
b Significant levels were compared with group B and group C.

years old or older. One hundred ninety-nine patients were
under 60 years old (group A), sixty-four patients were 60-64
years old (group B) and sixty-six patients were 65 years old
or older (group C). No significant difference was found in
serotype, viral load and histological stage among the three
groups. In aged patients, ALT, RBC, Hb, WBC, and Plt were
less than in young paticnts (ALT, p<0.05; RBC and Hb,
p<0.01; WBC and Plt, p<0.05). Among the patients, 215
had HCV-RNA with genotype 1 and high viral loads (IH
group) and 114 had HCV-RNA with genotype 2 or low viral
loads (non-1H group).

3.2, Inirial dosage and treatment duration of interferon

Three kinds of IFN dosage were used in this study. Among
group A, 10MU, 6MU, and 3MU were administered for 60
patients, 134 patients, and 5 patients; 12, 52, and none among
group B, and 8, 56, and 2 among group C. No significant dif-
ference was found in the distribution of IFN dosage among
each group. The 24 and 48-week treatments (IFN and rib-
avirin treatment for 24 weeks followed by IFN monotherapy
for 24 weeks) were carried out for 102 paticnts and 75 patients
among group A; 37 and 14 among group B; 32 and 16 among
group C. The rates of patients receiving the 48-week treat-
ment were similar for the three groups.

3.3. PPS analysis

On PPS analysis, the overall SVR rate of 1H patients was
28% (51/184). The SVR rates were 34% (40/117) for group
A, 17% (6/36) for group B, and 16% (5/31) for group C.
Among the 1H patients, the SVR rates of group B and C
were significantly lower than that for group A (p <0.05). The
overall SVR rate of non-1H patients was 85% (57/67). No sig-
nificant difference was found in the SVR rates among group
A (84%; 36/43), group B (100%; 5/5), and group C (79%;
11/14) (Fig. 1).
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3.4. ITT analysis

On ITT analysis, the SVR ratc was 24% (51/215) in 1H
patients, being 32% (40/125) for group A, 13% (6/45) for
group B, and 11% (5/45) for group C. Among the 1H patients,
the SVR rates of group B and C were significantly lower than
that for group A (A versus B; p<0.05, A versus C; p<0.01).

On the other hand, in the non-1H group, the SVR rate
was 73% (57/78), being 77% (41/53) for group A, 63% (5/8)
for group B, and 65% (11/17) for group C. No significant
diffcrence was found among the groups (Fig. 2).

3.5. Adverse effects

The entire treatment schedule without reduction and dis-
continuance of both drugs was completed by 174 patients
(53%). Sixty-two percent (123/199) of the paticnts in group
A, 42% (27/64) in group B, and 36% (24/66) in group C com-
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Fig. 1. Efficacy of the combination therapy according to age (PPS analysis).
1H group, patients with genotype | and high viral load. Non-1H group,
patients not in the 1H group. (B) all patients: () group A. patients under
60 years of age; (=) group B, patients from 60 years and older but under 65
years of age; (B) group C, patents older than 65 years. Significant levels:-
"p<0.05.
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Fig. 2. Efficacy of the cornbination therapy according to distinction of age
(ITT analysis). 1H group. patients with genotype 1 and high viral load. Non-
1H group, patients not in the 1H group. (B) all patients: (O3) group A, patients
under 60 years of age: () group B. patients from 60 years and older but
under 65 years of age; () group C. patients older than 65 years. Significant
levels: "p<0.01: "p<0.05.

LH group

non-1H group

pleted all treatment schedules (A versus B; p <0.0001, A ver-
sus C; p<0.001). IFN treatment was stopped along with rib-
avirin in 52 patients (16%), and the IFN dose was decreased
in 20 patients (6%). The ribavirin dose was decreased in 72
patients (22%), and stopped without discontinuance of IFN in
20 patients (6%). The discontinuance rate of both drugs was
significantly higher in group C (29%, 21/199) and B (20%,
13/64) than group A (11%, 19/66) (Fig. 3).

The reasons for dose reduction and discontinuance of the
treatment were anemia, general fatigue, digestive disorder,
eczema, neutropenia, and psychological disorder. Among the
patients discontinuing both drugs, for those under 60 years
old, the major reasons were anemia (32%), general fatigue

SVR%} v
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Fig. 3. Dose reduction or discontinuance of IFN and ribavirin. (a) Rib-
avirin discontinuance without discontinuance of IFN, (b) ribavirin reduction
without discontinuance of IFN. and (c) IFN reduction regardless of discon-
tinuance or reduction of ribavirin. (B ) all patients; (5) group A. patients
under 60 years of age; (1) group B, patients from 60 years and older but
under 65 years of age; (@) group C, patients older than 65 years. Significant
levels: “p <0.0001; *"p<0.001; “"p<0.005.

(18%), digestive disorder (14%), and psychological disor-
der (14%). On the other hand, among the patients aged 60
years and older, the discontinuance of therapy due to ane-
mia accounted for approximately 60% (17/28), which was
twice as much as those of younger patients, with the dif-
ference being significant (p<0.05). Other reasons of the
discontinuance of therapy among the patients aged 60 years
and older were following; digestive disorder (14%), general
fatigue (7%), eruption, granulocytopenia, thrombocytopenia,
and psychological disorder (4%, respectively). Vascular dis-
cases, such as cercbral bleeding did not appcar in this study.

4. Discussion

In Japan, randomized control studies have been performed
on the combination therapy of IFN and ribavirin for 24 weeks
in patients with chronic hepatitis C, and the combination ther-
apy was approved in 2001. However, the patients in these
studies were under 60 years of age. Accordingly, the effi-
cacy and adverse effects of combination therapy for aged
patients has been still unclear. Since HCV carriers in Japan
are older by 10-20 years than thosc in the United States and
the European countries, it is very important to clarify the
actual state of affairs for aged patients with chronic hepati-
tis C receiving the combination therapy, especially in Japan.
These findings should be applicable for patients with chronic
hepatitis C in other countries in a few decades, because almost
the same efficacy and adverse effects are expected in patients
treated by pegylated interferon (peg-IFN) and ribavirin com-
bination therapy. In this study, we ecxamined the cfficacy
and prevalence of the side effects with the focus on patient
age.

The aged patients showed higher rates of discontinuance
of IFN and ribavirin and lower rates for no reduction of both
drugs than younger patients. The most frequent reason for the
discontinuance of both drugs was hemolytic anemia which
accounted for 60% of the cases in patients 60 years or older.
The progress of ancmia was frequently noted in aged patients
and resulted in the discontinuation of ribavirin. Hemolytic
anemia induced by ribavirin administration has been reported
to depend on the plasma ribavirin concentration [23], with
a high ribavirin concentration leading to it, and the plasma
clearance of ribavirin depending on renal function [24]. A
major cause for the advance of anemia in aged patients is
due to the fact that renal function is poorer than in younger
patients, leading to lower ribavirin clearance. As a result,
severe hemolytic anemia can be induced by higher ribavirin
concentrations. Therefore, the dosage of ribavirin should be
reduced at the beginning of treatment in the aged patients with
chronic hepatitis C in order to avoid the discontinuance of
ribavirin, because the reduction of ribavirin does not decrease
the SVR rate of this therapy.

The SVR difference according to age was observed for
IH patients, but not non-1H patients, when only the patients
who completed the treatment were examined (PPS analysis).
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That is, the SVR rates were still high for the aged patients
of the non-1H group, but lower for the aged patients than
the young patients in the 1H group. There are two possible
reasons for this. First, the number of patients with no reduc-
tion of both drugs was significantly fewer for the patients
aged 60-64 years and <60 years than for the patients aged
>65 years, and the older patients tended (o require ribavirin
reduction or discontinuance (Fig. 3). Second, the liver fibro-
sis score tended to be higher in aged patients than in young
patients, although the significant difference was not seen in
this study (Table 1). These factors can decreasc the SVR rates
in aged patients in the 1H group, from which it is difficult to
eliminate the virus, although the aged patients in the non-1H
group whose viruses are easily eliminated were not affected.
The results on ITT analysis account for the conclusion of the
indication for IFN and ribavirin combination therapy of 24
weeks for aged patients; the patients of the 1H group do not
have good application whose SVR is approximately 10%. On
the other hand, patients of the non-1H group should be given
the combination therapy because of the higher SVR rates of
about 65%.

Better efficacy of treatments using new drugs, such as peg-
IFN and ribavirin combination therapy or NS3/4 proteasc
inhibitor, is greatly anticipated.
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Antiviral therapy for chronic hepatitis CC has dramati-
cally advanced since the discovery of the hepatitis C
virus (HCV) in 1989 and the introduction of interferon
(IFN) monotherapy in the early 1990s. The current
standard therapy uses a combination of pegylated IFN
and ribavirin. The duration of therapy and response to
therapy are HCV genotype-specilic. Genotype 1 pa-
tients require 48 weeks of the combination therapy for
50% successful viral climination, while genotype 2 pa-
tients require 24 weeks of therapy for 80% or 90% viral
elimination. Early viral kinetics after the initiation of
therapy is a useful predictor of the sustained virologic
response (SVR), which is formally determined at 24
weeks after completion of the treatment. For example,
an early virologic response, which is determined by a 2-
log reduction of HCV RNA or viral ¢limination at 12
weeks after the initiation of therapy, is a strong negative
predictor of SVR in genotype 1 paticnts. In contrast, a
rapid virologic response of HCV RNA-negative at 4
weeks after the initiation of therapy identifies geno-
type 2 “super-responders,” who may require a shorter
period of therapy. Adherence to therapy is one of the
most important factors for successful viral clearance.
Hematopoietic growth factors such as epoetin and
granulocyte-colony stimulating factor help reduce
therapy-mediated cytopenia and improve patient com-
pliance, thereby leading to better viral clearance. New
types of anti-HCV agents such as HCV protease and
polymerase inhibitors are needed for those patients that
do not respond to combination therapy.

Introduction

In 1989, the hepatitis C virus (HCV) was discovered in
the United States to be the causative agent of
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posttransfusion non-A, non-B hepatitis by Chiron
Corporation (Emeryville, CA, USA).! By this discov-
ery, HCV was revealed to be the cause of many hepatic
diseases of previously unknown origin. HCV is closely
associated with hepatocellular carcinogenesis and death
due to chronic liver disease. Epidemiologically speak-
ing, it is estimated that 1.7 million people in Japan and
170 million people worldwide arc infected with HCV ?
Many cascs arc asymptomatic and result in overt he-
patic disease, manifested as hepatic cirrhosis or cancer.
only following 20 to 30 years of persistent infection.
Thus, HCV infection is of significant concern in terms of
public health.

Spontaneous elimination of HCV occurs in approxi-
mately 30% of HCV-infected patients within 6 months
alter infection. However, alter this period of time, viral
elimination is very rare, with an annual rate of only
about 0.2%. Persistent inflammation associated with
HCV causes hepatic fibrosis, and as the stage of fibrosis
progresses, the risk of cancer increases: annual rates of
hepatocarcinogenesis are 0.5% for patients with modest
fibrosis and 8% for those with liver cirrhosis.

HCV-associated, progressive hepatic disease can be
directly inhibited by interferon (IFN), which is currently
the only drug that can eradicate HCV. This review
traces the progress of IFN-based therapy for hepatitis C
since its introduction and provides a bricf overview of
the future of HCV treatment.

Introduction of IFN therapy

IFN therapy for hepatitis C dates from 1986, when
Hoolnagle et al® reported the normalization of serum
alanine aminotransferase (ALT) levels following ad-
ministration of recombinant human IFNo to patients
with non-A, non-B hepatitis. In other words, IFN
was shown to be biochemically effective as an anti-
inflammatory agent before the discovery of HCV.:**
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Later, the introduction of a virus identification method
using a polymerase chain reaction (PCR) assay revealed
cases in which patients became HCV-PCR negative fol-
lowing IFN administration.® The normalization of se-
rum ALT levels is associated with viral eradication, with
the exception of a few cases. The discovery of these
biochemical and virological eflects prompted approval
of clinical use of IFN against hepatitis C in the United
States in 1991 and in Japan in 1992.

The therapeutic responses to IFN can be classified
as sustained virologic response (SVR), relapse, or
nonresponse. SVR means complete elimination of
HCV, which is defined as the loss of detectable HCV
RNA during therapy and its continued absence for at
least 6 months after the termination of therapy. Relapse
is defined as being HCV-negative at the end of IFN
treatment but HCV-positive within 6 months after the
termination of therapy. Nonresponsce is defined as the
absence of a HCV-negative condition even with IFN
administration. Initial studies showed that after 6
months of 6MU IFN administration to patients with
chronic hepatitis C, SVR, relapse, and nonresponse
were each observed in one-third of the patients. Subse-
quent studies revealed that the antiviral effect is deter-
mined mainly by viral factors, namely the viral load and
the viral genotype.”™® Genotypes la and |b are more
resistant to IFN therapy than genotypes 2a and 2b, and
patients with a high viral load are less likely to respond
to IFN than those with a lower viral load. A subgroup
analysis of patients treated with IFN monotherapy

showed that the SVR rate in genotype 1 patients with a
high viral load, accounting for approximately 60% of
patients with hepatitis C in Japan, was only 5%. How to
improve the therapeutic effect in these patients is the
greatest problem for future research and development
of IFN therapy (Fig. 1).

Progress of IFN-based therapy

For such resistant cases (patients with genotype 1 and
high viral load), extended administration to optimize
the total dose of IFN, the introduction of pegylated IFN
(PEG-IFN) and coadministration with ribavirin have
been used to substantially improve treatment over the
past 10 years.

Optimization of the total dose of IFN:
extended administration

Two means of increasing the total dose of IFN in resis-
tant cases have been investigated: increasing the dose
and extending the administration period. In Japan, pa-
tients had usually been given 6 MU IFN three times a
week [or 6 months. Higher doses did not correlate with
an increased SVR rate, partly because of the increased
incidence of adverse effects and reduced patient com-
pliance. However, extending the administration period
proved effective for raising the SVR rate. Kasahara et
al.’ showed that 12 months of administration clearly
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increased the SVR rate in genotype 1 patients, com-
pared with 6 months of administration. However, in
genotype 2 patients, there was no significant difference
between 6 and 12 months of administration. The stan-
dard dose of IFN used in Europe and the United States,
based on early clinical studies, has been 3MU three
times a week, with the result that European and U.S.
therapeutic results after 6 months of IFN monotherapy
are generally lower than those in Japan.!™! In Europe
and the United States, the superiority of the 6-MU dose
over a 3-MU dose has been shown by subsequent con-
trolled studies, and many other clinical studies have
shown the superiority of 12 months of therapy over 6
months.!>4 The SVR rate for genotype 1 patients with a
high viral load improved with IFN therapy of extended
duration, shown first for IFN monotherapy and later for
the combination of IFN with ribavirin.!>"

Based on these findings, administration of IFN for 12
months was approved early in Europe and the United
States. In Japan, the 6-month limit for IFN therapy was
removed in 2002, and self-injection of IFN was ap-
proved in 2005. These measures make it easier for pa-
tients to undergo long-term treatment.

Development of IFN preparations: introduction
of PEG-IFN

The type I IFNs include IFNa, IFNB, IFNw, and IFNA,
all of which share cell-surface receptor and intracellular
pathways of action. IFN agents are used in various
preparations. In the United States, recombinant IFNo-
2b and IFNo-2a were initially approved. In Japan, in
addition to these two preparations, natural IFN« and
IFNB can be used. These conventional preparations arc
considered to be of equal efficacy, although a few differ-
ences in the incidences of neutralizing antibodies and
adverse effects have been noted.!® Subsequently, a spe-
cial agent, consensus IFN, was developed and put into
clinical use." It was designed by selecting the most fre-
quently occurring amino acid at each site of the amino
acid sequences of 13 known IFN«a subtypes. Consensus
IFN is considered to have a potent antiviral effect in
genotype 1 patients with a high viral load, but it is still
considered to be a conventional IFN agent.
Revolutionary progress in the development of IFN
agents was recorded with the development of PEG-1IFN
and its introduction to clinical use. Pegylation is defined
as modification of a drug by the addition of an artificial
polymer, polyethylene glycol (PEG), for the purpose of
delaying drug elimination, lowering its antigenicity, and
modifying the drug’s effect. Conventional IFN agents,
with approximatcly 8-h climination half-lives, require a
dosing interval of 1 or 2 days to maintain an effective
blood concentration.®?' The most beneficial effect of
PEG-IFN is that it delays drug elimination, making it
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possible to maintain a stable blood concentration with
once-weekly administration.? Currently, two PEG-IFN
preparations are available: recombinant IFNo-2a and
IFNo-2b, which are covalently bound to 40-kDa PEG
and 12-kDa PEG, respectively. Both are thought to
have about cqual efficacy, but they have not been com-
pared in clinical trials.

European and U.S. controlled studies have shown
that PEG-IFN agents are generally more effective, both
in monotherapy®® and in combination with ribavirin,
than conventional IFN agents.®®?’ In Japan, clinical
studies have shown that PEG-IFN agents are not
inferior to conventional IFN agents. However. no study
has shown PEG-IFN agents (o be significantly superior
with respect to SVR, partly, perhaps, because the usual
dose of control IFN agents used in Europe and the
United States is 3MUJ, which is less than that used in
Japan. In sum, PEG-IFN is at least equivalent to con-
ventional IFN in effectiveness, and it appears to be
highly tolerable because it can be administered just
once a week.

The adverse effects of IFN are classified into two
types: those that occur soon after the start ol adminis-
tration, and those that manifest during long-term
administration.® The former type includes flu-like
symptoms, such as a high fever, headache, and myalgia,
and abnormal blood test results such as thrombocytope-
nia and leukopenia. Effects seen with long-term admin-
istration include a wide variety of symptoms, such as
pruritus, alopecia, fundal hemorrhage, depression, thy-
roid dysfunction, diabetes mellitus, pulmonary fibrosis,
and cardiac arrhythmia. Adverse effects of PEG-IFN
are similar to those of conventional IFN and are charac-
terized by mild influenza-like symptoms during the
early stage of administration and comparatively severe
cytopenia. The occurrence of acute thrombocytopenia
in the late stage of administration of PEG-IFNa-2a has
also been noted. More caution is needed with respect to
the occurrence of adverse effects of PEG-IFN owing to
its delayed clearance.

Combinarion therapy: introduction of ribavirin

Ribavirin, developed in 1972, is a synthetic nucleic acid
analog with a purine skeleton. It has antiviral activity in
vitro to a wide variety of RNA and DNA viruses, and it
is orally administered. Ribavirin has not been approved
in Japan as an antiviral agent for monotherapy, but it
has been approved in Europe and the United States for
various viral diseases, such as severe respiratory syncy-
tial virus infection in children. Its antiviral effect against
I1CV has not been proved by studics on monothcrapy
for hepatitis C.? In 1998, however, the combination
of ribavirin with 1IFN was reported to have achieved
a significantly higher SVR rate compared with IFN
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monotherapy.1*16%4 These reports were followed by
large-scale clinical studies in Europe and United
States??” showing that a combination of PEG-IFN and
ribavirin produces better results than one of IFN and
ribavirin. With both combinations, 48 weeks of adminis-
tration to genotype 1 patients achieved a significantly
higher SVR rate than 24 weeks of administration.'* 632
For other patients, no significant difference was seen
between groups receiving 24 or 48 weeks of therapy,
and the 24-week administration period was reported to
be sufficiently effective,

In Japan, a 48-week, multicenter, randomized, con-
trolled study™ was conducted on combinations of 6MU
IFNo-2b with ribavirin and 1.5pg/kg PEG-IFNa-2b
with ribavirin administered to genotype 1b patients with
a high load of HCV-RNA, determined to be 100KIU/
ml or higher using Amplicor (by the original PCR
method). Oral doses of ribavirin administered were
600mg/day for patients weighing less than 60 kg, 800mg/
day for those weighing at least 60kg but less than 80kg,
and 1000mg/day for those weighing 80kg or more.
IFNo-2b was administered six times a week for the first
2 weeks and three times a week for the lollowing 46
weceks, while PEG-IFNo-2b was administered once a
wecek. The results for 506 paticnts indicated high rates of
viral elimination by both therapies. The combination of
PEG-1FNo-2b plus ribavirin and that of IFNo-2b and
ribavirin achieved SVR in 121/254 patients (47.6%) and
113/252 patients (44.8%), respectively, a difference
that was not significant. Based on this phase 3 study,
48 weeks of PEG-IFNo-2b and ribavirin combination
therapy was approved for genotype 1 patients with a
high viral load in Japan in 2004.

The adverse cffects of ribavirin include hemolytic
anemia and potential teratogenicity. Caution must be
exercised with ribavirin administration when there is
coexisting anemia or coronary heart disease. Contra-
ception is also required during administration of
ribavirin and up to 6 months after the end of its admin-
istration. Ribavirin is contraindicated for patients with
renal failure, because it is excreted by the kidney and
cannot be eliminated by dialysis.

Recent developments in PEG-IFN and
ribavirin therapy

Coadministration of PEG-IFN and ribavirin has been
established as the standard regimen of antiviral therapy
[or hepatitis C,* and the [ollowing questions next arise.
How long should the dosing period be for this combina-
tion? How can its adverse cffects be amecliorated and
the treatment successfully completed? To what extent
can this combination treatment be applied? Recent de-
velopments offer responses to these questions.

Exploring necessary and sufficient dosing periods:
the impact of viral kinetics study

Usually the duration ol coadministration of PEG-IFN
and ribavirin is 48 weeks [or difficult cases (e.g., geno-
type 1 patients with a high viral load) and 24 weeks for
other cases, with expected SVR rates of approximately
50% and 80%, respectively.® Some studies have sug-
gested that higher doses of ribavirin based on body
weight are more effective for genotype 1, while a lower
dose (fixed dose at 800mg/day) is sufficient for viral
genotypes other than genotype 1. To date, a variety of
factors, both viral and host, that correlate with a sus-
tained response lo the combination therapy have been
noted (Fig. 2). In contrast to viral factors, however,
most host factors do not have a strong impact on
the various treatment regimens. Recently, the viral ki-
netics after the start of therapy has been noted to be a
useful early indicator of viral elimination, which is usu-
ally determined 24 weeks after the end of therapy.?
To find out whether SVR is related to the rate of inhibi-
tion of viral replication after the start of PEG-IFN plus
ribavirin combination therapy, Davis et al® carried
out a retrospective analysis of a controlled clinical
study conducted by Manns ct al.?* In the clinical study,
PEG-IFNo-2b (1.5ug/kg per week) and ribavirin
(800mg/day) were coadministered to 511 patients with
chronic hepatitis C for 48 weeks. If an early virologic
response (EVR) is defined as a viral load decrease
of 2 log or more or viral elimination after 12 weeks of

- treatment, then 71.8% of the patients who experienced

EVR—74.4% of all patients—achieved SVR. Impor-
tantly, none of the patients who did not experience
EVR achicved SVR. Similarly, with therapy with
PEG-IFNo-2a (180pug/week) plus ribavirin (1000 or
1200mg/day, depending on body weight) for 48 weeks
(n =453), only 2 of 63 patients who did not experience
EVR achieved SVR.¥ These findings show that EVR
has negative predictive value, and therefore, if viral
elimination is the aim of the treatment and if adverse
effects cannot be negligible, the treatment should be
discontinued in patients not displaying EVR. This
“12-week rule” applics only to paticnts with viral geno-
type 1.7

The relationship between the time of becoming
HCV-negative and SVR has also been examined in
Japan in the above-mentioned clinical study* of PEG-
IFNo-2b plus ribavirin. SVR rates for patients who be-
came HCV-negative at 4, 12, or 24 weeks (23, 121. and
33 patients, respectively) were 100%, 71.1% and 36.4%,
respectively. None of the 15 patients who experienced
viral climination after 24 wecks achicved SVR. There-
fore, 24 weeks of additional administration to patients
with no viral elimination within the initial 24 weeks
produces no benefit.
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Factors correlated with a successful response to combo therapy

@ Non-1 genotypes
@ Lower viral load

Younger age
Less fibrosis

Non-African American race

o
e
e
e
® Absence of hepatic steatosis

AR

@ Presence of a rapid initial first-phase

more gradual second-phase decline in serum HCV RNA levels
@ Maintenance of the initial prescribing dosing

Genotype 1 patients who do not experience EVR are
very intractable, as shown above. In other words, 48
weeks of therapy with PEG-IFN and ribavirin may be
too short to maximize SVR in genotype 1 patients.”? The
usefulness of long-term administration for 48 weeks
or longer is being investigated to improve the rate of
achievement of SVR in such patients. Buti et al.* pub-
lished a promising report on extending therapy with
PEG-IFN plus ribavirin to 72 weeks for late virologic
responders. They selected nine genotype 1 patients be-
ing treated with PEG-IFNw-2b (1.0pg/ke) plus ribavirin
(800mg/day) who cleared HCV RNA between weeks
12 and 24 for therapy prolonged to 72 weeks. Eight
patients completed therapy, and at week 24 of follow-
up, seven maintained SVR and one had relapsed. A
Spanish multicenter, randomized controlled study, in
which patients with chronic hepatitis C who did not
became HCV negative by 4 weeks of coadministration
of PEG-IFNw-2a (180pg/week) and ribavirin (800mg/
day) (about two-thirds of all paticnts) were randomized
to groups receiving 48 weeks or 72 weeks of therapy.
found that the group receiving 72 weeks of therapy
achieved a significantly higher rate of SVR than the
group receiving 48 weeks of therapy. On the other hand,
a recent clinical trial showed that genotype 1 patients
who were HCV RNA-negative after 4 weeks of
coadministration of PEG-IFNo-2a (180ug/week) and
ribavirin (1000 or 1200 mg/day) achieved an SVR rate of
66% with a further 20 wecks of therapy.™ Unfortu-
nately. this study did not randomize the patients to com-
pare 24 weeks of therapy with a 48-week therapy
period. The study, however, does show that 24 weeks of

Female sex (paradoxically male sex in most Japanese studies)

Fig. 2. Factors correlated with a
successful response to combination
therapy with pegylated interferon
and ribavirin in chronic hepatitis C.
HCV, hepalitis C virus

therapy can achieve relatively high rates of viral elimi-
nation for thesc genotype 1 “supcr-responders.”

For other, non-1 viral genotypes, studies are being
done to identify a dosing period shorter than 24 weeks
that can be used to achieve sufficient SVR. In one study,
genotype 2 and 3 patients were given PEG-IFNo-2b
(1.0pg/kg each week) and ribavirin (1000 or 1200mg/
day, based on body weight). and those who experienced
viral elimination after 4 weeks ol therapy were assigned
to 24-week or 12-week therapy groups. The results
showed that the SVR ratc for the 12-week group was
the same as that for the 24-week group, indicating that
12 weeks of combination therapy is sufficient for these
patients.*® Similar data have also been reported for
PEG-IFNo-2a (180pg/week) plus ribavirin (800 to
1200 mg/day) therapy.*!

As mentioned above, for treatment of non-1 viral
genotypes and some genotype 1 patients, sufficient
SVR rates can be achieved and unnecessary treatment
avoided by adopting the dosing period by using the
early viral inhibition effect as an indicator. The early
viral kinetics can be also applied to identify more
difficult to treat patients with viral genotype 1, who can
then be given longer treatment to improve SVR rates
(Fig. 3).

Reducing cytopenic effects and improving compliance:
the use of hematopoietic growth factors

Patient compliance has been noted by many clinical
studies to be the largest factor contributing to the thera-
peutic effect of PEG-IFN plus ribavirin combination
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therapy (Fig. 2). Compliance can be divided into those
factors related to patient adherence to the regimen and
dose interruptions or modifications mandated by the
physician in response to cytopenia, rash, gastrointesti-
nal symptoms, or depression. McHutchison et al.** out-
lined an “80:80:80 rule” in genotype 1 patients; that is,
the doses of PEG-IFN and ribavirin and the dosing
period should exceed 80% of the initial plan to achieve
a sufficient SVR rate. Early dose reduction within 12
weeks is more harmful than later dose reduction. To
maximize viral clearance of the PEG-IFN and ribavirin
combination therapy, countermeasures are needed
against adverse effects to improve patient compliance.

Compared with IFN monotherapy, combination
therapy is characterized by additional adverse effects
represented by hemolytic anemia. If anemia occurs, the
dose of ribavirin must be reduced or the administration
of ribavirin must be discontinued. To help avoid this
adverse effect, attention is being drawn to drug inter-
vention with erythropoietin. An 8-week, double-blind
study was conducted in which epoetin alpha 4000U/
week or a placebo was given to patients who experi-
enced a decrease in hemoglobin (Hb) levels to 12 ¢g/dl or
less during coadministration of PEG-IFN and ribavirin
in the United States, and the dosc of ribavirin, Hb lev-
els, and quality of life (QOL) were compared at the end
of the study.*® Compared with the placebo group, the
reduction in Hb levels was significantly inhibited in the
epoetin alpha group; thus, reduction of the ribavirin
dose could be avoided. Inhibition of the reduction in Hb
levels also improved QOL.* Similarly, granulocyte-
colony stimulating factor (G-CSF) is expected to be
useful for avoiding leukocytopenia induced by PEG-
IFN and ribavirin combination therapy. Prevention of
adverse effects with hematopoietic growth factors may
be a promising measure to allow the maintenance of the
therapy protocol and to improve therapeutic outcomes.

Challenging special patient groups: chronic hepatitis C
with persistently normal ALT levels

Persistently normal ALT levels are observed in 20%-—
30% of chronic HCV-infected paticnts among the
general public. Such patients are sometimes called as-
ymptomatic HCV carriers. Most of them present a pic-
ture of histologically minimal or mild chronic hepatitis;
it is rare for the liver to be normal. Progression of
fibrosis is noted in fewer than 10% of the patients. For
this reason. the expression “chronic hepatitis C patients
with persistently normal ALT levels™ is olten preferred
to “asymptomatic HCV carriers.” There was strong re-
sistance against using IFN therapy for such patients in
the 1990s*9¢ for both active and passive reasons. The
former included a lower viral elimination effect, or
SVR, compared with general hepatitis C patients, and

the report of abnormal ALT levels in a high percentage
of patients due to IFN therapy in early studies of asymp-
tomatic HCV carriers.¥# Recent studies have shown
that IFN monotherapy* and IFN plus ribavirin combi-
nation therapy™ can help patients with persistently
normal ALT levels achieve the same level of SVR as
patients with abnormal ALT levels. The percentage of
patients who display an increase in the ALT level in
response to IFN therapy is also lower than that in the
early studies.™ Therefore, the active reasons against us-
ing IFN therapy for patients with persistently normal
ALT levels can no longer be supported. The passive
reason, that there is no evidence of improved long-term
prognosis in this patient group by IFN therapy, still
remains.

HCYV patients with normal ALT levels have been not
eligible for large-scale clinical studies, causing there to
be a deceptively low level of evidence regarding the
efficacy of antiviral therapy in such patients. However,
the potential importance of antiviral therapy for such
patients has been gaining attention in recent years, and
an international, multicenter, randomized, controlled
study of PEF-IFNo-2a plus ribavirin combination
therapy has been conducted.™ Eligible participants
were 491 HCV RNA-positive patients whose ALT lev-
els measured three times or more at intervals of at least
4 weeks did not exceed the upper limit of the normal
ALT range. The patients were randomized at the
proportion of 3:3:1 into three groups: patients
receiving 24 weeks of therapy with PEF-IFNo-2a
(180 ug/week) and ribavirin (800 mg/day), those receiv-
ing 48 weeks ol PEF-IFNo-2a (180pg/week) and
ribavirin (800 mg/day). and a control group that did not
receive any treatment. Acute cxacerbation of ALT lev-
els that exceeded ten times the upper limit was observed
in two patients (one in the 24-week therapy group and
one in the control group). The results regarding treat-
ment effectiveness were identical to those for chronic
hepatitis C patients with high ALT levels previously
published by Hadziyannis et al.*2 Thus, a dosing period
based on the algorithm established {or chronic hepalitis
C patients with abnormal ALT levels can be recom-
mended for PEG-IFN plus ribavirin combination
therapy for HCV-infected patients with persistently
normal ALT levels.

Such findings strongly suggest that HCV-infected
persons with persistently normal ALT levels should be
considered eligible for IFN therapy. The 2004 American
Association for the Study of Liver Diseases (AASLD)
best-practice guideline™ recommended as [ollows: “Re-
gardless of serum aminotransferase levels, the decision
to initiate therapy with interferon and ribavirin should
be individualized based on the severity of liver diseases
by liver biopsy, the potential serious side effects, the
likelihood of response, and the presence of comorbid
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conditions.” What is crucial is not the ALT level but
whether to treat the patient if his/her liver disease is not
severe.

Future antiviral therapy for hepatitis C

IFN plus ribavirin combination therapy brought about
substantial improvement in comparison with the IFN
therapy introduced in the 1990s. This combination may
lead to high viral elimination primarily because it de-
creases the incidence of relapse in patients who have
become HCV-negative during the therapy. According
to an analysis of patient characteristics by the aforemen-
tioned Japanese clinical study* of PEG-IFNo-2b plus
ribavirin combination therapy for genotype 1b patients
with high viral load, SVR rates in treatment-naive pa-
tients, relapsers, and nonresponders were 43.1% (59/
137 patients) 62.6% (57/91 patients), and 19.2 (5/26 pa-
tients), respectively. The fact that relapsers achieved
higher SVR rates than treatment-naive patients sug-
gests that PEG-IFN plus ribavirin combination therapy
maximizes the therapeutic effect of IFN and encourages
complete viral elimination in IFN-responding patients.
On the other hand, the low SVR rate in nonresponders
indicates that PEG-IFN plus ribavirin combination
therapy is not always useful in patients who do not
respond to IFN. To improve SVR rates in such patients,
more-effective antiviral agents other than IFN must be
developed. Furthermore, as described earlier, PEG-
IFN plus ribavirin combination therapy induces a vari-
ety ol adverse ellects. Clearly, saler and better tolerated
therapies are needed.

Promising agents for futurc anti-HCV therapics arc
classified as HCV-specific inhibitors targeting its pro-
tease and polymerase activities, IFN inducers, or less-
toxic ribavirin-like agents. A number of drugs are in
preclinical or clinical trials.

HCYV protease inhibitors

HCV encodes at least four enzymes required for virus
replication. They include NS2/3 autoprotcasc, NS3
helicase, NS3/4A serine protease, and NSSB RNA-
dependent RNA polymerase. Intensive work on devel-
oping specific inhibitors has focused on the last two.
SCH 503034 is a novel, orally active HCV protease
inhibitor that exhibits potent and specific antiviral activ-
ity in HCV replicon assays. Recently, a phase 1b clinical
trial was conducted [or both monotherapy™ and combi-
nation therapy with PEG-IFNo-2b.* SCH 503034
cxhibited dosc-dependent HCV antiviral activity in
genotype | patients in whom PEG-IFN therapy had
previously been unsuccessful. In combination with
PEG-1IFNa-2b, SCH 503034 had at least an additive

effect on HCV suppression. VX-950 is an orally admin-
istered highly selective peptidomimetic inhibitor of
HCV NS3/4A protease. In a phase 1b clinical trial, VX-
950 was well tolerated for 5 to 14 days in both healthy
subjects and patients with viral genotype 1, with no
serious adverse effects. VX-950 showed a 4.4-log reduc-
tion in median HCV RNA at the end of 14 days of
therapy.™

In addition of its critical role in virus replication, the
NS3/4A protease also plays a role in suppressing the
cellular antiviral response. Active NS3/4A prevents
the phosphorylation and activation of interferon regula-
tory factor (IRF)-3 and the triggering of downstream
IFN-induced antiviral ellector genes.™ [RF-3 activity
has been shown to be restored by a HCV protease
inhibitor. Thus, an effective protease inhibitor may
block not only RNA replication but also the ability of
HCV to evade innate antiviral responses.

HCV pol_?merase inhibitors

Valopicitabine (NM283) is a 3’-valyl prodrug of a
nucleoside analog that exhibits anti-HCV activity via
inhibition of viral RNA polymerase. Valopicitabine
is currently in phasc 2 clinical devclopment for the
treatment of chronic hepatitis C. In a phase 2a trial
valopicitabine demonstrated potent anti-HCV activity
when administered in combination with PEG-IFNw-2b,
with 4.5-log serum HCV RNA reduction at 6 months
and no obvious viral breakthroughs. In a phase 2b clini-
cal trial, the combination therapy was also effective
lor patients previously unresponsive to PEG-IFN and
ribavirin combination therapy.™

Sincc HCV has a higher intrinsic mutation ratc than
HI1V, resistance is expected to be a problem with the use
of any type of HCV-specific inhibitor targeting NS3/4A
or NS5B proteins. To suppress the risk of a possible
escape mutant, combination therapy with PEG-IFN
may be better than monotherapy because the former
can more efficiently suppress the levels of HCV replica-
tion. In the [uture, a combination of two or three differ-
ent types of HCV inhibitors may offer a promising
approach, similar to HIV cocktail therapy.

Inumune modulators

Successful spontaneous clearance of HCV infection is
thought to require both innate (e.g., direct antiviral
activities by cytokines and natural killer cells) and
adaptive (1 cell-mediated) immune responses. Chronic
HCYV infection is characterized by an inadequate im-
munc responsc that fails to clear the virus.™ Immunc
modulators, alone or in combination with direct antivi-
ral agents such as IFN and HCV inhibitors. represent a
possible opportunity to improve HCV clearance.

- 365 -



24 T. Takehara and N. Hayashi: Antiviral therapy for chronic hepatitis C

® Can terminate
therapy at 12 weeks

Genotype 1 Non-1 genotypes
weeks weeks
of therapy of therapy
4 ©® Might terminate 4
therapy at 24 weeks
if RVR (+) If RVR (+)
12 ® Consider stopping 12

treatment if EVR ()

Adelay] ' plepueis

24 @ Consider stopping 24

treatment if HCV (+)

Adeiayl  piepuels

== © Prolonged therapy might improve
outcome of late-responders such
as HCV RNA (+) at 12 weeks but
(~) at 24 weeks

CPG 10101 is a synthetic agonist of toll-like receptor
(TLR) 9. HCV-infected paticnts receiving CPG 10101
subcutaneously had a more than 1-log reduction in
HCYV viral load while on therapy.® Further develop-
ment of this agent will continue in conjunction with
PEG-IFN and ribavirin.

Isatorbine is a TLR7 agonist. In a proof-of-concept
clinical study, intravenous injection of isatorbine
once daily for 7 days to patients chronically infected
with HCV yielded a significant reduction of serum
HCV RNA that correlated with induction of 2/,5'-
oligoadenylate synthetase. Recently, the orally avail-
able prodrug of isatorbine, ANA975, was developed
and studied in healthy phase 1 volunteers and showed
promising pharmacokinetics and tolerability.®!

Ribavirin-like agents

The addition ol ribavirin to IFN therapy more than
doubled the SVR rate, although its mechanism of action
is unknown.®” Furthermore, higher doses of ribavirin
clearly improved response rates in genotype 1 pa-
tients.”* However, ribavirin-induced hemolytic anemia
is a major obstacle to implementation of a higher
dosage regimen and limits its use in patients with
comorbidities. To develop a better tolerated combina-
tion therapy, ribavirin-like agents lacking a hemolytic
elfect are needed. Viramidine is a ribavirin prodrug that
1s metabolized primarily in the liver. In a phase 2 study,

RVR: HCV RNA negative at
4 weeks of therapy

EVR: HCV RNA 2 log drop
or negative at 12
weeks of therapy

Fig. 3. Various treatment regimens of
pegylated IFN and ribavirin combina-
tion therapy. RVR, rapid virologic re-
sponse; LV R, early virologic response

fewer patients receiving viramidine developed anemia
compared with those given ribavirin, but they also
showed lower SVR rates.® Phase 3 trials have been
undertaken of both PEG-IFNo-2a and PEG-IFNa-2b
combined with viramidine in comparison with the com-
bination with ribavirin.

Conclusion: viewpoints other than SVR

IFN treatment of patients with chronic hepatitis C were
initially based on observations of its biochemical effects,
before the discovery of HCV. Subsequently, evaluation
of SVR at 6 months after stopping therapy as a clear end
point made it possible to assess therapeutic results in a
scientific manner. IFN therapy has been developing
over the past decade, with the aim of improving the
SVR rate, and higher rates are expectled to be achieved
with new, more specific antiviral agents.

The question arises as to what the ultimate purposc of
hepatitis C treatment is. The answer is that it is the
prevention of liver-related death of HCV-infected pa-
tients by suppressing progression to decompensated
liver disease and liver carcinogenesis (Fig. 4). meaning
that hepatitis C is not just an infectious disease, but a
potentially serious liver disease. From this point of view,
SVRis no more than a surrogate marker—albeit a very
strong one—to improve the prognosis of HCV-inlected
paticnts. Hepatocellular cancer occurs even in paticnts
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2000s
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who have experienced SVR, although its incidence
is substantially lower in those patients than that in
untreated patients or nonresponders. Thus, routine
hepatocellular cancer screening is essential even after
patients have experienced SVR, and early treatment is
indispensable if it occurs. On the other hand. the cumu-
lative incidence of hepatocellular carcinoma is clearly
suppressed around half in even relapsers at least for 5
years after the termination of therapy compared with
that in untreated patients.* Therefore, the therapeutic
effect of IFN therapy should be evaluated not only on
the basis of the SVR rate but also from the more impor-
tant viewpoint of inhibition of hepatocellular cancer. In
this context, repeated IFN therapy, for example every 5
years, for relapsers, and long-term, low-dose IFN
therapy for nonresponders should also be considered
until a new era dawns of treating hepatitis C with novel
anti-HCV agents.
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Abstract

The influence of hepatitis C virus (HCV) protein(s) on cellular differentiation remains to be clarified. Using murine normal liver epi-
thelia] cells, we investigated whether HCV core protein affects differentiation into hepatocytes. Mock and HCV core-expressing cells were
stimulated with oncostatin M (OSM) and dexamethasone, and the degree of differentiation was evaluated by measuring the expression of
albumin and tyrosine aminotransferase (TAT). Lower amounts after stimulation were found in HCV core-expressing cells than in mock
cells. Phosphorylation of the signal transducer and activator transcription factor 3 (STAT3) was prevented by the HCV core under OSM
stimulation. Reporter gene assay revealed that the HCV core/Janus kinase (JAK) interaction directly suppressed the OSM-dependent
JAK-STAT signal transduction. Furthermore, expression of OSM receptor § (OSMRP) after stimulation was prevented by the HCV
core. In conclusion, the HCV core may suppress differentiation into hepatocytes via inhibition of the JAK-STAT pathway and OSMR

expression.
© 2006 Elsevier Inc. All rights reserved.

Keywords: Hepatitis C virus; Hepatitis C virus core protein; Hepatic progenitor cells; Differentiation into hepatocytes; Oncostatin M; Signal transducer
and activator transcription factor 3 (STAT3); Janus kinase (JAK)-STAT signaling pathway

Hepatitis C virus (HCV) causes persistent infection and
leads to chronic hepatitis, liver cirrhosis, and eventually
hepatocellular carcinoma (HCC) [1,2). Chronic liver
inflammation induced by HCV brings about repeated
hepatocyte apoptosis and liver regeneration, resulting in
disease progression. During this process, apoptotic hepato-
cytes are known to be primarily compensated by replica-
tion of intact hepatocytes. However, the replicative
activity of hepatocytes has been suggested to be impaired
in chronic liver disorder in humans [3] and mice {4]. Prolif-
eration of hepatic progenitor cells (also termed oval cells)
and their differentiation into hepatocytes are possible
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alternative mechanisms for hepatocyte regeneration.
Hepatic progenitor cells are a bipotential cellular popula-
tion that can differentiate into both hepatocytes and bile
duct cells. Hepatic progenitor cells have been suggested
to play an important role in liver regeneration in many
experimental models of the liver injury [5-8]. In addition,
it has been reported that hepatic progenitor cells are fre-
quently detected in liver tissues of chronic type C hepatitis
patients, and that their numbers increase in parallel with
disease severity [9-11]. This suggests that hepatic progeni-
tor cells may be substantially involved in the pathogenesis
of chronic type C liver disease.

Among various extracellular factors, dexamethasone, a
synthetic glucocorticoid, has been shown to contribute to
hepatic maturation of rodent fetal and aduit hepatocytes
[12,13]. Dexamethasone has been reported to promote
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differentiation into hepatocytes of murine hepatic progeni-
tor cells [14]. Oncostatin M (OSM), a member of the inter-
leukin (IL)-6 cytokine family, has been shown to induce
development of hepatocytes from fetal hepatic cells in com-
bination with dexamethasone [15]. Recently, OSM has also
been reported to inhibit proliferation of rat hepatic progen-
itor cells, playing a pivotal role in differentiation into hepa-
tocytes [16].

HCV is a plus-stranded RNA virus of approximately
9.5 kb in length [17]. From the HCV genome, at least 10
viral proteins (core, El, E2, p7, NS2, NS3, NS4A, NS4B,
NS5A, and NS5B) are generated from the precursor
protein {18,19]. Recent experimental evidence suggests that
the HCYV core protein, as well as other HCV proteins, affect
various biological functions in the host cell, such as cellular
growth, malignant transformation, apoptosis, and signal
transduction [20-26]. However, it has not been clarified
whether constitutive expression of the HCV core protein
affects the differentiation process from hepatic progenitor
cells to mature hepatocytes.

To more precisely evaluate this, we used the in vitro
culture system of a murine normal liver epithelial cell line
stimulated with OSM and dexamethasone to induce differ-
entiation into hepatocytes. We investigated the influence of
the HCV core protein on the process of hepatocyte differ-
entiation by comparing the HCV core-expressing cells with
negative control (mock) cells.

Materials and methods

Plusmid constructs. Plasmid pCore(1-191)-V5, an HCV core-expressing
construct, was prepared from the plasmid pcDNA3.1/V5-HisA (Invitro-
gen, Co., Ltd.) [25]. Plasmids pCoreMut-V5 and pCoreDel-V5 were gen-
erated from pCore(1-191)-V5 by site-directed mutagenesis. These plasmids
possessed the mutation (for pCoreMut-V5) or the deletion {for pCoreDel-
V5) within a binding site for the Janus kinase (JAK) protein, which had
been demonstrated to be located at amino acid positions 79-84 of the
HCV core protein [25]. Both pCoreMut-V5 and pCoreDel-V5 encoded
mutant types of the HCV core protein that did not allow binding to the
JAK protein. Plasmid pAPRELuci contained the three repeats of the acute
phase response element (APRE) upstream of the minimal promoter and
luciferase gene, which was kindly provided by Dr. T. Hirano (Laboratory
of Developmental Immunology, Graduate School of Frontier Biosciences,
Osaka University). Plasmid pRLtk (Promega Co.), the seapansy lucifer-
ase-expressing plasmid, was used as a transfection efficiency control.

Cell culture and transfection. An embryonic murine liver cell line, BNL
CL. 2 (CL2) (No. TIB 73, American Type Culture Collection), has been
shown to possess the character of normal liver epithelial cells {27], which
are regarded as possible hepatic progenitor cells. The cells were main-
tained in the Dulbecco’s modified Eagle’s medium (DMEM) supple-
mented with 10% fetal calf serum, 100 pg/ml of streptomycin sulfate,
100 U/ml of penicillin G sodium, and 0.25 pg/ml of amphotericin B in 5%
CO;, at 37°C. Three independent clones of HCV-core expressing cells
(designated CL2 core-l, -1, and -111) and the negative control cells (mock)
were established from the CL2 cells, as described elsewhere {25,26). For
induction of hepatic differentiation, 5 % 10° of CL2 mock and core cells
were seeded on a 6-cm-diameter culture dish and stimulated with 10 ng/ml
of murine OSM (Sigma) and/or 10~7 M of dexamethasone (Sigma) every
other day. The culture medium was also replaced with the same frequency.
In some experiments, the CL2 mock and core cells were treated with 1 uM
of Janus kinase (JAK)-specific inhibitor, 2-(1, 1-dimethylethyl)-9-fluoro-3.
6-dihydro-7H-benz[h}-imidaz [4,5-f] isoquinolin-7-one (CN biosciences)

[28] every other day 1 h prior to the addition of OSM. Cells were harvested
on days 10 or 20 after stimulation for Western blot and the RT-PCR
analyses. In the present study, the CL2 core-I cells were mainly used for
subsequent experiments. The results were also confirmed with CL2 core-11
and -1l cells in some experiments (corresponding to Figs. 1 and 2 in this
study).

Reporter gene assay. For cotransfection analysis, 8.0 x 10* of the CL2
cells were seeded in a 6-well culture dish and cotransfected with 0.75 pg of
the effector plasmid (pCore{1-191}V5, pCoreMut-VS, pCoreDel-V5 or
pcDNA3.1/V5-HisA) with 0.75 pg of the reporter plasmid (pAPRELuci)
and 0.1 ug pRLtk. These cells were stimulated with 10 ng/ml of murine
OSM or left unstimulated 1 day after transfection. Six hours later, they
were lysed and subjected to the dual luciferase assay (Toyo Ink Co., Ltd.).
The luciferase activity was normalized for transfection efficiency based on
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Fig. 1. (A) Detection of albumin in the CL2 mock and core cells under
stimulation with OSM and dexamethasone. The cellular protein was
harvested before, 10 days after, and 20 days after stimulation and used for
Western blot analysis. (B) Detection of TAT, CK-19, and vinculin
mRNAs in the CL2 mock and core cells under stimulation with OSM and
dexamethasone. The total RNA was extracted before, 10 days alter, and
20 days after stimulation and used for the RT-PCR assay. The B-actin
mRNA was also measured as a loading control. (C) Microscopic
observation of the CL2 mock and core cells under stimulation with
OSM and dexamethasone. Phase contrast microscopy of 400 magnifica-
tions represents the CL2 mock and core cells before stimulation and 20
days after stimulation with OSM and dexamethasone.
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Fig. 2. {A) Detection of albumin in the CL2 mock and core cells under
stimulation with OSM alone, dexamethasone alone. or both. The cellular
protein was harvested before stimulation and 20 days after stimulation
and used for Western blot analysis. {B) Detection of TAT mRNA in the
CL2 mock and core cells under stimulation with OSM alone, dexameth-
asone alone, or both. The total RNA was extracted before stimulation and
20 days after stimulation and used for the RT-PCR assay. The B-actin
mRNA was also measured as a loading control. (C) Measurement of
albumin expression in the CL2 mock and core cells under stimulation with
OSM and dexamethasone in the presence or absence of JAK inhibitor.
The cellular protein was harvested 20 days after stimulation and used for
Western blot analysis. (D) Measurement of TAT mRNA in the CL2 mock
and core cells under stimulation with OSM and dexamethasone in the
presence or absence of JAK inhibitor. The total RNA was extracted 20
days after stimulation and used for the RT-PCR assay. The B-actin
mRNA was also measured as a loading control.

the result of the seapansy luciferase activity. The relative light unit of the
unstimulated sample was regarded as 1, and the sample activities were
calculated as multiples of this. All assays were done in triplicate, and the
values were expressed as means & SD.

Western blot analysis. The total cellular protein was extracted with the
RIPA buffer containing 1% Nonidet P-40, 0.5% sodium deoxycholate,
0.1% sodium dodecy! sulfate (SDS), 50 ug/ml aprotinin, 1 pg/ml leupeptin,
1 pg/ml pepstatin, 100 pg/ml phenylmethylsulfonyl fluoride, I mM sodium
orthovanadate, and 50 mM sodium fluoride in phosphate-buffered saline
(pH 7.4) [29]. Twenty micrograms of protein was separated with SDS-
polyacrylamide gel electrophoresis and blotted onto polyvinylidene
difluoride membrane (Hybond P; Amersham Pharmacia Biotech Co.,

Ltd.). After blocking with milk, the membrane was incubated with a first
antibody, followed by incubation with horseradish peroxidase-labeled
immunoglobulin as a second antibody. The inumune complex was detected
by an enhanced chemiluminescent assay (Super Signal, Pierce). An anti-
body against signal transducer and activator transcription factor 3
(STAT?3) was purchased from Santa Cruz Biotechnology, and an antibody
against tyrosine phosphorylated STAT3 (pY'®*STAT3; pSTAT3) came
from Cell Signaling Technology. Antibodies against albumin and OSM
receptor B (OSMRB) were from Upstate Biotechnology.

PCR Analysis. The expression levels of tyrosine aminotransferase
(TAT), cytokeratin (CK)-19, and vinculin mRNAs were analyzed by PCR
assay. The total cellular RNA was extracted from the CL2 mock and core
cells using an Isogen kit {Nippon Gene Co.) based on the guanidine-
isothiocyanate method. Reverse transcription (RT) was performed with
1 pg of the RNA sample using the mutated Moloney murine leukemia
virus reverse transcriptase (ReverTra Ace, Toyobo) and the oligo(dT)zo
primer (Toyobo). The cDNA was subsequently amplified with Tag/Pwo
DNA polymerase (Expand High Fidelity PLUS PCR System, Roche
Diagnostics). The specific primer sets are 5'-GGGGACCCTACTG
TGTTTGG-3' and 5-GAGGCAGTGGACAGACTGCT-3' for TAT, 5'-
GTCCTACAGATTGACAATGC-3' and 5-CACGCTCTGGATCTG
TGACAG-3' for CK-19, and 5'-CGACTAACTGATGAGCTGGC-3/
and 5-CACAGACTGCATGAGGTTCT-3' for vinculin. Each cDNA
was amplified by 35 PCR cycles involving denaturation at 94 °C for 155,
annealing at 55°C for 30s, and extension for | min, followed by final
extension at 72 °C for 10 min. As an internal control, the B-actin mRNA
was also amplified by 25 PCR cycles. The PCR products were subjected to
the agarose gel electrophoresis and visualized by ethidium bromide
staining. Under these assay conditions, the mRNA expression levels could
be semiquantitated according to the band intensitics.

Statistical analysis. Statistical analysis was performed using the non-
paired ¢ test as appropriate. P values less than 0.05 were considered to be
statistically significant.

Results and discussion

In the present study, a murine normal liver epithelial
cell line, CL2 [27], was stimulated with OSM and dexa-
methasone to induce differentiation into hepatocytes. To
investigate the effect of the HCV core protein on the pro-
cess of hepatocyte differentiation, the CL2 core cells,
which constitutively expressed the HCV core protein
[25,26], were compared with the negative control (mock)
cells. We first examined the expression levels of hepato-
cyte-specific marker genes, albumin and TAT, and the bile
duct epithelial cell-specific marker genes, CK-19 and vin-
culin, in the CL2 mock and core cells before and after
stimulation with OSM and dexamethasone (Fig. 1A and
B). Expression of albumin and TAT was considerably
induced after the stimulation in both cells. CK~19 and
vinculin were expressed before the stimulation, but their
levels were not increased after the stimulation. Thus, the
CL2 cells were found to express dual markers of hepato-
cyte and biliary lineages, which is a known phenotypic
feature of hepatic progenitor cells. It was also shown that
the stimulation with OSM and dexamethasone could
induce differentiation into hepatocytes but not into bile
duct cells in the CL2 mock and core cells. According to
this, our system using the murine embryonic liver-derived
“hepatic progenitor-like” CL2 cells may, to a certain
extent, reproduce the process from the hepatic progenitor
cells to mature hepatocytes.
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