L%, By ¥ a—, BYR cccDNA
(covalently closed circular DNA) £ & B & %
DM, B, HRE L OEE, HBVH
DAT—HEDT v AR, FEHLEHEL =
ZLEE, BLORPBENZEETH B,
HBVREZL & 7 % — D48 - FER, %
}ZE 7 v VR (primary duck hepatocyte =
PDH) % Fi\ 2 7= DHBV % HDIZED 5 iz,
HBVIEERF 28D, BRI T 6 =HA
Fi, EATALTIVLESE -9 bR
F 5T, gpl20?, gpl80 PN Db b
23, DR LR &5 ICREROBEICIX
T WY, INEE TICEEE S HBVE
FVETZ-D0HE FAECETTEDX
ST TU—FRNREEOH, BETEA
HBVOEEL L Fh 2 Fnizr 74 —D[HE
EEIE B2,

In vitro HBVERHF

BB & & <, FERRIC in vitro BB R
BEFELENWT &5, HBVEEL 7% —
DLEE - FIEICE > THRENERBEL 5T
WBZ WS T TERWA, invitro HBV
R (RS EITHRE 2 BR<OBEOE I
Mo Twd, BROZLENFE, HBV
I EEFEME SR AEERL, BhEe
wRETHI L, FEREMERREEZ
515 HepG2, HuH7 A E Dk b ITESEM
FARMAREERELTREINTER. Ib
DMFITHBV OBEY A 7 L e FRL TR
SLLUEHBVREENI A -2 SV AT 20
YavTAIEiIcky, BEERTZEL

FBTLRBhoTNBL, EEKIZEWNT

BP0k dRWES b OB BT 5
OrELBE RV, —BNICER
FEBEEstiREgIcbrLE16h5 72
W, chbDfifaEATeA F, £ VR

v, dimethyl sulfoxide (DMSO) & H\» T4
LB L, BREEBARAZEVIRENDH
50, FlZhbOMREERNT, FEsW
IR A TR A FUBFRITIENTESR
ESUOTERIC & 5 HBVERERDBEOH
B d BN, BEHE, AAPITr—TV
2xE L B L HBVRERER & UTOMEILEF
i 2 LniZhn b &5 28k
—REEMREREER & LT, &E(k
WoTE, TTINI0FE SBT3 &
N7z HCVERETE 2 6 B 3 X 7172 HepaRG
EHWEHBVRERNH—TH 3 L Ebh
50 ZOHIFEE2~4% DMSO TEOEM S
LFFET % & 20 % T2 E O HBVIRZAE N5
bhabahsd, LxrLuahis, —&Bk
BEITEMREZ N 6 BEHTEEN10m D
T4y ¥ TI0HHRE T 5 S AMET
B0, LTHHEEMICHERETE AMBTEL
V. cceDNATERLE &, ASROBEZSY 4 7
BET LTS L BbREH, DanelbfiT
DFENRENT NS, BRGER7 55k
HTERNESOMEREH 52,
HBVEH L ¥ 74 — Dok - AE» b,
RERDELE 2 HETIHE T2 DHepaRG
DERE PERENATVIY. EOR
FWOTW, NEBEDHERICED BT
O ] & {8 7 Fa % (basolateral membrane) {8
2 5 HBVIZREE T 5. FIEE e b TRz
(primary human hepatocyte = PHH) TS
WROEEH I NEBEY -4 -Th
% multidrug resistance protein 2 (MRP2) @
TN A SN, 8000 multiplicity of genome
equivalent (mge) Bl £ TIEI1F100 % D HBV
RBREERZENB DI L, DMSOALEE
EHepaRGTH, Boh=EE T 358EEIC
MRP2 DFEEMRA LN, FHU mge & AV
REBRTZ ORI ORIEICHBVERRESE
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PreS1

Pres2

tra;r{s{ocatﬁon mo%if (TLM)

2  preS DRI
preS1IAD 8- BAIC B EEEEF(20~2%22), IERHEEEELS (accessory 1L
ID & preS2 ADEAERE TER L TIM 2777

WENDLZ LR, ZOHREHDEGTA TIEE X
N5, EFIONHNGEBEIERTEHLD
2B, ZerbcEERH I ARRITE
RIZB U 2 IFEEMEOBEIL, BEMEH
FERRICIERE L nESLIREEICH b, BEF
EHRETEHEZICIER LEVWEEZET S
ZEEEEHBIEE. ZOENGIRENHBY
B X2 —-DRBICED B DR, HEIC
BEb30OrE, TR WIE X, FERENE
BTh5.

f7% - B - BAICEEDBHBVET

BEEFEMBOU LD, HepG2Hl kg D
HBVEEE BT 2 WIZE LW EE L ZMEA

ZREBVWERDNES, YWEIOMBEE

W~ HBVESR FONEBRBICE 25
T ELHFEI N0, BERTIEHDEAF
% 4 L2 (HDV) 72 & & Fl I L T HepaRG
WA B WE A S WD, HBV OREE
KT ORI IZFEE small S (SSHEH LS HE
I HBs) IEEH & middle S (MS) R 51210
Z, largeS IS)EEQVRREBEORATLE S
2, BZMEHBVRFOMBEAOMZFICEL

T, R preSIEBOMEENEEHR I T
%19 preS1IFEBIIEFI0IC T 3 ) BEF|D
HREDECE 285 5%, SEDREL

RS B L EATRS, (5 - HEAT

Bib 5 MAEASER, 20 DOFBEN LT
FETBEEZLZLNTWS, preS27E S ABH
HEREL, MlRARACEDZ EEDbNSE
18 (translocation motif = TLM) 28 1858 x . T
VW3, F=SSEZEEHNFIC G RMAICED
BEESTHEN TG, | |
D& 5EHE2D LIZUT, preSIA
DREREAE LT, HlEERETFICRE

VAL, Vv R HTEABEEL,

SSEREH N = Il 2 7= HBV K. 7 F& - #l ha &
MEAEZD, TIMZ L zfilsREA L
W ZHBVONE - [BRLG - RABESA
Bans.

HBVEEL T4 — D43 - r—aﬂ

T, HBVERELV ¥ 72 -0 - RE
R EN N LA T, PDHDHBVR %
FOMZITHN T & 7=, DHBVIZIZHBVOMS
SN T ABEESIR AL, TabbpreS2ic
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3.5 kb mRNA
2.4 kb mRNA
2.2 kb mRNA
2.7 kb mRNA
0.8 kb mRNA

B3 HBV~N 5 —EGEEFHAHBY 744 v
ATHBVY  AESHRICHEN WS, LBORy 7 ARG ORFERT. pgRNA%‘:}b

fﬂ@‘ét&b@%’éﬁci\lw) FAERUZ, Bn: TNV Y—, pAl KUY ARIMNY
BRI S EEEN OB, SEEEENERT.
B1SS@{ﬁﬁliiﬁi%’fi¥%ﬁ5}\bf:?ﬁs’f VERLE. ZOBE, BAICLD, preCC
BETF, XEEFeR LOELOHBVEBEEEFIETNTHEILE 2D, IV
NG T A RER S B, WARMIC K> TikpreCCOERB L BEL 1 5

FWF BRI EIE L 2. LSO preSHE
BUCfE - IRRE B b 2 MELEE, 20
DTIMIZHES T 3 ERAERE N TS,
DHBV CHE X 1L7=% & & J7 & DHBVH
ZEW T 1 gpl80 (carboxypeptidase D) TH -
720 AERFEREEEEECAFF VL LE
PDH # DHBV & {5 X ¥ 72, HDHBVE
FREBEOTRERE T ZiCkoT
SEE-REINZEOTHS. RETOR
Eld, HBVONE - Efle - BACHED S
HEVEYEL + 7% — DAEIL S EBET &
U CHE X /-, LMHMAE (chicken H3R

DREEFEMRARCDEBVEREZHA L
W) & DHBV BRZEFEMig~Eh vz &
HCE R 572U, F70gpl80 o 3 Hifk
%7 e MAIREE A O DHBVESL %
FHIE T 3ICEB B 572,

MERTFOFENHE ST 5 HepG2
R 5 3 HBVEENHAE I h s Hfhgs
L 7= HepaRGHlifE» & &, AR & L THRV
RV T2 - DRERIGELRFONE - B
B EnTnn, BERRICBE T 54,
TTERELREOHEMEZREL TS, EEHE
L7zHBVEREEAEEGRF T 5 2 h 6Dz

FTHERE 65%:4% - 2012510 605
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POEEENENDIIEETHAIN? —%
%iﬁmWW%uﬁf&w@%@%im
WHCHEREL & 5 58, HBVEEL 7% —
D5 - AEICRBEYOTIREE L 258
L EhBLEDRD.

SEETEAHBY O

INETORE,» B, HBVEHRELV £
DB FEABRT 2L ERE AR
K DITEBEFEAEBV-WOIE, i
BUHBVEL 12 pseudotype HBVAE 2L % 5 & T
W3, Z020DBEETFEAHBVIE, BE
DT k< HBV@{‘"? HRELEEL -HBY N
o & —Hp, BRTOLEHBVEICEZ /-
pseudotype HBVENZ A 6 5. K7 7w —
FIX TN E TICRA S LA o 7= HBV
MR T EEBIC U R BEIC 5T v
A %@ﬁ%’;@%ﬁjﬁaz:@ﬁa.
CHBV AN & —3
K«a& DORELIZIT, HBVOHEELET
> EHEICHEBET I DENH 5. HBVI, “%
ST EHEDNAE WD,/ 2 EET b
ERE, EHEERT 74 IV
Ko THEBEEEHELTS L5 &) TRERN
YA o LR EDOW,

HBV 3Gk v #%, o _EHDNAZE

BL, WbhWwbceccDNAE WS YT ) L%
WRT 5. A7 ARITEEHIENIC S -
T, SEHEEERE U THEEDSE L
%535kh 7V ) ARNAZRIEC®, WD
HOHBVEEGEEYEEOHIL L U TH
BET53. 35kb L5/ ARNAZ preCEIER
FEIHATDR1 (directrepeat 1) & @5‘?&“(%‘
BEXh, JANCDR2, 5ICSODRIZE
7222 T TpolyARmy & ﬂ‘)b#nm‘a&éfﬁ
T, ThbbyLIPEEINIETERT
5.

A CEHBVERY 4 7 L OFMEICD
WTRHEKTEY, 2oy 2—-RBELE
BELMELEILVAIVIELT, TVF A
RNAEE BRI 2 &0 - B HIERE, 5
DRI, e, DR2, 3 DRIEFIOEAEHEE
LTBLDBENRDD, HEOEEumit 2 HE
IMEETHBEND B (KA B). w4
AEHRTF & LT, EROWEEEE, T
AEEHDNAEGRICED B HBVERY A5 —
¥ (HBVpoD), a7 RF2H#ET52HBVI 7
ZEHMEHBV-C), BRT##ERT 5 preSSEH
(HBVpreSS) Z@H F 5 v 2 ITHET 3 4
E2 55 (HSB). E25 ) a4 XERE
ICEETZLBbNBEL, SV ARNA
DEEXZEY R 270 I BEEBEEF T

CUNVY—REBRTENERS 55 Lk

by,

D4 T OEEFHEAMHBVIZHBY O
EVEREBRETZOT, Hif LIIRRpE
22 cceDNADBRL E WBE FRENTRE &
ZHEFHENG. HNERERTEE TR
PhEoF—FT5H5TLiZkh, HBVERL
YT & —OBEFOLHEE - BREITHEILTS
EBEEETH B, 7272 L, HBVcecDNAIZ
12y AR Z T 4 LR '&Ehéﬁﬁiﬁ%i{&%ﬁ
Eor Y VYV (oriP) 3EERT, HBESED
ISR - L - MR E B 22X btm
AREh T LBEINS.

FE S RIFFREMELEN L LB ETFR
BEAERTA2ERRT, WOFHELA
TOEEFHEAABVR Y 4 - DEFEICHkA
TAEREN B B. T D Schallar 5EHDHE L
THEEA TOERFEAHBY RS & — 3 {E
BIWBETH D Z EMARENTNED,

2. HBV pseudotype particles (HBVpp) &

ZD &4 TOBEFEAZHBVIE, VSV-G
% {5 - 7= pantropic retrovirus, & %\ lenti-
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(a) HHIBZ L RO AILAT /ARG 5 — —

(b) gag-pOlFIEARY & — izt

(C) preS-SHEBRI5—

‘eg%‘é

&

K4 HBVppEID T4 v
ZDE4TTEHY BT A LADRNAY J L2 EIETEREANY £ — (@), a7
FEWEERE, S 7y 4 L 2SR HE R pol 46T % gagpol IR~ & —,
HBVEN Tz #5352 HBVD3I DDOBEEL e Mg T 5 RN 4 — B NEL 2 5.
MIIZHIVE Z W, @ICHIV (VY F9 4 L 2)BD S ) 4 %4 5 rev responsive
element RRE) R EDBBE TV AV M EHELZTHBIE, vvsFo{4LaxBoL
TUANARZ—LiD, (@DddViE0) % H 6 H» CdReiEsEiilatke LT
BT LTSy r =V v SlilaE LTHERTA 2L S AEETH 5. LTR long terminal
repeat. hyg®: hygromycine resistance gene. CMV IE: cytomegalovirus immediate early

enhancer-promoter. GFP: green fluorescentprotein. ¢ : Vb O T AL )%y - v
TN, DI YNV — TR A —,

Virus i B W T VSV-G &= HBVIEEHICE A 7= ERAL TR, By o- T
pseudo-HBV T & 5. HCV T % pseudotype ERA Rl N

particles (HCVpp) & L TEA LN TIN5 2, MREE L0, BEOLV PO YALAN
HBVpp i fTE - B AIXHBVOEREZWD, 78 —wAWEES, B, Tuv Lz
ZFRLIBEOERIIL Fu v 4 L 2ADEFREIC e L, BENABABGEFORET T
. REMICIEEERRELZRT, Tuy H2» o 1 EEEEOHEAETAERTH 5.

AN UTHEENICREE IR ) 41T ZDEWERTlentivirusBEO L b4 L2 A
HMISAE N BT, Bk s, SHR1E N =22 L7 HBVpp 2N Ly g Lis
AR RE a2 WS, YA L ZE R

BT L LU CRAEEEET P EARMIBEET FE B OFRE T, FFEEMRO DNA
BTRERE 65%4% - 20125107

- 379 -

607



TAT Y — R BEEIFEMEANE A,
HBVpp D&M % F85E12 U 72 HBVIRS L L +
TE—DLEE - FEERAGBETEL o
U AN ABIHBVpp DR A S E 1283 A7,
TV P YA 2D gagpol BIET & BE
T 5HEABIZ EGFP (EGFP) &4 2 uv 4 &
VitHEEEF  HygR) 2 BA LY bry 4
NARG B—=0 ) LA ISy r =Dy
THIREEHEL, ZOMEEIZ3 D OHBVE
EHEPREXE 37 L TEZE FESICHBY
BEOEH 7= A LARTFREEXS L
EDeBE Lz, HHBsHUEIZ X 3405
VikE, AL 25 ) HH, RTI-PCRTCHEE
TR L 729V A L 72 EGEP B EF At
HRBE Nz vy 2 BENEEELET
& HBVRIFEE AN 1.22 g/mISEfE s 7
MEBT LI LR, BHEICLSTERTE
RENTNB T EMNERIN-ED, kb, &
HBVpp DEZEEIZ DN T W DO R %
BTV BERARFTCIZ UL 720,

HHDOIC

Bk, BEFEAHBVRZ & =201 T
B L7z, HBVR2Z 4 — & 4 7% HBVpp &
A THEETRETH Y, THFNOFEETE
L7 HBVERH L ¥ 7 4 — D4 - F5is
B2 AMERSVWEEDRS. £/-2h
52D DEEFHEAABYR 7 & — TR
EIEEIC U727 v 24 REMANTTE T &IC
KU, HBVEBELV ¥ /% — 58 - BEHD
invitro, ¥ X Win vivolZl BT 5 HBVAEEE
SIRREEITIRER, WMEBRORR L Z 0mR
DEFEIEREIBD TEVLDEEbNS.
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Comparison of the Efficacy of Ribavirin Plus
Peginterferon Alfa-2b for Chronic Hepatitis
C Infection in Patients With and Without
Coagulation Disorders
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Many patients with coagulation disorders are
infected with hepatitis C virus (HCV) that
advances to end stage liver disease, resulting

in an increased number of deaths. The efficacy -

of ribavirin and peginterferon combination
therapy for chronic HCV infection in patients
with coagulation disorders has not been clari-
fied fully. The aim of this study was to evalu-
ate the efficacy and tolerability of combination
" therapy in this patient population compared
with patients who are infected with HCV and
do not have coagulation disorders. A total of
226 consecutive chronic hepatitis C patients
were treated with combination therapy and
divided into two groups: patients with (n = 23)
and without coagulation disorders (n = 203).
Clinical characteristics, sustained virological
response rates obtained by an intention-to-
treat analysis, and combination therapy dis-
continuation rates were compared between
the two groups. The sustained virological
response rates did not differ significantly be-
tween patients with and without coagulation
disorders (65.2% vs. 47.8% by intention-to-
treat analysis). According to a multivariate
analysis, age, alanine aminotransferase, gamma-
glutamyitransferase, and HCV genotype were
associated significantly with a sustained viro-
logical response, whereas whether a patient
had a coagulation disorder did not affect the
sustained virological response. In conclusion,
combination therapy for chronic hepatitis C
was comparably effective between patients
with and without coagulation disorders and did
not result in adverse bleeding. J. Med. Virol.
85:228-234, 2013. © 2012 Wiley Periodicals, Inec.

© 2012 WILEY PERIODICALS, INC.

KEY WORDS: chronic hepatitis C; interferon;
ribavirin; coagulation disor-
ders; hemophilia

INTRODUCTION

Hepatitis C virus (HCV) infection is a widespread
viral infection that often leads to chronic hepatitis,
cirrhosis, and hepatocellular carcinoma. Until the
1980s, most patients with coagulation disorders
became infected with HCV because of the extensive
use of untreated factor concentrate. Some of these
patients were infected with both hepatitis C and hu-
man immunodeficiency virus (HIV) [Brettler et al.,
1990; Troisi et al., 1993; Yee et al., 2000; Franchini
et al., 2001]. These patients with liver diseases and
persistent abnormal transaminase progress to end
stage liver disease, resulting in an increased number
of liver disease-related deaths. In cases of co-infection
with the HIV, the progression of liver disease is more
rapid [Sanchez-Quijano et al., 1995; Soto et al., 1997;
Benhamou et al., 1999; Ragni and Belle, 2001; De
Luca et al., 2002] with a higher mortality rate than
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during HCV monoinfection [Darby et al., 1997; Yee
et al., 2000]. The need for treating infection with HCV
in patients with coagulation disorders is increasing
worldwide.

Sustained virological responders who are negative
for serum HCV RNA 6 months after the end of treat-
ment with interferon (IFN) are likely to remain in
virological and biochemical remission with histologic
improvement [Marcellin et al., 1997; Shiratori et al.,
2000]. In addition, IFN therapy reduces the risk of he-
patocellular carcinoma among virclogical or biochemi-
cal responders [Imai et al., 1998; Ikeda et al., 1999;
Yoshida et al., 1999]. Ribavirin is now used generally
in combination with IFN or pegIFN to treat chronic
hepatitis C and combination therapy is more effective
than IFN monotherapy [Lai et al., 1996; McHutchison
et al., 1998; Poynard et al., 1998; Manns et al., 2001].

Previous studies have investigated the efficacy of
IFN monotherapy in patients with coagulation disor-
ders and chronic hepatitis C [Makris et al., 1991], and
the efficacy of combination therapy with ribavirin and
PegIFN in patients with coagulation disorders [Fried
et al., 2002a; Mancuso et al., 2006; Posthouwer et al.,
2007]. However, there are no reported comparisons of
this combination therapy between patients infected
with HCV with and without coagulation disorders. In
this study, the efficacy and tolerability of ribavirin
plus peglFN were evaluated retrospectively in
patients with coagulation disorders and chronic hepa-
titis C and the results were compared with the
responses of patients infected with HCV but without
coagulation disorders.

MATERIALS AND METHODS
Patients and Methods

A total of 226 consecutive patients with chronic hep-
- atitis C and a high viral load (serum HCV RNA levels
greater than 100 kilo-international units [KIU]) were
treated with a combination of pegIlFN and ribavirin
between December 2004 and March 2007 at Nagoya
University Hospital and Ogaki Municipal Hospital.
These patients included 23 patients with coagulation
disorders (17 with hemophilia A, 4 with hemophilia B,
and 2 with von Willebrand disease). All patients were
under 75 years old, were anti-HCV antibody-positive,
and had serum HCV RNA levels greater than
100 KIU/ml by quantitative PCR assay (Amplicor GT-
HCV Monitor Version 2.0; Roche Molecular Systems,
Pleasanton, CA) within 12 weeks preceding the thera-
peutic period. Patients were excluded if they had pre-
treatment hemoglobin (Hb) levels <10 g/dl, tested
positive for serum hepatitis B surface antigen, a histo-
ry of drug addiction, alcohol abuse, autoimmune hepa-
titis, primary biliary cirrhosis, a serious psychiatric or
medical illness, or were pregnant. To exclude patient
bias, only complete cohorts from each hospital were
enrolled. HCV genotypes were determined by PCR
using genotype-specific primers [Okamoto et al., 1994;
Simmonds et al., 1994].

229

All patients were treated with 1.5 pg/kg of pegIlFN
a-2b (Peg-Intron®, MSD, Tokyo, Japan) once weekly
for 24 weeks in patients infected with HCV genotype
2 or 3 and for 48 weeks in patients infected with HCV
genotype 1 or 4. For the 17 patients infected with
HCV genotype 1, the treatment duration was extend-
ed to 72 weeks because of higher efficacy compared to
that obtained after 48 weeks of treatment, but only in
cases in which HCV RNA was positive at 12 weeks
and negative at 24 weeks from the start of therapy.
Treatment was discontinued when a patient’s Hb con-
centration fell below 8.5 g/dl because of drug-induced
hemolytic anemia or when a patient’s white blood cell
count fell below 1,000/mm?®, neutrophil count fell be-
low 500/mm?3, or platelet count fell below 50,000/mm?.
Some patients discontinued treatment because the vi-
rus could not be eradicated after 24 weeks, as deter-
mined by the physician. The pegIFN alfa-2b dose was
reduced to 50% of the assigned dose when the white
blood cell count was below 1,500/mm?, the neutrophil
count below 750/mm?® or the platelet count below
8,000/mm?. Oral ribavirin (Rebetol®, MSD, Tokyo,
Japan) was administered for the same duration as
peglFN at 600 mg/day for patients who weighed 60 kg
or less, 800 mg/day for those who weighed more than
60 kg but less than 80 kg, and 1,000 mg/day for those
who weighed more than 80 kg during the treatment
period. The ribavirin dose was reduced by 200 mg/day
when the patient’s Hb concentration fell below 10 g/dl
because of drug-associated hemolytic anemia. Ribavi-
rin was discontinued when peglFN therapy was dis-
continued. Informed consent was obtained from each
patient and the study was performed in accordance
with the 1975 Declaration of Helsinki.

Liver Histology

Pretreatment liver biopsy specimens were classified
based on a fibrosis scale of FO to F4 (F0, no fibrosis;
F1, portal fibrosis without septa; F2, few septa; F3,
numerous septa without cirrhosis; and F4, cirrhosis)
and in terms of necroinflammatory activity on a scale
of A0 to A3 (A0, no histological activity; Al, mild ac-
tivity; A2, moderate activity; and A3, severe activity)
[Bedossa and Poynard, 1996; Fried et al., 2002b]. In
patients with coagulation disorders, a liver biopsy was
performed using factor concentrate, provided the
patients gave informed consent.

Assessment of Efficacy

The virological response was assessed by a qualita-
tive HCV RNA assay with a lower sensitivity limit of
100 copies/m]l (Amplicor HCV version 2.0; Roche Mo-
lecular Systems). According to the qualitative HCV
RNA results, responses were defined as a sustained
virological response if no HCV RNA was detected at
the end of the 24-week follow-up period after the
treatment was completed. A patient was considered to
have an end of treatment virological response if no
HCV RNA was detected at the end of treatment.
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Comparison of Characteristics and Treatment
Efficacy Between Patients With and Without
Coagulation Disorders

Sex ratio, age, body weight, body mass index (BMI),
baseline serum alanine aminotransferase (ALT) lev-
els, gamma-glutamyltransferase (GGT), pretreatment
Hb level, platelet counts, HCV genotype and viral
load, histologic activity, and fibrosis were compared
between patients with and without coagulation dis-
orders. The sustained virological response rates
obtained by an intention-to-treat analysis and per-
protocol analysis, ribavirin and pegIlFN dose reduction
rates, and combination therapy discontinuation rates
were compared between the two groups. The end of
treatment virological response rate was obtained by
intention-to-treat and per-protocol analyses and then
compared between the two groups. Next, the variable
accession method in a multivariate analysis was used
to examine factors associated with a sustained viro-
logical response after combination therapy, including
the following factors: sex, age, BMI, baseline serum
ALT, GGT, platelet counts, genotype, HCV RNA con-
centration, and presence of a coagulation disorder.

Because efficacy differed by the HCV genotype and
the patient age, and since all coagulation disorder
patients were male, the analysis focused on male,
age-matched patients infected with HCV genotype 1.
The characteristics and efficacy of treatment were
compared in males, and age-matched patients with
and without coagulation disorders who were infected
with HCV-genotype 1.

Statistical Analysis

Values are expressed as the means + SDs.
Between-group differences in mean quantitative val-
ues were analyzed by Student’s ¢-test, and differences
in nonparametric data were analyzed by the Mann—
Whitney U-test. Differences in proportions were
examined by the Chi-squared test. Multiple logistic
regression analysis was used to identify factors

Honda et al.

related to a sustained virological response. All statisti-
cal analyses were performed using SAS software (SAS
Institute, Cary, NC). All P values were two-tailed,
and P < 0.05 was considered statistically significant.

RESULTS
Patient Characteristics

The patients included 127 men and 99 women aged
22-74 years (mean + SD, 54.7 £ 11.6). The mean
age of patients without coagulation disorders was
56.3 & 10.9 years and most patients were in their 50s
and 60s. In contrast, the mean age of patients with
coagulation disorders was 41.5 + 9.8 years with an
age distribution ranging from 20 to 50 years. The clin-
ical characteristics of the two study groups are shown
in Table I. All patients with coagulation disorders in
this study were male because of inherited, sex-linked
hemophilia, and two patients in this study had male
von Willebrand disease. Patients with coagulation dis-
orders were significantly younger than patients with-
out coagulation disorders (P < 0.0001). Although body
weight was not different between the two groups,
patients with coagulation disorders had a significantly
lower BMI than patients without coagulation disor-
ders. Patients without coagulation disorders were
infected with HCV genotypes that are not unique to
Japan, such as genotypes la, 3a, and 4a. Four
patients with coagulation disorders were infected with
human immunodeficiency virus and one of these
patients had achieved a sustained virological response.

Response to Therapy

The ribavirin dose reduction rate tended to be
higher in patients without coagulation disorders than
in patients with coagulation disorders (P = 0.0643).
The treatment discontinuation rate did not differ sig-
nificantly between the two groups. As a result, the
sustained virelogical response rate by an intention-to-
treat analysis did not differ significantly between the

TABLE I. Clinical Characteristics of Patients Treated With Combination Therapy

Patients without

Patients with

Total patients coagulation disorders coagulation disorders

(n = 226) (n = 203) (n = 23) P value
Sex ratio (male/female) 127/99 104/99 23/0 <0.0001
Age (years) 54.7 + 116 56.3 + 10.9 41.5 £ 938 <0.0001
Body weight (kg) 60.2 + 11.1 60.5 + 11.5 60.5 £ 8.1 0.9972
Body mass index 22.9 + 3.1 231+ 3.1 215+ 25 0.0226
Baseline serum ALT (IU/L) 63.3 + 56.8 60.9 + 54.9 84.4 + 69.1 0.0598
GGT (IU/L) 54.2 + 63.9 514 £ 62.2 78.6 + 74.4 0.0526
Hemoglobin (g/dl) 141+ 1.3 14.1 £ 1.3 144+ 1.3 0.2714
Platelets (x 104/p«1) 178 £ 5.2 17.7 £ 5.2 19.0 £ 5.6 0.2597
Genotype (1a/1b/2a/2b/3a/4a) 7/160/40/15/3/1 0/150/39/14/0/0 7/10/1/1/3/1 <0.0001
HCV RNA (KIU/ml) 1,898.0 + 1,448.3 1,923.1 + 1,464.5 1,676.6 + 1,305.1 0.4404
Activity (AO/A1/A2/A3) 2/108/71/11 2/101/64/11 0/7/7/0 0.3442
Fibrosis (FO/F1/F2/F3) 17/104/49/22 16/97/45/20 1/7/4/2 0.5351

ALT, alanine aminotransferase; GGT, gamma-glutamyltransferase; HCV RNA, hepatitis C virus RNA; KIU, kilo-international units.
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TABLE II. Efficacy of Combination Therapy

Patients without Patients with

Total patients coagulation disorders coagulation disorders

(n = 226) (n = 203) (b = 23) Pvalue
SVR rate (intention-to-treat) 49.6 (112/226) 47.8 (97/208) 65.2 (15/23) 0.1130
SVR rate (per-protocol) 54.4 (111/204) 52.7 (97/184) 70.0 (14/20) 0.1405
ETR rate (intention-to-treat) 84.1 (190/226) 84.7 (172/203) 78.3(18/23) 0.4218
ETR rate (per-protocol) 89.1 (179/201) 89.6 (163/182) 84.2 (16/19) 0.4772
Ribavirin dose reduction rate 44.2 (100/226) 46.3 (94/203) 26.1 (6/23) 0.0643
PeglFN dose reduction rate 34.1 (77/226) 33.5 (68/203) 39.1 (9/23) 0.5891
Combination therapy discontinuation rate 9.8 (22/226) 9.4 (19/203) 13.0 (3/23) 0.5722

SVR, sustained virological response; ETR, end of treatment virological response; PeglFN, peginterferon.

two groups. The sustained virological response rate of
patients with coagulation disorders by a per-protocol
analysis was higher than that of patients without co-
agulation disorders, but there was no significant dif-
ference. In addition, based on both intention-to-treat
and per-protocol analyses, the end of treatment viro-
logical response rate did not differ significantly be-
tween the two groups (Table II).

Factors associated with a sustained virological re-
sponse in combination therapy were determined by a
multivariate analysis. HCV genotype 1 and 4 versus 2
and 3 (P = 0.001, odds ratio 4.353 [95% CI, 1.810-
10.469]), baseline serum GGT (P = 0.003, odds ratio
1.018 [1.006-1.0301), age (P = 0.006, odds ratio 1.053
[1.015-1.093]), and baseline serum ALT (P = 0.014,
odds ratio 0.991 [0.983-0.998]) were associated signifi-
cantly with a sustained virological response, but
whether or not a patient had a coagulation disorder
was not associated significantly with a sustained viro-
logical response.

Characteristics and Response of Male,
Age-Matched Patients Infected
With HCV Genotype 1

The clinical characteristics of the two study groups
in the male, age-matched patients infected with HCV
genotype 1 are shown in Table IIL. Body weight, BMI,
and Hb levels were significantly lower in patients

with coagulation disorders than patients without co-
agulation disorders (P = 0.0003, 0.0027, and 0.0108,
respectively).

" The treatment discontinuation rate of patients with
coagulation disorders did not differ between the two
groups. The sustained virological response rate by in-
tention-to-treat and per-protocol analyses did not dif-
fer significantly between the two groups (Table IV).
Factors associated with a sustained virological re-
sponse in the male, age-matched, genotype 1 patients
treated with combination therapy were determined by
a multivariate analysis. BMI (P = 0.036, odds ratio
1.810 [1.041-3.145]) and baseline serum GGT
(P = 0.037, odds ratio 0.981 [0.963-0.999]) were asso-
ciated significantly with a sustained virological re-
sponse, but whether or not a patient had a
coagulation disorder was not associated significantly
with a sustained virological response.

Adverse Events

The reasons for discontinuing combination therapy
and the times at which the therapy was discontinued
are shown in Table V. Once treatment was discontin-
ued, therapy was not restarted even after the initial
symptoms or illness disappeared. There were no
bleeding episodes in the patients with coagulation
disorders, including patients who received a liver
biopsy.

TABLE III. Clinical Characteristics of Male, Age-Matched Patients With Genotype 1 Treated With Combination Therapy

Patients without Patients with
Total patients coagulation disorders coagulation disorders

(n = 36) (n=18) (n = 18) Pvalue
Age (years) 42.8 +£ 8.0 449 +5.9 40.7 +£ 93 0.1136
Body weight (kg) 66.1 + 11.0 73.4 £9.3 60.4 + 8.7 0.0003
Body mass index 22.7+ 2.8 24.3 + 2.3 2144+ 25 0.0027
Baseline serum ALT (IU/L) 69.8 + 54.3 63.5 + 31.7 76.2 & 70.5 0.4919
GGT (IU/L) 72.7 + 64.2 743+ 71.1 71.2 + 58.5 0.8869
Hemoglobin (g/dD 149+£12 154 +£1.0 144+ 1.2 0.0103
Platelets (x10%/ul) 19.3+54 188 £ 45 198+ 5.6 0.5773
HCV RNA (KIU/ml) 2,050.8 + 1,273.4 2,322.8 + 1,249.1 1,778.8 £ 1,273.5 0.2044
Activity (A0/A1/A2/A3) 0/12/11/0 0/6/5/0 0/6/6/0 0.6723
Fibrosis (FO/F1/F2/F3) 2/11/8/2 1/5/4/1 1/6/4/1 0.9392

ALT, alanine aminotransferase; GGT, gamma-glutamyltransferase; HCV RNA, hepatitis C virus RNA; KIU, kilo-international unit.
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TABLE IV. Efficacy of Combination Therapy in Male, Age-Matched Patients With Genotype 1

Patients without Patients with
Total patients coagulation disorders coagulation disorders

(n = 36) n=18) ' (n=18) Pvalue
SVR rate (intention-to-treat) 58.3 (21/36) 61.1(11/18) 55.6 (10/18) 0.7353
SVR rate (per-protocol) 69.0 (20/29) 64.7 (11/17) 75.0 (9/12) 0.5551
ETR rate (intention-to-treat) 77.8 (28/36) 83.3 (15/18) 72.2 (13/18) 0.4227
ETR rate (per-protocol) 93.1(27/29) 88.2 (15/17) 100.0 (12/12) 0.2182
Ribavirin dose reduction rate 22.2 (28/36) 16.7 (3/18) 27.8 (5/18) 0.7175
PeglFN dose reduction rate 36.1(13/36) 27.8 (5/18) 44 .4 (8/18) 0.2979
Combination therapy discontinuation rate 5.6 (2/36) 0 (0/18) 16.7 (3/18) 0.0704

SVR, sustained virological response; ETR, end of treatment virological response; PegIFN, peginterferon.

DISCUSSION

A previous randomized trial in patients infected
with HCV with inherited bleeding disorders showed
that the sustained virological response rate improved
significantly for patients who were treated with IFN
and ribavirin compared to those treated with IFN
alone [Fried et al., 2002a]. In addition, both chronic
hepatitis C patients with and without coagulation dis-
orders responded similarly to pegIlFN and ribavirin
combination therapy [Franchini et al., 2006; Post-
houwer et al., 2006]. However, the efficacy and tolera-
bility of this combination therapy differed based on
the HCV genotype as well as the age, gender, and
race of the patients; therefore it is difficult to compare
patients with and without coagulation disorders un-
der the same conditions. No report has examined that
patients infected chronic hepatitis C with and without
coagulation disorders at the same institution and
during the same observation period. In addition, there
are no reports on the efficacy of combination therapy
in patients with chronic hepatitis C with and without
coagulation disorders in age-matched patients infected
with HCV genotype 1. Therefore, a retrospective

study was conducted to evaluate the- efficacy and tol-
erability of ribavirin plus pegIFN in chronic hepatitis
C patients with and without coagulation disorders.
In the per-protocol analysis, there were no significant
differences, but the sustained virological response
rate was higher in patients with coagulation disorders
than in patients without coagulation disorders.
Mancuso et al. [2006] reported that combination ther-
apy with pegIlFN alfa-2b plus ribavirin is highly
efficacious in hemophiliacs with chronic hepatitis C.
In an overall analysis, patients with coagulation dis-
orders had a lower mean age than patients without
coagulation disorders. In addition, the BMI of the
patients with coagulation disorders was lower than
that of patients without coagulation disorders. A mul-
tivariate analysis showed that the HCV genotype,
baseline serum GGT, age, and baseline ALT were fac-
tors associated significantly with a sustained virologi-
cal response and whether patients had coagulation
disorders was not associated with a sustained virologi-
cal response. Age, especially younger than 40 years
old, was a good predictive factor for a sustained
virological response, as was reported previously
[Poynard et al., 2000; Fried et al., 2002b].

TABLE V. Reasons for Discontinuing Combination Therapy

Reason Number Weeks after starting treatment

Patients with coagulation disorders

~ Peritonitis due to appendicitis 1 16
Pneumoniae 1 18

. No HCV eradication 3 24 28, 29
IDDM 1 44

Patients without coagulation disorders
Fatigue 5 1,2,4.9,19
Bleeding from duodenal varies 1 8
Dizziness 1 12
Palpitation 1 13
Cholecystitis 1 16
Symptom of Parkinson’s disease 1 16
Fundal hemorrhage 1 17
Hepatocellular carcinoma 2 19, 21
Suspicion of Interstitial pneumonia 1 20
Gastric cancer 2 21, 36
Self-discontinuation 1 24
Neutropenia 1 25
Eruption 1 25
No HCV eradication 7 24, 25, 25, 27, 28, 29, 29
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These results suggest that male patients who are
infected with HCV genotype 1 and have coagulation
disorders will have a higher sustained virological re-
sponse than patients without coagulation disorders,
if the coagulation disorder patients do not discontinue
treatment. However, these results do not account for
the differences in age. Therefore, male, age-matched
patients infected with HCV genotype 1 were evaluat-
ed. The characteristics that differed between patients
with and without coagulation disorders were body
weight, BMI and baseline Hb levels.

In male, age-matched patients infected with HCV
genotype 1, the sustained virological response rate
based on both intention-to-treat and per-protocol anal-
yses was not different between patients with and
without coagulation disorders.

Using a multivariate analysis, whether patients
had coagulation disorders was not associated signifi-
cantly with a sustained virological response. Only
BMI and GGT were identified as factors associated
with a sustained virological response to combination
therapy in male, age-matched patients infected with
HCV genotype 1. A previous report showed that GGT
levels may represent a surrogate marker of tumor ne-
crosis factor-alpha expression in the liver and explain
the importance of serum analyses to in predict the
treatment outcome [Taliani et al., 2002]. Several stud-
ies revealed that GGT is one predictor of a sustained
virological response [Taliani et al., 2002, 2006; Villela-
Nogueira et al., 2005]. In western countries, obesity
and a high BMI are associated with the absence of a
sustained virological response to combination therapy
of peglFN or IFN with ribavirin [Bressler et al., 2003;
Camma et al., 2004]. However, in Japan, most of the
patients who are treated with combination therapy
are not obese and have lower BMIs than patients in
western countries. In this population, the mean BMI
was 22.7 & 2.8. In this low BMI population, a higher
BMI would be associated with a sustained virological
response. However, the reason why a low BMI is
associated with the absence of a sustained virological
response has not elucidated.

Adverse effects are thought to increase in patients
with coagulation disorders; however, there was not a
significant difference in adverse effects necessitating
discontinuation of peglFN and ribavirin between
patients with and without coagulation disorders
(18.0% vs. 9.4%). In addition, severe adverse effects
and bleeding adverse effects were not associated with
coagulation disorders. A previous report showed that
IFN and ribavirin combination therapy may reduce
the use of clotting factors in hemophilia patients with
chronic hepatitis C [Honda et al., 2005; Yamamoto
et al., 2006). Ribavirin may reduce the side effect of
bleeding during combination therapy. In this study,
patients with coagulation disorders did not experience
an adverse effect of bleeding.

In conclusion, treatment of chronic hepatitis C
with combination therapy was effective comparably
between patients with and without coagulation
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disorders and there were no adverse effects of
bleeding.
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Hepatitis C virus (HCV) genotype 1a is rare in
Japanese patients and the clinical characteris-
tics of this genotype remain unclear. The
interferon (IFN) sensitivity-determining region
(ISDR) and single-nucleotide polymorphisms
(SNPs) of interleukin-28B (IL28B) among
patients with HCV genotype 1b are associated
with IFN response, but associations among
patients with genotype 1a are largely unknown.
This study investigated the clinical characteris-
tics of genotype 1a and examined whether ge-
nomic heterogeneity of the ISDR and SNPs of
IL28B among patients with HCV genotype 1a
affects response to combination therapy with
pegylated-IFN-a2b and ribavirin. Subjects com-
" prised 977 patients infected with HCV genotype
1, including 574 men and 412 women (mean
age, 55.2 4 10.6 years). HCV was genotyped by
direct sequencing of the 5'-untranslated region
and/or core regions and confirmed by direct se-
quencing of the NSBA region. HCV genotypes
1a (n =32) and 1b (n = 945) were detected.
Twenty-three (71.9%) of the 32 patients with ge-
notype 1a were patients with hemophilia who
had received imported clotting factors. Preva-
lence of genotype 1a after excluding patients
with hemophilia was thus 0.9%. Of the 23
patients with genotype 1a who completed IFN
therapy, 11 (47.8%) were defined as achieving
sustained virological response. Factors related
to sustained virological response by univariate
analysis were 1L28B and ISDR. In conclusion,
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HCV genotype 1a is rare in Japan. The presence
of IL28B genotype TT, and more than two
mutations, in the ISDR are associated with a
good response to IFN therapy in patients with
HCV genotype 1a. J. Med. Virol. 84:438-
444, 2012. © 2012 Wiley Periodicals, Inc.
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INTRODUCTION

Hepatitis C virus (HCV) is a member of the Flavi-
viridae family and causes chronic hepatitis that can
develop into cirrhosis and hepatocellular carcinoma
[Seeff, 2002]. HCV infection is a significant global
health problem, affecting 170 million individuals
worldwide. HCV can be divided into six genotypes and
several subtypes according to genomic heterogeneity
[Simmonds et al., 2005]. Each genotype shows a
unique distribution and clinical characteristics such
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as interferon (IFN) responsiveness [Ghany et al.,
2009]. HCV genotypes 1b, 2a, and 2b are the major
types encountered in Japan [Enomoto et al., 1990;
Hayashi et al., 2003]. Genotype la is common world-
wide, but is rare in Japan except among individuals
with hemophilia who have received imported clotting
factors [Fujimura et al., 1996; Otagiri et al., 2002;
Hayashi et al., 2003]. The prevalence and clinical
characteristics, including IFN responsiveness, of Jap-
anese patients with HCV genotype la are unclear.
HCV NS5A protein reportedly includes a domain asso-
ciated with IFN response. This domain, located in the
NS5A region of HCV genotype 1b, is closely associated
with response to IFN therapy and is known as the
IFN sensitivity-determining region (ISDR) [Enomoto
et al., 1996]. IFN acts to inhibit viral replication by
inducing double-stranded RNA-dependent protein ki-
nase (PKR). The ISDR is located at the 5 end of the
PKR-binding domain and is inhibited by PKR in vitro
[Gale et al., 1998]. ISDR heterogeneity of genotype 1b
is thus an important factor that may affect response
to IFN [Enomoto et al., 1996; Nakano et al., 1999;
Pascu et al., 2004; Hayashi et al., 2011la]. Several
studies have reported a relationship between ISDR
and IFN responsiveness among patients with HCV ge-
notype la [Hofgirtner et al, 1997; Zeuzem et al,
1997; Kumthip et al., 2011; Yahoo et al.,, 2011]. How-
ever, this remains controversial for genotype la, and
the utility of ISDR sequences for predicting IFN re-
sponsiveness has not been investigated for HCV geno-
type 1la in Japan due to the rarity of this genotype.
Both genetic heterogeneity of the HCV genome and
host genetics contribute to IFN responsiveness. Sever-
al genome-wide association studies have thus been
performed to clarify host factors associated with IFN
responsiveness, revealing that interleukin-28B
(IL28B) polymorphisms are strongly associated with
response to IFN therapy [Ge et al, 2009; Suppiah
et al., 2009; Tanaka et al., 2009; Thomas et al., 2009].
Combined use of the single-nucleotide polymorphisms
(SNPs) of IL28B and amino acid substitutions in the
core region and ISDR could thus improve the predic-
tion of response to IFN in patients with HCV geno-
type 1b [Akuta et al., 2011; Hayashi et al., 2011b;
Kurosaki et al., 2011]. However, the effects of a com-
bined evaluation of the SNPs of IL28B and amino acid
substitutions in the ISDR in patients with HCV geno-
type 1a on IFN response are unclear. The aim of the
present study was to determine whether genomic het-
erogeneity of the ISDR and SNPs of IL28B among
patients with HCV genotype la affect response to
combination therapy with pegylated-IFN-a2b and
ribavirin.

PATIENTS AND METHODS

A total of 977 patients (569 men, 408 women) with
chronic hepatitis C genotype 1 and high viral load
(<100 KIU/m]) who were treated at Nagoya Universi-
ty Hospital and affiliated hospitals were enrolled in
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this study. Mean age of patients was 55.1 + 12.2
years (range: 18-75 years). None of the patients had a
history of chronic alcohol abuse, autoimmune disease,
or metabolic disease. Patients with active intravenous
drug use and immigrants were excluded from this
study. The core region (aa 30-110) and ISDR (aa
2,209-2,248) of HCV were examined by direct se-
quencing. SNPs of IL28B (rs8099917) were identified
using a real-time polymerase chain reaction (PCR)
system. Patients received subcutaneous injections of
pegylated-IFN-a2b (1.5 ng/kg) once each week along
with oral ribavirin (600 mg/day for patients <60 kg,
800 mg/day for 60-80 kg, 1,000 mg/day for >80 kg)
for 48 weeks. Patients who became negative for HCV-
RNA between 16 and 36 weeks after initiating IFN
treatment had the IFN treatment extended to
72 weeks, in accordance with Japanese guidelines
[Kumada et al.,, 2010]. HCV-RNA levels in serum
samples were examined at 12 weeks, at the end of
IFN therapy, and at 6 months after the end of treat-
ment. Serum was stored at —80°C for virological ex-
amination at pretreatment. Early virological response
was defined as HCV-negative status at 12 weeks.
Patients who were persistently negative for serum
HCV-RNA at 24 weeks after withdrawal of IFN treat-
ment were considered to show sustained virological
response. Written informed consent was obtained
from each patient, and the study protocol conformed
to the ethical guidelines of the 1975 Declaration of
Helsinki.

’ Virological Analysis

HCV-RNA quantitative viremia load was deter-
mined by PCR. HCV was genotyped by direct sequenc-
ing of the 5'-untranslated region and/or core regions
as described previously and confirmed by direct se-
quencing of the NS5A region [Otagiri et al., 2002; Dal
Pero et al., 2007; Hayashi et al., 2011a]. Genotypes
were classified according to the nomenclature pro-
posed by Simmonds et al. [2005]. Direct sequencing of
the core and NS5A-ISDR regions was performed as
reported previously [Dal Pero et al, 2007, Hayashi
et al, 2011al. In brief, RNA was extracted from
140 pl of serum using a commercial kit (QIAamp Vi-
ral RNA Kit; Qiagen, Valencia, CA) and dissolved in
50 ul of diethylpyrocarbonate-treated water. RNA
(10 ng) was used for reverse transcription with oligos
and random hexamer primers with a commercial kit
(iScript ecDNA Synthesis Kit; Bio-Rad, Hercules, CA).
The HCV core region and NS5A-ISDR were amplified
by nested PCR. In brief, each 50-ul PCR reaction mix-
ture contained 100 nM of each primer, 1 ng of tem-
plate cDNA, 5 pl of GeneAmp 10x PCR buffer, 2 pl of
dNTPs, and 1.25 U of AmpliTaq Gold (Applied Biosys-
tems, Foster City, CA). Primers for the core region
were: sense, 5-GGGAGGTCTCGTAGACCGTGCAC-
CATG-3' and antisense, 5-GAGMGGKATRTACCC-
CATGAGRTCGGC-8'. Primers for the NS5A-ISDR
were: sense, 5-GCCTGGAGCCCTTGTAGTC-3 and
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TABLE 1. Clinical Characteristic of Patients With HCV
Genotype la

N =32
Age (v.0.) 36.4 + 2.2
Sex: male/female 28/4
AST (QU/L) 48.8 + 33.6
ALT IU/L) 64.6 + 57.8
Platelet (10%/pl) 18.8 + 6.0
HCV RNA level (KIU/m)) 2607.4 + 3072.2
Source (clotting factor/BTF/unknown) 23/2/7

AST, aspartate aminotransferase; ALT, alanine aminotransferase;
HCV, hepatitis C virus.

antisense, 5-CTGCGTGAAGTGGTGGAATAC-3'. Am-
plification conditions consisted of 10 min at 94°C, fol-
lowed by 40 cycles of 94°C for 10 sec, 55°C for 30 sec,
and 72°C for 30 sec in a thermal cycler (GeneAmp
PCR System 9700; Applied Biosystems). The second
PCR was performed using the same reaction buffer
with the first-round PCR product as template, and the
following sets of primers: for the core region, sense
primer 5-AGACCGTGCACCATGAGCAC-3' and anti-
sense  5-TACGCCGGGGGTCAKTRGGGCCCCA-3;
and for the NS5A-ISDR, sense 5-TGTTTCCCCCACG-
CACTAC-3' and antisense 5-TGATGGGCAGTTTT-
TGTTCTTC-3. PCR products were separated by
electrophoresis on 2% agarose gels, stained with ethi-
dium bromide, and visualized under ultraviolet light.
PCR products were then purified and sequenced with
the second-round PCR primers using a dye terminator
sequencing kit (BigDye Terminator v1.1 Cycle Se-
quencing Kit; Applied Biosystems) and an ABI 310
DNA Sequencer (Applied Biosystems).

Genotyping Analysis

Detection of SNPs for IL28B (rs8099917) was con-
ducted using a real-time PCR system. In brief, geno-
mic DNA was extracted from 150 pl of whole blood
with a commercial kit (QIAamp DNA Blood mini Kit;
Qiagen) and dissolved in 50 wl of diethylpyrocarbon-
ate-treated water. DNA (10 ng) was used for PCR and
genotyping of IL28B SNP (rs8099917) was performed
by TagMan allelic discrimination (ABI-Prism 7300
SDS software; Applied Biosystems) with TagMan SNP
Genotyping Assays provided by Applied Biosystems
(C__11710096_10).

Hayashi et al.
Statistical Analysis

Data are expressed as mean =+ standard deviation
(SD). The paired ¢-test was used to analyze differences
in variables. A value of P < 0.05 was considered sta-
tistically significant. Statview 5.0 software (SAS Insti-
tute, Cary, NC) was used for all analyses.

RESULTS

Thirty-two of the 977 patients (8.3%) were infected
by genotype la. Clinical characteristics of patients
with genotype la are summarized in Table I. Twenty-
three cases involved patients with hemophilia who
had received imported clotting factors. The prevalence
of genotype la after excluding patients with hemo-
philia was 0.9%. A comparison of clinical characteris-
tics according to hemophilia status is shown in
Table II. No significant differences were apparent
among the two groups. Differences in clinical charac-
teristics between genotypes la and 1b are shown in
Table III. Males were more frequent among patients
with genotype la (87.5%) than among those with
genotype 1b (57.2%), as the majority of patients with
genotype la were young male patients with hemophil-
ia. Sequence alignments of the core region at codons
71 and 90 showed arginine and cysteine, respectively,
in all patients. The HCV core region of genotype la
was thus well-conserved, with no significant muta-
tions at codons 71 or 90. This is not similar to previ-
ous findings for genotype 1b [Akuta et al., 2005, 2011,
Hayashi et al., 2011a,b; Kurosaki et al., 2011]. Align-
ment of the amino acid sequence for NS5A-ISDR is
shown in Figure 1. The sequence of the HCV-1 strain
was defined as the consensus sequence of genotype
la, and the number of mutations to the chosen con-
sensus sequence in ISDR was used to analyze the
ISDR system. Sequences of the HCV-1 strain and
HCV-1 strain with only one amino acid substitution
were defined as wild-type, while ISDR sequences with
more than two amino acid substitutions were defined
as mutant-type. Twenty-seven strains were defined as
wild-type and 5 strains were defined as mutant-type.
IL28B genotypes could be obtained for 25 patients,
and IL28B alleles were TT (n = 14) and TG (n = 11).
Twenty-three patients received pegylated-IFN-a2b
plus ribavirin therapy. Twenty patients were treated
for 48 weeks, and 1 patient was treated for 72 weeks.
Two patients were withdrawn at 24 weeks due to a

TABLE II. Clinical Characteristic According to Hemophilia

Patients with hemophilia (N = 23) Patients without hemophilia (N = 9) P-yalue
Age (y.0.) 37.1 £9.2 37.1+16.3 0.9966
Sex: male/female 22/1 6/3 0.0572
AST (IU/L) 51.2 + 34.8 41.9 £+ 309 0.5072
ALT IU/L) 68.2 + 55.8 54.0 + 66.1 0.5566
Platelet (10%/ul) 184 £ 6.8 19.8 £ 3.0 0.5602
"HCV levels (KIU/ml) 2599.6 + 3108.0 2630.0 + 3176.5 0.9812

AST, aspartate aminotransferase; ALT, alanine aminotransferase; HCV, hepatitis C virus.
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TABLE III. Clinical Characteristic According to Genotypes

Genotype 1a (N = 32) Genotype 1b (N = 945) P-value
Age (y.0.) 364+ 22 55.9 + 11.6 0.0001
Sex: male/female 28/4 546/408 0.0004
Patients with hemophilia 23 4 0.0001
AST (IU/L) 48.8 + 33.6 59.9 £ 45.0 0.1745
ALT (TU/L) 64.6 &+ 57.8 64.6 + 57.8 0.9894
Platelet (10%/u]) 18.8 £ 6.0 17.2 £ 6.0 0.0918
HCV levels (KIU/ml) 2607.4 £ 3072.2 2011.5 & 1453.8 0.0642

AST, aspartate aminotransferase; ALT, alanine aminotransferase; PLT, platelet count; HCV, hepatitis C virus.

lack of response to IFN therapy. Frequency of early
virological response, characterized by undetectable
HCV at 12 weeks, was 30.4% (7/28). Virological
response rate at the end of treatment was 47.8% (11/
23). Finally, 11 of 23 patients (47.8%) achieved sus-
tained virological response. Clinical characteristics
were compared between patients who achieved sus-
tained virological response and patients who did not
(Table IV), revealing significant differences in two
factors on univariate analysis: IL28B and ISDR.

DISCUSSION

The present study investigated 977 patients with
genotype 1 using direct sequencing of core and NSHA
regions, revealing that genotype la is rare (3.3%) in

12 PSLKATCTTHEDSPDADLIE ANLLWRQEMGGHITRVESER
13 PSLKATCTANEDSPDAELIE ANLTRRQEMGGNITRVESEN

Wild type

Mutant type

Fig. 1. Alignment of the amino acid sequence for the NS5A-ISDR.
In the sequence alignment, dashes indicate amino acids identical to
consensus sequence HCV1. Sequences of the HCV1 strain and HCV1
strains with one-nucleotide substitutions were defined as wild-type
ISDR, and all other strains were defined as mutant-type ISDR.
ISDR, interferon sensitivity-determining region.

Japan. Of the 33 patients with genotype la, 23
(71.9%) were patients with hemophilia, confirming
that the majority of cases with genotype la involve
patients with hemophilia who have received imported
clotting factors, as previously reported [Fujimura
et al., 1996; Otagiri et al., 2002; Hayashi et al., 2003].
Analysis after excluding patients with hemophilia
revealed the prevalence of genotype 1la in Japan was
0.9% (9/954). Recently, the distributions of HBV geno-
types have been changing in Japan due to interna-
tional exchange [Hayashi et al., 2007; Matsuura et al.,
2009]. However, prevalences of HCV genotypes have
remained stable because of the different modes of
infection involved. The present study revealed that 11
(47.8%) of 23 patients achieved sustained virological
response. The IFN responsiveness of HCV genotype

-la in Japanese patients was reported in 1999 from

Okinawa, a far southern island in Japan [Sakugawa
et al., 1997]. That study reported that the rate of sus-
tained virological response tended to be higher in
patients with genotype 1a than in those with genotype
1b, but no significant differences were identified be-
cause of the small number of patients with genotype
la. Low virological response rates in both genotypes
1a and 1b were confirmed in the present Japanese
patients, as in Caucasian patients [Manns et al.,
2001; McHutchison et al., 2009]. No significant differ-
ences in sustained virclogical response rate were seen
between genotypes 1a and 1b. Discriminating between
genotypes la and 1b thus seems to have little clinical
relevance in terms of IFN responsiveness. Viral fac-
tors associated with sustained virological response, in-
cluding HCV genotype, have been studied most
frequently studied and mutations in the core and
NS5A regions of HCV genotype 1b have been associat-
ed with response to IFN therapy [Akuta et al., 2005,
2010, 2011; Okanoue et al., 2009; Nakagawa et al,,
2010; Toyoda et al., 2010; Hayashi et al., 2011a;
Hayes et al., 2011; Kumthip et al., 2011; Kurosaki
et al., 2011]. These viral factors could improve predic-
tion of sustained virological response for genotype la,
as in 1b. Amino acid substitutions at positions 70 and
91 of the HCV core region in genotype 1b have been
related to IFN responsiveness, liver steatosis, hepatic
oxidative stress, insulin resistance, and carcinogene-
sis [Akuta et al., 2005, 2007, 2009; Tachi et al., 2010].
These substitutions may have substantial impacts on

J. Med. Virol. DOI 10.1002/jmv
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TABLE IV. Univariate Analysis: Factors Predictive of Sustained Virologic Response

Factors Sustained virologic response (n = 11) Non-sustained virologic response (n = 12) P-yalue
Age (y.0.) 37.9 £ 10.9 398 +11.3 0.6958
Gender: male/female 10/1 10/2 0.9999
ALT QU/L) 78.2 + 50.8 62.6 + 68.1 0.5435
AST (IU/L) 51.4.4 + 29.2 48.8 + 404 0.8616
PLT (x 10*/mm?) 19.0 + 5.4 19.3 + 5.7 0.8870
HCV RNA level (KIU/ml) 1323.1 £ 1077.3 2567.0 4+ 2940.8 0.2481
ISDR: wild/mutant 7/4 12/0 0.0373
IL.28B:TT/TG 9/1 4/8 0.0115

AST, aspartate aminotransferase; ALT, alanine aminotransferase; PLT, platelet count; HCV, hepatitis C virus; ISDR, interferon sensitivity-

determining region; IL28B, interleukin 28B.

the pathogenesis of HCV genotype la infection. How-
ever, the HCV core region of genotype la is well-con-
served and no significant mutations were seen in the
core region, which is associated with IFN responsive-
ness. Several reports have also found that the HCV
core region, including positions 70 and 91, of HCV
genotype la is highly conserved [Alestig et al., 2011;
Kumthip et al., 2011]. Mutations in the core region of
genotype la would be rare, so this region might be
unsuitable for routine clinical use, unlike in genotype
1b. However, the number of patients in this study was
small, and large studies including from other coun-
tries are needed to clarify these issues. The ISDR in
the NS5A region of HCV genotype 1b is closely associ-
ated with response to IFN therapy. ISDR mutations
of genotype 1b are well known to be more important
in predicting sustained virological response in
Japanese patients than European patients [Hofgéart-
ner et al., 1997; Zeuzem et al., 1997; Nakano et al.,
1999; Pascu et al., 2004; Hayashi et al., 2011a]. Euro-
pean studies have failed to detect the specific amino
acid substitutions in ISDR of genotype la associated
with IFN responsiveness [Hofgértner et al, 1997;
Zeuzem et al., 1997]. In this study, sustained virologi-
cal response was achieved in 36.8% of patients with
wild-type ISDR and 100% of patients with mutant-
type (P = 0.0373). The present analysis showed a
close relationship between ISDR of genotype la and
sustained virological response, as in genotype 1b.
Recent investigations in Thailand and Iran have
failed to identify the usefulness of ISDR for HCV ge-
notype la in predicting sustained virological response
[Kumthip et al., 2011; Yahoo et al., 2011]. The high
virological response rate and low. prevalence of
patients with mutations in the ISDR do not favor the
use of ISDR analysis in predicting IFN responsiveness
[Herion and Hoofnagle, 1997; Yokozaki et al., 2011].
Rates of sustained virological response among these
studies were much higher than those in the present
study (68.4% and 75% vs. 47.8%). The mean number
of mutations in patients who achieved sustained viro-
logical response in the studies by Kumthip et al.
[2011] and Yahoo et al. [2011], and the present group
were 1.4, 1.4, and 1.6, respectively. Differences in sus-
tained virological response and the number of muta-
tions to the ISDR might underpin this discrepancy in
the evaluation of ISDR. Although the sample size in

J. Med. Virol. DOI 10.1002/jmv

the present study was small, the results indicate that
ISDR represents a strong indicator of progression to
sustained virological response for patients with HCV
genotype la. Amino acid substitutions in the ISDR of
genotype la thus also play an important role in pre-
dicting sustained virological response in Japanese
patients compared to patients from other countries.
IL28B polymorphisms such as host genetics, as well
as mutations in the HCV genome, contribute to IFN
treatment outcomes. Rates of sustained virological re-
sponse in patients in this study with TT and TG were
69.2% and 11.1%, respectively. The TG allele of the
IL.28B genotype was significantly associated with poor
response to IFN therapy (P = 0.0115). SNPs of IL28B
would regulate the expression of IFN-stimulated
genes and affect IFN responsiveness. IL28B and
ISDR thus exert independent effects on IFN respon-
siveness and both host and viral factors impacting
IFN responsiveness would improve the prediction of
sustained virological response. Several studies have
thus reported that both the SNP of IL28B and muta-
tions in the ISDR were associated with sustained viro-
logical response in patients with HCV genotype 1b
[Akuta et al., 2011; Hayashi et al., 2011b; Kurosaki
et al., 2011]. In the present study of HCV genotype
la, among the 9 patients who had simultaneously the
TG allele for IL28B and wild-type ISDR, only 1
achieved sustained virological response (11.1%). The
best-sustained virological response was achieved in
patients with mutant-type ISDR and the T allele
(100%). The combination of SNPs for IL28B and
mutations in ISDR may thus predict response to I[FN
therapy in patients with HCV genotype 1a as well as
genotype 1b. Given the small sample size in this in-
vestigation, larger cohorts are needed to confirm the
present results. Furthermore, infection with genotype
la in Japanese patients is rare, making large-scale
studies difficult to perform.

In conclusion, the prevalence of HCV genotype 1a is
rare in Japan and the majority of cases involve
patients with hemophilia. The TG genotype of IL28B
is associated with poor response, while mutant-type
ISDR is associated with good response to combination
therapy with pegylated-IFN-02b and ribavirin in
patients with HCV genotype la. Combined use of both
1L28B and ISDR could improve the prediction of IFN
response.
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