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BAGBR I EEMNE (IFREFREE R IEEZE)
IR SR e &

~A 7 v RNA ZAER) & L2 B0 C BURTR U 1 /L R I BRI D B 3

MEREKE  EL - EMNERBEENZERT VA LVRETE EEMEE

WIS « RAFFETIE. ~A 27 ZRNA (miRNA) 2575 =R F 212/ & U2 SR FLCRUT
RUANVAHVIBFIEDOHEEZ B L Lz, £D7=HIZ(1) niRNAZER) & U725
B & LC. miRNAPRE Al trypaflavine (TPF) 2 & 2 HCVAESNHIZh R OMREE, (2) miRNA
LIS OHCVERIEIEIZ D 5 B EEFARE L, I EERE L2FHCOVAI D Y
— NMEEWOEE., & FEIR 2o T, HEMIAIZIY Y TTPFIIniR-122 & argonaute?
OB Z MRS E D Z LICK VHOVEIRRZBE T 5 Z L B RR ST, F 7ok
MHCVEL FREAR WAL U —= 702 X 0 | TPF & IXRIRH O & £ & E2HTHCY
VERZ BT RS FILEMIELNTZ, T ® 5 Hhalopemide [ 15 &+
phospholipase DEZFHET 2 Z LIZ X VHCVEAHIBREZHETH Z &, MA026/3/8Y:
BT E D=2 THDHclaudin-1LIEETH I LICKVHOVRAZIRET S 2 &,
SCY-635THCVIEYLMARIZ BT BPKRY VE{LDFRAEEZ N LicA v H—7 = a U T
EETREOBREFICLVHVL RV EFTSHA 2 ERHALNE o7, U Ok
RIIFHCVAIORIBEIER & R 57 B ERFB RO EZENLT5 U — FbE
MERTT2bDOTHY FRTHCVABIRICAARMRAZRET 20 TH D,

A HFREEW

C BUFF4% 7 A L & (HCOV) R Y 1T A IR
BUWTK 100 FAFET D EHES LT
%, HCV {5 & L CIBEE CEITRTA
VA= xurk YNEY COMFREEIC
Mz 7a77—E8RERPHANGTNDS
25, TS OIREEIIHCY BaFRIc k-
THENERBZE, AV F—T
— A DIRFEETIIFRICEWER S RIEIC 2 5
&, TuT T —BHRERNCK LTI EA]
MET A NV ADOHBNREETE RN &M
B, FTZRPLHCV BERRD DTN D,
IR HI®R G O EAIMME D 4 VX HE
EFRRT H701ICIE, BERFEENE L
TTIREERERNEECTH D, AFFETIE~
A 71 RNA (miRNA) EDOfE ERFEZIER &

L7 BTa RO L BEE9, niRNA 1
2B EELRTFRALHAG T 5/ 5+
RNA TH Y FHATIRIC HFEL T % miR-122
IXHCV OB RN F L LTRSS TR Y,
HRANTOHCV 7 ) 2ERZ R RET D,
TIVE CITHFRREFIT S EIE72 niRNA
BEOBEFVA Lo TRE R ES T
EIC L VAETEZAZ L 2D TR LT,
2 CAMSE TIXE T miRNA HEERHE I &
% HCV B &L %2 B 48 L CZ @ miRNA [HE
HITPF Z W fEiT 28279, £
EIIBIOBLHCY fER 28 T 2 LA %R
T 5, BoNTALEHDHLHCY 437 A 1 =
AL ERZ /25 Z &2 X v, 1 HCV
HOAIFAZR & 72 5 FiiiE E R T ORE %
B¥E9



B. WFFITIE

(1) miRNA PREFNC X 5 HCV #HERLmE /e
A B =X LORENT

HeLa #RIZ A miR-122% F T v A 7 =
7 3a v Lz, invitro &k L7z HCV &
EFRIbBRNAZ = L7 haRl— g v
TEAL, HCOV 7 HDEEDERRICITD
TV AHHMZ G418 1000pg/ml TER L
7o 3 HERRICAZERTCMREZ URE
WA FVy NTHRETHZ EITE D HCOV
7 DERIEMZ FH U T, 72 AGO2 (%)
TAsiRNAZ F T A7 27 v ar Ll
fald 5 ik TPF LBl 2 WD Z LT &
V. AGO2 DR ZRRAELT-, F£7- TPF Z4L
L7, HOV v 77U 2 %F 55 Huh-7
Fadio> HCV RNA B L ONF /37 B % real
time RT-PCR IEB LA A/ Ty MEZR
FAWTHENT U7z, F MBS ARIRI © 4 F
b miR-122 Mz, ARV RTEV Y
b — XS D AGO2 A L/ T H Yy
METHRHETDZ LI2LD, niR-122 &
AGO2 DG & w -l L7z,

TPF ik & LT Sigma-Aldrich £ Y i
AL 8 EOawznic, 11y
U EME, REAAMLVY T 2T —F
(Flue) ., WIS ABZTNVY T =T —F
(Rluc) 3 X O'Fluc iz x4 % shRNAREL 75
ZIRERMNFTUAT7 =7 v a vy Lichilds
FANTUR—F—T &AL %170 Fluc &
Rluc 12 & D Blo I EOMMEIC LY EE
Lz, 7 HCV S 7 HERNT, Fluec 2H7
HHV VY arvERWEZVR—F—T
AL VREE LT,

b MATHIM A BHE L7 uPA TG/SCID < ¥
A~D HCV EEIE (BR) 7 == 7 ANA

FOEHRET T N a— B o7, HOV G
#%. MmH HCV RNA &% 1x10° = &°—/ml B |k
TERE LRI ACF 0.5 mg/kg & RS
T1H1[E 2EEARE L, 61228
M2 & IC ACF B 5 &% BRI R S 4.8
mg/kg D 2 WG ETBI o, ¥V
A~OFMEE, AEREBICLFE M7
NTIVEBICIVFEMLUE, Fizlsf
HCV RNA % real time RT-PCRIECTEET D
LR VAN ANROFEAE T,
F7. 1) ACF & ddY v 7 AffE% invitro
TEA L. 37°C T30, 60, 120, 180 47fH
A ¥ aX—3 g %O ACE EEE, 2) ACF
20 ug/body % ddY <=7 AT 5L, 5, 15,
30, 60, 120 2y DI H I L OWFHEA ACF
JBEE % | BOE-HPLC s KW HIE LT,

(2) miRNA LISFDTE ERERY A & -DOHL HCV
U — FMbaDRE

HCV RNA %3 A L7 Huh7-25 #fEIZ/LE
W& 72 BEEALER L B BTEH  HOV R
hifZRIETAZ EIcE b, FRENDIE
AW DN RRYRE HOV FEAEI G- 2 B B 2 il
L7z,

Huh-7.5.1 #MA2 -~ siRNA # A2 (X
lipofectamine RNAiMax % FV 7=, F 7z HCV
core B RIBEEFESERANITRT
< — 1 — DRI BT SE RREIC L Y
B Uz,

MAO26 DIEEIEHIA Y U —=2 71T,

MA026 FEAM(L LT L — BT

IRTFRIATZV—ERPETH7 77—
VERWET 7 —UT 4 AT VA EE D
7o MAO26 & claudin-1 & DFEAIXRE Y
Z R AR X0 FRHl LT,

SCY-635 ALEAIMNC 331F B 1SG15, MxA,



PKR. U &L PKR,eIF2a, U L B2k eIF2a,
HCV core. actin # V' XZEiIA L/ T 1
v METHRH L,

C. WFEEHER

(1) miRNA FHEANC & 2 HCV R
A T =X DM

1. HCV 8Lz 331 % argonaute 2 (AGO2)
DE|

NFEME miR-122 FELDNE & A E 72V Hela
AL TIE HOV B2 L BRD HOV &7/ K38
MRFLEALRLNBRWVWAE, T
miR-122 ZBEIRETLHZLITEV T/ A
BREMENERIC ER L, Z DR AGO2
IZxHd 5 siRNA ZRpGEAIICALE 5 Z LI
I EFLZHVERPREIETTSZ
EMFTED BT,

2. TPF T & % HCV B O P

miRNA PRZEH] TPF ZALBE§ 2 Z LI kY
HeLa HEREIZ 31T 5 miR-122 {K7FHY HCV £ 8
DSEA Uiz, E 72 [FERIZ TPF T & - T Huh-7
HBEAOL 7Y o AEELED L,

3. TPFIZ X % miR-122 & AGO2 DfiF#
HCV L) =t AR TPF % 403 U7 BR
®. miR-122 & AGO2 DFEAMN ED L D ITE
ELTWBNEFNTZ, EOREFR. TPF 4L
I LV miR-122 & AGO2 DFEA A EET L T
WA Z & E2H HCV 2R % b 72780 TPF
FHERTIXZ OMBER R SN2 &R
iz,

4. TPFIZ K 5 HCV BRR AT » S DRZE
TPF 3 HCV AJERND ED AT v 7% ]
ETAONE AV V7Y 2 E RO TRENT
L7z, FOfEE., TPF % HCV RNA ZEMEIC
IR E RBAIEE 2 Mo T2 D8, HOV FAER

BXOFNICE < RNA B Z K& <Mfl L
77

5. X BIZHLHCVEIR D=\ miRNA FHE A
DERFR

miRNA ¥4 Lo v 7B L OVHCY 7 A
BRA~OZNRE, 8 D TPF FEMKIZT
WTHERTZ, 2 B0 5 H 1 FEEED TR, 2
FEEANHRRE S L <159V shRNA FHE 1
Vv TIMEIRER LT, iRV
A Vv TR AR OFEEIT. B
2OV 7 MBI 2R LTz,

6. in vivo HOV EYLRITISIT % miRNA FH.
X DR

bt hAFHAE & B L7z uPA TG/SCID <= 7
AV HCV 2 Y S8 F D% acriflavine
(ACF: TPF & proflavine MOHH) ##57
AHZLizk v, in vivo TO ACF Dt HCV
NBEOFELZRIE LT, L LR b67%R
< L HARERIZBWCIIMm A HOV &R &
R ERD R o Tz, FLHCV RN ED
ol BINEHET H729HIZ, 1) ACF
b ddY =7 A% in vitro TIRA L ACF
BEEZR S =08, R 72 ACF IR EIRE O
BT O R Tz, LAL 2) ACF % ddY
< A ZEE L, BRI I X OHTHE
M ACF IBEZEIE L& 2 A, ACF IREIX
5. 5 5tk CREBAREICE TEEILE
THRED LT,

(2) miRNA BAAL D5 FAZAY & & -DHLHCV U
— F{LEWDRE

1. §1 HCV R E2HT HIESFILEaWD
PRIR

HCV RNA % A L7z Huh7-25 fAZIZIS1T
BHREGEHCY BEAZRIET D Z LT XD,
AV IERZETHbEMER T )V —=



7 UTe, T ORER, RS 0oV EA % 1/3
UTIETFE® DL LT 1T {LEWHR
BToiiz, TOB, Wb REETIE
EAETRS DT,

2. halopemide D18 FEMFEITER L UL
HCV {E BT D RRAT

halopemide IX HCV RNA #5513 KOSk +7&
FRICIXEEE 5252 L2 < HOV L& ®
EIIK T &% 7=, £ 72 halopemide Df5 F4ZE
F)D—->TdH 5 phospholipase D (PLD)IZ
%% siRNA Z A L7z & 25 Z OffifEh»
& DREYNE HCV BEAE DK 1/3 123 LTz,
PLD FHZEZh R % ¥ D halopemide LAS DA
W RS 5 Z 82 Ko T h REHE HCV EE
AN Uiz, £ PLDEIC X > TT v
T TRIURE R BT EDIFEESS

WH B ORI E A EEEET

F 72 OB, HCV core Z U /R EN TN
WERBLTWDZ BRI,

3. MA026 D15 EAERI[FE E I L Ut HCV 7
FABE P DFEYT

pseudomonas & U i SN FHRRE
BALA) MA026 25 HCV R AZPREFE T2 2 &
% JBEYE HOV R FEEAE R THI B M LT,
MAO26 DABEMYF%5 77—V T 4 AT LA
BIZE VR LIZE Z A, MA026 FEAALS
E L THBEEINETTF FEAID—273,
claudin-1 O#MpESNAN—T LHHFEMEEZF L
TWre, SHICEmTS T XAEHRFIZLD
MAO26 & U v e b claudin-1 # 2%

7 B OREE B STz,
4. SCY-635 DA V¥ —7 = v HRBEIEH
Ve DT

SCY-635 Z #LBE L 7- HCV REYLHfE Tl
ISG15, MxA 72 & IFN Fyi@{sF® mRNA

FEHREFBTH LR, ThbHDF R
JEENEMT DI ENALNE T,
F 77 SCY-635 WLERIZ L > T U Bk PKR 33
LV VER{L eIF2a DEEERME T D
Nz, Z @ SCY-635 DV ER{L PKR K T1E
Hizvra74 ) v OEEEZNAL TS
& DRI X T,

D. B

PLE® X 512 miRNA FHLZEA| TPF 1
miR-122 & AGO2 Z RS ¥ Z Lic kv £
(2 HOV BRR 23035 Z & SR S v Tz,
ZAUZ XY TPF 1% miR-122 {K7EHY 72 HCV &
B T OB HOV R FRE A 2 IR T S H 72,
L2>L72R25 6 TPF i3~ U A RN THEe»
WAE - B ESD EEB 2, 20D
in vivo HCV ¥~ 7 AET VIV THE
FIRBUHCY RIIRBD 2o Te, 51
{ENETRE S E (L S u7z TPF 53R D[R E
NRD BB,
—JFARMFFEIZ BT, miRNA PREHI &I
BIFRFEOFLHCV A2 ZHIFE Lz, Zhh
® 9 B halopemide X HCV i HIBFE % \MA026
I HCV B A AR L, SCY-635 1% IFN 2 k&
% HCV HEBROREDREZ A LT\, Zh
5 ObEW E RV RREHT & Y 183 PLD X
2V H 6 O HCOV ik & fl#E T 2"+ Th
HZE, a7 4 VL PKR Y VER LA
IS5 2 212X v IRN FiEr R %
BT D2 e RSN, T bB
X O claudin—1 1 3ES FALEY O T8 EAEM
LRV BE EEX DI

E. #&@m

PLE®D X D IZAMFZETiX, miRNA LISMC
BIEEN L2V B EERFRBLUINNE
EE35) —RMegaRELEZ, Zh
IZHCY RO I EIERAT v FBLY



ZEHET 5 ERWF MRS FLEY D
R L UCHERE L, HCOV ATRREREZERN
ETOHUANAAIFBRFARETH D Z &
ERBRTHLDOTHDH, Fohizl— Nk
EMEEFELTHILICED, FREREIES
Nz ERTF L AT 2R FLEWEH
TR V== 752 itk #Hik
ZRPLHCV AR RIETCE 5 L #HifEEn 5,
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Introduction

Cyclosporin A (CsA) possesses immunosuppressive effects and is
widely used for allogeneic transplantation [1]. These therapeutic
effects of CsA, in particular downregulation of interleukin 2 (IL-2)
production by T cells, are considered to be responsible for the
suppression of immunological events via cellular immunology
[2,3]. Its mechanism is widely believed to include CsA binding to
its primary cytoplasmic receptor cyclophilin A (CyPA). This CsA/
CyPA complex inhibits the phosphatase activity of calcineurin,
which is essential for the activation of nuclear factor of activated T
cells (NFAT) transcription factors and their downstream cytokine
production [2-5]. The cyclophilins (CyP), identified as cytoplasmic
receptors for CsA are a family of peptidylprolyl cis-trans
isomerases (PPlase) and include more than ten subtypes [6-8].
Recently, it was reported that several CyPs regulated hepatitis C
virus (HCV) replication; CyPA binds to HCV NS5A and NS5B
proteins. CyPB also interacted with HCV NS5A and NS5B [9—

@ PLoS ONE | www.plosone.org

11]. The interaction of CyPB stimulates the RINA binding activity
of NS5B. These viral-cellular interaction mechanisms were
revealed by a chemical biological analysis focusing on an anti-
viral characteristic of CsA. However, it has not been fully
understood how a series of CsA-target proteins regulate HCV
replication. We obtained the data suggesting the possibility that
CsA target factor(s) other than CyP family also modify HCV
replication.

To exploit a novel drug target is a challenging but a powerful
strategy to elucidate unknown aspects of cellular physiology that
are modified by the compound. In this study, we identify a CsA
binding factor by a phage display method. There are various
methods to isolate targets of small molecules. Most of the methods,
however, require tagged small molecules for screening to separate
the drug and protein complex. The steps to synthesize tagged
small molecules are technically limited in the case of complicated
molecules such as CsA. To overcome this limitation, we recently
developed a labeling method that can be theoretically utilized for
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