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Fig. 4. BiFC assays of Cardif and NS4B. The complementary pairs of N- or C-terminally mKG-fused NS4B and Cardif expression plasmids were
cotransfected in HEK293T cells. After 24 hours, the cells were fixed and observed by confocal microscopy (A) or subjected to flow cytometry to
measure mKG-emitted fluorescence (BiFC signal) and to count BiFC signal-positive cells (B,C). Plasmids expressing p65-mKGN and p50-mKGC
individually were used as a BiFC-positive control and plasmids expressing N- or C-terminally mKG-fused Rluc were used as a negative control. The
letters N and C denote complimentary N- and C-terminal fragments of mKG, respectively. Assays were performed in triplicate, and error bars indi-
cate the mean = SD. Scale bars indicate 10 um (A). *P < 0.05 compared with corresponding negative controls. (D) Plasmids expressing mKG
fragment-fused STING or NS4B were transfected in HEK293T cells. After 24 hours, the cells were fixed and immunostained with anti-mKG antibody.
Mitochondria were stained using Mitotracker, and nuclei were stained with DAPI. Cells were observed by confocal microscopy. Scale bars = 5 um.

NS4B-N, and C-Cardif and N-NS4B (Fig. 4A,B). The
percentage of cells positive for BiFC signal increased
with the combination of N-Cardif and NS4B-C, and
C-Cardif and NS4B-N (Fig. 4C). Fluorescence micros-
copy indicated that mKG-Cardif, but not Cardif-
mKG, was partially colocalized with mitochondria,
possibly due to disruption of mitochondria anchor

domain by C-terminal fusion with mKG (Fig. 4D).
These results indicate the lack of significant molecular
interactions between NS4B and Cardif.

Binding of NS4B to STING Blocks Molecular
Interaction Between Cardif and STING. It has been
reported that STING binds Cardif direcdy,20’22 Thus,
we hypothesized that NS4B, through a competitive
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Fig. 5. Binding of NS4B to STING blocks molecular the interaction between Cardif and STING. (A,C) NS4B expression plasmid was cotrans-
fected with STING or Cardif expression plasmid into HEK293T cells (A) or Huh7 celis (C). After 24 hours, cell lysates were subjected to immuno-
precipitation using anti-HA or anti-Flag and were immunoblotted with anti-myc. (B,D) Cardif and STING expression plasmids were cotransfected
with various amounts of NS4B piasmid in HEK293T celis (B) or Huh7 cells (D). After 24 hours, cells lysates were subjected to immunoprecipita-

tion using anti-Flag and were immunoblotted with anti-HA.

interaction with STING, may hinder the direct molecu-
lar interaction berween Cardif and STING. To verify
this hypothesis, we performed immunoprecipitation
assays. First, we transfected plasmids that expressed
NS4B and Cardif, or NS4B and STING, in HEK293T
cells or Huh7 cells, and performed immunoprecipita-
tion. NS4B strongly bound to STING in both
HEK293T cells and Huh7 cells, suggesting specific mo-
lecular interactions, whereas NS4B and Cardif did not
show any obvious interaction (Fig. 5A,C). Consistent
with previous reports, STING and Cardif showed signif-
icant interaction (Fig. 5B,D). Interestingly, those interac-
tions were decreased by coexpression of NS4B, depend-
ing on its input amount, and finally blocked completely
in both HEK293T and Huh7 cells (Fig. 5B,D). Collec-
tively, the results above demonstrate that NS4B disrupts
the interaction berween Cardif and STING possibly
through compertitive binding to STING.

Effects on HCV Infection and Replication Levels by
STING Knockdown and NS4B Overexpression. We
next studied the impact of STING-mediated IFN pro-
duction and its regulation by N§4B on HCV infection
and cellular replicaton. First, we wansfected three
STING-targeted siRNAs into Huh7/Feo cells (Fig. 6A).
As shown in Fig. 6B, STING knockdown cells conferred
significantly higher permissibility to HCV replication.
We next transfected HCV-JFH1 RNA into Huh7 cells
that were transiently transfected with NS4B. As shown

in Fig. 6C, HCV core protein expression was signifi-
cantly higher in NS4B-overexpressed cells. Furthermore,
HCV replication was increased significantly in Huh7/
Feo cells overexpressing NS4B (Fig. 6D). Taken to-
gether, the results above demonstrate that STING and
NS4B may negatively or positively regulate cellular per-
missiveness to HCV replication.

The N-terminal Domain of N54B Is Essential for
Suppressing IFN-§ Promoter Activity Mediated by
RIG-I, Cardif, and STING. It has been reported that
the N-terminal domain of several forms of flaviviral
NS4B shows structural homology with STING.?* We
therefore investigated whether the STING homology
domain in NS4B is responsible for suppression of
IFN-f production. We constructed two truncated
NS4B expression plasmids, which covered the N ter-
minus (NS4Btl-84, amino acids 1 through 84) con-
taining the STING homology domain and the C ter-
minus (NS4Bt85-261, amino acids 85 through 261),
respectively (Fig. 7A). Immunoblotting showed that
NS4Bt1-84 and NS4Bt85-261 yielded protein bands
of ~9 kDa and ~20 kDa, respectively. Aberrant bands
in the truncated NS4B may be due to alternative post-
translational processing. HEK293T cells were trans-
fected with ARIG-1, Cardif, or STING, and NS3/4A
or the truncated NS4B, along with IFN-f-Fluc plas-
mid, and a reporter assay was performed. NS4Bt1-84
significantly suppressed RIG-I, Cardif, and STING-
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Fig. 6. Effects on HCV replication levels by STING knockdown and NS4B overexpression. (A) Effects of SiRNA knockdown of STING by siRNA.
Huh7 celis were transfected with STING-targeted siRNAs (siRNA STING-1, -2, and -3, respectively) or negative control siRNA (siRNA NTC). Sev-
enty-two hours after transfection, cells were harvested and expression levels of STING protein were detected by immunoblotting. (B) Huh7 cells
expressing HCV-Feo subgenomic replicon (Huh7/Fe0)®"?® were transfected with STING-targeted siRNAs or negative control siRNA. Seventy-two
hours after transfection, cells were harvested, and internal luciferase activities were measured. The y axis indicates luciferase activity shown as a
ratio of transfection-negative control. Assays were performed in triplicate, and enor bars indicate the mean + SD. *P < 0.05 compared with cor-
responding negative controls. (C) Empty plasmid or plasmid expressing NS4B was transfected into Huh7 cells. After 24 hours, HCV-JFH1 RNA
was transfected into these cells. Seventy-two hours after virus transfection, HCV core antigen levels in culture medium were measured. Assays
were performed in triplicate, and error bars indicate the mean + SD. *P < 0.05 compared with corresponding negative controls. tf(—), transfec-
tion-negative control. (D) Huh7 cells expressing HCV-Feo replicon (Huh7/Feo)*"?® were transfected with NS4B expressing plasmid or empty plas-
mid (pcDNA). Forty-eight hours after transfection, internal luciferase activities were measured. The y axis indicates luciferase activity shown as a
ratio of the transfection-negative control. Assays were performed in triplicate, and error bars indicate the mean + SD. *P < 0.05 compared with
comesponding negative controls.

induced IFN-f promoter activity, whereas NS4Bt85- that both NS4Bt1-84 and NS4Bt85-26 colocalized
261 did not (Fig. 7B). These results suggest that the with ER and STING (Fig. 7C).

N-terminal domain of NS4B is responsible for associa- NS4B Suppresses IFN Production Signaling Coop-
ton with STING. Fluorescent microscopy indicated eratively with NS3/4A. It has been reported that
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Fig. 7. The N-terminal domain of NS4B is essential for suppressing IFN-f promoter activity induced by RIG-I, Cardif, or STING. (A) Immuno-
blotting of NS4B and truncated NS4B, NS4B t1-84, and NS4Bi85-216. HEK293T cells were transfected with NS4B or truncated NS4B. After 24
hours, the cells were lysed and immunoblot assays were performed. The band indicated by the pound sign (#) is a truncated NS4B, probably
generated via alternative postiransiational processing. (B) Plasmids expressing ARIG-I, Cardif, or STING as well as NS3/4A or the indicated trun-
cated form of NS4B were cotransfected with plFN-f-Fluc and pRL-CMV in HEK293T cells. Dual iuciferase assays were performed 24 hours after
transfection. Plasmids expressing RIG-IKA, ACARD, or pcDNA were used as negative controls. The y axis indicates IFN-f-Fluc activity shown as
relative values. Assays were performed in triplicate, and error bars indicate the mean = SD. *P < 0.05 compared with corresponding negative
controls. (C) Plasmids expressing NS4Bt1-84-myc of NS4Bt85-261-myc were transfected with or without plasmids expressing HA-STING in
HEK293T cells. After 24 hours, the cells were fixed and immunostained. Nuclei were stained with DAPI. Cells were observed by confocal micros-
copy. Scale bars indicate 5 um.
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Fig. 8. NS4B suppressed IFN-§ production pathway independently of
and cooperatively with NS3/4A. (A) Immunoblotting of Cardif and trun-
cated Cardif (Cardif1-508). HEK293T cells were transfected with Cardif
or truncated Cardif (Cardif1-508). After 24 hours, the cells were lysed
and immunoblot assays were performed. (B) Subcellular localization of
Cardif and truncated Cardif (Cardif1-508). HEK293T cells were immuno-
stained with anti-Cardif antibody or HEK293T cells were transfected with
myc-tagged truncated Cardif (Cardif1-508-myc), and after 24 hours the
cells were immunostained with anti-myc. Mitochondria were stained with
Mitotracker (red) and nuclei were stained with DAPI (blue). Plasmid
expressing myc-tagged truncated Cardif (Cardif1-508) and plasmid
expressing HA-tagged STING were transfected into HEK293T cells. The
cells were immunostained with anti-myc and anti-HA antibodies and an-
alyzed by confocal laser microscopy. Scale bars = 10 um. (C) Plasmids
expressing Cardif or truncated Cardif (Cardif1-508) and plFN-p-Fluc and
pRL-CMV were transfected with or without plasmid expressing NS3/4A or
NS4B into HEK293T cells as indicated. Dual luciferase assays were per-
formed 24 hours after transfection. Plasmid expressing ACARD or
pcDNA was used as a negative control. The y axis indicates IFN-S-Fluc
activity shown as relative values. Assays were performed in triplicate,
and error bars indicate the mean = SD. *P < 0.05.

HCV NS3/4A serine protease cleaves Cardif between
Cys-508 and His-509, releases Cardif from the mito-
chondrial membrane, and blocks RIG-I-induced IFN-
f production. We next assessed whether NS4B sup-
presses IFN-f production in the presence of Cardif
cleaved by NS3/4A protease (Cardif1-508, Fig. 8A).
The truncation of Cardif-C-terminal residue abolished
mitochondrial localization but still colocalized with

HEPATOLOGY, January 2013

STING (Fig. 8B). The reporter assay showed that Car-
dif1-508 induced weak IFN-f activation. Interestingly,
NS4B completely blocked the residual function of the
Cardif1-508 protein to activate IFN-f expression, sug-
gesting an additive effect of NS3/4A and NS4B on the
RIG-I-activating pathway (Fig. 8C).

Discussion

It has been reported that viruses, including HCV, tar-
get IFN signaling to establish persistent replication in
host cells.” We have reported that NS4B blocks the tran-
scriptional activation of ISRE induced by overexpression
of RIG-1 and Cardif, but not by TBK1 or IKKe."? In the
present study, we have shown that NS4B directly and
specifically binds STING, an ER-residing scaffolding
protein of Cardif and TBK1 and an inducer of IFN-f
production (Figs. 3 and 5), and blocked the interaction
between STING and Cardif (Fig. 5B,D) resulting in
strong suppression of RIG-I-mediated phosphorylation
of IRF-3 and expressional induction of IFN-§ (Fig. 1).
Furthermore, HCV replication was increased by knock-
down of STING or overexpression of NS4B (Fig. 6).
Taken together, our results demonstrate that HCV-
NS4B strongly blocks virus-induced, RIG-I-mediated
activation of IFN-f production signaling through target-
ing STING, which constitutes a novel mechanism of vi-
ral evasion from innate immune responses and establish-
ment of persistent viral replication.

Our results also showed that the effects of NS4B on
the RIG-I signaling were independent of NS3/4A-
mediated cleavage of Cardif. Reporter assays showed
that a cleaved form of Cardif (Cardif1-508) partially
retained activity for the induction of IFN-f promoter
activation. The residual IFN-f promoter activation
was suppressed almost completely by NS4B but not by
NS3/4A (Fig. 8C). These findings show that there are
at least two mechanisms by which HCV .can abrogate
RIG-I-mediated IFN production signaling to accom-
plish abrogation of cellular antiviral responses.

NS4B and STING are ER proteins,”®?"*® whereas
Cardif is localized on the outer mitochondrial mem-
brane.” Consistent with those reports, our immuno-
staining experiments demonstrated that most NS4B
protein colocalized with STING (Fig. 2), and their asso-
ciation was localized on MAM (Fig. 2E). In addition to
the significant colocalization of STING and NS4B,
STING partially colocalized with Cardif at the bound-
ary region of the two proteins (Fig. 2B). Furthermore,
immunoprecipitation experiments showed that overex-
pression of NS4B completely blocked the interaction of
STING with Cardif (Fig. 5B). Ishikawa et al.** reported
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that STING could associate with Cardif by MAM inter-
action. Castanier et al.*’ reported that Cardif- STING
interaction was enhanced in cells with elongated mito-
chondria. In addition, Horner et al.*>%* observed NS3/
4A rtargeting of MAM-anchored synapse and cleavage of
Cardif at MAM but not in mitochondria. These results
led us to speculate that interacrion berween STING and
Cardif was enhanced by altering their subcellular local-
ization during viral infection and that NS4B inhibits
Cardif activation by interfering with the association
between STING and Cardif on MAM-like NS3/4A
behavior against host innate immunity.

HCV-NS4B is an ER-localized 27-kDa protein with
several funcrions in the HCV life cycle. Cellular expres-
sion of NS4B induces convolution of the ER membrane
and formation of 2 membranous web that harbors HCV
replicase complex.**> NS4B also has RNA-binding
capacity.*® In addition, several point mutations of NS4B
were found to alter viral replication activity.*>*®*” The
studies above indicate that NS4B provides an important
protein-protein or protein-RNA interaction platform
within the HCV replicadon complex and is essential for
viral RNA replication. However, there are few reports
on the involvement of NS4B with antiviral immune
responses. Consistent with our previous study, Mor-
iyama et al.*® reported that NS4B partially inhibited
dsRNA-induced but not TRIF-induced activation of
IFN-B. In NS4B-expressing cells, IFN-o induced activa-
tion of STAT1 was suppressed.*” The present study has
demonstrated that NS4B functions against the host IFN
response, such that NS4B directly interacts with STING
and suppresses downstream signaling, resulting in the
induction of IFN production.

STING contains a domain homologous to the N
terminus of NS4B derived from several flaviviruses,
including HCV. In our previous NS4B truncation
assay, the NS4B N-terminal domain (amino acids
1-110) was important for suppression of RIG-I-
induced TFN-B expression.'”” Consistent with these
results, N-terminally truncated NS4B (NS4Bt1-84)
significantly suppressed STING and Cardif-induced
IEN-f promoter activation, whereas the C terminus of
NS4B (NS4Bt85-261) did not (Fig. 7). These results
reinforce our hypothesis that NS4B binds STING at
its homology domain and blocks the ability of STING
to induce IFN-f production.

A small molecule inhibitor of NS4B has been devel-
oped and is under preliminary clinical trials.”® Einav
et al’! identified clemizole hydrochloride, an H1
histamine receptor antagonist, as an inhibitor of the
RNA-binding function of NS4B and HCV RNA repli-
cation. A phase 1B clinical trial of clemizole in hepari-
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tis C patients has been completed.”? Other two NS4B
inhibitors which are a compound of amiloride analog
and anguizole are under preclinical development.®®>*
The possibility remains that such NS4B inhibitors
may suppress HCV replication partly through inhibi-
ting the ability of NS4B to suppress IFN-f production
and restore cellular antiviral responses.

In conclusion, IFN production signaling induced by
HCV infection and mediated by RIG-I is suppressed
by NS4B through a direct interaction with STING.
These virus-host interactions help to elucidate the
mechanisms of persistent HCV infection and consti-
tute a potental target to block HCV infection.
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R1 BATOHCVICHT SHRARBRARORBRR (B E)

EROSX - EEE (BER) FREE
NS4BEEE Clemizole (Eiger BioPharmaceuticals) Phase 1
o074 ) HEE Alisporivir/Debio025 (Novartis) Phase 3

SCY-635 (SYNEXIS) Phase 2
NIM811 (Novartis) Phase 2
A5 —D T OHEE PEG-IL29 (Bristol-Myers Squibb) Phase 3
Omega interferon (Intarcia) Phase 2
Locteron (Biolex) Phase 2
Z0fth Nitazoxanide (Romark) Phase 3
Silymarin (NCCAM) Phase 3
Celgosivir (BioWest) Phase 2
DGAT-1 fHEZ /LCQO08 (Novartis) Phase 2
1dB1016 (NCCAM) Phase 2

&2 5 ADLEREA L 2 OWKTORERRERT

HCV : CBUF#R Y A 12,

(NIH DERIREERE S web YA b ¢ Clinicalirials. gov & Y #t%)

ROBEEE LTNSSBRY AZ—EICHY
35 ., chain termination i 292 &2
VT ANAYT ) LR EET 5. R
BRI NSEB Ofifit K A A CHEELARY A
S—XYEEREET S,

JERERAERY) AS—EHERLE 077 —
CHEER#, R{S5SEHCERICEFMEE
CEBFREULLIEMBHESIATED, T/ 24
T1HYANOHRIELLHEY. £/,
EROEME TS NSEB ¥ b=t
LTEEOMEZER % LB ERICEL 5.
—%, BEBRERY) A7 —CHEFIMNEEE
ZHELICLL, BROHCY 72 24 7i23d
LEE2ET 5.

PEDORBD 6, EELLSHEIIHTTER
FREBICHEAIERY A S —CHEFEZE LA
EVBREETHY, S&, FHickseBDd
Nb, KUY A S —EMHEFEEIPEG-IFN,
RBV & O ABEICIMA, i DAA L DOHF
FIFN ###% IFN % (# i L &\ DAA ZEIF
RBEEL L THEREVEDLATWL S,

AR, BB Y A S —CHEETH 3 PIS-
T9TT D ) 2 A Frici@his o4 VA
PR RS HESNFEEERITATVS,

NS5A BEE |

NSS5A Z R Z A NARWICEEBE RN A4 >
5 DERBEX/SITHY, 2BHELL
THEELEZRHFEIHRSEI AT R0, NEK
WEDISDRAAL 23R4 >2—7=
O EBEHRCEEEZ KXY ISDR (inter-
feron sensitivity determining lesion) %
PKR (48 RNA RTEE 7o 54 ¥+ —
) MERAAALE, A F—=Tz0a b
EREFH@ELO A M- ELEL, E
B, REAGOERGHENY A L AEEICK
E{HET S,

NSS5AME T & 2 BMS-790052(2NS5A
DEAA L TICHETSHEAL UTHEFS
nizbDTHY, HixDF ) X4 FDHCY
VY 2T A ERBEEG 9~ 146 pM
ThY, Tar7—CHEEDEROE L

ISDR (interferon sensitivity determining lesion)

PKR (&8 RNA BfFlE 7o 74 > &+ —4)
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I mEBRTDIDAINZEFH

LI1I0~1,000f B TCHR2HERT S,
HCV B EFICHTI2HERSICEVTHR
EHORRNLMh Y A VABDHRIBE
EhTWa?,

DAA SHif FREIEREIR

HCViCHT2HRBIREEZTLTIFN &
DOHATHTFDLIT &I, TPV, boceprevir ic
BOTHEBMBETHBICEL 2 FAEHEE
BzMABARBRBRZ2ET210, IFN &

RBV Ot ETHS. —7, IFN A H
ZVIIEHAT CRNDORL2BBDI 5 R
? DAA 2t T3 L THBEERYAI VR
DHBRZME OO, BROE VA VAgKRE
8BS otRERIEE, BREBRDPTHE R
2), i3 DAA DEKBEFRHEDS <
REEOEAMOSHFERICHILLTEDLR
w3,

BOCHEI L TuF7—HHESEE
ITMN181 £ RY AS—EHBFER7I28 D

&2 A 5—7x0UkGRE DAA SHRIGIRERHBORERS
&3 RsERRE A% (EHEN REENIE EBORR

1. Danoprevir(PRO) + RO5024048(NI) + / — RBY  Phase T
(Hoffmann-La Roche)
Phase I

2.BMS-650032(PRO) + BMS-790052 (NS5A) Phase 1

CH-C,G1(88) 2008# 118 ~2010 &Y
#£38
CH-C.G1(200) 2011528~ g8

fREEHRs) 2009%£56~7H ®T

(Bristol-Myers Squibb) Phase I (B%) -CH-C.G1(40) 2010&#£48~ 3R
3. Telaprevir{PRO) + VCH-222 (NNI) Phase 1 fBHE(30) 2009#£88 ~ 2010 @ikep
{Vertex) £18
4.Bl201335(PRO) + BI207127(NN)+/—~RBV  Phase I~0 CH-C,G1(466) 2010&£4 8~ R L)

(Boehringer ingelheim)

5.1DX320(PRO) + IDX184 (NI) Phase I
{idenbd)

6.PSI-7977 (NI) + BMS-720052(NSS5A) + / — RBV Phase I
(Bristol-Myers Squibb/Pharmasset)

7.PSI-352838(NI) + PSI-7977 (NI) + RBV Phase II
(Pharmasset/Quintiles)

8.GS-9451(PRO) + GS-9190(NNI)+ GS-5885 Phase I
(NS54) + RBV ' Phase II
(Gllead Sciences) Phase I

288520 201056 RB~8A8 ik

CH-C(84) 2011 £28~ ot Ly
CH-C(450) 2011 %98 Eigch
CH-C,G1(120) 2011 &£ 58~ S8
CH-C,G1(150) 2011 £ 98~ 285
CH-C,G1(150) 2011988~ S

ChETERESHA DAA SR, 1 r2—7zu fiARR 7o b 2 VBRRBOZERAEEZRT.
DAA : Direct Antiviral Agents, CHC : 1% CBif#, Gl : ¥/ 2471 8, PRO: FusF7—CHEEXE,
NI : BBERY A S5—LIHEE, NNI: FEEBURY A5 —CHER, NS5A : NS5A H#F3E,

RBV: Y€y >, PEG:PEGA »E—7z0’

(NIH O BRI ZE R web ¥4 b . Clinicalrials. gov & O %)

SVR (74 M ZEHHEE) SOC (standard of care)
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2. CERRK (5)CEFROIARKAEE

PR S % 2 BT > KB TI3, |A5.2
log DIty 4 N AETFHI& LA, MBS
(3 63% DEFIz MR 7 4 N ARELLED
L, HEHBPICHEEREIEHENL
ot

DAA D% { 3 HEHRTH 5 genotype 1
HCV Z EMICHRES AT 25, EAlR
- HEEMoBET, 1999 FicHmESH
?z Conl Wi+ 2 HCV genotype 1b V7
Yary - yAFLEFERALTVEY. £0O5
o, ERABRC L LSTZ{ DEAD geno-
type laBicE~N Ib BICHVWHIRZ L b,
in vitro, in vivo BB BT 3 ERIHEEREO
HEE, HEY IbBT, laBLYHALNIC
M, Zoice, BNTHES TITbh
7z genotype la # ¥k /-3 1a/2b # R
LT % DAA PR SEETE VTR,
IFN 2L V0 ERE DA L ADHBIC &
37 A T AN—H & LTS,

CheDFEREY, BRTIE DAA 2H
IFN, RBV #§F7 2 4 BlfF A, QUAD
therapy Z 723 5Bl OBRERMBED LN T
W3, —J, genotype 1 BIFEFIDIZ L AL
HIbBTHEhHBETITbOhAI TR T T —
CHHERE & NSOA HEFEMFARSHEETE,
ZIZEHIT SVR (0 4 L AEMER) %iER
Lz, —7F, #ffcsueTtdbdol
{, BAREHRERY AS—EHEE (PSI-
7977) D7 ) 24 TR BRI HRVBHES
ATHY, SBEENA L LICEEEORD
FERLOBERICEEL TV bDLALNS.

1 EEREE

BIERHEO T L L, %< O DAABKAE
ThhTBY, EROBERIBENEEE
NICHEBBE STV S, 51, FHEA
DOBFBEWMERFEBIC BV TIE, FiloCEERE
(standard of care : SOC) & & -7z TPV,
PEG-IFN, RBV3 AlfifASHEC O 2 F T
HaVvREERICHET s EUMSERI NS,

—77, DHHEIBOTIEHRICET - TR
REOFRLVETLTE D, L) OHENERE
BV, BREHFRS 7 ARRERNOE
BHfsb¥E Ehi. LichioT, IFNHEHHA
DAA ZEIGFHBEORBHBMOEITES IS
o TRBBEMBEEIARE JHKRT 5 a8l
ZHHTV 3. BARBEORE 2 BEIC AL
Ahih, HEEREROBEEBEMELALL.
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3) Pagliaccetti NE, Eduardo R, Kleinstein SH,
et al:Interleukin-29 functions cooperatively
with interferon to induce antiviral gene ex-
pression and inhibit hepalitis‘C virus replica-
tion. J Biol Chem 283:30079-30089, 2008.

4) Sarrazin C, Zeuzem S ! Resistance to direct
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previr for chronic hepatitis C genotype | in- 11) Foster GR. Buggisch P, Marcellin P, et al :
fection (INFORM-1) : a randomised, double- Four-wkk treatment with GS-9256 and Te-
blind, placebo-controlled, dose-escalation gobuvir (GS-8190), = RBV *PEQG, results
trial. Lancet 376 : 1467-1475, 2010. in enhanced viral suppression on f{ollow-up
9) LohmannV, Kéerner F, Koch J, et al:Replica- PEG/RBV therapy, in genotype la/lb HCV
tion of Subgenomic Hepatitis C Virus RNAs patients. J Hepatol 54 : S172, 201 1.
in a Hepatoma Cell Line. Science 285 : 110- 12) Chayama K, Takahashi S, Toyota I, et al :
113, 1999. Dual therapy with the NS5A inhibitor BMS-
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i & 02 N L]
HIVINRRLEEIESIM?
AN L ~BEIEFERDEHDER EEBER~
BESEINT?
HERRosro LR EE
- REAPRRER RS B rereREgE AT X &
a8 Ra

—n
e T e

A5

e

|

. BB

1. EFBELDOBHEAER
2. EEEEmEL

3. REMLEYHEEER

I. KR

1. Mk EalE
2. MARFEEE
—RAMF PR E (Febrile
Neutropenia) &/ IZ—

3. SEEE
4. HERIFEITRIE

HEBAB

5

6.

1928 MM 3,360 (&4k 3,200 +8Hi5%) #HEE
ISBNO78-4-7532-2458-6 C3047

. WEHHEE
INREIES

. ERZEDIR

1.

w

Za—F/OVFEAEELD
FEOalT

RIOOSA FRNEEHBAOES
De-escalation

. PK-PDERICET<
ANWNRRAZRPRBEEOELEFEH
2R YA oUT

B EEv—FILt
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FOL06 BEEETREEZS

;3T

THLMT ABBFREFBEITE1ESE - ZRE L2 TE 05(6202)7280{ft) FAX 06(620215285
23818 - TKiE L B 03(3265)7681{1%) FAX 03(3265)8369

URANEIEIOOTE e B8 - 255/\Y 04 VI ~BR. TEXBERA VI —RY FR—LN—Y B EHFEHTT.
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C U RIaHEEE

GHOVZOF7—EHEBEF ST L ENE, PEGA »2—7 0,
L EBR2ARREEFTI S ETE S 44 T1RCRFREREFOT 1L

%ﬁ%%%%%h&%?é
CHREEEMBICHT TS

AR

FSITLVEN

YISEY

NEEBREC 5V, BARBRAT

183~ 88% LBVEHRERT Y, IEEENHITIE 20~ 33% LEET

H5.

A B e ——

G5 SFLEAGBENOS BREAOEHC L Y EHERIEGE T, BADEE

 RKHIBHRSBETES.

ﬁﬁtﬁhﬁﬁhﬁwmﬁ

3

€ BUBIEIF 26 1E BP9 130 ~ 15075 Ao
BEPFLEL, 0% IFEE, AR
WECHIET 5 2RO ERA ths. C
TSR BHIY 4 b R, 19924810
4 vy —7zuy(IFN) a /B RS gE
HE R oTHUE VSEY S EHSEOEA
(20014F), PEGIL4 » ¥ — 7 = u ¥ (PEG-
IFN) S & 2 B 5 ool 32 (2004 45)
LGSR L. PEGIEN + U ey w6
FI48 ~ T2 B X 0. v 4 v APERERIIT
F50% I E T E LA~ bR TS
W% L PRBEIMCHLHCV Y/ 547
VEITH Y, e afHED 20 OmiRIEE
IBEBAMRRIAET B, 851, EEWL R
127 o 72 IL28BETF S M DN # 5, IFN

HCV s..ﬁ-a“amw —1’1!»2%;:‘&@

RN LZSRETEY OV AR KD T

&l BED - BT S I LA b
BoTwdbE, PEORRIY, HiL el
e BHEOMBEIBETHY, £

@ﬁ%ﬁ&(ﬁuﬂ&W%

'?ﬁiﬁ%ﬁﬁﬁ%ﬁ%

E

BAE, Wk pols, HCVEEE T 4 794
I VOIERMEIEDTNT, vA VR N
7 R EEENICT 5 XSRS N2 STATC
{Specifically Targeted Antiviral Therapy
for hepatitis C) & 7= 12 DAA (Direct Anfiviral
Agents) & I B &C’))‘L‘r‘fﬂ oW EER
BERASEIT LT3

NS3 7 w77 — ¥ % %#i B A A
T-ONSIFIRIC T — F S8 Wt #NEDy
4»%9vﬁ7%@@m?%ﬂyfm?T~
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EOSHMET D LI BB RN NS3
TOFT—-EOREERHETAI LY.
FANARY ) LOBRIZLERY RS HD
FELAIHT A N TESY, 201145 H
VST 2 O BEH], 77 7L E L E boee-
previr (Victrelis®) JUKEE S Uil £ T
L. hbAETLTF I TV ENSIRED 9 A
REBER, BMEROBBICBEAZINTHS, F
7o, “EOHR Evib i s T u T TR
B Wk cH b, TMCA35 MKT7009 (vani-
previr), BI201335® 35125 EMAAL T4 41
REBRASEAT L Twa, B ih SR B
PELELTEY, 1H 1~ 2@0RMHES T
RSB, EEE o 2 F IS A A,
BEL LRI LOE LLRER ARvE S
NnTwa,

B {BERFREASR (PROVET,

. PROVE2, PROVES Studies)

5% 7 L ¥ 0 Phase I HBISEHEE LT,

RE, BMTHBELTHCVY 2 54 718

SEAO @B ERREE LTI 7L 20,
PEG-IFN @ 22, 3 LU NE ) > 3806
Rk O ML L R BBk (PROVEL, PROVE2)
AT HNTWBELED, ChH0OBBIZE S &,
BATOPEGAFN, U SE Y o F 48 B E
® 3% 41% (PROVEL), 46% (PROVE2)
LT, 797V EN/PEGIEN/ Y5 E
Y ¥ 3K BEEI 1284 5 IS PEGIFN/ Y23 ¢
D P OEE 1283 5 % w1 TR 24 B
79 2 E42L . 61% (PROVEL 3 & UN69%
(PROVE2) 52 R L2, Thbof
R XY, 757V g% PEGIEN/
YR Y AR D5 O RN TR
20%FHIAPILT B &, T BAE
DEFUIZ VA YOS LETHE T
LA P LG

124 z 124 B\ B 2012 Vols3. Nol

|

|

PEG-IFN, Y /SE Y »fHH 48890k
WP LTE, 7T VELESHIRA
B M2 Bk (PROVES) A5 b io®. 8l
WA T PEG-IFN/ Y A€ Y ¥ 4838
FERREOAIR0%ICHL, 79TV
PEG-IFN/ Y /S¥Y) ¥ 3%k 24 M8 50l
69% TH Y. WHEHEITE ALEDBRV
B R L2 —7, MR T 3 %
B 24 T T 39% T 72,

CEFNELRHICHT 275 T
ENBHBRUERIADVANCE Study)

Fd7 L TITH N7 PROVE Studies D%
* 4 LACRORC 3 o0 SRR AT s,
FORERFHE Sz, ADVANCE Study?
T, 757 L ENORER R BIRT 579,
75 7L BRI O D
WA, 7, BIEPOMPY 4 AR
(HCV-RNA) 21 X 0 e s
¥ % Response-guide 70 b 2 L HEHE S
e 0 4T L BCHEIFJeok i 1,088
%, PEGIFN/ Y SEY ¥ /59 T LELHE
Ji 8 5. 1238 # (T12PR), PEGIFN/Y /S ¥
Y v/ F 5T L ENPHEY-8 H#(TSPR),

PEG-IFN/ Y 2SE Y 4885 IR E(PRAS)

SRRSO 2T 72 (31, B E).
FORER. 7AWV APEREWE, T12PR, TSPR
BEOIZS DIPRASBE L Dl BB 572 (75%,
69%, 44%, E1E). &, HALBRORE
Fi, BB X O EHEIT X 5 BRI,
T12PR, TSPR# Tz #N 20 10% & FRE
THY, PRASEE 7% LAERICER THy
7 :

VEOHERLY, F9 7L EVEERTE®
AR & Y BV R, AR
CRI2EBOGRPLETHS LIRS
iz,



HAEIEERSIICNTS CIEAMY NG R ok, FITLEN]
FSTLE IR AEHR PEG-IFN/ VS ¥ » 3HBHR 12 B8 551

(REALIZE Study) PEG-IFN/ J73EY) ¥ 232 #kL TaH 48
o / TR % 17 S B (T12PR48), TI2PRASHEEIC B
PEG-IFN/ U /N ¥ 48 B A CHMICE WTPEG + ) /SE Y ¥ 25160 4 MR 5%
budoleHCVY 7 54 7 1 EI663H% 3B “lead-in” & LCF % 7L ¥ /PEG-IEN/ Y

EEl cammicn s a4 vy —7 IOVARCS T 5 HRHEEE

| ST 24 BHIC ML HCY-RNA DY ‘

AR T RIS HOV-RNATBISS B, AT 24 Mk ICIERHCV-RNADERIE
| AT BTN HOV-RNA SIS L) o

| AT 4 BE TR HOY-RNA B
AT 12388 TIRHCV-RNATTE
SABNE 4B & 12 BB TIHRHCV-RNAREYE

T12

CHABMFT
B I9L TR »
S

PRAB- . W e
g ) i i . g
CTVR I ST 2,250mg/ B
"PEG-FN (PEG-« /&~ T T2 2a 180ugHR
RBY UL > 1,000 ~1,200my/ B

* BYADVANCE Study : 2808
- : %)

100+
B0+ 75%
S 60-

v
R 404

T12PR T8PR PR4S TI2PR TBPR PRA48
e eRVRERLH]

SVR: @D LML 0
eRVR L RARIMA AN D 1 2IERICBUD HOV-RNATRE

=2 ADVANCE Study S (TR 9y £ 1B
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