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Fig. 5. Differences in sensitivities to IFN between SOCS3-knock down, HCV transfected cells. JFH1 or JEC3F 10 pg RNA, and 80 pmol siRNA SOCS3-HSS113312 or MOCK were
electroporated into 5 x 106 uninfected Huh7.5.1 cells. A. Expression of SOCS3 mRNA in uninfected and HCV-infected Huh7 cells. Forty-eight hours after transfection, total RNA was
isolated. Relative gene expression level of SOCS3 were determined by real time PCR. Values are shown as relative to those of JFH1 infected Huh 751 cells. Assays were done in
triplicate and the data are shown as mean + sd. Asterisks indicate p-values of less than 0.05. B. Dose-dependent suppression of HCV replication by IFN in SOCS3-knock-down, HCV-
infected cells. The above siRNA and HCV RNA-transfected cells were divided into 12 wells. Forty eight hours after transfection, the cells were treated with 0, 1, 5 and 25 U/ml of IFN-
alpha 2b. Seventy two hours after treatment, quantification of HCV core antigen in culture fluids was carried out. Assays were done in triplicate and the data are shown as mean =+ sd.

Asterisks indicate p-values of less than 0.05.

chronic hepatitis C patients (Malaguarnera et al., 1997). Consistent with
those reports, we found that IL-6 strongly induced SOCS3 expression in
Huh7.5.1 cells (Fig. 6C). More importantly, cellular IL6 expression levels
were in the order of uninfected<JEC3F<< JFH1-infected cells, which
correlated well with SOCS3 expression (Fig. 4) and with cellular
responses to IFN (Fig. 2). In addition, the IFN-resistant JcoreC3F, in which
the core region of JEC3F had been re-substituted by the JFH1-core,
induced comparatively higher levels of IL-6 and SOCS3 mRNA to JFH1
(Fig. 7). Taken together, our results indicate that the amino acid
sequence of the core protein determines IL-6 and SOCS3 expression
levels and, as a consequence, resistance to IFNs.

It remains to be clarified what are the inducers of IL-6. There are
reports that HCV core protein activates toll-like receptor (TLR)-2 in
Huh7 cells and in adult human hepatocytes (Hoffmann et al., 2009;
Mozer-Lisewska et al., 2005). TLRs are known to activate downward
NF-kappaB signaling that upregulates IL-6 expression. Alternatively,
IL-6 may be secreted in response to cellular steatosis and insulin
resistance. HCV patients with obesity or insulin resistance are
refractory to IFN treatments. Such patients have higher levels of
hepatic SOCS3 expression than those without obesity or insulin
resistance (Miyaaki et al., 2009; Walsh et al., 2006). More recently,
Sabio, et al have reported that fatty acid-induced secretion of IL-6 from
adipocytes upregulates hepatic SOCS3, leading to insulin-resistance
(Sabio et al., 2008).

In conclusion, our study demonstrates that HCV intragenotypic
and inter-strain differences in IFN sensitivity can be, in most part,
attributable to the amino acid sequence of the HCV core protein and
that such IFN sensitivities are determined by cellular expression levels
of SOCS3 and IL-6. Therapeutic targeting of IL-6 potentially may be a
key to targeting IFN-resistance and improving antiviral chemother-
apeutics against HCV.

Materials and Methods
Reagents and antibodies

Recombinant human interferon alpha-2b was from Schering-
Plough (Kenilworth, NJ). Anti-CD 81 antibody (JS-81)was from BD
Biosciences (Franklin Lakes, NJ) (Morikawa et al., 2007), anti-IL6
receptor antibody was from Chugai pharmaceutical Co (Tokyo, Japan),
anti-SOCS3 was from Cell Signaling (Beverly, MA), and anti-IL6
antibody was from R&D Systems (Minneapolis, MN).

Cloning of HCV cDNA from patient serum

A serum sample was obtained from a 32- year-old male who
developed acute hepatitis after intravenous drug injection. Serum was
obtained one week after the onset of symptoms. Total RNA was
extracted from 150 pl of serum using ISOGEN (Nippon Gene, Osaka,
Japan). cDNA was synthesized using SuperScript II (Invitrogen, Carlsbad,
CA) reverse transcriptase. PCR primers, based on a genotype 2b
prototype sequence, HC-J8 (accession number: D10988), were used to
amplify 14 fragments of HCV cDNA covering nt. 13-9478 (nucleotide
numbers corresponded to HC-]J8) by PCR. All amplicons were purified
and cloned into the pGEM-T EASY vector (Promega, Madison, WI) and
nucleotide sequences were determined using Big Dye Terminator Cycle
Sequencing Ready Reaction kits (Applied Biosystems, Foster City, CA)
and an automated DNA sequencer (ABI PRISM® 310 Genetic Analyzer;
Applied Biosystems). The consensus sequence of five clones was
adopted for each region. Each consensus sequence segment of HCV
was assembled into pJFH1-full (Wakita et al.,, 2005) by substituting the
insert sequence of pJFH1-full.
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Fig. 6. IL-6 expression in HCV infected cells and change in IFN sensitivity by treatment with anti-IL6 antibody. A. Expression of cytoplasmic phospho-STAT3 in uninfected and HCV-
infected Huh7 cells. JEC3F, JFH1 10 pg RNA and MOCK was transfected into Huh7.5.1 cells. Forty eight hours total cellular protein was isolated. Ten pg of extracted protein were used
for analysis of phosphorylated STAT3, STAT protein and B-actin as controls. B. Expression of Interleukin-6 mRNA in uninfected and HCV-infected Huh7 cells. Forty-eight hours after
transfection, total RNA was isolated. Relative gene expression level of IL6 were determined by real time PCR. Values are shown as relative to those of uninfected Huh 751 cells. Assays
were done in triplicate and the data are shown as mean + sd. C. IL-6 induces SOCS3 strongly in uninfected Huh7.5.1 cells. Uninfected Huh7.5.1 cells were treated with 10 ng/ml
recombinant human IL6 (PEPRO TEC EC, London, England). Fifteen minuets after treatment, total RNA was isolated. Relative gene expression levels of SOCS1 and SOCS3 were
determined by real time PCR. Uninfected Huh7.5.1 cells that were not treated with IL6 were used as a control. Values are shown as relative to those of uninfected Huh 751 cells.
Assays were done in triplicate and the data are shown is mean 4 sd. D. Dose-dependent suppression of HCV replication by IFN in HCV-infected cells pre-treated with anti-IL-6
antibody. Immediately after electroporation, HCV RNA-transfected cells were divided into 12 wells and pretreated with 1 pg/ml anti-IL6 antibody. Forty eight hours after
transfection, the cells were washed with PBS and treated with 0, 1, 5 and 25 U/ml of [FN-alpha 2b. Seventy two hours after treatment, quantification of HCV core antigen was carried
out in culture fluids. Assays were done in triplicate and the data are shown as mean = sd. E. Core protein secretion levels following treatment of HCV-transfected cells with anti-IL-6
antibody. After treatment with anti-IL-6 antibody, HCV RNA-transfected cells were divided into 12 wells. Five days after transfection, quantification of HCV core antigen was carried
out in culture fluids. Assays were done in triplicate and the data are shown as mean =+ sd. F. Expression of SOCS3 mRNA in uninfected and HCV-infected Huh7 cells. Forty-eight hours
after transfection, total RNA was isolated. Relative SOCS3 gene to beta-actin gene expression were determined by real time PCR. Values are shown as relative to those of uninfected
Huh 751 cells. Assays were done in triplicate and the data are shown as mean 4 sd. Asterisks indicate p-values of less than 0.05.
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Fig. 6 (continued).

Construction of 2b/JFH-1 based intragenotypic chimeras and
transfection

Chimeric HCV constructs of HCV-2b and JFH1 were shown in
Figs. 1A and 7A. To construct 2b/JFH1-based intragenotypic chimera,
JE31F, the 2b sequence of core through E2 (nt. 342-2541) was fused to
the EcoRI-JFH1- 5’-untranslated region (UTR) DNA by fusion PCR. The
fused 5'UTR-E2 fragment and JFH1-E2-NS3 (nt2541 through 5324)
were assembled by fusion PCR and cloned into pGEM-T EASY. The
product was digested by EcoRl and Afel and insert into pJFHI.
Plasmids pJE39F, pJEC3F, pJcoreC3F and p2bcore JFH1 were con-
structed using a similar procedure. Plasmids pJEC3F and pJE39F were
joined between NS2 and NS3, and within NS2 at nt. 2867, respectively.
Plasmid pJcoreC3F was made by substitution of the core region of 2b/
JFH1 with that of JFH1. The plasmid p2bcoreJFH1 was made by
substitution of the core region of JFH1 with that of 2b/JFH1.

Cells and cell culture

Huh7.5.1 cells were maintained in Dulbecco's modified minimal
essential medium (Sigma, St. Louis, MO) supplemented with 10% fetal
calf serum at 37 °C under 5% CO,.

HCV cell culture system

Full-length HCV expression plasmids were as follows: pJFH1-full
(Wakita et al., 2005), pJE31F, pJE39F, pJEC3F, pJcoreC3F, p2bcoreJFH1,
and pFL-H77/JFH1, pFL-J6/JFH1 (Lindenbach et al., 2005). These
plasmids were linearized at their 3’ ends and used as templates for
HCV RNA synthesis using the RiboMax Large Scale RNA Production
System (Promega, Madison, WI). After DNase I (RQ-1, RNase-free
DNase, Promega) treatment, the HCV RNA was purified using ISOGEN
(Nippon Gene, Tokyo, Japan). For the RNA transfection, Huh7.5.1 cells
were washed twice with PBS, and 5x10° cells were suspended in
Opti-MEM I (Invitrogen Carlsbad, CA) containing 10 pg of HCV RNA,
transferred into a 4 mm electroporation cuvette and finally subjected
to an electric pulse (1,050 pF and 270 V) using the Easy Jet system
(EquiBio, Middlesex, UK). After electroporation, the cell suspension

was left for 5 min at room temperature and then incubated under
normal culture conditions in a cell culture dish.

Quantification of HCV core antigen in culture supernatants

Culture supernatants of HCV RNA transfected Huh7.5.1 cells were
collected on the days indicated, passed through a 0.45pm filter
(MILLEX-HA, Millipore, Bedford, MA) and stored at -80 °C. The
concentrations of core antigen in the culture supernatants were
measured using a chemiluminescence enzyme immunoassay (CLEIA)
according to the manufacturer's protocol (Lumipulse Ortho HCV
Antigen, Ortho-Clinical Diagnostics, Tokyo, Japan).

Re-infection analyses

Titer-adjusted supernatants (including 0.03 fmol HCV core
antigen) from HCV RNA-transfected cells were inoculated onto
naive Huh7.5.1 cells plated on a 6 cm plate at a density of 3x10°
cells per plate. Forty-eight hours after inoculation, anti-core immu-
nostaining was carried out with mouse anti-HCV core protein
monoclonal antibody and the numbers of infected cells were counted.
HCV core antigen in culture supernatants was measured at 24 hours,
48 hours, 72 hours and 144 hours after inoculation.

Real-time RT-PCR analysis

For the detection of HCV RNA in culture supernatant, supernatant
was passed through a 0.45 um filter (MILLEX-HA, Millipore, Bedford,
MA) and stored at -80 °C until use. Protocol and primers for the
realtime RT-PCR analysis of HCV-RNA has been described previously
(Sekine-Osajima et al., 2008). For the detection of endogenous
mRNAs, total cellular RNA was isolated using ISOGEN (Nippon
Gene). Two micrograms of total cellular RNA were used to generate
cDNA from each sample using SuperScript Il. Expression of mRNA was
quantified using the TagMan Universal PCR Master Mix and the ABI
7500 Real-Time PCR System (Applied Biosystems, Foster City CA).
Some primers have been described (Sekine-Osajima et al., 2008).
SOCS3; forward, 5’-CAC ATG GCA CAA GCA CAA GAA G-3’ and reverse,
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Fig. 7. Replacement of the HCV-2b-core region with JFH1-core causes upregulation of SOCS3 and IL-6 and restores resistance to IFN. A. Genome maps of JFH-1, JEC3F , ] core C3F, 2b
core JFH1 recombinant cDNA. J core C3 F was made by substitution of the core region of 2b/JFH1 with that of JFH1. The 2b core JFH was made by substitution of the core region of JFH1
with that of 2b/JFH1. B. Comparison of IFN-alpha sensitivity among JFH1 and JEC3F and core region substitution chimeric viruses. Ten pg of ] core C3F, 2b core JFH1, JEC3F, JFH1 RNA
were transfected into 5x 10° Huh7.5.1 cells and were divided into 12 wells. Forty eight hours after transfection, the cells were treated with 0, 1, 5 and 25 U/ml of IFN-alpha 2b.
Seventy two hours after treatment, quantification of HCV core antigen was carried out in culture fluids. Assays were done in triplicate and the data are shown as mean = sd. Asterisks
indicate p-values of less than 0.05. C, D. Core substitution leads to SOCS3 and IL-6 mRNA over-expression. Forty eight hours after transfection into cells, total RNA was isolated.
Relative gene expression level SOCS3 (panel C) and IL6 (panel D) were determined by real time PCR. Values are shown as relative to those of uninfected Huh 751 cells. Assays were
done in triplicate and the data are shown as mean = sd. Asterisks indicate p-values of less than 0.05. E. Change of secretion of core protein following core protein substitution. HCV
RNA-transfected cells were divided into 12 wells. Five days after transfection, quantification of HCV core antigen was carried out in culture fluids. Assays were done in triplicate and
the data are shown as mean - sd. Asterisks indicate p-values of less than 0.05.



G. Suda et al. / Virology 407 (2010) 80-90 89

5'-GGA GAA GCT GGA GAC TCA GGT G-3’, SOCS1; forward, 5'-CAC TTC
CGC ACA TTC CGT TCG-3’ and reverse, 5'-GAG GCC ATC TTC ACG CTA
AGG-3/, IL6; forward, 5-GGT ACA TCC TCG ACG GCA TCT-3’ and
reverse, 5'-GTG CCT CTT TGC TGC TTT CAC-3/, 250AS; forward, 5- CCA
CCT TGG AAA GTG CCG ACA ATG CAG ACA-3’ and reverse, 5-CGA GTC
TTT AAA AGC GAT TGC CAG ATG ATC -3/, MxA, forward, 5-GCC AGC
AGCTTCAGA AGG CCATGCTGC AGC -3’ and reverse, 5'-GGG CAA GCC
GGC GCC GAG CCT GCG TCA GCC -3,

The siRNAs

The siRNAs directed against SOCS3 were designed as follows:
SOCS3-HSS113312 stealth (sequence 5’- CCC AGA AGA GCC UAU UAC
AUC UAC U-3 ’and 5’-AGU AGA UGU AAU AGG CUC UUC UGG G-3/,
Invitrogen) was used. 10 pg in vitro-synthesized HCV-RNA and 80
pmol siRNA SOCS3-HSS113312 or MOCK or control siRNA (negative
universal control Med #2, Invitrogen) were electroporated into 5 x 10
naive Huh7.5.1 cells using the protocol described in HCV cell culture
system. Forty-eight hours after transfection, expression levels of
SOCS3 mRNA were measured by real-time PCR. The difference in IFN
sensitivity between SOCS3 knock down HCV infected cells and control
HCV infected cells was determined by measuring supernatants HCV
core antigen 72 hours after addition of IFN.

Immunohistochemistry for HCV core

HCV-JFH1 transfected or infected Huh7.5.1 cells were cultured on
22 mm-round micro cover glasses (Matsunami, Tokyo, Japan). For
detection of HCV core, cells were fixed with cold acetone for 15 min.
The cells were incubated with the primary antibodies for 1 hour at
37°C, and with Alexa Fluor 488 goat anti-mouse IgG antibody
(Molecular Probes, Eugene, OR) for 1 hour at room temperature.
Cells were mounted with VECTA SHIELD Mounting Medium and DAPI
(Vector Laboratories, Burlingame, CA) and visualized by fluorescence
microscopy (BZ-8000, KEYENCE, Osaka, Japan).

Western blot analysis

Western blotting was performed as described (Tanabe et al.,
2004). Briefly, 10 pg of total cell lysate was separated by SDS-PAGE,
and blotted onto a polyvinylidene fluoride (PVDF) membrane. The
membrane was incubated with the primary antibodies followed by a
peroxidase-labeled anti IgG antibody, and was visualized by chemi-
luminescence using the ECL Western Blotting Analysis System
(Amersham Biosciences, Buckinghamshire, UK).

Statistical analyses

Statistical analyses were performed using Student's t-test; p-values
of less than 0.05 were considered statistically significant.
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Appendix A. Supplementary data

Supplementary Fig. 1. Infectivity of the full-length 2b HCV RNA and
2b/JFH1 chimeric virus, JEC3F. A. Challenge of human liver-engrafted
albumin-uPA/SCID mice with culture fluid from JFH1 and JEC3F cells.
Cell culture fluids from the JFH1 clone and JEC3F were injected

intravenously into human liver engrafted albumin-uPA/SCID mice.
Serum samples were obtained from the mice every 2 weeks after
injection and the HCV RNA titer was determined. B. Fig. 1B Challenge
of human liver-engrafted albumin-uPA/SCID mice by intrahepatic
injection of in vitro synthesized, full-length 2b HCV RNA. Five hundred
l of RNA solution containing 30 pg of in vitro synthesized full-length
2b HCV RNA was injected into the livers of anesthetized chimeric mice
through a small abdominal incision. Serum samples were obtained
from the mice every 2 weeks after injection and the HCV RNA titer
was determined.

Supplementary Fig. 2. Comparisons of replication efficiency of
JFH1and J6/JFH1, 2b/JFH1 chimeras after transfection into Huh7.5.1-
cells. A. Structures of the]6/JFH1 and 2b/JFH1 genomes. J6 is joined
between NS2 and NS3 with JFH1. 2b-HCV is joined with JFH1within
NS2 at nt. 2867. B Measurements of core protein in cell culture fluids.
Ten pg of JFH1, J6/JFH1, 2b/JFH1 RNA were transfected into 5x 10°
Huh7.5.1 cells and the cells were cultured in 100 mm-diameter plates.
The culture fluids from JFH1, J6/JFH1, H77/JFH1or 2b/JFH1-trans-
fected Huh7.5.1 cells were collected separately on the days indicated
and the levels of core antigen were measured. These experiments
were done three times with similar results independently. Panel B
shows representative date.

Supplementary Fig. 3. Inhibition of infection by blocking CD81.
Huh 7.5.1 cells were plated into a 6 well plate at 1.4x10° cells per
well. After 48 hours, the cells were incubated with anti-CD81 or
isotypematched control antibody at the concentration indicated for 1
hour. Subsequently, cells were infected with 1 ml of JEC3F stock cell
culture fluids at day 2 for 4 hours and washed with PBS. 48 hours after
inoculation, anti-core immunostaining was performed with mouse
anti-HCV core protein monoclonal antibody (Panels B and C).
Quantification of HCV core antigen was carried out in culture fluids
at 48 hours after infection (Panel A).

Supplementary Fig. 4. Comparison between 2b and JFH-1 core
amino acid sequence.

Note: Supplementary materials related to this article can be found
online at doi:10.1016/j.virol.2010.07.041.
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Aim: Host genetic variants leading to inosine triphosphatase
(ITPA) deficiency, a condition not thought to be clinically
important, protect against hemolytic anemia in chronic hepa-
titis C patients receiving ribavirin. In this study, we evaluated
the clinical significance of ITPA variants in Japanese hepatitis
C patients who were treated with pegylated interferon plus
ribavirin.

Methods: In this multicenter retrospective cross-sectional
study, 474 hepatitis C patients were enrolled who were
treated with pegylated interferon plus ribavirin in four geo-
graphically different hospitals in Japan. Patients were
grouped according to hemoglobin decline of more than 3 g/dL
at week 4. Two single nucleotide polymorphisms (SNP) within
or adjacent to the ITPA gene (rs6051702, rs1127354) were
genotyped.

Results: A functional SNP, rs1127354, within the ITPA exon

was strongly associated with protection against anemia with
only one (0.8%) in 129 patients with the ITPA minor variant A

developing severe anemia (P =5.9 x 10%). For rs6051702,
which had significant association in European-Americans,
significant but weak association with severe hemoglobin
reduction was found in Japanese (P=0.009). In patients
excluding genotype 1b and high viral load, those with the
ITPA minor variant A achieved significantly higher sustained
viral response rate than those with the major variant (CC) (96%
vs 70%, respectively, P = 0.0066).

Conclusion: ITPA SNP, rs1127354, is confirmed to be a
useful predictor of ribavirin-induced anemia in Japanese
patients. Patients with the ITPA minor variant A (~27%) have an
advantage in pegylated interferon plus ribavirin-based thera-
pies, due to expected adherence of ribavirin doses, resulting
in a higher viral clearance rate.

Key words: c200rf194, hemolytic anemia, hepatitis C virus,
ITPA (inosine triphosphatase), pegylated interferon plus
ribavirin therapy

INTRODUCTION

PPROXIMATELY 3% OF the worldwide population
is infected with the hepatitis C virus (HCV), which
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represents 170 million people, with 3-4 million indi-
viduals newly infected each year. Chronic hepatitis
C (CHC) has a variable course; although 20-25% of
CHC patients maintain persistently normal serum ami-
notransferases and experience relatively slow histologi-
cal progression, other patients present a more active
biochemical course.'* Overall, 30% of the CHC patients
progress to cirrhosis in their lifetime,® and 3-8% of
cirthosis patients develop hepatocellular carcinoma
(HCC) every year.** Among various factors, older age
and hepatic steatosis are significant factors accelerating
the rate of progression in CHC.>"~
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Antiviral treatment has been shown to improve liver
histology and decrease incidence of HCC in CHC.*"
Current therapy for CHC consists of treatment with
pegylated interferon (PEG IFN), which acts both as an
antiviral and as an immunoregulatory cytokine, and
ribavirin (RBV), an antiviral prodrug that interferes
with RNA metabolism.'"'? However, less than 50% of
patients infected with HCV genotype 1 treated in this
way achieve a sustained viral response (SVR) or a cure of
the infection.”""® Older patients have showed a signifi-
cantly lower SVR rate due to poor adherence resulting
from adverse events and laboratory abnormalities.'*¢
In particular, hematological abnormalities and RBV-
induced hemolytic anemia often necessitate dose
reduction and premature withdrawal from therapy in
10-14% of patients.'"'”"*°* New drugs and therapeutic
approaches for CHC are actively developed and several
candidates are in the early trial phase.*»?* Given these
backgrounds, effective pre-treatment screening for pre-
dictor biomarkers with the aim to evaluate possible risks
over benefits from currently available treatment would
allow avoiding these side-effects in patients who will
not be helped by the treatment, as well as to reduce the
substantial cost of the treatment.

The completion of the Human Genome Project has
led to the advent of a new era of scientific research,
including a revolutionary approach: the genome-wide
association study (GWAS). Several recent studies have
demonstrated remarkable associations between single
nucleotide polymorphisms (SNP) near or within the
region of the IL28B gene, which codes for IFN-A3,2-28
Another recent study indicated that genetic variants
leading to inosine triphosphatase (ITPA) deficiency,
a condition not thought to be clinically important,
protect against hemolytic anemia in CHC patients
receiving RBV.?” The results obtained in one GWAS
study need to be evaluated and confirmed in the context
of different geographical and racial populations, and
independent cohorts. Here, we describe clinical evalua-
tion of two SNP within or adjacent to the ITPA
gene (6051702 and 181127354), that was recently
highlighted by the GWAS of HCV treatment-induced
anemia.”

METHODS

Patients

N THIS RETROSPECTIVE cross-sectional case-control
study, 474 patients with chronic HCV infection
treated at Tokyo Medical and Dental University Hospi-

© 2010 The Japan Society of Hepatology
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tal, Nagoya City University Hospital, Yamanashi Uni-
versity Hospital, Nagasaki Medical Center and Hyogo
University of Health Science Hospital in Japan were
enrolled from April 2007 to April 2009. Each patient
was treated with PEG IFN-o-2b (1.5 pg/kg s.c. once a
week) or PEG IFN-o-2a (180 ug/kg once a week) plus
RBV (600-1000 mg daily depending on bodyweight).
The treatment duration was set at a standard 48 weeks
for genotype 1b high viral load (=5 log copies/mlL)
patients and 24 weeks for genotype 1 low viral load
(<5 log copies/mL) and genotypes 2 and 3 patients.
On-treatment dose reduction and discontinuation of
PEG IFN or RBV were decided based on the recommen-
dations of package inserts or clinical situations in
individual patients to avoid possible side-effects. The
rates of PEG IFN and RBV administration achieved were
calculated as percentages of actual total dose adminis-
trated of a standard total dose of 24 weeks, according to
bodyweight before therapy. Hepatitis B surface antigen
(HBsAg) positive and/or anti-HIV positive individuals
were excluded from this study. Hemoglobin (Hb) values
were measured at baseline and every week until 8 weeks.
We considered Hb decline at week 4 to be a clinically
important time point, as previously reported.”? The
threshold of Hb reduction of more than 3 g/dL was
chosen as a clinically significant Hb decline according to
the previous reports.?-*!

Informed consent was obtained from each patient
who participated in the study. The study protocol con-
formed to the relevant ethical guidelines as reflected in
a priori approval by the ethics committees of all the
participating universities and hospitals.

Patient evaluation

The following factors were analyzed to determine
whether they were related to the efficacy of combination
therapy: age, sex, previous IFN therapy, grade of
inflammation and stage of fibrosis on liver biopsy,
pre-treatment biochemical parameters, such as white
blood cells, neutrophils, Hb, platelet count, alanine
transaminase (ALT) level, serum HCV RNA level (log
IU/mL). Liver biopsy specimens were evaluated blindly,
to determine the grade of inflammation and stage of
fibrosis, by an independent interpreter who was not
aware of the clinical data. Activity of inflammation was
graded on a scale of 0-3: A0, showing no activity; Al,
showing mild activity; A2, showing moderate activity;
and A3, showing severe activity. Fibrosis was staged on
a scale of 0-4: FO, showing no fibrosis; F1, showing
moderate fibrosis; F2, showing moderate fibrosis with
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few septa; F3, showing severe fibrosis with numerous
septa without cirrhosis; and F4, showing cirrhosis.

SNP genotyping

Human genomic DNA was extracted from whole blood
of each patient. Genetic polymorphisms, 11127354 in
ITPA, 156051702 in C2001f194, and 1s8099917 around
the IL28B gene were determined by real-time detection
polymerase chain reaction with a TagMan probe or
DigiTag?2 assay typing one tag SNP located within each
locus.” Another functional SNP, rs727010 within the
ITPA gene, was excluded due to no variants in the Asian
genetic population as reported in the International
HapMap Project database. Our preliminary genotyping
of a 100-patient population did not find variants in that
SNP.

Outcomes

The primary end-point was Hb decline and dose reduc-
tion of PEG IFN or RBV in week 4, the secondary end-
point was SVR. An SVR was defined as serum HCV RNA
undetectable at 24 weeks after the end of treatment.
A transient viral response (TVR) meant that HCV RNA
became undetectable during treatment but reappeared
at the end of follow up. A null response (NR) was
defined as persistently positive HCV RNA throughout
the treatment. Adverse events and drug adherence were
recorded.

Statistical analyses

The association between individual ITPA SNP and the
incidence of significant Hb decline was tested by a basic
allelic test and calculated using the x>-test. Multivariate
logistic regression analysis with stepwise forward selec-
tion was performed with P-values of less than 0.05 as
the criteria for mode] inclusion. These statistical analy-
ses were conducted by using SPSS software package ver.
18J (Chicago, IL, USA) or Microsoft Excel Mac 2008
(Redmond, WA, USA). Discrete variables were evaluated
by Fisher’s exact probability test. The P-values were cal-
culated by two-tailed Student’s t-tests for continuous
data and y>-test for categorical data, and those of less
than 0.05 were considered statistically significant.

RESULTS

HE CLINICAL CHARACTERISTICS of the 474
patients are summarized in Table 1. First, we com-
pared baseline clinical and host genetic characteristics
of patient groups according to the SNP within the ITPA
gene, 151127354, between major homozygote (CC) and
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Table 1 Baseline characteristics of participating patients

Total number 474
Age (years) 57.24+10.0
Sex (male/female) 264/210
Bodyweight (kg) 61.1+10.8
HCV genotypes

1b/2a/2b/3a 416/31/26/1

1b, high viral load/others 387/87
NS5A-ISDR mutations (genotype 1b, 285/49

n =334, 0-1/22)

Core mutations (genotype 1b, n=379)

C70 (wild/mutant) 240/139

C91 (wild/mutant) 234/145
Histology at biopsy (n=278)

Grade of inflammation (A0/1/2/3) 4/97/154/23

Stage of fibrosis (F0/1/2/3/4) 8/102/74/74/20
White blood cells (/uL)t 5707 £ 1495
Neutrophils (/uL)t 2568 1013
Hemoglobin (g/dL)t 142+1.4
Platelet count (x107/uL)t 158 +58
ALT (IU/L)t 89+ 66
Serum HCV RNA (log [TU/mL])# 6.0£0.9
PEG IFN (PEG IFN-0-2a/PEG IFN-a-2b) 40/434
Hb decline at week 4 (g/dl) 24114

Severe anemia, Hb <10 g/dL at week 4 56/474 (11.8%)

tData are expressed as mean + standard deviation.

$Data are shown as median (range) values.

High viral load: HCV RNA 2 5 log IU/mL.

ALT, alanine transaminase; Hb, hemoglobin; HCV, hepatitis C
virus; IFN, interferon; ISDR, interferon sensitivity determining
region; PEG, pegylated.

a group of heterozygote (CA) and minor homozygote
(AA) (Table 2). There were no significant differences
in age, sex, blood cell counts, ALT levels, serum viral
loads, frequencies of core 70/91 mutations**** and the
numbers of NS5A interferon sensitivity determining
region (ISDR) mutations®*** between the two groups.
The SNP in the ITPA gene did not show significant
linkage between the SNP around the IL28B gene,
158099917, which is strongly associated with IEN treat-
ment responses.”>” In contrast, the SNP in the ITPA
gene showed significant linkage with the SNP in
C2001f194, 136051702 (P =7.1 x 10714).2°

Next, we analyzed two SNP, rs6051702 in C200rf194
and rs1127354 in ITPA lodi, respectively, for their asso-
ciation with significant Hb decline at 4 weeks of PEG
IFN plus RBV treatment using a basic allelic model that
compares frequencies of alleles in cases versus controls.
The SNP, rs6051702, which showed the strongest asso-
ciation in the European-American population,® was

© 2010 The Japan Society of Hepatology
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Table 2 Clinical and host genetic characteristics of patients according to IPTA gene variants

ITPA SNP, 151127354

CC (n=345) CA + AA (n=129) P-value

Age (years)t 57.2+10.0 57.1+£10.1 0.87
Sex (male/female) 192/153 72/57 0.97
White blood cells (/uL)# 5312+ 1537 4995 + 1388 0.92
Neutrophils (/uL)¥ 1696 + 1415 1803 + 1516 0.49
Hemoglobin (g/dL)+ 142+1.4 141+14 0.52
Platelet count (x107*/uL)# 157 £ 54 15970 0.81
ALT (IU/mL)# 9170 8355 0.46
Serum HCV RNA (log copies /mL)t 6.1£0.7 58+1.1 0.093
NS5A-ISDR mutations (genotype 1b, n =334, 0-1/22) 213/31 72/18 0.095
Core mutations (genotype 1b, n =389)

aa. 70 (wild/mutant) 179/96 61/43 0.25

aa. 91 (wild/mutant) 172/103 62/42 0.60
1L28B, 138099917 (TT/TG/GG) 233/94/3 96/29/1 0.23
C2007f194, 16051702 (AA/AC/CC) 254/85/6 47/72/10 7.1 10714+

*P-values were calculated by student’s t-test or by % analysis.
tData are show as median (range) values.

tData are expressed as mean + standard deviation.

IL28B SNP, major allele-T and minor allele-G.

C200rf194 SNP, major allele-A and minor allele-C.

ALT, alanine transaminase; HCV, hepatitis C virus; SNP, single nucleotide polymorphisms.

100%

80% -

60% 1—
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Figure 1 ITPA variant, 1s1127354, known to be responsible
for inosine triphosphatase deficiency and its age-related differ-
ences. ITPA, inosine triphosphatase. The numbers in parenthe-
ses denote numbers of patients.

associated with the Hb decline significantly but
with smaller effect size (odds ratio [OR]=1.40,
P=9.0x 107, Table 3). Notably, another SNP in the
ITPA gene, 151127354, showed overwhelming associa-
tion with the Hb decline (OR=62.8, P=5.9 x 107).
The prevalence of ITPA variants is shown in Figure 1.
Percentages of IPTA, rs1127354, major homozygote
(CC), heterozygote (CA) and minor homozygote (AA)
were 72.8%, 25.9% and 1.3%, respectively. There was
no difference in the frequency of the ITPA variants
throughout ages and sexes (Fig. 1).

To asses the clinical relevance of these SNP, we
analyzed the proportion of patients suffering clinically
significant anemia, which we defined as a decline in
Hb levels of more than 3 g/dL or Hb levels of less than
10 g/dL, which is the threshold at which RBV dose
reduction is recommended. As depicted in Figure 2, in
ITPA-CC patients, Hb loss of more than 3 g/dL devel-

Table 3 Association of C200rf194 and IPTA gene variants with treatment-induced Hb decline

Gene SNP Allele (major/minor) MAF (%) OR P-value*
C2001f194 1s6051702 A/C 19.9 1.40 9.0%x 107
ITPA 1s1127354 C/A 14.2 62.8 5.9x107%

*The SNP-phenotype associations were analyzed using a basic allelic test.

P-values were calculated by y? analysis.

Hb, hemoglobin; MAF, minor allele frequency; OR, odds ratio; SNP, single nucleotide polymorphisms.

© 2010 The Japan Society of Hepatology
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Figure 2 Effects of ¢200rf194 and ITPA single nucleotide poly-
morphisms (SNP) on clinically significant anemia induced by
pegylated interferon plus ribavirin treatment. Percentages of
patients with hemoglobin (Hb) decline of >3 g/dL or Hb levels
of >10 g/dL at week 4 of treatment are shown for each SNP in
two genes, ¢2001f94 (rs6051702) and ITPA (rs1127354).

oped in 48.7% at week 4, and 15.9% of patients
achieved Hb levels of less than 10 g/dL. In contrast,
only one patient (0.8%) with ITPA-CA/AA developed
anemia. These differences in the incidence of the
treatment-induced Hb decline were consistent through-
out ages. The time-dependent Hb decline in patients
with ITPA-CC and ITPA-CA/AA is shown in Figure 3. In
patients with ITPA-CC, mean Hb drop was 2.9 £ 1.3 g/
dL, which was significantly higher than that of patients
with ITPA-CA/AA (1.1 + 0.7 g/dL). These results demon-
strate that the ITPA minor variant A has a protective
phenotype for the treatment-induced anemia. The posi-
tive predictive value of the ITPA-major (CC) for the
development of severe anemia was 48.7%, while the
negative predictive value of ITPA-hetero/minor (CA/AA)
was 99.2%. In accordance with the incidence of anemia,
there was significant difference in the incidence of RBV
dose reduction. At week 4 of treatment, RBV doses were
reduced in 27.9% of ITPA-CC patients while in only
14.4% of ITPA-CA/AA patients (P = 0.012, Fig. 4). Simi-
larly to RBV, PEG IEN dose reduction was apparently
higher in ITPA-CC patients though it did not reach sta-
tistical significance.

Knowing that significantly less frequent drug reduction
occurred in patients with the ITPA-minor variant A, we
next investigated if the ITPA gene variants affected final
treatment outcomes. The treatment outcomes were avail-
able in 339 patients with genotype 1b and high viral load

ITPA gene variant against anemia 1067
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Figure 3 Time-dependent hemoglobin (Hb) decline in ITPA
major and minor variants. Error bars indicate mean + standard
error. Asterisks 1 and 2 indicate statistical significance of
P=6.6%10" and P=3.0 x 107, respectively.
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Figure 4 Percentages of patients requiring pegylated inter-
feron (IFN) or ribavirin (RBV) dose reduction at week 4 in
ITPA major and minor variants. Y-axis indicates percents of
patients who required dose reduction. *P = 0.012.
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Table 4 Sustained viral response rates of each group according to IPTA gene variants

Hepatology Research 2010; 40: 1063-1071

IPTA SNP, 151127354 Genotype 1b, high viral load Others

CC CA+AA CC CA+AA
SVR 92 (37.1%) 39 (42.9%) 41 (70%) 25 (96%)
TVR 90 (36.3%) 34 (37.3%) 15 (25%) 1 (4%)
NR 66 (26.6%) 18 (19.8%) 3 (5%) 0 (0%)
Total 248 91 59 26
P-value 0.33 0.0066

High viral load; serum HCV RNA 2 5 logIU/mL.

“Others” include genotypes genotype 1b, serum HCV RNA <5 loglU/ml, genotypes 2a, 2b and 3a.
P-values were calculated by y?-test analyses of SVR versus TVR plus NR.
HCV, hepatitis C virus; SVR, sustained viral response; TVR, transient viral response; NR, null response.

(HCV RNA 25.0log IU/ml) and 85 others, which
included genotype 1b, low viral load and genotype 2a, 2b
and 3a patients (Table 4). In patients with genotype 1b
and high viral load, there was no significant difference in
SVR rates between ITPA-CC and ITPA-CA/AA patients
(37.1% and 42.9%, respectively). In contrast, there was a
striking difference in SVR rates between ITPA-CC and
ITPA-CA/AA in the other IFN-sensitive group (non-1b or
low viral load); the SVR rate was 70% in ITPA-CC
patients, while 96% of ITPA-CA/AA patients achieved
SVR (P =0.0066). These results indicate that the ITPA
minor variant A is significantly associated with SVR in the
IFN-sensitive group excluding genotype 1b and high viral
load. Using those subpopulations of patients, we con-
ducted a statistical analysis for association of several host
and viral parameters with SVR. As shown in Table 5,
univariate analysis identified four significant parameters
including age, platelet count, stages of fibrosis and the
ITPA SNP, 1s1123354. Multivariate logistic regression

analysis identified that only age and the ITPA SNP were
significantly associated with SVR.

DISCUSSION

ECENT GWAS ON HCV infection have identified

two important host genetic polymorphisms. One is
the SNP in the IL28B gene, which is strongly associated
with response to therapy of chronic genotype 1 HCV
infection,”??® and another is the SNP in the ITPA
gene, which precisely predicts RBV treatment-associated
anemia in the FEuropean-American population.” In
our present study, a functional SNP in the ITPA locus,
151127354, is strongly associated with protection against
anemia among 474 Japanese patients (P=5.9 x 107,
Table 3). Only one of 129 patients (0.8%) who carry the
1s1127354 minor allele A had severe anemia (Figs 2,3).
These data are consistent with the previous study in the
US population® as well as a recent Japanese study by

Table 5 Univariate and multivariate logistic regression analyses of host and viral characteristics of patients excluding genotype 1b

high virus load based on therapeutic responses (n = 85)

Variable P-value P-value OR 95% CI
(univariate) (multivariate)

Age 0.017 0.047 0.916 0.840-0.999

Sex (male vs female) 0.19 -

Baseline Hb level 0.17 -

Baseline platelet count 0.019 0.307 1.092 0.923-1.292

Stage of fibrosis (FO-2 vs 3~4) 0.0020 0.083 4.221 0.827-21.531

PEG IFN adherence (280% vs <80%) 0.67 -

RBV adherence (280% vs <80%) 0.30 -

ITPA SNP 151127354 (CC vs CA + AA) 0.0066 0.023 12.680 1.386-116.042

IL28B SNP 158099917 (TT vs TG + GG) 0.29 -

CI, confidence interval; Hb, hemoglobin; IEN, interferon; ITPA, inosine triphosphatase; OR, odds ratio; PEG, pegylated; RBV, ribavirin;

SNP, single nucleotide polymorphisms.
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Ochi et al.*' Our data were similar to these two reports;
rs1127354 was the most significant SNP that was asso-
ciated with RBV-induced anemia in Asian genetic popu-
lations. Additionally, we have demonstrated that the
incidence of early dose reduction was significantly
higher in ITPA-major (CC) patients as expected (Fig. 4)
and, more importantly, that a significantly higher
SVR rate was achieved in ITPA-hetero/minor (CA/AA)
patients with HCV non-1b or low viral load strains (70%
vs 96%, P = 0.0066, Table 4). Taken together, our results
demonstrate that the ITPA minor variant A is not only
a protective allele of PEG IFN and RBV treatment-
associated anemia in the Japanese population, but also a
significant predictor of SVR in certain HCV strains that
show good response to IFN.

An SNP in C200rf194, 156051702, which showed sig-
nificant association with Hb reduction in European-
Americans (P = 1.1 x 107%),” was also significant in our
study of a Japanese population, but with smaller effect
size on Hb reduction (P=0.014). The discrepancy may
be due to the low levels of the linkage disequilibrium
(LD) with the functional SNP in the ITPA gene in the
Japanese/Asian population as compared with the high
LD in white subjects. Indeed, it is reported that the
predictive values of the C200rf194 SNP varied between
different races including African-Americans (P=0.19)
and Hispanics (P=9.5 x 107%).%

Ochi et al. sequenced the Japanese patient genome
including ITPA and DDRGK1 loci, which are located
adjacently on chromosome 20. They identified 83 SNP
with major allele frequency of more than 0.05, of which
four SNP including rs1127354 were significantly associ-
ated with RBV-induced anemia and which were in
almost absolute LD with each other.?' Their report indi-
cates that the ITPA SNP, rs1127354, which we geno-
typed in the present study, represent a dominant variant
of ITPA deficiency that protects against RBV-induced
anemia in Japanese/Asian genetic populations. In our
study, however, 51.3% of the ITPA-major (CC) patients
did not develop significant Hb decline (Fig. 2). This
finding suggests that there are other low-frequency ITPA
variants or SNP in other enzymes that are involved in
erythrocyte purine nucleoside metabolism.

The response to PEG IFN plus RBV treatment is affected
by several viral and host factors such as age, sex,***
NS5A-ISDR*® and core region.’**> To maintain good
adherence to drugs, especially RBV, it is important to
achieve good treatment responses. Increased RBV expo-
sure during the treatment phase was associated with an
increased likelihood of SVR in the US* and Japanese
studies.*® Because patients with ITPA minor variant A are
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refractory to RBV-induced anemia, they are advantaged
in maintaining good adherence to RBV and may be given
even higher doses of RBV, resulting in a higher SVR rate.
However, a study by Fellay et al. and a very recent repli-
cation study by Thompsom et al.*® did not observe any
significant association between the ITPA minor variants
and early or late anti-HCV treatment outcomes.* A pos-
sible explanation for the discrepancy is that older and
histologically more advanced patients were predominant
in our study. Mean age in the US study was 47.5 years
while 57.2 years in our present study. The percentage of
advanced fibrosis (F3 or F4) was 12.0% in the US study
while 34% in our study. It is well known that the inci-
dence of drug dose reduction or discontinuation could
increase according to old age as well as advanced stages,
that may compromise final treatment outcomes.'*™
Importantly, we have additionally demonstrated that in
patients with other than genotype 1b HCV, ITPA minor
variant A was significantly associated with better SVR
rates in univariate and multivariate analyses. Because the
typical PEG IFN plus RBV treatment period is shorter
(24 weeks) in genotype 1 low viral load and genotype 2
patients than in genotype 1 high viral load (48 weeks),
early dose reduction of RBV may be more critical to the
final treatment outcome.

Ribavirin is a synthetic guanosine analog, and has
actions in vitro against a wide range of RNA and DNA
viruses.*! Possible antiviral mechanisms of ribavirin
include immune modulation by switching the T-cell
phenotype from type 2 to type 1,* anti-proliferative
effect by inhibition of cellular GTP synthesis,*' and direct
inhibition of virus replication.*’ Aithough monotherapy
with RBV clinically showed minimal effect on the viral
load and almost no effect on the viral clearance,*-*
combinatory use of RBV with IFN elicits strong synergis-
tic effects against HCV in vitro*® and in vivo.***°

Ribavirin is directly toxic to erythrocytes and is asso-
ciated with hemolysis, which is usually reversible and
dose-related.***® RBV is incorporated into erythrocytes
where it undergoes phosphorylation to its pharmaco-
logically active forms through adenosine kinase. The
RBV-phosphate conjugates are unable to cross the
erythrocyte cell membrane and are thus accumulated
intracellularly and cleared slowly from red cells with a
half-life of approximately 40 days.’' Inosine triphos-
phatase (ITP) deficiency or low activity variants, in turn,
lead to an accumulation of ITP in red blood cells and
may compete with RBV triphosphate, and may protect
from RBV-induced hemolysis.”***

There are several STAT-C agents (specifically targeted
antiviral therapies for hepatitis C) being tested for

© 2010 The Japan Society of Hepatology
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clinical efficacy against hepatitis C.2"** Most experts
believe that when new drugs are approved to treat hepa-
titis C they will be used in combination with PEG IFN
and RBV. Moreover, recent clinical trials including NS3
protease inhibitors have shown that PEG IFN plus
RBV would be necessary to achieve optimal treatment
responses.’®*** Our present results may give a valuable
pharmacogenetic diagnostic tool for the tailoring of
RBV dosage to minimize drug-induced adverse events
and for further optimization of the clinical anti-HCV
chemotherapeutics.
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SHUTAN VDY TEATDSB, HCVF / L8R Vv TL o 7 ANFET 2 & SN2 HIE, LU
NERIZBEST S, You74 ) VABCIZOWT, HCVL 7Y o VHEIC 5 2 2 BARET L. Th
FN2EOshRNARBINZ 2 —%fEK L, ZThEHWT/ 92 &y Vfifgd{ER L, HCVL 7Y a3 v 0D
MNRABT L 2L ZA, Yo7 4 ) VORBIHENZLD, HCVL 7)) 2 VIREIZ40~60% & HEIZ i)
fil&h7z(A). (Cyp:> 2 a7 4, HCVshRNAIZ$ TIZHCV ##4 5 Z & AHERE X L TL > 5 shRNA.
A shRNADrev.id & —7 v MM OBESZHICLAZa2 Y bu—IL)

/o, Yorur 4 Y YEEENIC v o 4T LMIRROBIITIE, LTI VOBREICK S 20—
BRSO 2ITIETL, Y2074 ) YAHCVEREICEE L T3 EEZ507-(B). BEHEO TEKFIZD

o= -

EXG, MEDEBNTH ZMBAZERTH
2vru7 ) vichhbhidiEEL 7.

t bDEE, vruaz 4 ) EFKBPOH
TEATEEhEThI5EEN%EFET S
ZENMEIN TS, Tho 3HERENSE
AL, HMRRELSC S HIRE M NS
BICBRENICHEET S, IZTTXTOMNAE
CEENICHEET 230056, #id 50T
MARRNICHFET 280X TEEEHRTH
5. ¥Yo2u7 4 Y Y EeFKBPDPPlase & L
TOEWVIEL TIE, BROEEHEMIZS
DLV MENH N, FKBPIZ7 o) vd
HIDT I/ BHEBKEDE DTH BHAITD
AFEEERTOIIHLT, Y27u74 ) Viz
T VORIOT I BBIZITEOEET
HoTERWEREE TR 1720 FKBPD &
5 BERMEE & 2002 EAWEDENIID
BERBENS. ZOERBREMEDEVLS, &

HECA S A DRBKRAER>TVWBHEELHN
TWBH, EERNTORBEEE OB EMIZ DL
TRWEEFFICHSEMZEA TR N, ¥
rua74) v3WNIEEMOATEY, M
RO S 5@ AESIHEEL TV, bh
DO TIZHCVLY 7Y O v OB
&, HCVHEBEHE RN GFHET I LEZ 6N
ZHiHE, Mafks s nbtnwbhsy s
074 Y YABCOREENREZSNDER
L -72(X5)©, ZO#%, HCVOESIEHE
kvyouz4 ) VICHETARENPERE,
HCVEHDUEDTHBNSSBEY 7T 7 4
) YBOREMN LA AHCV E SR 1B
BELTw3Lda@HER®, BRETIEY Y
074 YADEERHGHEROTHRE IR T
BB Lrua7 4 YRHCVS A 74
A ONZELBEELTWAZ ERTHR IS
BOBIAE-NS.
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