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Add-on Therapy of Pitavastatin and
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of Peginterferon Plus Ribavirin Treatment for
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Despite the use of pegylated-interferon (peg-
IFN) plus ribavirin combination therapy, many
patients infected with hepatitis C virus (HCV)-
1b remain HCV-positive. To determine whether
addition of pitavastatin and eicosapentaenoic
acid (EPA) is beneficial, the “add-on’’ therapy
option (add-on group) was compared retro-
spectively with unmodified peg-IFN/ribavirin
therapy (standard group). Association of host-
or virus-related factors with sustained virologi-
cal response was assessed. In HCV replicon
cells, the effects of pitavastatin and/or EPA
on HCV replication and expression of innate-
immunity- and lipid-metabolism-associated
genes were investigated. In patients infected
with HCV-1b, sustained virological response
rates were significantly higher in the add-on
than standard group. In both groups, sustained
virological response rates were significantly
higher in patients with genotype TT of IL-28B
(rs8099917) than in those with non-TT geno-
type. Among the patients with non-TT geno-
type, sustained virological response rates were
markedly higher in the add-on than standard
group. By multivariate analysis, genome varia-
tion of [L28B but not add-on therapy remained
as a predictive factor of sustained virological
response. In replicon cells, pitavastatin and
EPA suppressed HCV replication. Activation
of innate immunity was obvious in pitavasta-
tin-treated cells and EPA suppressed the
expression of sterol regulatory element bind-
ing protein-1c and low-density lipoprotein
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receptor. Addition of pitavastatin and EPA to
peg-IFN/ribavirin treatment improved sus-
tained virological response in patients infected
with HCV-1b. Genotype variation of I1L-28B
is a strong predictive factor in add-on therapy.
J. Med. Virol. 85:250-260, 2013.
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Add-on Therapy for Chronic Hepatitis C
INTRODUCTION

Nearly, 170 million people are infected with hepati-
tis C virus (HCV) worldwide and natural history stud-
ies show that 5-20% of patients develop cirrhosis
after approximately 20 years of infection [Alter, 2005].
Currently, pegylated-interferon (peg-IFN) plus ribavi-
rin combination therapy has become the standard
care for chronic hepatitis C because it achieves high
rates of sustained virological response [Aghemo et al.,
2009]. However, in patients infected with genotype 1b
HCV (HCV-1b), at most, 50% of individuals achieve a
sustained virological response following combination
therapy, and HCV-1b in high viral loads (>5.0 log IU/
ml) accounts for >70% of patients with HCV infection
in Japan [Kumada et al., 2006]. The response to IFN-
based treatment is influenced by virus-related factors
including viral load and genotypes; host-related fac-
tors, such as sex, age, insulin resistance, staging of
the disease and responses to previous antiviral thera-
pies; as well as therapeutic factors, such as dose and
duration of treatment [Shiffman, 2002; Backus et al.,
2007; Kanwal et al., 2007; Bortoletto et al., 2010]. In
addition, as a critical genetic factor for governing the
outcomes of peg-IFN plus ribavirin combination thera-
py, genome variation of IL28B and inosine triphos-
phatase (ITPA) have been identified recently. At the
spot of rs8099917 in the IL28B region, patients
infected with HCV-1b with the major variation type
(TT) show markedly higher sustained virological re-
sponse rates than those with the minor variation type
(TG + GG) [Ge et al.,, 2009; Suppiah et al., 2009;
Tanaka et al., 2009; Hayes et al., 2011]. Single nucleo-
tide polymorphism (SNP) variation of the ITPA gene
at rs1127354 is associated with anemia as an adverse
effect during peg-IFN plus ribavirin combination ther-
apy [Fellay et al., 2010; Azakami et al., 2011; Suzuki
et al., 2011; Thompson et al., 2011]. In patients who
have rs1127354 genotype CC (major type), ribavirin-
induced anemia is more frequent and forces a reduc-
tion in dose of ribavirin, which worsens the thera-
peutic outcome. Alternatively, viral amino acid
substitutions at core 70 and 91 are significant predic-
tors of treatment outcome. In particular, a point mu-
tation of core 70 from Arg to Gln is significantly
associated with non-sustained virological response in
patients infected with HCV-1b [Akuta et al., 2005,
2007; El-Shamy et al., 2012].

Investigation of patients treated by peg-IFN plus ri-
bavirin combination therapy has indicated that serum
cholesterol and statin use predict virological response
to therapy [Harrison et al., 2010]. Recent studies have
shown that virological response is improved by addi-
tion of fluvastatin or pitavastatin to peg-IFN and riba-
virin treatment [Bader et al., 2008; Sezaki et al,,
2009; Shimada et al., 2012]. Statins were associated
with a reduced risk of hepatocellular carcinoma in a
large cohort of patients with diabetes [El-Serag et al,,
2009]. In other studies, it has been demonstrated
that polyunsaturated fatty acids (PUFAs) inhibit HCV
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replication by a mechanism that is independent of
their roles in regulating lipogenesis [Leu et al., 2004;
Kapadia and Chisari, 2005; Huang et al., 2007].
Takaki et al. [2007] have reported that eicosapentae-
noic acid (EPA), a type of n-3 PUFA, allows mainte-
nance of the original ribavirin dose in chronic
hepatitis C patients during peg-IFN plus ribavirin
combination therapy. However, the effects of these lip-
id modulators on chronic hepatitis C patients with in-
tractable IL-28B allele remain unknown.

As a result of this experimental and therapeutic evi-
dence, a new antiviral strategy to improve treatment
outcome for chronic hepatitis C was designed, that is,
addition of pitavastatin and EPA to peg-IFN plus riba-
virin combination therapy (add-on therapy). The validi-
ty of the add-on therapy was evaluated by comparing
its effect on the final outcome (i.e., sustained virological
response) with that of unmodified peg-IFN plus
ribavirin combination therapy (standard therapy), and
pretreatment predictors of virological response were in-
vestigated. Additionally, the antiviral effect of pitavas-
tatin and/or EPA was estimated in HCV replicon cells.

MATERIALS AND METHODS
Study Patients

In Kyushu Medical Center, a standard protocol in
Japan (subcutaneous peg-IFNa2a [180 pgl or peg-
IFNa2b [median dose of 1.5 pg/kg, range 1.3-1.7]
weekly, along with oral ribavirin daily for 48 weeks)
was adopted for chronic hepatitis C patients from
2005 to 2008. The dose of ribavirin was adjusted
according to body weight: 600 mg for patients weigh-
ing <60 kg, 800 mg for those weighing 60-80 kg, and
800 mg for those weighing >80 kg. From 2008, oral
pitavastatin (2 mg/day) and ethyl icosapentate
(1,800 mg/day) have been added to the standard pro-
tocol (add-on protocol). It has been shown that statins
contribute to improving the virological response
[Bader et al., 2008; Sezaki et al., 2009]. The add-on
protocol was expected to improve treatment, and was
applied to all patients after 2008 in Kyushu Medical
Center, but a randomized study could not be designed.
In these protocols, 48- and 24-week regimens were ap-
plied to patients infected with HCV-1b and HCV-2, re-
spectively. Patients who experienced previous therapy
using peg-IFN were excluded. Patients with cirrhosis
were not included. Because of the possibility that vita-
min E and bile acids including ursodeoxycholic acid
promote HCV replication [Chang and George, 2007;
Yano et al.,, 2007; Scholtes et al., 2008; Nakamura
et al., 2010], treatment with these agents was with-
drawn at least 1 month before the initiation of antivi-
ral treatment. The study protocol was approved by
the Ethics Committee of the National Hospital Orga-
nization, and written informed consent was obtained
from all patients. Finally, 238 patients (genotype 1b/
2 = 176/62) who were treated with the standard pro-
tocol (standard group) and 162 patients (genotype 1b/
2 = 101/61) who were treated with the add-on protocol

J. Med. Virol. DOI 10.1002/jmv
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TABLE 1. Profile and Baseline Characteristics of Patients Infected With HCV-1b

Number of patients Standard group Add-on group P
Gender: M/F 91/85 46/55 NS
Age (years) 59.5 + 10.2 57.2 +£12.5 NS
Past history of IFN therapy: naive/unmodified IFN/unmodified IFN + RBV 147/21/8 77/18/6 NS
HCV RNA (log IU/ml) 5.73 £ 0.16 6.08 + 0.64 0.001
I1-28B (rs8099917): TT/TG + GG/ND 39/18/119 69/29/3 NS
ITPA (rs1127354): CC/CA + AA/ND 43/14/119 70/27/4 NS
Staging: Fo_1/Fa_s/ND 15/47/114 27/53/21 NS
ALT (IUM 74.5 + 58.3 62.4 +45.2 NS
GGT U/ 55.8 + 46.8 51.9 £ 45.4 NS
WBC (/uD) 4,859 + 1,239 4,870 + 1,395 NS
Hemoglobin (g/dl) 13.9 + 1.3 137+ 15 NS
Platelet (/uD) 16.3 £ 5.7 191+ 6.5 0.006
% of patients treated with enough total doses of Peg-IFN® 61.1 75.7 NS
% of patients treated with enough total doses of RBV® 76.4 77.1 NS

IFN, interferon; RBV, ribavirin; ITPA, inosine triphosphatase; ALT, alanine aminotransferase; GGT, y-glutamyl transpeptidase; WBC, white
blood cell; Peg-IFN, pegylated-interferon; ND, not determined; NS, not significant.

“Enough total doses: >80% of planned doses.
®Enough total doses: >60% of planned doses.

(add-on group) were enrolled and retrospectively ana-
lyzed. The profile and baseline characteristics of
patients infected with HCV-1b are shown in Table I.
In all patients infected with HCV-1b or HCV-2, base-
line HCV RNA levels in serum were >5.0 log IU/ml.

Laboratory Data

Hematological, biochemical and virological param-
eters were determined by the clinical laboratory at
Kyushu Medical Center. Serum HCV RNA concentra-
tions were determined by the COBAS TagMan PCR
HCV test (Roche Diagnostics, Tokyo, Japan). Sus-
tained virological response was defined as undetectable
HCV RNA at week 24 after completion of therapy.
Genotyping for the IL28B (rs8099917) and ITPA
(rs1127354) polymorphisms was performed by Tag-
Man® SNP Genotyping Assays (Applied Biosystems,

Branchburg, NJ) that apply a polymerase chain reac- .

tion (PCR)-based restriction fragment length polymor-
phism assay. To determine amino acid polymorphism
in HCV core protein, the PCR method with primers
specific for polymorphism at core 70 was performed as
described previously [Nakamoto et al., 2009].

Cell Lines and Treatment

The human-hepatoma-derived cell line, Huh7/Rep-
Feo-1b, which stably expresses the HCV Rep-Feo rep-
licon, was a kind gift from the Department of Gastro-
enterology and Hepatology, Tokyo Medical and Dental
University. The HCV subgenomic replicon plasmids,
which contained NS3, NS4, NS5A, and NS5B, were
derived from the HCV-N strain (genotype 1b), and the
construct expressed a chimeric reporter protein of
luciferase and neomycin phosphotransferase that
allowed selection of cells and rapid measurement of
the replication levels in stable replicon-expressing
cells [Yokota et al., 2003; Tanabe et al., 2004; Toyoda
et al.,, 2011]. Cells were maintained in Dulbecco’s

J. Med. Virol. DOI 10.1002/jmv

modified Eagle’s medium (Gibco-BRL, Grand Island,
NY) supplemented with 10% heat-inactivated fetal bo-
vine serum, 100 U/ml penicillin G, and 0.1 mg/ml
streptomycin in a humidified 37°C/5% CO; incubator.
Pitavastatin (donated by Kowa Pharmaceutical Co,
Tokyo, Japan) and EPA (Otsuka Pharmaceutical Co,
Tokyo, Japan) were dissolved in 10% carboxyl methyl-
cellulose and chloroform, respectively, and stored in
stock solutions at a concentration of 10 and 20 M, re-
spectively. According to previous reports and our pre-
tests for inhibition rates of HCV replication and
cytotoxicity [Ye et al., 2003; Leu et al., 2004; Kapadia
and Chisari, 2005; Ikeda et al., 2006], Huh7/Rep-Feo-
1b cells were treated with 20 pM EPA, 10 pM pita-
vastatin, or 20 puM EPA plus 10 uM pitavastatin for
48 hr. The concentrations of EPA and pitavastatin
may have been reasonable because they were lower
than the reported maximum blood concentration of
EPA or pitavastatin in healthy adult men with usual
daily doses. For control cells, the same volume of 10%
carboxyl methylcellulose and chloroform used for
treated cells was added to medium and incubated
for 48 hr.

Cell Proliferation/Viability and
Luciferase Assays

The proliferation and viability of cultured cells were
checked by Cell Viability and Proliferation Assay Kit
(Funakoshi, Tokyo, Japan). Luciferase activity assay
was performed using the Bright-Glo Luciferase Assay
System (Promega, Tokyo, Japan). According to the
manufacturer’s protocol, luciferase was extracted
from control and treated cells, and luciferase activity
was quantified by use of a luminometer.

Real-Time PCR

mRNA expression levels in Huh7/Rep-Feo-1b cells
under EPA and/or pitavastatin treatment were

- 703 -
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analyzed using real-time RT-PCR and compared with
untreated Huh7/Rep-Feo-1b cells. Total RNA was
extracted with TRIzol reagent (Invitrogen, Carlsbad,
CA) and cDNA was synthesized from 1.0 pg RNA
using GeneAmp™ RNA PCR (Applied Biosystems)
with random hexamers. Real-time RT-PCR was per-
formed using LightCycler-FastStart DNA Master
SYBR Green 1 (Roche, Basel, Switzerland) according
to the manufacturer’s instructions. The reaction mix-
ture (20 pl) contained LightCycler-FastStart DNA
Master SYBR Green 1, 4 mM MgCly, 0.5 pM up-
stream and downstream PCR primers, and 2 pl first-
strand ¢cDNA as a template. To control for reaction
variations, all PCR data were normalized against the
expression of retinoblastoma binding protein 6 [Naka-
muta et al., 2011]. The real-time RT-PCR primer sets
in this study are listed in Table II.

Statistical Analysis

Statistical analysis was performed using JMP soft-
ware (SAS Institute, Inc., Cary, NC). Differences be-
tween categorical variables were analyzed using
Fisher’s extract test or x* test. Mann—Whitney U test
was used for continuous variables. Multivariate anal-
ysis was used to identify factors independently associ-
ated with the achievement of sustained virological
response. The odds ratio (OR) and 95% confidence
intervals were also calculated. P < 0.05 was consid-
ered to be statistically significant.

RESULTS

Sustained Virological Response Rates in Patients
Infected With HCV-1b and HCV-2

Peg-IFN and/or ribavirin were discontinued or their
doses reduced, as required, upon reduction of hemo-
globin levels, neutrophil counts or platelet counts, or
the development of other adverse effects. Therefore,
to evaluate therapeutic effects properly, sustained
virological response rates were examined by intention
to treat analysis. Within the enrolled patients, 62
and 61 patients infected with HCV-2 were included in
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Fig. 1. Sustained virological response rates in chronic hepatitis C
patients: comparison between standard and add-on therapy.
A: Results for HCV genotype 1b and 2. B: Results for genome varia-
tion of IL28B (rs8099917); genotype TT and non-TT (TG + GG).
Data for HCV-1b patients are shown. *P < 0.01.

the standard and add-on therapy groups, respectively.
In these patients, no significant difference was found
in sustained virological response rates between the
standard and add-on therapy groups; 80.7% and
77.1%, respectively (Fig. 1A). Hence, all subsequent
examinations were conducted on patients infected
with HCV-1b.

In patients infected with HCV-1b, sustained virolog-
ical response rates were significantly higher in the
add-on than in the standard therapy group (54.7% vs.
30.1%, P < 0.0001; Fig. 1A), although background
HCV RNA levels were significantly higher in the add-
on therapy group (Table I). Platelet counts were
higher in the add-on therapy group but those in the
standard therapy group were still sufficient for IFN-
based therapy. Of note, no significant difference was
found between the standard and add-on therapy
groups for the rate of patients in whom sufficient total
doses of peg-IFN (>80% of planned doses) and riba-
virin (>60% of planned doses) were administered
(Table D).

TABLE II. Sequences of Primers Used for Real-Time PCR

Genes Forward (5 — 3') Reverse (' — 3')

RIG-I GGCCCACTGCCCCAGGTCAT TCCCCAACACCAACCGAGGC
MAVS CCCTCTGGCATCTCTTCAATACC TTCGTCCGCGAGATCAACTA
IRF3 CCAGCTTGGACAATCCCACTC GAAGGCTGTCACCTCGAACTC
TRAF6 GAGGTCTCCACCCGCTTTGA TTGAGCAAGTGAGGGCAAGCTA
IFNB1 GCGACACTGTTCGTGTTGTCA CCAAGCAAGTTGTAGCTCATGGA
ISG15 GGGCTGGGACCTGACGGTGA GGACAGCCAGACGCTGCTGG
HMGR GCCTGGCTCGAAACATCTGAA CTGACCTGGACTGGAAACGGATA
SREBP-1 GCTGTCCACAAAAGCAAATCTCT GTCAGTGTGTCCTCCACCTCAGT
LDLR CAACGGCTCAGACGAGCAAG AGTCACAGACGAACTGCCGAGA
RBBP6 GCGACCTGCAGATCACCAA TGCCATCGCTGGTTCAGTTC

RIG-I, retinoic acid inducible gene I; MAVS, mitochondrial antiviral signaling; IRF, interferon regulatory factor; TRAF, TNF receptor associ-
ated factor; IFN, interferon; ISG, interferon-stimulated gene; HMGR, HMG-CoA reductase; SREBP, sterol regulatory element binding pro-

tein; LDLR, LDL receptor; RBBP, retinoblastoma binding protein.

J. Med. Virol. DOI 10.1002/jmv
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Effect of IL28B and ITPA Genotypes
on Viral Response

According to genetic variation of IL28B gene
(rs8099917), sustained virological response rates in
patients infected with HCV-1b were determined
(Fig. 1B). In both the standard and add-on therapy
groups, sustained virological response rates were sig-
nificantly higher in patients with the major type ge-
nome variation (TT) than in those with the minor
type (TG + GG). In the latter, sustained virological
response rates were markedly higher in the add-on
than in the standard therapy group (37.9% vs. 5.6%,
P = 0.007). In patients with the major type genome
variation, addition of pitavastatin and EPA induced
higher sustained virological response rates although
no significant difference was found between the two
treatment groups. In comparison between the major
(CC) and minor (non-CC) types of ITPA (rs1127354),
sustained virological response rates were comparable
between the standard and add-on therapy groups
(Fig. 2A). However, in the add-on group, the percent-
age of patients infected with HCV-1b who completed
therapy without dose reduction of ribavirin was sig-
nificantly higher among those with the minor type of
ITPA than the major type (45.8% vs. 21.5%,
P = 0.004; Fig. 2B).

Viral Kinetics With Add-on Therapy

Viral kinetics in patients infected with HCV-1b
were examined in the add-on therapy group according
to genome variation of the IL28B (rs8099917), and
compared between the sustained virological response
and non-sustained virological response groups. In
patients with major variation type (TT), viral decline
was significantly greater at all times (days 3-84) in
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Fig. 2. Clinical data of patients infected with HCV-1b: comparison
between genome variations of ITPA. A: Sustained virological re-
sponse rates were compared between standard and add-on therapy.
Results are presented for each genome variation of ITPA
(rs1127354); genotype CC and non-CC. B: Numbers of patients in
whom planned ribavirin doses were completed. Results in patients
infected with HCV-1b treated with add-on therapy are shown in
each genome variation of ITPA (rs1127354); genotype CC and non-
CC. *P < 0.05.
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the sustained virological response than in the non-
sustained virological response group (Fig. 3A). Howev-
er, in patients with minor variation type (TG + GG),
viral kinetics were similar within the first 2 weeks of
treatment in the sustained virological response and
non-sustained virological response groups (Fig. 3B).
Accordingly, sustained virological response was affect-
ed by the depth of early phase viral decline in patients
with major variation but not in patients with minor
variation. Viral kinetics in patients with minor type
variation (TG £ GG) of IL-28B were compared
between the standard therapy and add-on therapy
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Fig. 3. Viral kinetics in patients infected with HCV-1b. A: Results
in patients with major type variation (TT) of IL-28B: comparison be-
tween sustained virological response and non-sustained virological
response groups. B: Results in patients with minor type variation
(TG + GG) of IL-28B: comparison between sustained virological re-
sponse and non-sustained virological response groups. C: Results in
patients with minor type variation (TG + GG) of IL-28B: comparison
between standard therapy and add-on therapy groups. *P < 0.05,
**P < 0.01 (sustained virological response vs. non-sustained virolog-
ical response).

- 705 -



Add-on Therapy for Chronic Hepatitis C

groups (Fig. 3C). As a result, viral decline was some-
what greater after day 28 in the add-on therapy group
but the difference was not significant.

Effect of Amino Acid Substitutions of
HCV Core 70 on Viral Response

Add-on therapy was significantly more effective in
patients with IL28B minor variation (TG + GG) com-
pared with standard therapy, therefore, we investigat-
ed the association between HCV core 70 amino acid
mutation and therapeutic outcome. In 27 patients
infected with HCV-1b, who had minor variation of
IL28B (TG + GG) and were treated with add-on ther-
apy, core 70 amino acid mutation was determined.
Sustained virological response was achieved in 10
patients and core 70 mutation (Gln) was found in 6 of
the 10 patients (60%). Within the 17 non-sustained
virological response patients, the mutation was identi-
fied in eight patients (47.1%). Accordingly, within
these patients, the core 70 amino acid substitutions
did not affect sustained virological response in the
add-on therapy.

Predictive Factors Associated With Sustained
Virological Response

Among the factors listed in Table III, predictive fac-
tors associated with sustained virological response
were examined in patients infected with HCV-1b. Uni-
variate analysis identified six parameters that corre-
lated significantly with sustained virological response;
age (P = 0.0038), fibrotic staging (P = 0.0012), y-glu-
tamyl transpeptidase (P = 0.0009), platelet count
(P = 0.0132), genetic variation of IL28B (P < 0.0001)
and add-on therapy (P < 0.0001; Table III). In multi-
variate analysis, significant contribution factors for
sustained virological response were age (<60 years;
OR 3.06, P = 0.0221), IL28B (genotype TT; OR 6.69,
P = 0.0019) and staging (Fy_;; OR 5.71, P = 0.0035;
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TABLE IV. Multivariate Analysis for Predictive Factors
Associated With Sustained Virological Response

95% confidence

Factors Category intervals P
Age (years) 1. >60: 1.0

2. <60: 3.06 1.20-8.24 0.0221
IL-28B (rs8099917) 1. TG + GG: 1.0

2.TT: 6.69 2.17-24.66  0.0019
Stag‘ing 1. Fz_gl 1.0

2. Fp 1:5.71 1.91-20.51  0.0035

Table IV). When IL28B was excluded from the factors
in multivariate analysis, addition of pitavastatin and
EPA (add-on therapy) was also selected as a signifi-
cant contribution factor for sustained virological re-
sponse (OR 2.13, P = 0.0395).

Subgenomic HCV Replicon System

Suppression of HCV RNA replication by pitavasta-
tin and/or EPA was examined in Huh7/Rep-Feo-1b
cells by luciferase assay. The concentrations of pita-
vastatin and EPA for the following experiments
were determined according to previous studies [Ye
et al., 2003; Leu et al., 2004; Kapadia and Chisari,
2005; Tkeda et al., 2006] and our pilot study for cyto-
toxicity and luciferase assay (data not shown).
Huh7/Rep-Feo-1b cells were incubated with or with-
out 10 uM pitavastatin and/or 20 pM EPA for 48 hr.
As a precondition, the proliferative activity and via-
bility of pitavastatin- and/or EPA-treated cells were
comparable with those of control cells (data not
shown). As a result, luciferase activity was signifi-
cantly suppressed in EPA- and/or pitavastatin-
treated cells compared with the control cells
(Fig. 4A). At these concentrations, the suppressive
effect was more marked in pitavastatin-treated than
EPA-treated cells.

TABLE IIL. Univariate Analysis Between Non-Sustained Virological Response and Sustained Virological Response Groups

Factors Non-SVR SVR P
Gender (M/F) 82/86 55/54 NS
Age (years) 60.5 + 10.6 55.7 £ 12.0 0.0038
Past history of IFN therapy: naive/unmodified IFN/unmodified IFN + RBV 136/24/8 88/15/6 NS
HCV RNA (log IU/ml) 6.03 £ 0.16 5.91 + 0.55 NS
IL-28B (rs8099917) TT/TG + GG/ND 35/44/89 12/64/33 <0.0001
ITPA (rs1127354) CC/CA + AA/ND 59/20/89 54/21/34 NS
Staging (Fo_1/Fs_3/ND) 11/59/98 31/41/37 0.0012
Treatment add-on/standard 45/123 56/53 <0.0001
ALT qUND) 72.3 £ 57.7 63.9 + 45.2 NS
GGT IU/MD) 65.3 + 56.0 41.1 £ 27.1 0.0009
WBC (ph) 4,935 + 1,392 4,791 + 1,254 NS
Hemoglobin (g/dl) 13.8 £ 1.4 138+ 1.4 NS
Platelet (/ul) 16.7 £ 5.7 19.1 + 6.6 0.0132
% of patients treated with enough total doses of Peg-IFN? 60.9 74.4 NS
% of patients treated with enough total doses of ribavirin 71.9 80.8 NS

IFN, interferon; RBV, ribavirin; ITPA, inosine triphosphatase; ALT, alanine aminotransferase; GGT, y-glutamyl transpeptidase; WBC, white
blood cell; Peg-IFN, pegylated-interferon; ND, not determined; NS, not significant.

®Enough total dose: >80% of planned doses.
PEnough total doses: >60% of planned doses.
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Fig. 4. Treatment of pitavastatin and/or EPA in HCV replicon
cells. A: HCV replication was estimated by luciferase assay. Huh7/
Rep-Feo-1b cells were treated with pitavastatin (10 pM) and/or EPA
(20 pM) for 48 hr. *P < 0.01 versus control, /P < 0.01 versus EPA.
B: Expression levels of RIG-I, MAVS, TRAF6, IRF3, IFNB, and
ISG15 genes in Huh7/Rep- Feo 1b cells treated with pitavastatin
(10 p.M) and/or EPA (20 pM) for 48 hr. *P < 0.01 versus control and
EPA, P < 0.05 versus control and EPA. C: Expression levels of
HMGR SREBP-1c and LDLR genes in Huh7/Rep-Feo-1b cells
treated with pitavastatin (10 puM) and/or EPA (20 pM) for 48 hr.
*P < 0.01 versus control, **P < 0.05 versus control, P < 0.01
versus EPA, 5P < 0.01 versus pitavastatin.

In Huh7/Rep-Feo-1b cells, the expression levels of
innate-immunity-associated genes were examined af-
ter 48 hr treatment with 10 pM pitavastatin and/or
20 uM EPA. As shown in Figure 4B, retinoic acid in-
ducible gene I (RIG-I), mitochondrial antiviral signal-
ing (MAVS), TNF receptor associated factor 6
(TRAFS6), IFN regulatory factor 3 (IRF3), IFNB and
IFN-stimulated gene 15 (ISG15) showed similar trend
in expression. Accordingly, their expression was
significantly increased by pitavastatin but not by
EPA, and EPA did not show an additive effect with
pitavastatin. With the same treatments, expression of
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lipid-metabolism-associated genes was analyzed
(Fig. 4C). HMG-CoA reductase (HMGR) expression
was significantly enhanced by pitavastatin but not by
EPA. The sterol regulatory element binding protein lc
(SREBP-1c) expression was significantly suppressed
by EPA but not by pitavastatin. Low-density lipopro-
tein receptor (LDLR) expression was significantly sup-
pressed by EPA, whereas the expression was
activated by pitavastatin, but the activation was lost
in the presence of EPA.

DISCUSSION

For ethical reasons, standard therapy could not be
selected after 2008; therefore, the present study was
unable to eliminate some methodological issues that
limit the interpretation and drawing of firm conclu-
sions. For example, the percentage of patients receiv-
ing sufficient total dose of peg-IFN was lower in the
historical standard group although the difference was
not significant and, in order to prevent dose reduction,
additional means might have been performed on the
add-on group after 2008. However, in univariate and
multivariate analyses, total dose of peg-IFN was not
detected as a significant factor for sustained virologi-
cal response. Nevertheless under these limitations,
the presented clinical and in vitro studies indicate
some sufficient trends in treatment response.

Previous studies on hepatic lipid metabolism have
shown that, in the liver of patients with HCV infec-
tion, synthesis of cholesterol and fatty acids is still ac-
tivated, regardless of overaccumulation of lipids
[Kohjima et al., 2009; Nakamuta et al., 2009, 2011;
Fujino et al., 2010]. This means that addition of pita-
vastatin and EPA to standard therapy is pathophysio-
logically reasonable for patients with chronic hepatitis
C. Sustained virological response rates in patients
infected with HCV-2 were sufficiently high and com-
parable between the standard and add-on therapy
groups (Fig. 1A). Therefore, this study was focused on
patients infected with HCV-1b with high virus load.
This investigation of sustained virological response in
patients treated with add-on or standard therapy had
two clinically important findings.

First, add-on therapy led to significantly higher sus-
tained virological response rates than did standard
therapy (Fig. 1A). Although overall sustained virologi-
cal response rate in this study was lower compared
with the results from some other institutions, it may
be because intention to treat analysis was used in this
study and the ratio of IL28B minor (TG + GG)
patients was higher in the standard and add-on
groups. When sustained virological response rates
were compared only in patients with IL28B major or
in those with IL28B minor, the sustained virological
response rates were not lower compared with those in
other reports (data not shown). The suppressive effect
against HCV replication by statins and EPA, and
their synergistic action with IFN, has already been
demonstrated in some HCV replicon systems [Ye
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et al,, 2003; Leu et al., 2004; Kapadia and Chisari,
2005; Huang et al., 2007; Ikeda and Kato, 2007]. In
our investigation using the luciferase assay in Huh7/
Rep-Feo-1b cells, a similar suppressive effect was
seen with both pitavastatin and EPA treatments
(Fig. 4A). It has been reported that the statins impede
HCV replication through inhibition of host protein
geranylgeranylation and FBL2 has been identified as
a geranylgeranylated cellular protein required for
HCV RNA replication [Wang et al., 2005; Nakamuta
et al., 2011]. PUFAs, including EPA| inhibit HCV rep-
lication, although the precise mechanism is still un-
clear but may be independent of the route regulating
lipogenesis [Leu et al., 2004; Kapadia and Chisari,
2005]. The synergistic and additive effect of EPA with
pitavastatin was not significant in our luciferase as-
say; therefore, statins and EPA may act against cog-
nate targets.

Second, the add-on therapy improved sustained vi-
rological response rates especially in patients with the
minor type variation (T'G + GG) of the IL28B gene
(rs8099917), in whom sustained virological response
is expected to be poor after standard therapy
(Fig. 1B). Recent studies have revealed that SNPs
within or adjacent to IL28B region provide a strong
predictive value for the outcome of IFN-based therapy
in patients infected with HCV-1b [Ge et al., 2009;
Suppiah et al., 2009; Tanaka et al., 2009; Hayes et al.,
2011]. With add-on therapy, sustained virological re-
sponse rates were significantly higher in patients
with major type (T'T) than minor type (TG + GG) var-
iations, meaning that genome variation of IL28B
(rs8099917) still governs the outcome even in add-on
therapy. However, in the patients with minor type
variation, the sustained virological response rate
(837.9%) in the add-on group was markedly higher
compared with that in the standard therapy group
(Fig. 1B). This sustained virological response rate
may be sufficiently high for clinical use of add-on
therapy in patients infected with HCV-1b with minor
type variation. From this point of view, the add-on
therapy is a clinically valuable strategy for chronic
hepatitis C. In the analysis of viral dynamics in
patients with minor type variation of IL28B, no signif-
icant difference was found in viral decline within
84 days between the standard and add-on groups
(Fig. 3C). Although there is still no evidence, in the
add-on therapy, late phase viral decline (3 months af-
ter treatment initiation) may be more important for
the achievement of sustained virological response in
patients with minor type variation.

It has been emphasized that mutation of amino
acids 70 and 91 in the core region of HCV-1b as a vi-
rus-related factor, as well as genome variation of
11.28B gene as a host-related factor, greatly influences
the outcome of IFN-based antiviral treatments.
According to recent clinical studies in patients
infected with HCV-1b, substitution of core 70 is
assessed as a more influential factor affecting the out-
come of peg-IFN plus ribavirin combination therapy,
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rather than that of core 91 [Akuta et al., 2007; Hayes
et al., 2011; El-Shamy et al., 2012]. Even in the latest
triple therapy with peg-IFN, ribavirin and a NS3/4A
protease inhibitor, telaprevir, patients infected with
HCV-1b with core 70 mutation were reported to be
severely resistant to the therapy [Akuta et al., 2010].
In our assessment of patients with minor type IL28B
variation at rs8099917 (TG + GG), mutation at core
70 was likely not to diminish the outcome of add-on
therapy, although the number of patients examined
was small (Fig. 4). Therefore, the lipid modulators,
pitavastatin and EPA, may be expected to be more ef-
fective for patients infected with HCV-1b with core 70
mutation, compared with an NS3/4A protease inhibi-
tor. However, for reliable assessment, further clinical
data are needed from patients treated with add-on
therapy.

As part of its pathogenic strategy, HCV interferes
with the innate immune response of its host; mainly
in the RIG-I/MAVS pathway [Breiman et al., 2005;
Tasaka et al., 2007; Baril et al., 2009; Jouan et al,,
2010; Lemon, 2010; Liu and Gale, 2010; Ekisioglu
et al., 2011]. RIG-I undergoes a conformational
change upon HCV RNA binding and interacts with
MAVS, resulting in phosphorylation and nuclear
translocation of IRF3, which leads to transcriptional
activation and synthesis of IFNB. IFNB activates the
Jak—STAT (Janus kinase-signal transducer and acti-
vator of transcription) signaling pathway and acts
through the expression of ISGs. TRAF®6 is recruited to
the MAVS complex and is required for activation of
nuclear factor-xB, which forms an enhanceosome on
the IFNB promoter in coordination with IRF3. In
HCV-infected cells, NS3/4A protease cleaves MAVS,
and the RIG-I/MAVS pathway is impeded. In the
present study, the HCV replicon system was used to
examine how pitavastatin and EPA influence the
RIG-I/MAVS pathway, which plays an important role
in the innate antiviral host response to HCV infection.
The expression profile of innate-immunity-associated
genes in pitavastatin- and/or EPA-treated Huh7/Rep-
Feo-1b cells showed that only pitavastatin activated
expression of the tested genes, RIG-I, MAVS, IRF3,
TRAF6, IFNB, and ISG15, similarly (Fig. 4B). EPA
treatment did not increase expression levels of these
genes. It is unclear whether the activation of these
innate-immunity-associated factors directly contrib-
utes to elimination of HCV or whether inhibition of
HCV replication by pitavastatin treatment directly
leads to the activation of innate immunity through
lowering NS3/4A protease expression.

Cholesterol, fatty acids, and lipid rafts have been
demonstrated to be critical for efficient replication, in-
fection and secretion of HCV [Simons and Ehehalt,
2002; Kushner et al., 2003]. For example, HCV repli-
cation was suppressed by inhibition of the liver X re-
ceptor a—SREBP-1¢ pathway [Kapadia and Chisari,
2005]. Therefore, negative modulation of lipid synthe-
sis may be an antiviral step of statins and EPA. In
pitavastatin treatment of HCV replicon cells, HMGR
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and LDLR expression was enhanced in response to in-
hibition of cholesterol synthesis, whereas EPA de-
creased the expression of SREBP-1c and LDLR, by
which fatty acid synthesis and cholesterol uptake
might be lowered (Fig. 4C). Of note, although pitavas-
tatin alone enhanced the expression of LDLR, the
enhancement was abolished by addition of EPA
(Fig. 4C). This effect of EPA indicates the clinical sig-
nificance of the add-on therapy because LDLR is
known to be an important cellular factor that is re-
quired for cell entry/infection of HCV. EPA addition is
expected to accelerate the antiviral effect of peg-IFN,
ribavirin and pitavastatin through repression of HCV
entry/infection as well as HCV replication. It has re-
cently been reported that HCV particles are enriched
in cholesterol and virion cholesterol is involved in
HCV cell entry, depending on Niemann-Pick Cl-like 1
(NPC1L1), which is an HCV cell entry factor as well
as a cellular cholesterol uptake receptor [Yamamoto
et al., 2011; Sainz et al., 2012]. The NPC1L1 may be
amenable to therapeutic intervention.

The analysis of viral dynamics during add-on thera-
py indicated that early phase viral decline within the
first 2 weeks influenced the achievement of sustained
virological response in patients with major type varia-
tion (TT) but not in those with minor type variation
(TG + GG; Fig. 3A,B). It cannot be explained clearly
why high sustained virological response rates were
obtained in patients infected with HCV-1b with minor
type variation, regardless of poorer viral decline with
add-on therapy. Although there is still no evidence, in
patients with minor type variation, statins and EPA
may show their effect in a later phase, and the EPA
effect of impeding HCV entry/infection through sup-
pression of LDLR expression may contribute partly to
the achievement of sustained virological response.

In univariate analysis, addition of pitavastatin and
EPA, as well as genotype TT of IL28B at rs8099917,
was positively associated with sustained virological
response in peg-IFN plus ribavirin combination thera-
py (Table III). However, this association disappeared
in a multivariate analysis, and IL28B wvariation
remained as an independent factor. One of the major
reasons may be that, compared with the addition of
pitavastatin and EPA, TT variation of IL28B in the
profile of individuals has overwhelming weight for
governing the effect of peg-IFN plus ribavirin combi-
nation therapy. In our study, SNP variation of ITPA
(rs1127354) did not influence treatment outcome but
the planned dose of ribavirin was maintained well in
patients with minor type variation (non-CC), as
reported in previous studies (Fig. 2).

In conclusion, the lipid modulators, pitavastatin
and EPA, could enhance the efficacy of peg-IFN plus
ribavirin combination therapy through their synergis-
tic antiviral effect, particularly in patients infected
with HCV-1b with an intractable IL-28B allele. Al-
though the research is still in the preliminary stages,
there is a possibility that addition of pitavastatin and
EPA may be effective for HCV-1b with core 70
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mutation, and may increase sustained virological re-
sponse rates in patients treated with triple therapy of
peg-IFN, ribavirin, and telaprevir.

REFERENCES

Aghemo A, Rumi MG, Colombo M. 2009. Pegylated IFN-a2a and ri-
bavirin in the treatment of hepatitis C. Expert Rev Anti Infect
Ther 7:925-935.

Akuta N, Suzuki F, Sezaki H, Suzuki Y, Hosaka T, Someya T,
Kobayashi M, Saitoh S, Watahiki S, Sato J, Matsuda M, Kobaya-
shi M, Arase Y, Ikeda K, Kumada H. 2005. Association of amino
acid substitution pattern in core protein of hepatitis C virus ge-
notype 1b high viral load and non-virological response to inter-
feron—ribavirin combination therapy. Intervirology 48:372-380.

Akuta N, Suzuki F, Kawamura Y, Yatsuji H, Sezaki H, Suzuki Y,
Hosaka T, Kobayashi M, Kobayashi M, Arase Y, Ikeda K, Miya-
kawa Y, Kumada H. 2007. Prediction of response to pegylated
interferon and ribavirin in hepatitis C by polymorphisms in the
viral core protein and very early dynamics of viremia. Intervirol-
ogy 50:361-368.

Akuta N, Suzuki F, Hirakawa M, Kawamura Y, Yatsuji H, Sezaki
H, Suzuki Y, Hosaka T, Kobayashi M, Kobayashi M, Saitoh S,
Arase Y, Tkeda K, Chayama K, Nakamura Y, Kumada H. 2010.
Amino acid substitution in hepatitis C virus core region and ge-
netic variation near the interleukin 28B gene predict viral re-
sponse to telaprevir with peginterferon and ribavirin.
Hepatology 52:421-429.

Alter HJ. 2005. HCV natural history: The retrospective and prospec-
tive in perspective. J Hepatol 43:550-552.

Azakami T, Hayes CN, Sezaki H, Kobayashi M, Akuta N, Suzuki F,
Kumada H, Abe H, Miki D, Tsuge M, Imamura M, Kawakami Y,
Takahashi S, Ochi H, Nakamura Y, Kamatani N, Chayama K.
2011. Common genetic polymorphism of ITPA gene affects ribavi-
rin-induced anemia and effect of peg-interferon plus ribavirin
therapy. J Med Virol 83:1048-1057.

Backus LI, Boothroyd DB, Phillips BR, Mole LA. 2007. Prediction of
response of US veterans to treatment for the hepatitis C virus.
Hepatology 46:37—47.

Bader T, Fazili J, Madhoun M, Aston C, Hughes D, Rizvi S, Seres K,
Hasan M. 2008. Fluvastatin inhibits hepatitis C replication in
humans. Am J Gastroenterol 103:1383-1389.

Baril M, Racine ME, Penin F, Lamarre D. 2009. MAVS dimer is a
crucial signaling component of innate immunity and the target of
hepatitis C virus NS3/4A protease. J Virol 83:1299-1311.

Bortoletto G, Scribano L, Realdon S, Marcolongo M, Mirandola S,
Franceschini L, Bonisegna S, Noventa F, Plebani M, Martines D,
Alberti A. 2010. Hyperinsulinemia reduces the 24-h virological
response to PEG-interferon therapy in patients with chronic hep-
atitis C and insulin resistance. J Viral Hepat 17:475-480.

Breiman A, Grandvaux N, Lin R, Ottone C, Akira S, Yoneyama M,
Fujita T, Hiscott J, Meurs EF. 2005. Inhibition of RIG-I-depen-
dent signaling to the interferon pathway during hepatitis C virus
expression and restoration of signaling by IKKepsilon. J Virol
79:3969-3978.

Chang KO, George DW. 2007. Bile acids promote the expression of
hepatitis C virus in replicon-harboring cells. J Virol 81:9633—
9640.

Ekisioglu EA, Zhu H, Bayouth L, Bess J, Liu HY, Nelson DR, Liu C.
2011. Characterization of HCV interactions with toll-like recep-
tors and RIG-I in liver cells. ProS ONE 6:€21186.

El-Serag HB, Johnson ML, Hachem C, Morgana RO. 2009. Statins
are associated with a reduced risk of hepatocellular carcinoma in
a large cohort of patients with diabetes. Gastroenterology
136:1601-1608.

El-Shamy A, Kim SR, Ide YH, Sasase N, Imoto S, Deng L, Shoji I,
Hotta H. 2012. Polymorphism of hepatitis C virus non-structural
protein 5A and core protein and clinical outcome of pegylated-
interferon/ribavirin combination therapy. Intervirology 55:1-11.

Fellay J, Thompson AJ, Ge D, Gumbs CE, Urban TJ, Shianna KV,
Little LD, Qiu P, Bertelsen AH, Watson M, Warner A, Muir AJ,
Brass C, Albrecht J, Sulkowski M, McHutchison JG, Goldstein
DB. 2010. ITPA gene variants protect against anaemia in
patients treated for chronic hepatitis C. Nature 464:405-408.

Fujino T, Nakamuta M, Yada R, Aoyagi Y, Yasutake K, Kohjima M,
Fukuizumi K, Yoshimoto T, Harada N, Yada M, Kato M, Kotoh



Add-on Therapy for Chronic Hepatitis C

K, Taketomi A, Maehara Y, Nakashima M, Enjoji M. 2010. Ex-
pression profile of lipid metabolism-associated genes in HCV-
infected human liver. Hepatol Res 40:923-929.

Ge D, Fellay J, Thompson AJ, Simon JS, Shianna KV, Urban TJ,
Heinzen EL, Qiu P, Bertelsen AH, Muir AJ, Sulkowski M,
McHutchison JG, Goldstein DB. 2009. Genetic variation in
11.28B predicts hepatitis C treatment-induced viral clearance.
Nature 461:399-401.

Harrison SA, Rossaro L, Hu KQ, Patel K, Tillmann H, Dhaliwal S,
Torres DM, Koury K, Goteti VS, Noviello S, Brass CA, Albrecht
JK, McHutchison JG, Sulkowski MS. 2010. Serum cholesterol
and statin use predict virological response to peginterferon and
ribavirin therapy. Hepatology 52:864—874.

Hayes CN, Kobayashi M, Akuta N, Suzuki F, Kumada H, Abe H,
Miki D, Imamura M, Ochi H, Kamatani N, Nakamura Y,
Chayama K. 2011. HCV substitutions and IL28B polymorphisms
on outcome of peg-interferon plus ribavirin combination therapy.
Gut 60:261-267.

Huang H, Chen Y, Ye J. 2007. Inhibition of hepatitis C virus replica-
tion by peroxidation of arachidonate and restoration by
vitamin E. Proc Natl Acad Sci USA 104:18666-18670.

Ikeda M, Kato N. 2007. Life style-related diseases of the digestive
system: Cell culture system for the screening of anti-hepatitis
C virus (HCV) reagents: Suppression of HCV replication by sta-
tins and synergistic action with interferon. J Pharmacol Sci
105:145-150.

Ikeda M, Abe K, Yamada M, Dansako H, Naka K, Kato N. 2006.
Different anti-HCV profiles of statins and their potential for com-
bination therapy with interferon. Hepatology 44:117-125.

Jouan L, Melangon P, Rodrigue-Gervais IG, Raymond VA, Selliah S,
Boucher G, Bilodeau M, Grandvaux N, Lamarre D. 2010. Dis-
tinet antiviral signaling pathways in primary human hepatocytes
and their differential disruption by HCV NS3 protease.
J Hepatol 52:167-175.

Kanwal F, Hoang T, Spiegel BM, Elsen S. 2007. Predictions of treat-
ment in patients with chronic hepatitis C infection—Role of pa-
tient versus nonpatient factors. Hepatology 46:1741-1749.

Kapadia SB, Chisari FV. 2005. Hepatitis C virus RNA replication is
regulated by host geranylgeranylation and fatty acids. Proc Natl
Acad Sci USA 102:2561-2566.

Kohjima M, Enjoji M, Higuchi N, Kato M, Kotoh K, Nakashima M,
Nakamuta M. 2009. The effects of unsaturated fatty acids on lipid
metabolism in HepG2 cells. In Vitro Cell Dev Biol Anim 45:6-9.

Kumada T, Toyoda H, Honda T, Kuzuya T, Katano Y, Nakano I,
Goto H. 2006. Treatment of chronic hepatitis C with interferon
alone or combined with ribavirin in Japan. Intervirology 49:
112-118.

Kushner DB, Lindenbach BD, Grdzelishvili VZ, Noueiry AO, Paul
SM, Ahlquist P. 2003. Systematic, genome-wide identification of
host genes affecting replication of a positive-strand RNA virus.
Proc Natl Acad Sci USA 100:15764-15769.

Lemon SM. 2010. Induction and evasion of innate antiviral
responses by hepatitis C virus. J Biol Chem 285:22741-22747.
Leu GZ, Lin TY, Hsu JTA. 2004. Anti-HCV activities of selective
polyunsaturated fatty acids. Biochem Biophys Res Commun

318:275-280.

Liu HM, Gale M. 2010. Hepatitis C virus evasion from RIG-I-depen-
dent hepatic innate immunity. Gastroenterol Res Pract 2010:
548390.

Nakamoto S, Kanda T, Yonemitsu Y, Arai M, Fujiwara K, Fukai K,
Kanai F, Imazeki F, Yokosuka O. 2009. Quantification of hepati-
tis C amino acid substitutions 70 and 91 in the core coding region
by real-time amplification refractory mutation system reverse
transcription-polymerase chain reaction. Scand J Gastroenterol
44:872-871.

Nakamura M, Saito H, Ikeda M, Hokari R, Kato N, Hibi T, Miura S.
2010. An antioxidant resveratrol significantly enhanced replica-
tion of hepatitis C virus. World J Gastroenterol 16:184-192.

Nakamuta M, Yada R, Fujino T, Yada M, Higuchi N, Tanaka M,
Miyazaki M, Kohjima M, Kato M, Yoshimoto T, Harada N, Take-
tomi A, Maehara Y, Koga M, Nishinakagawa T, Nakashima M,
Kotoh K, Enjoji M. 2009. Changes in the expression of cholesterol
metabolism-associated genes in the HCV-infected liver: A novel
target for therapy? Int J Mol Med 24:825-828.

Nakamuta M, Fujino T, Yada R, Aoyagi Y, Yasutake K, Kohjima M,
Fukuizumi K, Yoshimoto T, Harada N, Yada M, Kato M,
Kotoh K, Taketomi A, Maehara Y, Nakashima M, Enjoji M.

259

2011. Expression profiles of genes associated with viral entry in
HCV-infected human liver. J Med Virol 83:921-927.

Sainz B, Jr., Barretto N, Martin DN, Hiraga N, Imamura M, Hus-
sain S, Marsh KA, Yu X, Chayama K, Alrefai WA, Uprichard SL.
2012. Identification of the Niemann-Pick Cl-like 1 cholesterol
absorption receptor as a new hepatitis C virus entry factor. Nat
Med 18:281-285.

Scholtes C, Diaz O, Icard V, Kaul A, Bartenschlager R, Lotteau V,
André P. 2008. Enhancement of genotype 1 hepatitis C virus rep-
lication by bile acids through FXR. J Hepatol 48:192-199.

Sezaki H, Suzuki F, Akuta N, Yatsuji H, Hosaka T, Kobayashi M,
Suzuki Y, Arase Y, Ikeda K, Miyakawa Y, Kumada H. 2009.
An open pilot study exploring the efficacy of fluvastatin, pegy-
lated interferon and ribavirin in patients with hepatitis C virus
genotype 1b in high viral loads. Intervirology 52:43—48.

Shiffman ML. 2002. Retreatment of patients with chronic hepatitis C.
Hepatology 36:5128-5134.

Shimada M, Yoshida S, Masuzaki R, Schuppan D. 2012. Pitavasta-
tin enhances antiviral efficacy of standard pegylated interferon
plus ribavirin in patients with chronic hepatitis C: A prospective
randomized pilot study. J Hepatol 56:299-300.

Simons K, Ehehalt R. 2002. Cholesterol, lipid lafts, and disease.
J Clin Invest 110:597-603.

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

Suzuki F, Suzuki Y, Akuta N, Sezaki H, Hirakawa M, Kawamura Y,
Hosaka T, Kobayashi M, Saito S, Arase Y, Ikeda K, Kobayashi
M, Chayama K, Kamatani N, Nakamura Y, Miyakawa Y,
Kumada H. 2011. Influence of ITPA polymorphisms on decreases
of hemoglobin during treatment with pegylated interferon, riba-
virin, and telaprevir. Hepatology 53:415—421.

Takaki S, Kawakami Y, Imamura M, Aikata H, Takahashi S, Ishi-
hara H, Tsuji K, Aimitsu S, Kawakami H, Nakanishi T, Kita-
moto M, Moriya T, Satoh K, Chayama K. 2007. Eicosapentaenoic
acid could permit maintenance of the original ribavirin dose in
chronic hepatitis C virus patients during the first 12 weeks of
combination therapy with pegylated interferon-alpha and ribavi-
rin. A prospective randomized controlled trial. Intervirology
50:439-446.

Tanabe Y, Sakamoto N, Enomoto N, Kurosaki M, Ueda E, Maekawa
S, Yamashiro T, Nakagawa M, Chen CH, Kanazawa N, Kaki-
numa S, Watanabe M. 2004. Synergistic inhibition of intracellu-
lar hepatitis C virus replication by combination of ribavirin and
interferon-a. J Infect Dis 189:1129-1139.

Tanaka Y, Nishida N, Sugiyama M, Kurosaki M, Matsuura K, Saka-
moto N, Nakagawa M, Korenaga M, Hino K, Hige S, Ito Y, Mita
E, Tanaka E, Mochida S, Murawaki Y, Honda M, Sakai A, Hiasa
Y, Nishiguchi S, Koike A, Sakaida I, Imamura M, Ito K, Yano K,
Masaki N, Sugauchi F, Izumi N, Tokunaga K, Mizokami M.
2009. Genome-wide association of IL28B with response to pegy-
lated interferon-alpha and ribavirin therapy for chronic hepatitis
C. Nat Genet 41:1105-1109.

Tasaka M, Sakamoto N, Itakura Y, Nakagawa M, Itsui Y, Sekine-
Osajima Y, Nishimura-Sakurai Y, Chen CH, Yoneyama M, Fujita
T, Wakita T, Maekawa S, Enomoto N, Watanabe M. 2007. Hepa-
titis C virus non-structural proteins responsible for suppression
of the RIG-I/Cardif-induced interferon response. J Gen Virol
88:3323-3333.

Thompson AdJ, Santoro R, Piazzolla V, Clark PJ, Naggie S, Tillmann
HL, Patel K, Muir AJ, Shianna KV, Mottola L, Petruzzellis D,
Romano M, Sogari F, Facciorusso D, Goldstein DB, McHutchison
JG, Mangia A. 2011. Inosine triphosphatase genetic variants are
protective against anemia during antiviral therapy for HCV2/3
but do not decrease dose reductions of RBV or increase SVR.
Hepatology 53:389-395.

Toyoda M, Kitaoka A, Machida K, Nishinakagawa T, Yada R, Koh-
jima M, Kato M, Kotoh K, Sakamoto N, Shiota G, Nakamuta M,
Nakashima M, Enjoji M. 2011. Association between lipid accu-
mulation and the cannabinoid system in Huh?7 cells expressing
HCV genes. Int J Mol Med 27:619-624.

Wang C, Gale M, Keller BC, Huang H, Brown MS, Goldstein JL, Ye
J. 2005. Identification of FBL2 as a geranylgeranylated cellular
protein required for hepatitis C virus RNA replication. Mol Cell
18:425-434.

J. Med. Virol. DOI 10.1002/jmv

- 710 -



260

Yamamoto M, Aizaki H, Fukasawa M, Teraoka T, Miyamura T,
Wakita T, Suzuki T. 2011. Structural requirements of virion-
associated cholesterol for infectivity, buoyant density and apoli-
poprotein association of hepatitis C virus. J Gen Virol 92:
2082-2087.

Yano M, Ikeda M, Abe K, Dansako H, Ohkoshi S, Aoyagi Y, Kato N.
2007. Comprehensive analysis of the effects of ordinary nutrients
on hepatitis C virus RNA replication in cell culture. Antimicrob
Agents Chemother 51:2016-2027.

J. Med. Virol. DOI 10.1002/jmv

Kohjima et al.

Ye J, Wang C, Sumpter R, Brown MS, Goldstein JL, Gale M, Jr.
2003. Disruption of hepatitis C virus replication through inhibi-
tion of host protein geranylgeranylation. Proc Natl Acad Sci USA
100:15865-15870.

Yokota T, Sakamoto N, Enomoto N, Tanabe Y, Miyagishi M,
Maekawa S, Yi L, Kurosaki M, Taira K, Watanabe M, Mizusawa
H. 2003. Inhibition of intracellular hepatitis C virus replication
by synthetic and vector-derived small interfering RNAs. EMBO
Rep 4:602-608.

- 711 -



Association of ITPA gene variation and
serum ribavirin concentration with a
decline in blood cell concentrations during
pegylated interferon-alpha plus ribavirin
therapy for chronic hepatitis C

Mina Nakagawa, Naoya Sakamoto,
Takako Watanabe, Yuki Nishimura-
Sakurai, [zumi Onozuka, et al.

Hepatology International

Volumel Number 1 March2007 §

. HEPATOLOGY |
International ™

DOI 10.1007/512072-012-9363-6

Aw/zjlable -

@ Springer

-712 -



Your article is protected by copyright and all
rights are held exclusively by Asian Pacific
Association for the Study of the Liver. This
e-offprint is for personal use only and shall
not be self-archived in electronic repositories.
If you wish to self-archive your work, please
use the accepted author’s version for posting
to your own website or your institution’s
repository. You may further deposit the
accepted author’s version on a funder’s
repository at a funder’s request, provided it is
not made publicly available until 12 months
after publication.

@ Springer

-713 -



Hepatol Int
DOI 10.1007/s12072-012-9363-6

ORIGINAL ARTICLE

Association of ITPA gene variation and serum ribavirin
concentration with a decline in blood cell concentrations
during pegylated interferon-alpha plus ribavirin therapy

for chronic hepatitis C

Mina Nakagawa + Naoya Sakamoto * Takako Watanabe * Yuki Nishimura-Sakurai * Izumi Onozuka -
Seishin Azuma - Sei Kakinuma + Sayuri Nitta - Kei Kiyohashi - Akiko Kusano-Kitazume -

Miyako Murakawa - Kohei Yoshino - Yasuhiro Itsui - Yasuhito Tanaka - Masashi Mizokami *
Mamoru Watanabe  the Ochanomizu-Liver Conference Study Group

Received: 1 February 2012/ Accepted: 28 February 2012
© Asian Pacific Association for the Study of the Liver 2012

Abstract

Background Genetic variation leading to inosine tri-
phosphatase (ITPA) deficiency protects chronic hepatitis C
patients receiving ribavirin against hemolytic anemia. The
relationship between ITPA gene variation and serum riba-
virin concentration was analyzed in association with a
reduction in blood cells and dose reduction of pegylated
interferon (PEG-IFN) or ribavirin.
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Patients and methods A total of 300 hepatitis C patients
treated with PEG-IFN plus ribavirin were analyzed.
Genetic polymorphisms were determined in /7PA and the
quantitative reduction in blood cells from the baseline was
analyzed every 4 weeks for the duration of treatment and
after the end of therapy. The decline in hemoglobin (Hb) or
platelet (PLT) level at week 4 compared to baseline was
also assessed according to ribavirin concentrations.
Results Patients with the ITPA-CA/AA genotypes showed
a lower degree of Hb reduction throughout therapy than
those with the ITPA-CC genotype and a marked difference
in mean Hb reduction was found at week 4 (CA/AA —1.0
vs. CC —2.8, p <0.001). The ITPA-CC genotype had
significantly less reduction in the mean platelet count than
the ITPA-CA/AA genotypes early during treatment
(p < 0.001 for weeks 4 and 8). Patients with the ITPA-CA/
AA genotypes were less likely to develop anemia, regard-
less of the concentration of ribavirin. Patients with baseline
PLT counts below 130 x 10*/ul had a significantly lower
tendency to achieve sustained virological response (SVR),
especially those with the /TPA-CA/AA genotypes. ITPA
gene variation was not extracted by multivariable analysis
as an important predictor of SVR.

Conclusions Despite the fact that ITPA variants were less
likely to develop anemia, patients with low baseline PLT
counts were difficult to treat, especially those with the
ITPA-CA/AA genotype. These results may give a valuable
pharmacogenetic diagnostic tool for the tailoring of dosing
to minimize drug-induced adverse events.

Keywords Hepatitis C virus (HCV) -

Pegylated interferon plus ribavirin therapy -
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