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Abstract
Recently, first direct acting antiviral (DAA) against hepatitis C virus(HCV) has just
approved in Japan. It is a first generation protease inhibitor, telaprevir. Telaprevir inhibits
HCV NS3 & 4A serine protease, and combination with pegylated ~interferon and ribavirin
has now become a standard of care(SOC) for patients with genotype 1 high viral load
hepatitis C. Fortunately, more than 50 new antivirals against HCV are under development

including antivirals in preclinical trials. New antivirals are classified into several catego-
ries; O NS3 & 4A protease inhibitor, @ NS5B polymerase inhibitor, @ NS5A inhibitor, @
host factor targeting antivirals, ® interferon-related antivirals, and others. Combination of
different classes of antivirals without interferon is expected to become a future SOC for

hepatitis C.

Key words: direct acting antiviral(DAA), protease inhibitor, polymerase inhibitor,

NS5A inhibitor, cyclophilin inhibitor
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HRPTELIETTFAADDADPFEE - F
BEBIERI T CERIFLY 4 VA (hepatitis C
virus: HCV)IZE L TWa, BEITTAE=
—XiEEW. i, BREOHCVIFEOMESIC
Ly, HOVD I 4 794 7 VLI
OHbH, WHICHEDOHCVIRES V30 Th
% NS3/NS4A 71 5 7 — ¥ % NS5B RNA &FF
BRNARY 2 5 —FlZonTid, ZofEic
DVNTHHONI R o7, O LS RIREEE
F2, AT T7—TRRYF -2k B CHIF
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RIS T BH L EROBERIEA TS (F).
HCVO#EESY v s 2 BE Lz TuTT
— VREHR R 25— VEEHE L L OEH)IZ
direct acting antiviral (DAA) & FEiEh 5. NS5A
IFHCVHBEICEELEPBEOHL A TRV Y
ANAF YIT THDB THONSSAZERET
ANSSAMHEELEEIh>OHAB. £/, HCV
MR 2 EERFEENE TAEEMR
BRELARINO2OH B, KBTI EIE
RENHRERD 2 WIZENTHEAERITHLNT
WAHEZLEHEMHCVEIZO 237 5.
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K1 FEERCBEFRIAINAE

% EEPR AR b2 W %
Jus7—Y¥HEEE
boceprevir (SCH503034) I - MSD linear
telaprevir (VX-950, MP-424) I Vertex/HL =2 linear
ABT450 I ABT
BI201335 Il Boehringer Ingelheim macrocyclic
BMS~650032 I Bristol-Myers Squibb macrocyclic
danoprevir (RG7227) II Roche macrocyclic
MK-7009 i MSD macrocyclic
narlaprevir (SCH900518) 11 MSD linear
TMC435 I Tibotec macrocyclic
RY A5 —-EHEK
RG7128 Roche NI
ABT-333 I§ Abbott NNI
BI 207127 Boehringer Ingelheim NNI
ABT-072 II Abbott NNI
PSI-7977 I Pharmasset NI
ANA598 II Anadys Pharma. NNI
IDX184 II Idenix NI
filibuvir (PF-00868554) I Pfizer NI
F Dl
silibinin I botanical medicine
taribavirin 111 Valeant ribavirin prodrug
amantadine III
thymosin alfa-1 I
nitazoxanide 1I Romark Laboratories thiazolide
IPH1101 1I Innate Pharma

NI: nucleoside inhibitor, NNI: non—-nucleoside inhibitor.

1. F7O5F7—ERESE

HCViR2on7usr7—E¥2HLTwa, 1
DIENS2/NS3&E7us7—¥THH, NS2
ENS3DEZIE35. 9 12Id NS3/NS4A
) r7usr7—ETHH, NS3&LNSIAD
1, NS4A & NS4B O, NS4B & NS5A D,
NSS5A & NS5B D 2 Y3 5. NS3Ask1 ~
7uF7—ETHY, NMARENIIT 7o ¥
— & LTHBELTVA.

B, BARIEA TS0, NS3/NS4A T
Yy ry7a7F7—YHEETHS. NS3/NS4A 7
oy 7—CYHAEREE Mgl EETHHNRTS
F FEMP ORI (linear) DE—H 7077
—ERERK L, BIK (macrocyclic) DEZ AT

OF7—YHEEO2EICTEINS (R2)
£ n7uF 7 —EHEENRREDTH B
SEFCICHRTERZINAD DL, linear B
DE—HR 7o F T —EHEELFITIhE T
5 7L ¥\ (telaprevir, BRETFIEv 7))L
boceprevir ® 2 TdH 5.
7u77—YtHEEEOEMEE T, HCV
BERBRHICHEBEERZEET L0, BHH
TOHOHCVERIZEFTE 2. LAdoT,
N7 L & —7 xu(pegylated—interferon:
PEG-IFN) + Y 2S¥1) ¥ (ribavirin: RBV) % i
LoHE LAEH L OBHNLETH L. EAN
HICET A2 —FoOMERR F7u7T7T—XYH
EEMIIKEMUFRBOLNDL L TH 2.
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F2 FHATOF7-EEIRLE-HK
7O77 - EHEEEOLE

g g
7ur7—¥HERE Sor7-CHEFE
K FEBRIR IR
1 HoS5mE 3 1E
1B®cap 9 1-2
genotype la/b 1a/b
: B EIR, THILERAER

BlEH REER, &l e
SVR(#80) #170% 80-90 %
NVR({non responders) #30% #40%

1) BILN2061 (ciluprevir, X—U > H—4a
HILINA L)
BEOCHBSL o7 —EHEE R
BILN2061 T b. Tusr7—FYOrERTF
FOEETFa 7L LTHFYL r&h, BRE
IHARBRICBVT, 2HEOWBRKREGICL ST
HCV RNA %£1/100-1/1,000 IS8 A5 5 70 LB
WiHRERrRLZ L>»L7%&25, BILN2061
ZAEBHRE Lo VICOEESEBBEL, 20
BomEREFRiEEINS FRTH, KREHNL,
BHEIIEOWTFYFA yrah/z7usr7—¥H
EEPERCBDTHENTHS I E2IEHAL
AT, Zo#o7ur7—¥YHEEERERBICLS
TRELEBERIVEH o7
2) FSTLEWNW
T 7 VENVERVPETHD TRESI N
DAAT, 1EI750mg, 1H 3E®DOHEGFLHELR
linear O E—HR 7077 —EHEETH 5.
HLMBICES Y, B TOBIKEII
FHERERD genotype 1, BV 4 VAEBBEIIHNT
LEEERT.
(D PR48 (¥ # & % standard of care: SOC):
PEG-IFNa2b+RBV, 4838 0 12 & i #
T SVR(sustained viral response) & 49 %
(31/63)
®PRT12/PR12: PEG-IFNa2b+RBV+ 7 5
TV EIIVE 128125 EHt &% PEG-IFNa2b+
RBV # 12 B DT SVR 13 73 % (92/126)
ERERL VB 20% BERIEILEL, B
BETOF - LBEEERRLE EoTWVA,

3) Boceprevir(SCH503034, MSD)

boceprevir {Z linear #7577 — B HESRE
T, 1E1800mg, 1H3EDFEIFLERE—
RO 7o 77 —EHEETHS. TurT—
FHERL LTORIAVAHRERZFSTLYE
WMZEDB 00, BIERANB w20, PEG-
IFN+RBV # & RHIOBEEMPTETH Y, 7
ST7LENMIRBT 32ERDRNBLATY
%. boceprevir iZKET 201145 8 23 HIZ&K
BXMTH 201147 B 1I8HICEABE I TWY
A, L2L%26, EAPETIEIPEG-IFNa2b
MSD)IiZFS7VENVEDOBRHBEED AT
HEBbhbY, BRRABROFEITVE LW,

SPRINT-1 E&Tid, genotype 1 DkifEC
MBI RBEITR L,

(DPR48(SOC): PEG-IFN@2b+RBV, 4838
DEHEHIR T SVR X 38 % (39/104)

(@ PRB28: PEG-IFNa2b+RBV+boceprevir
(2,400mg/H), 28 BDEIETSVRIZ54 %
(58/107)

(®PR4/PRB24: PEG-IFNa2b+RBV # 4 8
12 5] % #t & PEG-IFNa2b+RBV+boce
previr & 24 8 O 5 # TSVR I 56 % (58/
103)

(@ PRB48: PEG-IFNa2b+RBV+boceprevir
% 48 BDWEFHE T SVR 14 67 % (69/103)

(B®PR4/PRB44: PEG-IFNa2b+RBV % 4 &
25| &2 %t % PEG-IFN a2b+RBV-+boceprevir
% 44 BDOEH T SVR I 75 % (77/103)

® Low-dose PRB48: PEG-IFNa2b+ 4 &
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RBV-+boceprevir % 48 BD#HHE T SVR X

36 % (21/59)
LW TH o720 ThbDH, boceprevir #
EAZETa ba—-niz, LEIYNSEY DS
Fa—-nNERE TRUEEREYERICLERE
LHRETHo7. H30% D EFEHHEINED
bz Fl, UNEY UPUEATHEILD
HLPICh ol REETI, 4:8BEDPEG-
IFN+RBV ® lead-in #4795 S kit &k b, fE#
EROK 2EDOSVRABLNTED, K7u b
I — A boceprevir DEHE[FHEL ko7 &
7z, boceprevir IZ X 2 HEERIIL L, &l
LIRBEREENFEVUINIIEREERLASETH
o7

KETORFOMFT—500, 70TT—
YHEEDY—4 v b7, 757VEN
#%80%, boceprevir 2520 % L 15X LA, T
STLVENDORBEEDEIVEAD S, boceprevir
22 5% ¥, boceprevir DULFHHE 20
DHLLVIHEDDHB.

4) TMC435 (Tibotec)

TMC435 1 macrocyclic B¢ 1 H 1 Bl 75-150
mgDRETIVE_H#RD 707 7—EHE
ETH5DH HIREINHEREKTDH % PILLAR HER
BRIsHE s BERRARL, 797V
YL R boceprevir Z L 2 EFRRIBOLNT
By, FEICHHEINTWA, genotype 1 DF
HE C BB MR 21203 % PILLAR RABR DB
ZRT.

OPRT(75mg)12/PR12: SVR X 83.6 %

@PRT(75mg)24: SVRI2 76.1%

®PRT(150mg)12/PR12: SVR 1% 83.1 %

@PRT(150mg)24: SVR X 84.4 %

TMC435 #5858 L 75 L RBICEEH D=
O TWiWw, Fh, TMC4ASFHEDEES
IERIZEL, TS RELRABETH 2. &
BEERRER DRI T, PRT(150 mg) 24 HERIRES
HIMEEERE L Tibh/z HAETH RBRICE
REINHRABRI T TEBY, 2-3FEKICH
BRBETHZEPHHEIR TV,

5) Danoprevir(RG7227, O3 )

genotype 1, #ig C RIEMIF L BEICHT

LHERRE IO ATLAS RER T, 900-1,800
mg/H @ danoprevir R L 7=

(D PR48(SOC) : complete early virological

- response (cEVR) iZ 43 %
®@PRD12/PR12-36: cEVR i3 88-92 %
LDHERETH- 7

6) Vaniprevir(MK-7009, MSD)

genotype 1, RIGHE C BUBMIFABE T
% BRI IIHRE T, 600-1,200mg/H @
vaniprevir % iR H L 7.

DPR48(SOC) : SVR X 63 %

@PRV4/PR44: SVR id 78-84 %
LORRPELN TV S,

7) BI201335(N—U 2 H—A L HFIVIN L)

genotype 1, RIEFE CEBEMIFLABRE T
% HEFR & 11 #0348k (SILEN -C1 38%) Tid, 120-
240mg/H @ BI201335 # ARFE L 7-.

(DPR48(SOC) : SVRIE 56 %

@ PRB24+PR24: SVR i+ 71-83 %
LOBERVBBEOLNR TS,

8) ACH-806/GS-9132 (Acillion

Pharmaceutical)

ACH-806/GS-9132%, NS3 7/u77—ED
3772 ¥ —TH5HNSMADNSINOEEE2 T
Oy 795t n)r=——s i BEFE2ETS
BHTHEH BEHICTHE BERMFPILESHh
TWwaA, FHrh7ur7—EHEEOBER
LB TERENH -7 b, BHIENSIAZE
BETHHBOREDTOLRA TS,

2. RUAS—EHEE

RY)AS—FHEHEIZIEZ RI)XAF7—-Foik
B7FruzZE L THE, RNASBERL%HM
ELTY—3IF—F—L LTHEHTAEEBRRER
1) 2 5 —ERHEZE (nucleoside inhibitor: NI) &,
RY AT —EOWFEBRLEZREET A Mk
HLTHEDRE RIZTHFEERRR A5 —E

"BHZE 3 (non—nucleoside inhibitor: NNI) ® 2 #f

AdHbB, RKYXAF—¥HEREIZIZ, BOLOF
HEhEHIFEINIDOAL ST, PEG-IFN
2ELZOVBROEOAICLA2BERICHCLR
T,
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1) RG7128 (mericitabine, 1< )

X7 LA ¥ K74 uas Thsb mericitabine D
genotype 1 H 5\t 4, KREHEERD CEEHIFR
BEITH LT oK S I4H R BR(PROPEL
study) 2547 bR T\ 5. RG7128 12 500mg 3 %
Vi 1,000mg % 1 B 2 EARA L7 |

D PR48(SOC) : cEVR 13 49 %

@ PRR12/PR12-36: cEVR i 80-88 %
EDOHERPBONTND?,

2) PSI-7977 (Pharmasset)

011 EIfTHLNREFBEETORERD
MYy o2 0—DTHbB. 7207240 AD geno-
type 2 B L U3 TORE%L DS, PEG-IFN D%
S0FEII»PDOT, RBVFRICT, HRE
UBEOBBBEELITORLEMNEHTOY
AW ZEEBRANER STz

genotype 2 B & U'3 OREHED C BB %
BE 40612, 400mg ? PSI-7977 E4EEIZIS L
7RBV#% 12 B8HIx5T5RETHS. T/,
PEG-IFN ii#x5 L 2 W&, 48#%5#, sAK
5 1AKREBRO4IFETHo/. YA NVARE
7L —2 ZANV— (74 NVAHR)IZERD S
3§, PSI-7977 23%\» genetic barrier 4 L T
W3 Z LA S /. genotype 1 T FEHED
KREATDOIhTEY, THLLBRIFLEETD
BT ENRBAENT

KRERDER % %), Pharmassetttid, PEG-
IFN 7z L @ PSI-7977+RBV O #2112 #I §F H#
EOENMMRAREFABTLII L2 RELL

3. NSSAMHEH

NS5A 13, HCV#EHR R IFN &% & o)t
REENTWEY, ZOBEIIVELHEHLH,IT
v, L2 L42S, NSSAWRTEES /87
BIZEPDOb D%, BEIF I RIEEDT
I BESIOMHREDE L, NSSAOREZHE
ETHIEICLY, REMHOBVERORES
HfEE 5.

1) AZD2836(A-831, 7AFSExH)

AZD28361t, TAMIFERXHICEINENT:
Arrow Therapeutics 23 % L 7240 @ NS5A FfH
EHEC, IRESKEFEUROMRRIS 2HET 5.
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L2Lads, ZoBOBAFEEPIEEATY
5. B, FEEAROL 9 —>on NSSAHEE,
AZD7295(A-689) DERR S N HRERATH LT
w5,
- 2) BMS-790052(FU X MILT /¥ —X -
274147)

BMS-790052134 F CTROBMM L vwbh
HIEEOHCVHFEEMREAET S, T4ab
H, CaENLRNVTOHRDEHHCVIER %
bh, o, BHEBHE,S 1HIEHRSTLW,
genotype 1 B X ¥4, REED CRIBHIF£IC
x4 B EREREE 1T AHRER T,

(D PR48(SOC) : cEVR i 43 % (31/72)

@ PRB(20mg)24/48: cEVR 1 78 % (114/147)

(®PRB(60mg)24/48: cEVR i 75 % (110/146)
EORBAHREER TS, HiY-7-EfEAR
WEINTVRN,

4. DAAGFRI%A

DAA DHFHEEIE, PEG-IFN # LEL L%
WIEEOETOCEIFREREZTTREICT 223 L
N HiFshTwa gO2#Z2FLTw
Auva, TYVAMVRAY—X+ AU 47,
Vertex, Gilead ® 4#LiC & B EERRERDBHMA &
T3,

1) RG7128 (K * 5 —EHEEE) +

danoprevir (705 7 — EEEX)
(A a)

INFORM-18 B T3, genotype 1 D k&
ROCHEBHFLXBEZFICN L, RG7128
(1,000-2,000 mg/ H ) +danoprevir (300-1,800
mg/H)® 13 HE#&x 5T, HCV RNAX3.7-5.2
loglOIU/mLIETARBD 5 TWwW5BY, /7, 8
BREHDBETH HCV RNA 1Z 4.9 1ogl0IU/
mLETHEDONTWE, BHLEEERIZ
BHOENTELT, VA NVAEMYNT VR
1RO NI OARTH 7. ARETII,
5l &%t % PEG-IFN+RBV &M IThIh T 5
72%®, PEG-IFN 7% L T®Dw 4 )V AR §E
MED PRI LFARICE W EID ONRIT
% 5w,
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2) BMS-790052 (NS5A fEE %) +-BMS-
650032(7’O5F 7 —tEHEEZE) (FTUX b
WA Y =X+ Z2947)

genotype 1 ® PEG-IFN+RBV &R EL 112
X4 % NSSA FHEZE BMS-790052 & 7 7 7 —
ERHEZE BMS-650032 12 & A RS ITHAER
AfThis:. BMS-790052(60mg/H) +BMS-
650032(1,200mg/H)IC & % 2% 6t BB & (11
) & A\ X PEG-IFN+RBV 2 N 2 7= 4 I 6F H
Bk (108)) D 24 BRI OLBHERTH 5.

(DBB24: SVR i 36 % (4/11)

@ PRBB24: SVR & 90 % (9/10)
LDFRETHo7.

BRBEWZ &S, 2HIBEHBETIA N ARE
7L —2 AN -0 b= ERZ £ geno-
type 1aTH Y, genotype 1a TDHSVRA22%
(2/9)THBHDIZx L, genotype 1b THSVRIZ
EFED LR D55 100% (2/2) Th o 7.
Fl, VANRERNT V- ANV—DFDLN

7EEFITIE, WHERICOVWTRELALEZ S,

WANCK T 2 EAHRL T TR TR,
PEG-IFN+RBV 7 L TEBIZY 4 )V AERERAHS
TRTHDIEMPRINLFERIIKRE W

FAETH AEREOBRIITON, 2011411
BOXEFEEEL TEORBEIHRE IR
genotype 1b @ PEG-IFN+RBV &% X651 10
BUZHT 5 % 2RI BEFFREDRERT, SVRIZ90%
(9/10) TH o 7=%%, BLEBID 7 4 v AERER % &
BLTBY, EH100% DT 1)V AR % ER
LTWwa,

3) FIFLENMTOFT7—EHEESR) +

VX-222 (KU A 5 —HEHEEE)
(Vertex)

2010%E 12 A, Vertexi3 73 7L ENEFRY
AT —YHELE VX-222 St HEBKRSE AR
—#pikERERLE YA VABRICET
EV—VIEHLAZEILEY, F57LEN
& VX-222 D 2 HliEHEBHFIE S vz

4) GS-9256(7O0F 7 —EHEES) +

tegobuvir (GS-9190, KU X5 —+
FREZ) (Gilead)
genotype 1, FiEHED C EIBMEIFRLEE I

L. 7u7r7—EHEFEGS-925 % 75mg, 1
H2E&RY X T —¥HEZE tegobuvir # 40mg,
1H2E#S5 DA, ZNHICRBVEZMADD,
ZNIZPEG-IFN #1223 207 — A DRER
PITHRT VS,

(D GT4/PR44: rapid virological response

(RVR) 1% 7 % (1/15)

@RGT4/PR44: RVR i 38 % (5/13)

@ PRGT4/PR44: RVR IZ 100 % (15/15)
LDOREEFBELN TV S,

5. EXHRRENE

HERFEZENICL-EAHORREITHLIRT
W5 BERFEENICT RIS BEd s
Ll wZ &k, L?genotype THERIMEAS
HFs3hasZ e Ths BEMBENETIY
420749 YEREEORRIFRDLEATVS,

1) DEBIO-025(Alisporivir, DEBIO

Pharm)

YA 7O0RARY YIZHHCVEENHHZ &
PEEIN, FOEMIIVA 074 TH
LTLEBHLNCRoT AL 7URR) Vi
B RIBEHIFITH A0, HLHCVHIRIZR
EIRHIFHRIZIOEVWI EMNRENS BE
B @ DEBIO-025 {Z DEBIO Pharm #1112 &
HREHHERO VAL 7074 ) YHE
ETHE BRFIHERABRITOILTEY,
genotype 13 5\ i 4 DFiEE C HEBHIFAR
#FHIZX L, 600-1,000mg/H ® DEBIO-025 &
PEG-IFN+RBV # A &b¥, 48 T4.6-4.8
log10IU/mL @ HCV RNA DK T Z 828 TW 5.

6. T O fb

1) Zalbin/joulferon/albuferon (albinter-
ferona—2b) (/ JXIVF 1 R)

IFNa2b 27 V7 X ¥ % #& L 72 albuferon
i, PEG-IFN & h b REIBMZETH Y, 2-4
BB 1 DS T PEG-IFN IZICET 5
MEVPBONBLEOI LT, REICHFEINT
W IFNBAHITH B, LA LadS, 201010
H. /737 4 X%, Human Genome Sciences
LREDDL L THFEL T &7z albuferon DRI
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FIEZRRL: REE~NOBSUFICHER
i) =8B ashi/20Th 5.
2) PEG-IFNA(FU X PIVT ALV —X
2947)

PEG-IFNA +RBV $f##:C, PEG-IFNe2a
Z LE B EEHENESLN TS, PEG-IFNA
X PEG-IFNa2a [ #%, interferon stimulated
genes(ISGs) 2 F T 578, Bl LSy —
ZHELTEBY, PEG-IFNADOL /¥ —%
ZHELTVWAHBERON TS 2D, PEG-
I[FNa2a & 9 dEHEHERMP D 2w,

PEG-IFNA ® 120 4g/180 ug/240 ng & F &
DO RBV %, genotype 1 BX U 4IIHL T
IX48B % 5, genotype2 B X U312 xF L
T 24 BEIRE 217 ) ABAfTbhTw 3.
genotype 1 B X U 41237 2 B R E2RT.

(DPR48(SOC): cEVR 3 37.9%

@PEG -IFNA (120 «g) +RBV48: cEVR i

55.0 %
®PEG -IFNA (180 «g) +RBV48: cEVR i
55.9 %
@PEG -IFNA (240 «g) +RBV48: cEVR &
56.3 %
LORETHY, FEEICPEG-IFNa2a &0 B
EIZCEVRBELONT W,

BEZCTORBRRz I LD L,

- genotype 1, 2, 3, 412375 PEG-IFNA
180/240 ug O RVR iZ PEG-IFNa2a & H &
nTwi.

- genotype 1, 412817 % PEG-IFNA £H&
@ cEVRIZ PEG-IFNa2a & Y BT

- genotype 2, 3128175 PEG-IFNA £HE&
® cEVR 2 PEG-IFNa2a & R TH o 7=,

T IL28BC b L THTA VAR

PEG-IFNA TPEG-IFNa2a & h3gimL 7=

* PEG-IFNA £HE TIFN B X ' RBV O
E#H (I PEG-IFNa2a L Y BA L 72

« PEG-IFNA CIIMERROEBE IV Lo
7.

- PEG-IFNA240 ug TDOH AST/ALT D LR
BRED LI

- PEG-IFNA TOBY Y V¥ V[ 4 Flid
kX ) £FIEEL 2.

Linh. .

Ao &SI, FEE BEH HAE B
£ BBREOBERAE PEG-IFNa2aillt
L PEG-IFNA CitdEgicd 2w, £/, PEG-
IFNA 2D b ODOEE D L%, RBVOEER
472, cEVROBINCEMLTWaLED
ns.

B bV

BOEO CHFREZIEHILLTETEY,
IFNBEOBRE ORI ELE V. ZFOT:
B, BRMIEHBFEORLZ ZEROBOED
PEFEBREIC T YA VAR WREE 2B Z &Mt
MmO EN A,

X 73
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Abstract We developed a new cell culture drug assay
system (AHIR), in which genome-length hepatitis C virus
(HCV) RNA (AHI strain of genotype 1b derived from a
patient with acute hepatitis C) efficiently replicates. By
comparing the AHIR system with the OR6 assay system
that we developed previously (O strain of genotype 1b
derived from an HCV-positive blood donor), we demon-
strated that the anti-HCV profiles of reagents including
interferon-y and cyclosporine A significantly differed
between these assay systems. Furthermore, we found
unexpectedly that rolipram, an anti-inflammatory drug,
showed anti-HCV activity in the AHIR assay but not in the
ORG6 assay, suggesting that the anti-HCV activity of roli-
pram differs depending on the HCV strain. Taken together,
these results suggest that the AHIR assay system is useful
for the objective evaluation of anti-HCV reagents and for
the discovery of different classes of anti-HCV reagents.

Keywords HCV - Acute hepatitis C - Anti-HCV drug
assay system - Anti-HCV activity of rolipram

Introduction

Hepatitis C virus (HCV) infection frequently causes
chronic hepatitis, which progresses to liver cirrhosis and
hepatocellular carcinoma. HCV is an enveloped virus with
a positive single-stranded 9.6 kb RNA genome, which
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encodes a large polyprotein precursor of approximately
3,000 amino acid (aa) residues [1, 2]. This polyprotein is
cleaved by a combination of the host and viral proteases
into at least 10 proteins in the following order: Core,
envelope 1 (E1), E2, p7, non-structural 2 (NS2), NS3,
NS4A, NS4B, NS5A, and NS5B [1].

Human hepatoma HuH-7 cell culture-based HCV rep-
licon systems derived from a number of HCV strains have
been widely used for various studies on HCV RNA repli-
cation [3, 4] since the first replicon system (based on the
Conl strain of genotype 1b) was developed in 1999 [5].
Genome-length HCV RNA replication systems (see Fig. 2
for details) derived from a limited number of HCV strains
(H77, N, Conl, O, and JFH-1) are also sometimes used for
such studies, as they are more useful than the replicon
systems lacking the structural region of HCV, although the
production of infectious HCV from the genome-length
HCV RNA has not been demonstrated to date [3, 4]. Fur-
thermore, these RNA replication systems have been
improved enough to be suitable for the screening of anti-
HCYV reagents by the introduction of reporter genes such as
luciferase [3, 4, 6]. We also developed an HuH-7-derived
cell culture assay system (OR6) in which genome-length
HCV RNA (O strain of genotype 1b derived from an HCV-
positive blood donor) encoding renilla luciferase (RL)
efficiently replicates [7]. Such reporter assay systems could
save time and facilitate the mass screening of anti-HCV
reagents, since the values of luciferase correlated well with
the level of HCV RNA after treatment with anti-HCV
reagents. Furthermore, OR6 assay system became more
useful as a drug assay system than the HCV subgenomic
replicon-based reporter assay systems developed to date
[3, 4], because the older systems lack the Core-NS2 regions
containing structural proteins likely to be involved in the
events that take place in the HCV-infected human liver.
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Indeed, by the screening of preexisting drugs using the
OR6 assay system, we have identified mizoribine [§],
statins [9], hydroxyurea [10], and teprenone [11] as new
anti-HCV drug candidates, indicating that the OR6 assay
system is useful for the discovery of anti-HCV reagents.

On the other hand, we previously established for the first
time an HuH-7-derived cell line (AH1) that harbors genome-
length HCV RNA (AH1 strain of genotype 1b) derived from
a patient with acute hepatitis C [12]. In that study, we noticed
different anti-HCV profiles of interferon (IFN)-y or cyclo-
sporine A (CsA) between AH1 and O cells supporting gen-
ome-length HCV RNA (O strain) replication [7]. From these
results, we supposed that the diverse effects of IFN-y or CsA
were attributable to the difference in HCV strains [12].

To test this assumption in detail, we first developed an
AH]1 strain-derived assay system (AH1R) corresponding to
the OR6 assay system, and then performed a comparative
analysis using AHIR and OR6 assay systems. In this
article, we report that the difference in HCV strains causes
the diverse effects of anti-HCV reagents, and we found
unexpectedly by AHIR assay that rolipram, an anti-
inflammatory drug, is an anti-HCV drug candidate.

Materials and methods
Reagents

IFN-a, IFN-y, and CsA were purchased from Sigma-
Aldrich (St. Louis, MO). Rolipram was purchased from
Wako Pure Chemical Industries (Osaka, Japan).

Plasmid construction

The plasmid pAHIRN/C-5B/PL,LS,TA,(VA); was con-
structed from pAH1 N/C-5B/PL,LS,TA,(VA); encoding
genome-length HCV RNA clone 2 (See Fig. 2) obtained
from AH1 cells [12], by introducing a fragment of the RL
gene from pORN/C-5B into the Ascl site before the neo-
mycin phosphotransferase (Neo®™) gene as previously
described [7].

RNA synthesis
The plasmid pAHIRN/C-5B/PL.LS,TA,(VA); DNA
was linearized by Xbal, and used for RNA synthesis with

T7 MEGAscript (Ambion, Austin TX) as previously
described [7].

Cell cultures

AHIR and ORG6 cells supporting genome-length HCV
RNAs were cultured in Dulbecco’s modified Eagle’s

medium (DMEM) supplemented with 10% fetal bovine
serum (FBS) and 0.3 mg/mL of G418 (Geneticin; Invitro-
gen, Carlsbad, CA). AHlc-cured cells, which were created
by eliminating HCV RNA from AH1 cells [12] by IFN-y
treatment, were also cultured in DMEM supplemented with
10% FBS.

RNA transfection and selection of G418-resistant cells

Genome-length HCV (AHIRN/C-5B/PL,LS,TA,(VA)3)
RNA synthesized in vitro was transfected into AH1c cells by
electroporation, and the cells were selected in the presence of
G418 (0.3 mg/mL) for 3 weeks as described previously [13].

RL assay for anti-HCV reagents

To monitor the effects of anti-HCV reagents, RL assay was
performed as described previously [14]. Briefly, the cells
were plated onto 24-well plates (2 x 10* cells per well) in
triplicate and cultured with the medium in the absence of
G418 for 24 h. The cells were then treated with each
reagent at several concentrations for 72 h. After treatment,
the cells were subjected to a luciferase assay using the RL
assay system (Promega, Madison, WI). From the assay
results, the 50% effective concentration (ECsy) of each
reagent was determined.

Quantification of HCV RNA

Quantitative reverse transcription-polymerase chain reac-
tion (RT-PCR) analysis for HCV RNA was performed
using a real-time LightCycler PCR (Roche Applied
Science, Indianapolis, IN, USA) as described previously
[7]. The experiments were done in triplicate.

IFN-« treatment to evaluate the assay systems

To monitor the anti-HCV effect of IFN-o« on AHIR cells,
2 x 10% cells and 5 x 10° cells were plated onto 24-well
plates (for luciferase assay) and 10 cm plates (for quanti-
tative RT-PCR assay) in triplicate, respectively, and cul-
tured for 24 h. The cells were then treated with IFN-« at
final concentrations of 0, 1, 10, and 100 IU/mL for 24 h,
and subjected to luciferase and quantitative RT-PCR assays
as described above.

Western blot analysis

The preparation of cell lysates, sodium dodecyl sulfate—
polyacrylamide gel electrophoresis, and immunoblotting
analysis with a PVDF membrane were performed as
described previously [13]. The antibodies used in this study
were those against HCV Core (CP11 monoclonal antibody;
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Institute of Immunology, Tokyo), NS5B, and E2 (generous
gifts from Dr. M. Kohara, Tokyo Metropolitan Institute of
Medical Science, Japan). Anti-f-actin antibody (AC-15;
Sigma, St. Louis, MO, USA) was used as a control for the
amount of protein loaded per lane. Immunocomplexes were
detected with the Renaissance enhanced chemiluminescence
assay (Perkin-Elmer Life Sciences, Boston, MA).

WST-1 cell proliferation assay

The cells were plated onto 96-well plates (1 x 10% cells
per well) in triplicate and then treated with rolipram at
several concentrations for 72 h. After treatment, the cells
were subjected to the WST-1 cell proliferation assay
(Takara Bio, Otsu, Japan) according to the manufacturer’s
protocol. From the assay results, the 50% cytotoxic con-
centration (CCsg) of rolipram was estimated. The selective
index (SI) value of rolipram was also estimated by dividing
the CCsq value by the ECs, value.

RT-PCR and sequencing

To amplify the genome-length HCV RNA, RT-PCR was
performed separately in two fragments as described
previously [7, 15]. Briefly, one fragment covered from
5-untranslated region to NS3, with a final product of
approximately 6.2 kb, and the other fragment covered from
NS2 to NS5B, with a final product of approximately 6.1 kb.
These fragments overlapped at the NS2 and NS3 regions and
were used for sequence analysis of the HCV open reading
frame (ORF) after cloning into pBR322MC. PrimScript
(Takara Bio) and KOD-plus DNA polymerase (Toyobo,
Osaka, Japan) were used for RT and PCR, respectively. The
nucleotide sequences of each of the three independent clones
obtained were determined using the Big Dye terminator
cycle sequencing kit on an ABI PRISM 310 genetic analyzer
(Applied Biosystems, Foster City, CA, USA).

Statistical analysis

Differences between AHIR and ORG6 cell lines were tested
using Student’s t test. P values <0.05 were considered
statistically significant.

Results

Development of a luciferase reporter assay system
that facilitates the quantitative monitoring of genome-
length HCV-AH1 RNA replication

To develop an HCV AH1 strain-derived assay system cor-

responding to the OR6 assay system [7], a genome-length
HCV RNA encoding RL (AHIRN/C-5B/PL,LS,TA,(VA)3)

_‘E_) Springer

was transfected into AHI1c¢ cells. Following 3 weeks of cul-
turing in the presence of G418, more than 10 colonies were
obtained, and then 8 colonies (#2, #3, #4, #5, #6, #8, #13, and
#14) were successfully proliferated. We initially selected
colonies #2, #3, and #14 because they had high levels of RL
activity (>4 x 10° U/1.6 x 10° cells) (Fig. 1a). However,
RT-PCR and the sequencing analyses revealed that the
genome-length HCV-AH1 RNAs obtained from these col-
onies each had an approximately 1 kb deletion in the E2
region (data not shown). In this regard, we previously
observed similar phenomenon and described the difficulty of
the development of a luciferase reporter assay system using
the genome-length HCV RNA of more than 12 kb [7], sug-
gesting that the NS5B polymerase possesses the limited
elongation ability (probably up to a total length of 12 kb).
Indeed, in that study, we could overcome this obstacle by the
selection of the colony harboring a complete genome-length
HCV RNA among the obtained G418-resistant colonies [7].
Therefore, we next carried out the selection among the other
colonies. Fortunately, we found that colony #4, showing a
rather high level of RL activity (2 x 10° U/1.6 x 10° cells),
possessed a complete genome-length HCV-AH1 RNA
without any deleted forms, although most of the other col-
onies possessed some amounts of a deleted form in addition
to a complete genome-length HCV-AH1 RNA (data not
shown). We demonstrated that the HCV RNA sequence was
not integrated into the genomic DNA in colony #4 (data not
shown). From these results, we finally selected colony #4,
and it was thereafter referred to as AHIR and used for the
following studies.

We first demonstrated that AHIR cells expressed suffi-
cient levels of HCV proteins (Core, E2, and NS5B) by
Western blot analysis for the evaluation of anti-HCV
reagents, and the expression levels were almost equivalent
to those in OR6 cells (Fig. 1b). In this analysis, we con-
firmed that the size of the E2 protein in AHIR cells was
7 kDa larger than that in OR6 cells (Fig. 1b), as observed
previously [12]. This result indicates that AHIR cells
express AH1 strain-derived E2 protein possessing two
extra N-glycosylation sites [12]. We next demonstrated
good correlations between the levels of RL activity and
HCV RNA in AHIR cells (Fig. Ic), as we previously
demonstrated in OR6 cells treated with IFN-« for 24 h [7].
These correlations indicate that AHIR cells were as useful
as ORG6 cells as a luciferase assay system.

Aa substitutions detected in genome-length HCV RNA
in AHIR cells

To examine whether or not genome-length HCV RNA in
AHIR cells possesses additional conserved mutations such
as adaptive mutations, we performed a sequence analysis of
HCV RNA in AHIR cells. The results (Fig. 2) revealed that
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Fig. 1 Characterization of AHIR cells harboring genome-length
HCV RNA. a Selection of G418-resistant cell clones. The levels of
HCV RNA in G418-resistant cells were monitored by RL assay.
b Western blot analysis. AHlc, AHIR, and ORG6 cells were used for
the comparison. Core, E2, and NS5B were detected by Western blot
analysis. f-actin was used as a control for the amount of protein
loaded per lane. ¢ RL activity is correlated with HCV RNA level.

two additional mutations accompanying aa substitutions
(W860R (NS2) and A1218E (NS3)) were detected com-
monly among the three independent clones sequenced,
suggesting that these additional mutations are required for
the efficient replication or stability of genome-length HCV
RNA. The P1115L (NS3), L1262S (NS3), V1897A (NS4B),
and V2360A (NS5A) mutations derived from the sAHI1
replicon [12] were conserved in AHIR cell-derived clones.
However, AH1-clone-2-specific mutations (T1338A and
V1880A) were almost reverted to the consensus sequences of
AH1RNA [12] except for V1880A in AHIR clone 2 (Fig. 2).
In addition, the Q63R (Core) mutation was observed in two
of three clones (Fig. 2).

Comparison between the AH1R and OR6 assay systems
regarding the sensitivities to IFN-«, IFN-y, and CsA

Using quantitative RT-PCR analysis, we previously
examined the anti-HCV activities of IFN-¢, IFN-y, and
CsA in AHI and O cells, and noticed different anti-HCV
profiles of IFN-y and CsA between AHI1 and O cells [12].
In that study, AH1 cells seemed to be more sensitive than
the O cells to CsA (significant difference was observed

The AHIR cells were treated with IFN-¢ (0, 1, 10, and 100 IU/mL)
for 24 h, and then a luciferase reporter assay (right panel) and
quantitative RT-PCR (left panel) were performed. The relative
luciferase activity (RLU) (%) or HCV RNA (%) calculated at
each point, when the level of luciferase activity or HCV RNA in non-
treated cells was assigned to be 100%, is presented here

when 0.063, 0.12, or 0.25 pg/mL of CsA was used).
Conversely, AH1 cells seemed to be less sensitive than the
O cells to IFN-y (significant difference was observed when
1 or 10 TU/mL of IFN-y was used). However, we were not
able to determine precisely the ECsy values of these
reagents, because of the unevenness of the data obtained by
RT-PCR.

After developing the AHIR assay system in this study,
we determined the ECsp values of IFN-«, IFN-y, and CsA
using the AHIR assay and compared the values with those
obtained by the OR6 assay. The results revealed that AHIR
assay was more sensitive than OR6 assay to IFN-o (ECsp;
0.31 TU/mL for AHI1R, 0.45 IU/mL for OR6) (Fig. 3a) and
CsA (ECsq; 0.11 pg/mL for AHIR, 0.42 pg/mL for OR6)
(Fig. 3b), and that the OR6 assay was more sensitive than
the AHIR assay to IFN-y (ECsq; 0.69 IU/mL for AHIR,
0.28 IU/mL for OR6) (Fig. 3c). Regarding these anti-HCV
reagents, the anti-HCV activities observed between the
AHIR and ORG6 assays differed significantly in all of the
concentrations examined (Fig. 3). In addition, regarding
these anti-HCV reagents, cell growth was not suppressed
within the concentrations used. Regarding IFN-y and CsA,
the present results clearly support those of our previous
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Fig. 2 Aa substitutions detected in intracellular AHIR genome-
length HCV RNA. The wupper portion shows schematic gene

organization of genome-length HCV RNA encoding the RL gene
developed in this study. Genome-length HCV RNA consists of 2
cistrons. In the first cistron, RL is translated as a fusion protein with
Neo® by HCV-IRES, and in the second cistron, all of HCV proteins
(C-NS5B) are translated by encephalomyocarditis virus (EMCV)-
IRES introduced in the region upstream of C-NS5B regions. Genome-
length HCV RNA-replicating cells possess the G418-resistant
phenotype because Neo® is produced by the efficient replication of
genome-length HCV RNA. Therefore, when genome-length HCV
RNA is excluded from the cells or when its level is decreased, the
cells are killed in the presence of G418. In this system, anti-HCV
activity is able to evaluate the value of the reporter (RL activity)
instead of the quantification of HCV RNA or HCV proteins. In
addition, it has been known that the infectious HCV is not produced
from this RNA replication system [3, 4, 6]. Core to NS5B regions of
three independent clones (AHIR clones 1-3) sequenced are presented.
W860R and A1218E conserved substitutions are indicated by
asterisks. Q63R substitutions detected in two of three clones are
each indicated by a small dot. Core to NS5B regions of AHI clone 2,
used to establish the AHIR cell line, are also presented. AH1-specific
conserved substitutions and AHI-clone-2-specific substitutions are
indicated by open circles and black circles, respectively

study [12]. Therefore, we suggest that the diverse effects of
these anti-HCV reagents are due to the difference in HCV
strains, although we are not able to completely exclude the
possibility that AHIR cells are compromised cells causing
the different responses against anti-HCV reagents. In
summary, the previous and present findings suggest that the
AHIR assay system is also useful for the evaluation of
anti-HCV reagents as an independent assay system.

Anti-HCV activity of rolipram was clearly observed
in the AHIR assay, but not in the OR6 assay

From the above findings, we supposed that the anti-HCV
reagents reported to date might show diverse effects
between the drug assay systems derived from the different
HCV strains. To test this assumption, we used the AHIR
and ORG6 assay systems to evaluate the anti-HCV activity
of more than 10 pre-existing drugs (6-Azauridine, bisind-
oly maleimide 1, carvedilol, cehalotaxine, clemizole,
2'-deoxy-5-fluorouridine, esomeprazole, guanazole, hemin,
homoharringtonine, methotrexate, nitazoxanide, resvera-
trol, rolipram, silibinin A, Y27632, etc.), which other
groups had evaluated using an assay system derived from
the Conl strain (genotype 1b) or JFH-1 strain (genotype
2a). The results revealed that most of these reagents in the
AHIR assay showed similar levels of anti-HCV activities
compared with those in the OR6 assay or those of the
previous studies (data not shown). However, we found that
only rolipram, a selective phosphodiesterase 4 (PDE4)
inhibitor [16] that is used as an anti-inflammatory drug,
showed moderate anti-HCV activity (ECsq 31 uM;
CCsp > 200 uM; SI > 6) in the AHIR assay, but no such
activity in the OR6 assay (upper panel in Fig. 4a). This
remarkable difference was confirmed by Western blot
analysis (lower panel in Fig. 4a). It is unlikely that
rolipram’s anti-HCV activity is due to the inhibition of
exogenous RL, Neo™ or encephalomyocarditis virus
internal ribosomal entry site (EMCV-IRES), all of which
are encoded in the genome-length HCV RNA, because
the AHIR and OR6 assay systems possess the same
structure of genome-length HCV RNA except for HCV
ORF. To demonstrate that rolipram’s anti-HCV activity is
not due to the clonal specificity of the cells or the
specificity of genome-length HCV RNA, we examined
the anti-HCV activity of rolipram using the monoclonal
HCYV replicon RNA-replicating cells (SAH1 cells for AH1
strain [12], and sO cells for O strain [13]). The results

Fig. 3 The diverse effects of A ECs, B E?jsa ( c ECs,

i 0.31 IU/MLIAHIR « 0T pg/mL{AHIR) | 85 1U;
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Fig. 4 Anti-HCV activity of rolipram. a Rolipram sensitivities on
genome-length HCV RNA replication in AHIR and OR6 assay
systems. AHIR and OR6 cells were treated with rolipram for 72 h,
followed by RL assay (black circle with linear line in the upper
panels) and WST-1 assay (black triangle with broken line in the
upper panels). The relative value (%) calculated at each point, when
the level in non-treated cells was assigned to 100%, is presented here.
Western blot analysis of the treated cells for the HCV Core was also

revealed by quantitative RT-PCR that rolipram showed
moderate anti-HCV activity (ECso 66 uM) in sAH1 cells,
but no such activity in sO cells (Fig. 4b). Anti-HCV
activity of rolipram in sAHI1 cells was a little weaker
than that in AHIR cells (Fig. 4b). The similar phenom-
enon that the anti-HCV activity in genome-length HCV
RNA-based reporter assay is stronger than that in HCV
subgenomic replicon-based reporter assay was observed
regarding other anti-HCV reagents in our previous studies
[14, 17, 18]. This result suggests that the anti-HCV
activity of rolipram is not either a clone-specific or
genome-length HCV RNA-specific phenomenon. In our
previous studies also [14, 18], we demonstrated that anti-
HCV activities of several reagents including ribavirin and
statins were not due to the clonal specificity of the cells.
On the other hand, it was recently reported that rolipram
did not show anti-HCV activity in the JFH-1 strain-
derived assay [19]. Taken together, the previous and
present results suggest that rolipram’s anti-HCV activity
differs depending on the HCV strain. In summary, roli-
pram was identified as a new anti-HCV candidate using
the AHIR assay system.

Discussion
In the present study, we developed for the first time a drug

assay system (AHIR), derived from the HCV-AHI1 strain
(from a patient with acute hepatitis C), in which HCV-AH1

performed (lower panels). b Rolipram sensitivities on HCV replicon
RNA replication in sAH1 and sO cells. sSAH1 and sO cells were
treated with rolipram for 72 h, and extracted total RNAs were
subjected to quantitative RT-PCR for HCV 5’ untranslated region as
described previously [7]. The HCV RNA (%) calculated at each point,
when the level of HCV RNA in non-treated cells was assigned to be
100%, is presented here

RNA is efficiently replicated. Using this system, we found
that rolipram, an anti-inflammatory drug, had potential
anti-HCV activity. This potential had not been detected by
preexisting assay systems such as OR6, in which HCV-O
RNA was derived from an HCV-positive blood donor.
Since an HCV replicon harboring the sAH1 cell line, the
parent of the AHIR cell line, was obtained from ORG6-
cured cells [12], the divergence in rolipram’s effects
between AHIR and OR6 cells is probably attributable to
the difference in HCV strains rather than to the difference
in cell clones. Indeed, rolipram’s anti-HCV activity was
not observed in another ORL8 assay system (O strain),
which was recently developed using a new hepatoma Li23
cell line (data not shown) [15]. Therefore, we propose that
multiple assay systems derived from different HCV strains
are required for the discovery of anti-HCV reagents such as
rolipram or for the objective evaluation of anti-HCV
activity.

Comparative evaluation analysis of anti-HCV activities
of IFN-a, IFN-y, and CsA using AH1-strain-derived AHIR
and O-strain-derived OR6 assay systems demonstrated that
each of these anti-HCV reagents showed significantly
diverse antiviral effects between the two systems.
Regarding IFN-y and CsA, the present results obtained
using a luciferase reporter assay fully supported our pre-
vious findings [12] using quantitative RT-PCR analysis.
However, in the present analysis, we noticed that IFN-«
also showed significantly diverse effects (especially at
less than 1 IU/mL) between the AHIR and OR6 assays.
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The differences in IFN-« sensitivity may be attributable to
the difference in aa sequences in the IFN sensitivity-
determining region (ISDR; aa 2209-2248 in the HCV-1b
genotype), in which aa substitutions correlate well with
IFN sensitivity in patients with chronic hepatitis C [20],
because the AHI1 strain possesses three aa substitutions
(T2217A, H2218R, and A2224 V) in ISDR, whereas the O
strain possesses no aa substitutions. However, no report has
demonstrated the correlation between IFN sensitivity and
the substitution numbers in ISDR using the cell culture-
based HCV RNA replication system.

Alternatively, Akuta et al. [21] reported that aa substi-
tutions at position 70 and/or position 91 in the HCV Core
region of patients infected with the HCV-1b genotype are
pretreatment predictors of null virological response (NVR)
to pegylated IFN/ribavirin combination therapy. In partic-
ular, substitutions of arginine (R) by glutamine (Q) at
position 70, and/or leucine (L) by methionine (M) at
position 91, were common in NVR. The patients with
position-70 substitutions often showed little or no decrease
in HCV RNA levels during the early phase of IFN-«
treatment [21]. Regarding this point, it is interesting that
position 70 in the AHI strain is R (wild type) and that in
the O strain is Q (mutant type), whereas position 91 is L
(wild type) in both strains. Therefore, wild-type R in
position 70 of the AH1 strain may contribute to the high
sensitivity to IFN-a in the AHIR assay. Regarding posi-
tions 70 and 91 of the HCV Core, it is noteworthy that,
among all of the HCV strains used thus far to develop HCV
replicon systems, only the AHI strain possesses double
wild-type aa (data not shown). Therefore, the AHIR assay
system may be useful for further study of sensitivity to
IFN/ribavirin treatment.

The anti-HCV activity of rolipram, which is currently
used as an anti-inflammatory drug, is interesting, although
its anti-HCV mechanism is unclear. As a selective PDE4
inhibitor [16], rolipram may attenuate fibroblast activities
that can lead to fibrosis and may be particularly effective in
the presence of transforming growth factor (TGF)-j1-
induced fibroblast stimulation [22]. On the other hand,
HCV enhances hepatic fibrosis progression through the
generation of reactive oxygen species and the induction of
TGF-p1 [23]. Taken together, the previous and present
results suggest that rolipram may inhibit both HCV RNA
replication and HCV-enhanced hepatic fibrosis. However,
it is unclear that rolipram shows anti-HCV activity against
the majority of HCV strains, because rolipram has been
effective for AH1 strain, but not for O strain. Although
rolipram’s anti-HCV activity would be HCV-strain-spe-
cific, it is not clear which HCV strain is the major type
regarding the sensitivity to rolipram. Since developed assay
systems using genome-length HCV RNA-replicating cells
are limited to several HCV strains including O and AH1

@ Springer

strains to date, further analysis using the assay systems of
other HCV strains will be needed to clarify this point.

In this study, we demonstrated that the AHIR assay
system, which was for the first time developed using an
HCYV strain derived from a patient with acute hepatitis C,
showed different sensitivities against anti-HCV reagents
in comparison with assay systems in current use, such as
OR6 assay. Therefore, AHIR assay system would be
useful for various HCV studies including the evaluation of
anti-HCV reagents and the identification of antiviral
targets.
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ABSTRACT

Persistent hepatitis C virus (HCV) infection frequently causes hepatocellular carcinoma. However, the
mechanisms of HCV-associated hepatocarcinogenesis and disease progression are unclear. Although the
human hepatoma cell line, HuH-7, has been widely used as the only cell culture system for robust HCV
replication, we recently developed new human hepatoma Li23 cell line-derived OL, OL8, OL11, and OL14
cells, in which genome-length HCV RNA (O strain of genotype 1b) efficiently replicates. OL, OL8, OL11,
and OL14 cells were cultured for more than 2 years. We prepared cured cells from OL8 and OL11 cells by
interferon-y treatment. The cured cells were also cultured for more than 2 years. cDNA microarray and
RT-PCR analyses were performed using total RNAs prepared from these cells. We first selected several
hundred highly or moderately expressed probes, the expression levels of which were upregulated or
downregulated at ratios of more than 2 or less than 0.5 in each set of compared cells (e.g., parent OL8
cells versus OL8 cells cultured for 2 years). From among these probes, we next selected those whose
expression levels commonly changed during a 2-year culture of genome-length HCV RNA-replicating
cells, but which did not change during a 2-year culture period in cured cells. We further examined the
expression levels of the selected candidate genes by RT-PCR analysis using additional specimens from
the cells cultured for 3.5 years. Reproducibility of the RT-PCR analysis using specimens from recultured
cells was also confirmed. Finally, we identified 5 upregulated genes and 4 downregulated genes, the
expression levels of which were irreversibly altered during 3.5-year replication of HCV RNA. These genes
may play roles in the optimization of the environment in HCV RNA replication, or may play key roles in
the progression of HCV-associated hepatic diseases.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Hepatitis C virus (HCV) is a causative agent of chronic hepatitis,
which progresses to liver cirrhosis and hepatocellular carcinoma
(HCC)(Chooetal., 1989; Saito et al., 1990; Thomas, 2000). However,

Abbreviations: HCV, hepatitis C virus; HCC, hepatocellular carcinoma; E1, enve-
lope 1; EGF, epidermal growth factor; RT-PCR, reverse transcription-polymerase
chain reaction; IFN, interferon; ACSM3, acyl-CoA synthetase medium-chain fam-
ily member 3; ANGPTT1, angiopoietin 1; CDKN2C, cyclin-dependent kinase inhibitor
2C; PLA1A, phospholipase A1 member A; SEL1L3, Sel-1 suppressor of lin-12-like 3;
SLC39A4, solute carrier family 39 member 4; TBC1D4, TBC1 domain family member
4; WISP3, WNT1 inducible signaling pathway protein 3; ANXA1, annexin Al; AREG,
amphiregulin; BASP1, brain abundant, membrane attached signal protein 1; CIDEC,
cell death activator CIDE-3; CPB2, carboxypeptidase B2; HSPA6, heat-shock 70 kDa
protein B'; PI3, peptidase inhibitor 3; SLC1A3, solute carrier family 1 member 3;
THSD4, thrombospondin type-1 domain-containing protein 4; ICAM-1, intercellular
adhesion molecule-1; ALXR, ANXA1 receptor.

* Corresponding author. Tel.: +81 86 235 7385; fax: +81 86 235 7392.

E-mail address: nkato@md.okayama-u.ac.jp (N. Kato).

1 Present address: Center For AIDS Research, Kumamoto University, Kumamoto
860-0811, Japan.

0168-1702/$ - see front matter © 2012 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.virusres.2012.04.008

the mechanisms of HCV-associated hepatocarcinogenesis and dis-
ease progression are still unclear. HCV is an enveloped virus with a
positive single-stranded 9.6 kb RNA genome, which encodes a large
polyprotein precursor of approximately 3000 amino acid residues.
This polyprotein is cleaved by a combination of the host and viral
proteases into at least 10 proteins in the following order: Core,
envelope 1 (E1), E2, p7, nonstructural protein 2 (NS2), NS3, NS4A,
NS4B, NS5A, and NS5B (Hijikata et al., 1991, 1993; Kato et al., 1990).

The initial development of a cell culture-based replicon system
(Lohmann et al., 1999) and a genome-length HCV RNA-replication
system (Ikeda et al., 2002) using genotype 1b strains enabled the
rapid progression of investigations into the mechanisms underly-
ing HCV replication (Bartenschlager, 2005; Lindenbach and Rice,
2005). Furthermore, these RNA replication systems have been
improved such that they have become suitable for the screen-
ing of anti-HCV reagents by the introduction of reporter genes
such as luciferase (Ikeda et al., 2005; Krieger et al., 2001). More-
over, in 2005, an efficient virus production system using the
JFH1 genotype 2a strain was developed using human hepatoma
cell line HuH-7-derived cells (Wakita et al, 2005). However,
to date, HuH-7-derived cells are used as the only cell culture
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system for robust HCV replication (Bartenschlager and Sparacio,
2007; Lindenbach and Rice, 2005). Most studies of HCV replication
or anti-HCV reagents are currently carried out using a HuH-7-
derived cell culture system. Therefore, it remains unclear whether
or not recent advances obtained from the HuH-7-derived cell cul-
ture system reflect the general features of HCV replication or
anti-HCV targets. To resolve this issue, we aimed to find a cell line
other than HuH-7 that enables robust HCV replication. We recently
found a new human hepatoma cell line, Li23, that enables efficient
HCV RNA replication and persistent HCV production (Kato et al.,
2009b). In that study, we established genome-length HCV RNA
replicating cell lines, OL (polyclonal; a mixture of approximately
200 clones), OL8 (monoclonal), OL11 (monoclonal), and OL14
(monoclonal), and characterized them (Kato et al., 2009b). We fur-
ther developed Li23-derived drug assay systems (ORL8 and ORL11)
(Kato et al., 2009b), which are relevant to the HuH-7-derived OR6
assay system (Ikeda et al., 2005). Since we demonstrated that the
gene expression profile of Li23 cells was distinct from that of
HuH-7 cells (Mori et al., 2010), we expected to find that the host
factors required for HCV replication or anti-HCV targets in Li23-
derived cells would also be distinct from those in HuH-7-derived
cells. Indeed, we found that treatment of the cells with approxi-
mately 10 uM (a clinically achievable concentration) of ribavirin,
an anti-HCV drug, efficiently inhibited HCV RNA replication in both
the Li23-derived ORL8 and ORL11 assay systems, but not in the
HuH-7-derived OR6 assay system (Mori et al., 2011). We further
demonstrated that more than half of the 26 anti-HCV reagents that
have been reported by other groups as anti-HCV candidates using
HuH-7-derived assay systems other than OR6 assay system exhib-
ited different anti-HCV activities from those of the previous studies
(Ueda et al., 2011). In addition, we observed that the anti-HCV
activities evaluated by the OR6 and ORLS8 assay systems were also
frequently different (Ueda et al.,, 2011). Furthermore, Li23-derived
cells showed epidermal growth factor (EGF)-dependent growth
(Kato et al., 2009b)-like immortalized or primary hepatocyte cells
(e.g.,PH5CHS (Ikeda et al., 1998)), whereas HuH-7-derived cells can
grow in an EGF-independent manner. Our findings, when taken
together, suggested that a study using Li23-derived cells might
yield unexpected results, since only HuH-7-derived cells are com-
monly used in a wide range of HCV studies.

Moreover, our findings to date suggested that the long-term
replication of HCV RNA may cause irreversible changes in the gene
expression profiles of host cells, yielding an environment for facili-
tative viral replication or progression of a malignant phenotype. To
investigate this possibility, we carried out cDNA microarray and/or
reverse transcription-polymerase chain reaction (RT-PCR) analy-
ses using Li23-derived cells (OL, OL8, OL11, and OL14) in order to
identify host genes for which expression levels were irreversibly
altered by the long-term replication of HCV RNA. Here we report
the identification of such host genes.

2. Materials and methods
2.1. Cell culture

The Li23 cell line consists of human hepatoma cells from
a Japanese male (age 56) was established and characterized in
2009 (Kato et al., 2009b). Li23 cells were maintained in modified
culture medium for the PH5CH8 human immortalized hepato-
cyte cell line (Ikeda et al., 1998), as described previously (Kato
et al., 2009b). Genome-length HCV RNA-replicating cells (Li23-
derived OL, OL8, OL11, and OL14 cells) were also maintained in
the medium for the Li23 cells in the presence of 0.3 mg/mL of
G418 (Geneticin, Invitrogen, Carlsbad, CA). Cured cells (OL8c and
OL11c cells), from which the HCV RNA had been eliminated by

interferon (IFN)-y treatment (Abe et al., 2007), were cultured in
the medium for the Li23 cells. These cells were passaged every
7 days for 3.5 years. In this study, OL, OL8, OL11, OL14, OLSc,
and OL11c cells were renamed as OL(0Y), OL8(0Y), OL11(0Y),
OL14(0Y), OL8c(0Y), and OL11c(QY) cells, respectively, to spec-
ify the time at which the cells were established. These “0Y” cells
of passage number 3 were used in this study. Two-year cultures
of OL(0Y), OL8(0Y), OL11(0Y), OL14(0Y), OL8c(0Y), and OL11c(0Y)
cells were designated as OL(2Y), OL8(2Y), OL11(2Y), OL14(2Y),
OL8¢(2Y), and OL11¢(2Y) cells, respectively. The 3.5-year cultures
of OL8(0Y), OL11(0Y), OL8c(0Y), and OL11c(0Y) cells were desig-
nated as OL8(3.5Y), OL11(3.5Y), OL8¢(3.5Y), and OL11¢(3.5Y) cells,
respectively. The cured cells obtained from OL8(2Y) and OL11(2Y)
cells by IFN-y treatment (Abe et al,, 2007) were designated as
OL8(2Y)c and OL11(2Y)c cells, respectively, and were maintained
in the medium for the Li23 cells.

2.2. ¢cDNA microarray analysis

OL(0Y), OL(2Y), OL8(0Y), OL8(2Y), OL11(0Y), OL11(2Y),
OL8c(0Y), OL8c(2Y), OL11c(0Y), and OL11¢c(2Y) cells were cul-
tured in the medium without G418 during a few passages, and
then these cells (1 x 106 each) were plated onto 10-cm diameter
dishes and cultured for 2 or 3 days. Total RNAs from these cells
(approximately 70-80% confluency) were prepared using the
RNeasy extraction kit (QIAGEN, Hilden, Germany). As previously
described (Kato et al., 2009b; Mori et al., 2010), cDNA microarray
analysis was performed by Dragon Genomics Center of Takara Bio.
(Otsu, Japan) through an authorized Affymetrix service provider
using the GeneChip Human Genome U133 Plus 2.0 Array. Differen-
tially expressed genes were selected by comparing the arrays from
the genome-length HCV RNA-replicating cells, and the selected
genes were further compared with the arrays from the cured cells
(see Fig. 2 for details).

2.3. RT-PCR

We performed RT-PCR in order to detect cellular mRNA as
described previously (Dansako et al., 2003). Briefly, total RNA (2 g)
was reverse-transcribed with M-MLV reverse trascriptase (Invit-
rogen) using an oligo dT primer (Invitrogen) according to the
manufacturer’s protocol. One-tenth of the synthesized cDNA was
used for the PCR. The primers arranged for this study are listed in
Table 1.

2.4. Quantitative RT-PCR analysis

The quantitative RT-PCR analysis for HCV RNA was performed
using a real-time LightCycler PCR (Roche Diagnostics, Basel,
Switzerland) as described previously (Ikeda et al., 2005; Kato et al.,
2009b). Quantitative RT-PCR analysis for the mRNAs of the selected
genes was also performed using a real-time LightCycler PCR. The
primer sets used in this study are listed in Table 1.

2.5. Western blot analysis

The preparation of cell Ilysates, sodium dodecyl
sulfate-polyacrylamide gel electrophoresis, and immunoblotting
analysis with a PVDF membrane were performed as previously
described (Kato et al., 2003). The antibodies used for the O strain
in this study were those against Core (CP9, CP11, and CP14
monoclonal antibodies [Institute of Immunology, Tokyo, Japan];
a polyclonal antibody [a generous gift from Dr. M. Kohara, Tokyo
Metropolitan Institute of Medical Science]), E1 and NS5B (a gen-
erous gift from Dr. M. Kohara), and NS3 (Novocastra Laboratories,
Newcastle upon Tyne, UK). B-Actin antibody (Sigma, St. Louis, MO)
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Table 1
Primers used for RT-PCR analysis.

Gene (accession no.) Direction Nucleotide Products (bp) Gene (accession no.) Direction Nucleotide Products (bp)

sequence (5'-3') sequence (5'~3')

Acyl-CoA synthetase Forward GCATTCAAGTTCTACCCAACCGAC 258 Brain abundant, membrane Forward GGATGAATGCCAGCTTTCAGACAG 247
medium-chain family member 3 Reverse GGCTGCTGACAACAGCTGACTC attached signal protein 1 Reverse ACTGGAACTGCAATGAACGCAGAC
(ACSM3; NM_005622) (BASP1; NM_006317)

Angiopoietin 1 (ANGPT1; Forward ATACAACATCGTGAAGATGGAAGTC 287 Cell death activator CIDE-3 Forward GATCTGTACAAGCTGAACCCACAG 265
NM_001146) Reverse CCGTGTAAGATCAGGCTGCTICTG (CIDEC; NM_022094) Reverse GACAGGTCGGGATAAGGGATGAG

Cyclin-dependent kinase inhibitor Forward AAGACCGAACTGGTTTCGCTGTC 246 Carboxypeptidase B2 Forward GGAACTGTCTCTAGTAGCCAGTG 242
2C (CDKN2C; NM_001262) Reverse CATAGAGCCTGGCCAAATCACAG (CPB2; NM_001872) Reverse CAGCGGCAAAAGCTTCTCTACAG

Phospholipase A1 member A Forward GGAGTTTCACTTGAAGGAACTGAG 292 Heat shock 70 kDa protein Forward TGAAGCCGAGCAGTACAAGGCTG 235
(PLA1A; NM_015900) Reverse GTTCACTGGTTCAGGTAAGCAGAC B Reverse CTCCCTCTTCTGATGCTCATACTC

(HSPAG; NM_002155)

Sel-1 suppressor of lin-12-like 3 Forward ACCTGCACTTGCGGCITCTCTG 212 Peptidase inhibitor 3 Forward GGTTCTAGAGGCAGCTGTCACG 2762
(SEL1L3; NM_015187) Reverse AGAGGCATCTGCAGCTGGAGTC (PI3; NM.002638) Reverse CCGCAAGAGCCTTCACAGCAC

Solute carrier family 39 member 4 Forward GCCTGTTCCTCTACGTAGCACTC 158 Peptidase inhibitor 3 Forward GGTTCTAGAGGCAGCTGTCACG 241P
(SLC39A4; NM.017767) Reverse GAAGGTGATGTCATCCTCGTACAG (PI3; NM.002638) Reverse GCAGTCAGTATCTTTCAAGCAGC

TBC1 domain family, member 4 Forward GGAGAGGGCCAATAGCCAACTG 198 Solute carrier family Forward CAATGGCGTGGACAAGCGCGTC 240
(TBC1D4; NM.014832) Reverse AGCTTCCGGAGTTGCTCCACTG member 3 Reverse CCGACAGATGTCAGCACAATGAC

(SLC1A3; NM.004172)
WNT1 inducible signaling pathway Forward AGAGATGCTGTATCCCTAATAAGTC 129 Thrombospondin type-1 Forward TGGAGTCAGTGTTCCATCGAGTG 275
protein 3 (WISP3; NM_003880) Reverse CAGGTTCTCTGCAGTTTCTCTGAC domain-containing protein Reverse GGGTCACAGAGGTTACTTAGAGTC
4
(THSD4; NM.024817)
Annexin A1 (ANXA1; NM_000700) Forward GACTTGGCTGATTCAGATGCCAG 192 Glyceraldehyde-3- Forward GACTCATGACCACAGTCCATGC 334
Reverse AATGTCACCTTTCAACTCCAGGTC phosphate dehydrogenase Reverse GAGGAGACCACCTGGTGCTCAG
(GAPDH; NM.002046)
Amphiregulin (AREG; NM_001657) Forward CGGGAGCCGACTATGACTACTC 391
Reverse AAGGCAGCTATGGCTGCTAATGC

3 This primer set was used for RT-PCR analysis.
b This primer set was used for quantitative RT-PCR analysis.
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was used as the control for the amount of protein loaded per lane.
Immunocomplexes were detected by the Renaissance enhanced
chemiluminescence assay (PerkinElmer Life Sciences, Boston, MA).

2.6. Statistical analysis

Statistical comparison of the mRNA levels between the various
time points was performed using Student’s t-test. P values of less
than 0.05 were considered statistically significant.

3. Results

3.1. Efficient replication of genome-length HCV RNA is
maintained in long-term cell culture

To prepare specimens for the ¢cDNA microarray analysis,
genome-length HCV RNA-replicating OL(0Y), OL8(0Y), OL11(0Y),
and OL14(0Y) cells were cultured for 2 years, and were designated
as OL(2Y), OL8(2Y), OL11(2Y), and OL14(2Y) cells, respectively.
OL8c(0Y) and OL11¢(0Y) cells were also cultured for 2 years, and
were designated as OL8¢(2Y) and OL11c(2Y) cells, respectively. We
observed that the growth rates of all cell lines increased in a time-
dependent manner, while the appreciable changes of cell shapes
were not observed. The doubling time of genome-length HCV RNA-
replicating cells (OL(0Y), OL8(0Y), OL11(0QY), and OL14(0Y)) and
cured cells (OL8c(0Y) and OL11¢(0Y)) was approximately 41 h and
32h, respectively. After 2-year culture, these values reduced to
approximately 28 h and 23 h.

Using the total RNA specimens obtained from genome-length
HCV RNA-replicating cells, the levels of genome-length HCV
RNAs were examined by quantitative RT-PCR analysis. The results
revealed that the levels of the genome-length HCV RNAs had
increased in all cases after a 2-year period of HCV RNA replication
(Fig. 1). The levels of HCV proteins (Core, E1, NS3, and NS5B) were
also examined by Western blot analysis. The E1, NS3, and NS5B
were detected in all specimens, except for the Li23 cells, although
a little larger size of E1 was additionally detected in the specimens
from 2-year culture (Fig. 1). This phenomenon may indicate the
appearance of additional N-glycosylation sites by mutations caused
during the 2-year replication of the HCV RNA, as observed in a pre-
vious report (Mori et al.,, 2008). However, genetic analysis of HCV
RNAs from 2-year culture of OL8, OL11, and OL14 cell series has
detected no additional N-glycosylation sites by mutations (Kato
et al., unpublished results). Therefore, the mobility change of E1
may be due to the other modifications such as O-glycosylation.
In addition, Core was not detected in the cultures of OL11(2Y)
cells, even when polyclonal anti-Core antibody was used (Fig. 1). A
similar phenomenon was observed in a previous study using HuH-
7-derived genome-length HCV RNA-replicating cells (Kato et al.,
2009a). In that study, we showed that the Core region was not
deleted, but mutated at several positions within the epitopes of
the anti-Core antibody (Kato et al., 2009a). The results of genetic
analysis using Li23-derived cells as described above (Kato et al.,
unpublished results) were also similar with those in the previous
study using HuH-7-derived cells (Kato et al., 2009a).

3.2. Selection of genes showing irreversible changes with
long-term HCV RNA replication

To identify those genes whose expression levels were irre-
versibly altered by the long-term replication of HCV RNA, we
performed a combination of cDNA microarray and RT-PCR analy-
ses using several Li23-derived cell lines. An outline of the selection
process performed in this study is provided in Fig. 2. The first
microarray analysis I was carried out by the comparison of OL(0Y)
cells versus OL(2Y) cells, OL8(0Y) cells versus OL8(2Y) cells, and
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Fig. 1. Characterization of genome-length HCV RNA-replicating cells in long-term
cell culture. The upper panel shows the results of a quantitative RT-PCR analysis of
intracellular genome-length HCV RNA. Total RNAs from OL(0Y), OL8(0Y), OL11(0Y),
and OL14(0Y) cells after 2 years [OL(2Y), OL8(2Y), OL11(2Y), and OL14(2Y)] in
culture, as well as total RNAs from the parental OL(0Y), OL8(0Y), OL11(0Y), and
OL14(0Y) cells were used for the analysis. Total RNA from Li23 cells was used as a
negative control. The lower panel shows the results of the Western blot analysis.
Cellular lysates from cells used for quantitative RT-PCR were also used for compar-
ison. HCV Core, E1, NS3, and NS5B were detected by Western blot analysis. 3-Actin
was used as a control for the amount of protein loaded per lane. A single asterisk
indicates that the anti-Core polyclonal antibody was used for detection. A double
asterisk indicates that a mixture of three kinds (CP9, CP11, and CP14) of anti~Core
monoclonal antibodies was used for detection.

OL11(0Y) cells versus OL11(2Y) cells. In this step, we selected those
genes whose expression levels commonly showed changes in at
least two of three comparative analyses to avoid the bias caused by
the difference of cell clonality, since OL(0Y) was a polyclonal cell
line, while OL8(0Y) and OL11(0Y) were monoclonal cell lines (Kato
etal., 2009b). As regards the selected genes, a microarray analysis II
was performed in which OL8¢(0Y) cells were compared to OL8c(2Y)
cells, and OL11¢(0Y) cells were compared to OL11¢(2Y) cells. In this
step, the genes were excluded from those selected by the microar-
ray analysis [ if their expression levels had changed during the
2-year culture of cured cells. As regards the selected genes, we next
performed a RT-PCR analysis I to examine the reproducibility of
changes in gene expression levels. In this step, we added the results
of a new comparative series, OL14(0Y) versus OL14(2Y), to arrive at
the judgment to advance to the next step of analysis. We selected
genes for which expression levels had changed in more than five of
six comparative series (Fig. 2). At the last step, we confirmed by RT-
PCR analysis I whether or not the expression levels of the selected
genes in OL8(2Y) or OL11(2Y) cells had changed by HCV RNA repli-
cation. When the gene expression levels had not changed in two
comparative series (OL8(2Y) versus OL8(2Y)c and OL11(2Y) versus
OL11(2Y)c), the genes were selected as the candidates exhibiting
irreversible changes after 2-year HCV RNA replication.
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Fig. 2. Outline of selection process performed in this study. To obtain the objective genes, cDNA microarray analyses I and Il were performed, and then RT-PCR analyses [

and Il were also performed.

3.3. Selection and expression profiles of genes showing
upregulated expression during long-term HCV RNA replication

The process outlined in Fig. 2 was used to identify those genes
that exhibited irreversibly upregulated expression during the 2-
year replication of HCV RNA. Microarray analysis I revealed 1912,
1148, and 1633 probes, the expression levels of which were upreg-
ulated at a ratio of more than 2 in the case of OL(QY) cells versus
OL(2Y) cells, OL8(0Y) cells versus OL8(2Y) cells, and OL11(0Y) cells
versus OL11(2Y) cells, respectively. To avoid the possibility that
the genes showing low expression level are selected, the ratios
and expression values were used in combination for the selection.
As the minimum expression level, more than 100 (actual value of
measurement), which was detectable within 30 cycles in RT-PCR
analysis, was adopted. From among these probes, we selected those
showing ratios of more than 4 with an expression level of more than
100, or those showing ratios of more than 3 with an expression level
of more than 200, or those showing an expression level of 1000. By
this selection process, 559, 237, and 368 genes (redundant probes
excluded) were assigned in the case of OL(0Y) cells versus OL(2Y)
cells, OL8(0Y) cells versus OL8(2Y) cells, and OL11(0Y) cells versus
OL11(2Y) cells, respectively (Fig. 3A). At this step, we obtained 51
genes as candidates exhibiting upregulation in more than two of
three comparisons. Based on the results of the subsequent microar-
ray analysis II, we further selected 14 genes from a total of 51
genes, because the expression levels of the remaining 37 genes
increased during the 2-year culture of cured cells (Fig. 3B). The list
of these genes was shown in Supplemental Table 1. As regards the
14 selected genes, we performed an RT-PCR analysis I to confirm
the results obtained by the cDNA microarray analysis and to exam-
ine the status of gene expression in an additional comparison of
OL14(0Y) cells versus OL14(2Y) cells. This analysis revealed that
the mRNA levels of 6 of 14 genes showed no enhancement in two
of four comparative series (data not shown). Therefore, in this step,
these 6 genes were excluded from the candidate genes. However,
the mRNA levels of the remaining 8 genes (acyl-CoA synthetase

medium-chain family member 3 [ACSM3], angiopoietin 1 [ANGPT1],
cyclin-dependent kinase inhibitor 2C [CDKN2C], phospholipase A1l
member A [PLA1A], Sel-1 suppressor of lin-12-like 3 [SEL1L3], solute
carrier family 39 member 4 [SLC39A4], TBC1 domain family mem-
ber 4 [TBC1D4], and WNT1 inducible signaling pathway protein 3
[WISP3]) were enhanced in more than three of four comparative
series (Fig. 3C). Furthermore, we demonstrated by RT-PCR analy-
sis Il that the expression levels of these 8 genes did not return to
initial levels, even after elimination of HCV RNA from OL8(2Y) or
OL11(2Y) cells (Fig. 3C). It was noteworthy that the mRNA levels
of the ANGPT1 and PLA1A genes were enhanced in all comparative
series (Fig. 3C).

3.4. Selection and expression profiles of genes showing
downregulated expression during long-term HCV RNA replication

To obtain genes showing irreversibly downregulated expres-
sion during the 2-year HCV RNA replication period, we performed
a selection of genes according to the methods described for the
selection of upregulated genes. The first microarray analysis I in
this series revealed 1901, 2128, and 1579 probes whose expression
levels were downregulated at a ratio of less than 0.5 in the case
of OL(0Y) cells versus OL(2Y) cells, OL8(0Y) cells versus OL8(2Y)
cells, and OL11(0Y) cells versus OL11(2Y) cells, respectively. As
described in Section 3.3, the ratios and expression values were
used in combination for the selection. From among these probes,
we selected those showing ratios of less than 0.25 with an initial
expression level of more than 1000 (actual value of measurement),
or those showing ratios of less than 0.33 with an initial expres-
sion level of more than 200, or those showing an initial expression
level of 100. By this selection process, 828, 622, and 466 genes
(redundant probes excluded) were assigned in the case of OL(0Y)
cells versus OL(2Y) cells, OL8(0Y) cells versus OL8(2Y) cells, and
OL11(0Y) cells versus OL11(2Y) cells, respectively (Fig. 4A). At this
step, we obtained 236 genes as candidates showing downregula-
tion in more than two of three comparisons. Based on the resulits

- 1032 -



