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From Cyclosporin to DEBIO

Bl % -t R XK H RV & A F*

MBS : 4 20 AHY YA H4 2074, PPlaselfts,
#42074) vHEEH, DEBIO-025
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CsA-Y42024U

Z0Uz(cis) 70> (trans)
B1 442074 OFoPPlaseEHRCAL WA EHMTAZEICLVATERS
HA 2O0AH) Y (CA)NEBEERTHLHf 2074 U2k, Ahy=a—") »HMEROMIZ. <7FF
EMET IO DA S A AREBEEREL D PPlase FELYTFL, EEARTELVREIITN 8
FF 2O OMBE L TRETAZEIDONTVEN, ZOPPlaseEiiCaA L WESEETHRTLI L
IZEhEFELS,

PoOZAMY A FK506

<

T-Cell

| icazit &g

Nuclear factor for activation %o‘:”;’:{?n?{'.i:f '
of T-cell (NFAT) }

Calcineurin

FK-binding proteins
(FKBP)

IL-2, IL-4, CD40L etc.

E2 CsA, FK506 D&
THEOSEEIHENMESTL L, MEAOA N =a2—1) FEEN) D EEI, CNIZESEFNFATEE)
BRiLL, BenHA b4 yRIZETRACHERT S, CaABLUFK6IIENTh, HEASEHAZETSHS
42074 >, FKbinding protein (FKBP) L& LHAGEHAL, CNOBRLLBETLoL L h &%
HEERERT

HEHREFUCOIN S ETRERSE, 7TLLF— ENHOENRTWAS, ¥4207410 74
HEBEL EOEREEL LTE e Ty 1984 4E IR Tix 2 CHIREICFEL, CsA
A, LEWEE2ET 288 L LTHUDTHE

CsAlLZER ICBUREOBVEEWTH Y, Shiz0 45074 RTHREGT
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AEHA074) P ERETALENSS S HEREDL1~-04%F LOLIGEEROSVE
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E4 HHCVER L ISREFFH~0EE
L71) 2 5N CaA DIBERTFIE - HIN] 2 1 df, FR506 TIEERMPMEL 220 cBA - REIcBwT
AT RIIED 5w, HCVIMRE FRICHED ICEMT S IFN o 12, RETFESEITTRICS 2 ISRE (-
LhHMELS FNEEREFORALALT MO/ VAEEEZEL, IFN o EMIZ L - TISREERIZ LA
Ta. LalL, CBATRIDL ) ZISREFROLRRES AT, FOHCVIIMARIZIFN & 28y L-%H

BRLEATaEBHorLral

REARFVY, BEROBRBEDOHEIC
EELZAWLES Yy o Bk boEE
BFLLT, FBCDL2EE~ORSHH
HFEhTEY, sTET2THOWMEFIC
Lo THHIEREREEREV 2 5.

Y4 20RKY VADED |

HC VigFEHIzh s
2003 inoue 6L ), CHEIBHEFAEE
IZBWTIFN a & CsADO B A5 A IFN ¥4k

L0 LERBRVEEICER TS C L
SnfeHW, FOERRFERTTHEOE X

hiwidof bhibhiz, HOVORE
MR CHMRMEF L THLHCYL 7Y 2
YURTARHELF AT ) H— -85
L) I 2L AHCVERERREHVT,
R -HA bAA REDIRYA N ABRE
BITLEZS, CaAAMBEMEAESEIZHCY
L7 3 HERE N L, BEGR b il i
THCVOHRY A VAR E*BOHIEZ L 4+ #H
& LA-(J3) W, 1zizEE i Bl o i
OMENZENY, CRADFOHHCVE)F
MR & hi
BAEHCVEMOERE 25TV AIFN a
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M1 42074907273~

CypA 18kDa Cytoplasm
CypB 1820 kDa ER and Secretory Pathway
CypC 18 kDa Secretory Pathway
CypF, Cyp3 1822 kDa Mitochondria
PPIL1, CypM 18kDa Cytoplasm
USA-CyF, Cyp20 20 kDa Nucleus
CypE, Cyp33A 40kDa Nucleus
Cyp33B <40kDa Nucleus
Cypd0D 40 kDa Nucleus
colon cancer Agl0  50kDa Nucleus
Cypb0 60 kDa Nucleus
CARS-CyP 89kDa Nucleus
NEK-TRCyP 89kDa Nucleus
RAN-BPZ, NUP-358  358kDa Nucleus
A B
Huh7 Neg.cont.
£
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A e
5\ %0 =700 =800
= }a sIRNA SIRNA

gy

@5 shRNAK &% Cyp RO HCVIA L <V ORT

HA4 2074 yDHTELTOA, HOVY ) AHM2 7Ly 2 AVHET S LSRN ARR, BLUDR
BIBETS, ¥42874 Y YABCKK2WT, HCVL- 7Y 2 Y HIMICS A 2 EWMERN L. Ehth2
FMOSHRNARFE~Z ¥ —2{ef L, ChEMwT/ 2277 AHERLERL, HCVL 7 2 » O RER
LSS, #4270740) ORFEAMIC L), HCVL 7Y 2 »HIAIE40~60% & HEIZHM = hrs(A)
(Cyp; 442874, HCVshRNAIRT CIZHCVEINT 2 S LA STV 4 shRNA. % shRNA Drev.
Ry =4y PBEOEN LS Loy bo—L), ¥ HA4 2074 v RERSI v 2 XY L LER
OWITTIE, LTV IVOMBICL A0 —BEREHLHIETL, 12707140 YA HCVARMICMS
LTwatEioh/z(B). BOTERFIIoo=—F

Iz, ISRE (=interferon stimulation response TISREF I EEFEIZ LA T 575,

element) iz X W W@ EhEA 5 —T7 0> CAATIRIOE S ZISREFEEDO LHIZED
FARETORBEZMLT, WYANVAER Lnt, FOHCVEIMZIRIZA ¥ —T =
#8275 bhbhoBETIEIFNalzL- Oy LEERRE T AL ERD
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7= (E4) ®. 2612, FK506IZIZHCVOH
R ANV ERS, BHEDENT
HEHMRAZEFHRTHEHM 70740 7z
EH LA

Eros, 42074 » L FKBP®
H754 TRENTRIGHENERLTET
AL LARESATVS. IhLZHEBER
2R L, MRS b MR MR
BECHRNCHFET LY. EEd~ToM
BREENFETLI 006, H#H5
RERERNICHET A2 LD E THEMERT
$5, 4207 4)) »EFKBP®PPlase
ELTORWCHLTIE, BEOLRERE
HalnIHENSHN Y, FKBPIZT O
YOMDT I/ BYBAEDLDTHEIHE
COAFEEETRIOICHLT, 12074
Y R7a) COMOT I /B, IEIRED
HBiThoTOBVEBREELTRTAD
FKBP® L 3 %8R 2 80w Z LA
DB ZDhNBENS), TOXRFRED
YAt EHIMOAOERERFo TS
LEBELENTWASDY, AENTOMRELDOM
HEEowTIHWwELHLAIZE2ATVE
W, 40740 7RBUSRTLEIIZH
1FEashTi), MEAOHLWLHE
FIZHELEL TWAYIY, bhbh OB Tt
HCVL 7Y oo B, HCVIERME
SHOFETILEANAMRE, Niatkr L
2Bk EhsA 2074 2ABCHMN
SELTwaLEIGNAERINHUTEY, 5
EMERM L ED TV ([H5) 7.

"FE'K; Y4507 4 U /EERD I
2 Hovammm~orE |

HCVOB B O L TIEFA#AL
HAB0H, FOELMMOBIIITRLE %
EhTwad, #HRERAKCBALLETS VA

RNAIZA v+ Y+—RNAEL LTIBEEL Y
A NVAEBBREIESCN, Y14V ARNABE
ICLELNSEH IR, MERO/EEELET
BEMEROEARE & LI EAE TR
L, +#>5 -8 -#Ps+8071 VA
RNAZ#BEEHEL, Yy ZARZED
BridEr) TERCHFRCLER-HEHK
i, BoILY A VAMFEER LRI
HEahatEXONRS. #4207 4) 7id
HCVREFRHIcBWT, E¥2ihiid
FMA vy E LTHRELZBRMERS
LTWwAEEN #2615 (H61).

ZDO—MOHCVENMMREEIC BV T,
A 20740 2Dy x0T AABREEEET
% CsA%#it+ 5 DEBIO % ¥ DK A F1E
Ta2E BRELTRELESOHTNA A
FERIN, HCVIZ Y 4 VAN FEHET 5
S EHTER2LLD, RNAMIBIZEFILET S
CEikA(E62). Y4707 4) YHEE
HOEEBFEICZO2VWTIR, WEZ+asEs
hTse?, SEOMRBIHLNELIAT
HLrH EBLREANMERD 2w
DEBIO™ %> NIM811%5% 44 # 0 Z#") »
DOEVioe 4 207 4 1) ¥ HEHAHHCV
WAl BROICHMT LD, BRIGH
IR ETfENF LTV S

H4407 4 U VESEFIDEBIO
(] =3¢]

DEBIO-025 i RAEMSIER O %2 v ¥ £ &
u74HEERT, 200651k L& THCV
WMMERNHTHLARES LY, HCVE
A G2 Y ADOERTH IFN L OHERRLE
HETEFBEINLY. BEPCKE PO
18 ¥ CE JF & |2 & § % DEBIO-025 D i 8
(Phasell) 5475 75 9%, BERFEEML
L7=%HTH A 2 & 25 BHTIEHBEIME
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a3 12 pts per arm
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E -4.0 1
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{ [JPeg-IFN+placebo

[ peg-IFN+DEBIO 200 mg

W Peg-IFN+DEBIO 600 mg
M Peg-IFN+DEBIO 1000 mg

[7]DEBIO 1000 mg

(Flisiak et al, EASL 2008, oral)

E7 DEBIOOZ L PEGA ¥ #—7 =0 X ESEOHEFNE(G1 BE, Day29)
200848 EASL (European association for the study of the liver, M F M F & B ) OHE T 2
DEBIO-025 @ 600 ~ 1,000 mg/ H#: 5 & PEG A y&#—7z0 OEBIZE HEMHREFEL R
LIEMEmESR B{ERIZ1000mg/ B SBT24 AP5AIK3.1~81mg/dlOWEY
Vo mES &, G THRACPISHWLA L5, (Flisiak et al, EASL 2008, oral)

W ENFEEA, REBLHGFTE 2EH
D1oEELZLND,

B AL HCV/HIV3E B B 35 (2 4§ 4 DE-
BIO-025 D %) R A Flisiak 5 12 £ W #ME 2 h
7= DEBIO-025% 1,200 mg/ B, 14 HMH
HANREELIOADBEELANDOT T EFE
BCHITE L Tw 34, DEBIO-0254% 55
TI2FH -363log, MAT-437logD ¥
4 WARET 2%, DEBIO-025#&5HD3
TR M i s HOV o — B R {L % &
7=. BfERE LTit, 15A(789%) TR
MY A EAHBL L1225, SR TERESS
ICHEENEICEE LA EhE, SEDOHR
¥ (1 Genotypel, 3,4 Tdh o /o8, —REfY%
HCV (LA S 6 LRI 3 o0 =T El
1% FoThonbiEENLTEY, RMEF
BICLTHRIMFTCELI LR EN
i

2008 4 EASL (European association for the
study of the liver, BX | Ff B %= & 3 ) T %,
Genotypel {213 % DEBIO-025 & Peg-IFN ff
HftEzo2wT, BE54OAEOKRETOYE

CoEMENL SN (ET). %iko Fisiak
b0 TH 4D, DEBIO-025# 5 & 600-
1000mg/ B E PEGIFN#8FE+ A2 k12 X
DHMERSFBEND LS. EIIEAIZ200
~600 mg/ HSHTRHTI L RKELRAST
0, 1,000mg/ B EHARESHTEIAUAN
$F5AI231~81mg/dIDBE ) V¥ ¥ IMFE
ERIH, EREETH EPhICSELLL
v, SEOH#E TS DEBIO-025 Bk S
BTG PegIFN HHEIEWBEDTA VA
HOBETAATED, FA/ERbEHL Lo
W EMG, 1PN EREZ /MR
225 W &~ DEBIO-025 H 8 i 8 |- MR A°
#HTh SHoOEFROMAEL, BRGHRYD
BOBIFH-nsLIATHD.

8] =00

Peg-IFN & ribavirin D fF #EEIC L D, B
# 81 & b7z Genotypel 87 4 L A RODFE
ATLEHEIIH0% L THHFTELE)
izl ofodt, TOEDHEIEIY A NVAORETF
MEPTANARTRE(RLY, 2 ER
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EHEREE LTRSS Nn2Z L1225
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Targeting Lipid Metabolism in the Treatment
of Hepatitis C Virus Infection

Fumitake Amemiya,'* Shinya Maekawa,'» Yoshie Itakura,' Asuka Kanayama,' Akira Matsui,' Shinichi Takano,'
Tatsuya Yamaguchi.' Jun Itakura,’ Takatoshi Kitamura,' Taisuke Inove,' Minoru Sakamoto,' Kozue Yamauchi,'
Shunichi Okada,' Atsuya Yamashita,’ Naoya Sakamoto,” Masahiko ltoh? and Nobuyuki Enomoto’

First Department of Intemal Medicine and *Department of Microbiology, Faculty of Medicing, University of Yamanashi, Yamanashi, and

Department of Gastroenterology and Hepatology, Tokyo Medical and Dental University, Tokyo, Japan

Recently, microdomains of organelle membranes rich in sphingomyelin and cholesterol (called “lipid rafts”) have
been considered toact as a scaffold for the hepatitis C virus (HCV) replication complex. Using the HCV cell culture
system, we investigated the effect of myriocin, a sphingomyelin synthesis inhibitor, on HCV replication. We also
investigated the combined effect of myriocin with interferon (IFN) and myriocin with simvastatin. Myriocin
suppressed replication of both a genotype 1b subgenomic HCV replicon (Huh7/Rep-Feo) and genotype 2a infec-
tious HCV (JFH-1 HCV) in a dose-dependent manner (for subgenomic HCV-1b, maximum of 79% at 1000
nmol/L; for genomic HCV-2a, maximum of 40% at 1000 nmol/L). Combination treatment with myriocin and TFN
or myriocin and simvastatin attenuated HCV RNA replication synergistically in Huh7/Rep-Feo cells. Our data
demonstrate that the sphingomyelin synthesis inhibitor strongly suppresses replication of both the subgenomic
HCV-1b replicon and the JFH-1 strain of genotype 2a infectious HCV, indicating that lipid metabolism could bea

novel target for HCV therapy.

Hepatitis C virus (HCV) is a major etiologic agent of
liver diseases, affecting 170 million people worldwide
[ 1]. Fifty-five percent to 85% of acute infections become
persistent [2], and at least 209 of patients with chronic
HCV infection progress to cirrhosis within 20 years [3].
With therapeutic advances, including the recent combi-
nation of pegylated interferon (IFN) plus ribavirin, half
of patients can achieve a sustained virologic response
|4]. However, the remaining half cannot clear the vi-
rus, demonstrating a strong need for HCV-specific
therapies,

Positive-strand RNA viruses replicate intracellularly
on certain membrane structures, including the endo-
plasmic reticulum [5], the Golgi apparatus [6], endo-
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somes, and lysosomes [7]. During replication, RNA vi-
ruses form distinct replication complexes made of
several membrane compartments and viral proteins [8].
In HCV, the membranous web (consisting of vesicles in
a membranous matrix) has been described in the cellular
matrix of HCV replicon—harboring cells [9, 10}, This
membranous web is considered to be the HCV replica-
tion complex, consisting of viral and host proteins.
Recent studies suggest that the HCV replication com-
plexes are formed on lipid rafts (which are detergent-
insoluble microdomains of intracellular vesicular mem-
branes rich in cholesterol and sphingolipid) [11-13]. It
has been reported that viral nonstructural proteins and
both positive- and negative-sense HCV RNAs were lo-
calized distinctively in a fraction of lipid rafts when sub-
genomic HCV replicon cells were subjected to mem-
brane flotation analysis [12]. On the other hand, recent
studies have demonstrated that agents related to lipid
metabolism affect the replication of genotype 1 HCV,
Leu et al. [14] reported that polyunsaturated fatty
acids exerted strong anti-HCV activity on a sub-
genomic HCV-1b replicon. Moreover, 3-hydroxy-3-
methylglutaryl coenzyme A (HMG-CoA) reductase
inhibitors (statins), which prevent cholesterol synthe-
sis, have been shown to suppress replication of ge-
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nomic and subgenomic HCV-1b replicons [15, 16]. Even
though the precise mechanism has not been defined, these
agents may attenuate HCV replication through the destruc-
tion of lipid rafts, according to their pharmacological actions.
If this is the mechanism, sphingomyelin, the remaining and
essential component of lipid rafts, might play a role in HCV
replication. With this in view, recent studies have demon-
strated that a sphingomyelin synthesis inhibitor attenuated
the replication of a subgenomic HCV-1b replicon in cultured
cells [17] and the replication of genomic HCV-1 in a chimeric
mouse model [18]. However, investigation of anti-HCV ac-
tivity in these agents has been limited to genotype 1 HCV, and
the combined effect of these agents has not been determined.
If they do not target the HCV structure itself but exert their
antiviral activity through destruction of the host's lipid raft, it
would be plausible to speculate that they might be effective
irrespective of the viral isolate, and the combined effect of
these agents might be additive or synergistic.

In the present study, we investigated the role played by the
sphingomyelin synthesis pathway and the mevalonate pathway
in HCV replication, using a subgenomic HCV-1b replicon and
the particle-producing cell culture HCV 2a model of JFH-1
HCV [19].

MATERIALS AND METHODS

Cell culture and HCV replicon. The human hepatoma cell
lines Huh7 and Huh7.5.1 [20] were maintained in Dulbecco’s
modified Eagle’s medium (Sigma) supplemented with 10% fetal
calf serum at 37°C in 5% CO.. The subgenomic HCV replican
used was derived from Rep-Feo (genotype 1b) [21, 22], and a
full-length genomic HCV RNA was derived from genotype 2a
JFH-1 HCV [19]. Subgenomic or genomic HCV RNA was syn-
thesized from replicon cDNA-harboring plasmids (pRep-Feo
and pJFH-1) by means of T7 polymerase (RiboMax Large Scale
RNA Production System; Promega) and transfected into these
cells. For the subgenomic replicon, cell lines stably expressing
the replicon were established (Huh7/Rep-Feo) in the presence of
500 pg/mL G418.

Reporter plasmids and luciferase assay. pISRE-TA-Rluc
expressing the Renilla luciferase reporter gene under control of
the IFN-stimulated response element (ISRE) was constructed by
replacing the firefly luciferase gene with the Renilla luciferase
gene of pISRE-TA-Luc, purchased from Invitrogen. Luciferase
activity was quantified using the Bright-Glo or Dual-Luciferase
assay system (both from Promega) and a luminometer (AB-
2250; ATTO). Assays were performed in triplicate, and the re-
sults were expressed as mean = SD percentages of the control
values. QuantiLum recombinant luciferase (Promega) was used
as the positive control for the analysis.

Reagents. The reagents used included myriocin (Biomol),
IFN-a 2b (Santa Cruz Biotechnology), phytosphingosine hy-
drochloride (Sigma), 2-hydroxypropyl-B-cyclodextrin (2-HP-
B-CyD; Sigma), and simvastatin (Cosmobio).

Northern blotting. Total cellular RNA was extracted from
cells by means of Isogen (Wako). The RNA was separated by
denaturing agarose-formaldehyde gel electrophoresis and trans-
ferred to a membrane from a NorthernMax kit (Ambion). The
membrane was hybridized with a digoxigenin-labeled probe that
was specific for the nonstructural replicon sequence. The signals
were detected in a chemiluminescence reaction by using a
digoxigenin detection kit (Roche) and were visualized by using
an LAS-1000 imaging system (Fuji Film).

Western blotting. Ten micrograms of total cell lysate was
separated using NuPAGE 4%-—129% Bis-Tris gel (Invitrogen) and
was blotted ontoan 1 bilon polyvinylidene difluoride mem-
brane (Roche). The membrane was incubated with an anti-core
monoconal antibody (MAb; Affinity Bioreagents), an anti-NS3
MAD (Virogen), an anti-NS5A MAb (gift from Burckstummer,
Robert Koch Institute), or a anti-f-catenin MAb (Sigma). De-
tection was done in a chemiluminescence reaction (ECL; Amer-
sham).

Dimethylthiazol carboxymethoxyphenyl sulfophenyl tetra-
zolium (MTS) assays. To evaluate cytotoxicity, MTS assays
were performed using a CellTiter 96 Aqueous One Solution Cell
Proliferation Assay (Promega), in accordance with the manufac-
turer’s instructions.

Thin-layer chromatography (TLC). The lipid fraction of
cells treated with myriocin was extracted using the method of
Bligh and Dyer [23), and total lipids from the cells treated with
myriocin were extracted with 3 mL of chloroform. The extracts
were spotted onto silica gel TLC plates (Merck) and were chro-
matographed with chloroform-methanol-water (65:25:4 [vol/
vol/vol]). The plate was visualized with a molybdenum spray.

Real-time reverse-transcription polymerase chain reaction
(RT-PCR). TagMan RT-PCR targeting the 5' untranslated re-
gion was used for the quantitation of intracellular genomic JFH-1
HCV RNA. The sequences of the sense and antisense primers and
the TaqMan probe were 5-TGOGGAACCGGTGAGTACA-3', 5-
CTTAAGGTTTAGGATTCGTGCTCAT-3, and 5'-(FAM)CAC-
CCTATCAGGCAGTACCACAAGGCC(TAMRA)-3,  respectively.
The method has been described elsewhere [24].

Short interfering RNA (siRNA) analysis. The sequence
encoding the LCBI subunit of serine palmitoyltransferase (SPT)
was selected as the target for siRNA (sense, 5'-AACAA-
CAUCGUUUCAGGUCCUTT-3'; antisense, 5'-AGGGCCUG-
AAACGAUGUUGTT-3'). siRNA targeting enhanced green flu-
orescent protein (GFP) was used as the negative control (sense,
5'-CUUACGCUGAGUACUUCGATT-3'; antisense, 5-UCG-
AAGUACUCAGCGUAATT-3"), (Underlined letters indicate
deoxyribonucleotides.)
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