HBx was also shown to transactivate MMP9 through ERKs and PI-3K-AKT/PKB
pathway and suppress TIMP1 and TIMP3 activities [36,37]. The activation of
metalloproteinases would induce the shedding of mMICA into sSMICA, which promotes
the tumor formation through the inhibitory effect of sSMICA on NK cells. This can
explain why high sMICA expression is a marker of poor prognosis for HBV-induced
HCC. On the other hand, HCV infection was not associated with metalloproteinases
activation, although the expression of SMICA was shown to be proportional to mMICA
level. Therefore individuals with high MICA expression are likely to activate natural
killer cells and CD8+ T cells to eliminate virus infected cells.

SP1 was previously identified as a transcriptional regulator of both MICA and MICB
[7,9,38]. A polymorphism in the M/CB promoter region was found to be associated with
MICB transcription level [7]. To our knowledge, this is the first report showing that
MICA transcription is directly influenced by functional variant. Moreover, this
functional SNP is significantly associated with HCV-induced HCC. Our findings
provide an insight that MICA genetic variation is a promising prognostic biomarker for

CHC patients.
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Figure legends

Fig. 1. SNP rs2596538 affects the binding affinity of nuclear proteins. (A) Real-time
quantitative PCR (upper) and Western blotting (lower) of MICA before and after heat
shock treatment in HLE cells. B2M and [-actin are served as internal and protein
loading control. (B) EMSA using 31 bp labeled probes flanking each SNP located
within the 4.8 kb region upstream of MICA transcription start site. A black arrow
indicates the shifted band specific to G allele of SNP rs2596538. (C) EMSA using the
labeled G allele of SNP rs2596538 and nuclear extract from heat treated HLE cells.
Non-labeled A or G allele of SNP rs2596538 at different concentrations are used as

competitors. Pointed arrow indicates shifted band. *P < 0.05 by Student's r-test.

Fig. 2. Binding of transcription factor SP1 to G allele of SNP rs2596538. (A)
Multiple alignment of a GC box and DNA sequence of A or G probe of rs2596538 used
in EMSA. (B) EMSA using the labeled G allele of SNP rs2596538 and nuclear extract
from heat treated HLE cells. Non-labeled consensus oligonucleotides of seven
transcription factors are used as competitors. Pointed arrow indicates shifted band. (C)
EMSA using the labeled G allele of SNP rs2596538 and nuclear extract from heat shock

treated HLE cells in the presence of anti-SP1 antibody or normal rabbit IgG. Asterisks
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on the left side indicate the shifted (¥*) and super-shifted bands (**). Normal rabbit 1gG
serves as a negative control. (D) ChIP assay using HepG2 and HLE cell lines were
ectopically expressed with SP1 protein. DNA-protein complex was immunoprecipitated
with anti-SP1 antibody followed by PCR amplification using a primer pair flanking
SNP rs2596538. DNAs precipitated without antibody are served as a negative control.
PCR primers flanking the 3' UTR region of MICA are served as a negative control. (E)
Genotype distribution at SNP rs2596538 in PCR fragment amplified from the input
genomic DNA and DNA-protein complex immunopurified from HepG2 cells by using

anit-SP1 antibody. *P < 0.05 by Student’s #-test.

Fig. 3. Transcriptional regulation of MICA by SP1 through genomic region
including SNP rs2596538. (A) Reporter assay using constructs including 3 copies of 31
bp DNA fragment flanking SNP rs2596538. Reporter constructs are transfected into
HLE cells with pRL-TK and pCAGGS or pCAGGS-SP1-HA vector. The value of
relative luciferase activity was calculated as the firefly luciferase intensity divided by
the renilla luciferase intensity. The data represent the mean + SD value of 4 independent

studies. (*P < 0.05, Student’s r-test) (B) MICA expression in HLE cells after
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transfection with pCAGGS or pCAGGS-SP1 vector. (-actin is served as a protein

loading control.

Fig. 4. Association between the soluble MICA levels and rs2596538 genotype. The
samples were classified into 3 groups according to rs2596538 genotype. The sMICA
levels measured by ELISA are indicated in y-axis. The numbers of samples and the
proportion of sMICA positive subjects from each group are shown in x-axis. The
percentage of the positive SMICA expression in each group are AA = 10%, AG = 39%,

and GG = 42%. Statistical significance was determined by Kruskal-Wallis test.

Supplementary Fig. 1. Pairwise LD map between marker SNP and 11 candidates
SNP. Black color boxes represent regions of high pairwise #° value. The LD was
determined by direct DNA sequencing of MICA promoter region from 50 randomly

selected HCV-HCC patients.
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Table 1 Association of rs2596542 with the progression from CHC to LC and HCC

Case MAF  Control MAF P* OR 95% C.I
LC vs CHC 0.3797 0.3442 0.04842 1.166 1.01-1.35
HCCvs LC 0.4012 0.3797 0.20296 1.094 0.95-1.26

MAF, minor allele frequency; OR, odds ratio for minor allele. C.1., confidence interval.
SNP rs2596542 was analyzed in 1043 chronic hepatitis C (CHC), 586 liver cirrhosis
without hepatocellular carcinoma (LC) and 1629 HCV-induce hepaticellular carcinoma

patients (HCC). * calculated by Armitage trend test.
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Table 2 Linkage disequilibrium between 11 candidate SNPs and SNP rs2596542

Relative . 5
SNP ID .. . Al Al frequency D I

position
rs2596542 -4815 A 0.36
rs2428475 -4788 G 0.36 1 I
rs28366144 -4586 T 0.36 1 1
rs2428474 -4387 G 0.39 1 0.88
rs2251731 -4045 A 0.39 1 0.88
rs2844526 -3703 C 0.38 1 0.918
rs2596541 -3572 A 0.38 1 0918
rs2523453 -3285 G 0.38 1 0918
rs2544525 -3259 C 0.38 I 0918
rs2523452 -2870 G 0.34 0.953 0.832
rs2596538 -2778 A 0.34 0.953 0.832
rs2844522 -2710 C 0.34 0.953 0.832

Note: Direct DNA sequence of 5-kb promoter region of MICA from 50 HCV-HCC

subjects. D’ and ° were calculated by comparing the genotypes of these SNPs to the

marker SNP rs2596542 by Haploview. A1, minor allele; ® Relative position to exon 1 of

the MICA gene.
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Table 3 Association of SNP rs2596542 and SNP rs2596538 with HCV-induced HCC

Relative
SNP ID . a Al OR P value
position
rs2596542 4815 A 1.339 246 x107
rs2596538 2778 A 1.343 1.82x107

Note: Genotype data of 721 HCV-HCC cases and 5.486 HCV-negative controls were
imputed using 1000 genomes as reference. Al, risk allele; OR, odds ratio for the risk
allele calculated by considering the protective allele as a reference. # Relative position to

exon 1 of the MICA gene.
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New antivirals against hepatitis C virus
Naoya Kato, Ryosuke Muroyama, Kaku Goto
Unit of Disease Control Genome Medicine, The Institute of Medical Science,
The University of Tokyo

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

& U &I

HRPTIIIETFAAD DAPFEE - I
FMEG|IER T CRBFLY A VX (hepatitis C
virus: HCWIZEE L TWw5b, HEICHTA=
—XRE. F7:, BEDOHCVIIEDLERIC
£y, HCVD I A4 7% 4 Z VAL R D
oOHb WEREICLEOHCVEEEY 2 Th
% NS3/NS4A 712 7 7 — ¥ % NS5B RNA
BIRNAERY 25 —FIZonTid, Zo#iEic
DWTHBHORI kol DL RKR%
TR, AT 77—V F ¥ -2k B CHJF

HRAZFEMEMET RAHES ) AE¥2=y b

0047-1852/12/¥60/H/JCOPY

R T BF LR ORARIEA TS (E ).
HCVDO#EESY ¥ 7 2B E L TuFT
—FRREERLR) A 5 —VHEREL EOEHIZ
direct acting antiviral (DAA) & ¥ 5. NS5A
HCVHBEICERLEPBREOHL A TR WY
ANWRT NI ThHhH ZONSSA*ERET
5 NSSATHER RS ho2H 5. /2, HCV
BHICHET A EEETFEEN L TAEEMR
BRELREINhOOH . ARTIE FiICE
R IR 2 VI B IIHRBRITHbI T
WAREELRHHELHCVEICO X MEHT 5.

- 1228 -



Nippon Rinsho Vol 70, No 4, 2012-4

665

K1 FLEERCBFRIAILRE

% A EEER BB WL W %
Juy7—YHEE
boceprevir (SCH503034) Il - MSD linear
telaprevir (VX-950, MP-424) m Vertex/HB =% linear
ABT450 I ABT
BI201335 II Boehringer Ingelheim macrocyclic
BMS-650032 I Bristol-Myers Squibb macrocyclic
danoprevir (RG7227) II Roche macrocyclic
MK-7009 I MSD macrocyclic
narlaprevir (SCH900518) i MSD linear
TMC435 II Tibotec macrocyclic
RY A5 —EHEE
RG7128 1§ Roche NI
ABT-333 1§ Abbott NNI
BI 207127 1I Boehringer Ingelheim NNI
ABT-072 I Abbott NNI
PSI-7977 I Pharmasset NI
ANA598 II Anadys Pharma. NNI
IDX184 Il Idenix NI
filibuvir (PF-00868554) I Pfizer NI
Z D4
silibinin IIX botanical medicine
taribavirin I Valeant ribavirin prodrug
amantadine I
thymosin alfa—-1 111
nitazoxanide I Romark Laboratories thiazolide
IPH1101 1I Innate Pharma

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

1. FOF7—+EEEZE

HCViZ 2o 7us7—E¥2HLTw5. 1
DIENS2/NS3E&ER7usr7—E¥THY), NS2
ENS3DOE#YIETT 5. b5 121X NS3/NS4A
)y ryr7ayr7—ETHYD, NS3ELNS4AD
B, NS4A & NS4B DR, NS4B & NS5A D,
NS5A & NS5B D 2 8IWr9 5. NS3 Atk »
7a5F7—E¥THD, NHAREDND2IT7 72 %
— L LTHEEBLTYA.

B, EARIGEATVWSEDIE, NS3/NS4A
Jyr7a7FT—YHEETHS. NS3/NS4A 7
oy 7—Y¥HEEL #BEL EZEETHLENRTS
F FEUOIERIR (linear) 0E— 70 77
—FREEM L, BUR (macrocyclic) D7

oF7—CHEEO2BEICFTEINS (EF2).
Z D777 —EYHEEVRARPTH LS
SETCIHERTRAZSINAL DD, linear #
DE—~WRTuFr7—E¥HEELRIINS T
5 7L ¥ ) (telaprevir, BRM&BTIEv )L
boceprevir D 2T TH 5.
Tus7—YtHEEDOBEMKEHE T, HCV
RHERHICHEEEREZEETA/-0, A
TOHCVERRIZEFETE 2w, L72d - T,
~RT 4 v ¥ —7xua(pegylated-interferon:
PEG-IFN) + Y YE Y ¥ (ribavirin: RBV) %
Lo L-EHEDHHILETHS. AN
HICHT 2 —FOMERRE £7o77—EH
EEMIIREMEISBDOONLZLETHE.
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B A Ek 70 % 4 B (2012-4)

®2 H-HATOF7-CHEBELH MK
7O77—EEEROLE

B B4R
7ur7—YHEE Tor7-YHEFE
R JERR B
1BoHEEE 3 1@
1B®cap ¥ 9 1-2
genotype la/b la/b
! BEREIR, HAL3FAER

BlYER BEMER, Bl r
SVR(#IEl) #170% 80-90 %
NVR(non responders) #30% #40%

1) BILN2061 (ciluprevir, N—V > #H—o
HFIVINA L)
BACHBESIN 70T 7 —EHEER
BILN2061 CH 3. 7us7—¥OEE~RTF
FORBETFOZ7ELTHFEAL v &h, BERE
NARBRICBWT, 2HHEOARKEESICE ST
HCV RNA #%1/100-1/1,000 I 84§ % 7 &Rl
WaELEZRLE L L&A S, BILN2061
4 BERS LAY VICOBEENBREL, F0
BORRMFIEENS FRTH, REHIL
HBICESWTTFYA, vy & 7a577—-¥H
EEDPERIIBOTENTHL I L 2@EHLE
BT, ZFo#o7a7r7—YHEERBICL-
TRELEHEN Do
2) FSTLENL
FI7VENVEBRFETHO TRB S
DAAT, 1[E750mg, 1H3BOHFEFLELR
linear Bl E—R 70577 —EHEETSH 3.
FLIRMMBICES Y, BB COBKREI
HHABRD genotype 1, BV 1 VABBEIIHNT
BEEERT.
(@ PR48 (1Z # 14 9% standard of care: SOC):
PEG-IFNa2b+RBV, 4838 O iZ # 14 #%
"¢ SVR(sustained viral response) iZ 49 %
(31/63)
®PRT12/PR12: PEG-IFNa2b+RBV+ 5 5
7L EN% 12:8125] & Ht & PEG-IFNa2b+
RBV % 12 BD T SVR i3 73 % (92/126)
BEERELVH20% BEDEIHEL, B
BETOH - LERERL o TV 5.

3) Boceprevir(SCH503034, MSD)

boceprevir {3 linear o> 70 7 7 — ¥ HESE
T, 1HI800mg, 1H3EDFESEMNLELE—
ERDO7a 77 —YHEETHS. 777 —
EHERL LTOMI A VAHRIZFSFLE
MIZEBLDD, BIERA» w2, PEG-
IFN+RBV##&: &L B OGANTETH Y, 7
FTVENICRB T H2EBRDRBELATY
5. boceprevir iZKET2011 45 A 23 HIZ&K
2, BMTHL2011E7B 1I8HICERBEATY
A, LaLaA6, FEAETIEIPEG-IFNa2b
(MSD)EFS7LVENEDBEHRENED 572
HLBbLNEY, BRABROEEIIVELE LW,

SPRINT-1 REXTId, genotype 1 DFRiEEC
BB REEITHL,

(DPR48(SOC): PEG-IFNa2b+RBV, 483
DIEHEERIR T SVR 13 38 % (39/104)

®PRB28: PEG-IFNa2b+RBV+boceprevir
(2,400mg/H), 28 BDEFTSVRIZ54 %
(58/107)

(®PR4/PRB24: PEG-IFN«2b+RBV % 4 8
12 5] & $t & PEG-IFNa2b+RBV+boce-
previr & 24 8 @ & & T SVRIZ 56 % (58/
103)

@®PRB48: PEG-IFNa2b+RBV+boceprevir
# 48 MDIHHE T SVR 1 67 % (69/103)

(®PR4/PRB44: PEG-IFNa2b+RBV # 438
125] &t & PEG-IFNa2b+RBV+boceprevir
% 44 BDWEH T SVR I 75 % (77/103)

®Low—-dose PRB48: PEG-IFNa2b+ 4 &
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RBV+boceprevir # 48 BDEH TSVR i

36 % (21/59)
EVIIBBTHo 2" T4bB, boceprevir #
BAETO ba—-Vig, SEIVANEY OT T
Pa—-nxkE& TRTCEERELEEICLEA
PHEETHor #H30%DLEFLFHREIED
bhiz F/7:, VAEY UPRREATHEIED
oMol FARERTIE, 4:8EDPEG-
IFN+RBV @ lead-in #2479 S L2 & b, EHE
EEROK2EDOSVRPBELNATEY, K7/a b
I — VA boceprevir DEEEMFRHE L 2ol F
7z, boceprevir i XA EEERIIS LR, Al
LREEENSVWUNGEERELFRASETH
o7z

KRETOBEHFONFTT— b, 7077 —
PHEEDY— 7y b Y xT7i, F57LVENL
#380 %, boceprevir %20 % &1nz SN/zds 7
S7VENOREEEEDEERS S, boceprevir
WDz A% Y, boceprevir DHLAHE 2 D
OHLEVIREDDH S,

4) TMC435(Tibotec)

TMC435 tZ macrocyclic B4 1 H 1 @] 75-150
mg PEETIVWE_H#HRO o7 7 - EHE
BTHAH HBKREINHRAE TS 5 PILLAR HER
BRAHRESN BEREASRL, 797V
Y VR boceprevir & LE AERMIEPE LN T
BY, FEEICHFEINTVS. genotype 1 DK
B C BB RIx§ % PILLAR RER O &
N

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

@PRT(75mg)24: SVR X 76.1%

®PRT(150mg)12/PR12: SVR 1% 83.1 %

@PRT(150mg)24: SVR ¥ 84.4 %

TMC4A35 5.8 L 75 . REICEMEH O£
FoohTwhw, F72, TMC435 BEnikFES
ERIIKL, 75 RBELABETH- 2 &
BEPRRBROFERIZC, PRT(150mg) 24 D EEIR S
HIMARER L LCivbhi. HBPETHREBECEHE
RENIMHRBENETOILTEBY, 2-3F#&ICH
BB TAZLPHEFESN TS,

5) Danoprevir(RG7227, O 1)

genotype 1, REHFE CRBHFELBEICHT

HERRE IO ATLAS R E& T, 900-1,800
mg/H ® danoprevir # RFE L 7.

(D PR48(SOC) : complete early virological

- response (cEVR) i 43 %

@PRD12/PR12-36: cEVR i3 88-92 %
LOHERTH -7

6) Vaniprevir(MK-7009, MSD)

genotype 1, RIGH C HBEFRBEIINT
HERREIAHRAE TIE 600-1,200mg/H @
vaniprevir ZiRFH L 7-.

(DPR48(SOC) : SVR i 63 %

@ PRV4/PR44: SVR X 78-84 %
EDHRPBOLNTNS.

7) BI201335(N—U 2 H—A 5 IVNA L)

genotype 1, £HH CRHEBHFRBEIINT
% ERIR 55 11 AHABR (SILEN -C1 3BR) Tid, 120-
240 mg/H @ BI201335 ZRA L 7.

DPR48(SOC) : SVR i 56 %

@ PRB24+PR24: SVR % 71-83%
L DRERBEOLNT NS,

8) ACH-806/GS-9132 (Acillion

Pharmaceutical)

ACH-806/GS-91321%, NS3 7us7—€D
37777 —T&H5NSMADNSINDEEET
Oy r§bin)r=—slElARFEEZETS
EHITHD FEEHICTHE BRMFHIESHh
TWwaY, Hlzh7usr7—EHEEOHER
LR TCERENH 7. B, BENMAZE
BETHHBORBEDITHOLR TS,

2. RYXS5—EHEE

BYRAS—VHEREIZIE R)VA5—-Foik
B7F uz e LTHE RNASMBERS%ZH
ELTI—Ix—F— L LTERTABEBRRER
Y X 5 —EHEZE (nucleoside inhibitor: NI) &,
RY AT —EOFEEPLEIZRREH 4 MITE
HLTHEYRZ RIZTHEEBRRY A5 —F¥

"FHZ3E (non—nucleoside inhibitor: NNI) ? 2 ##

Bhb FYXAT—-FHEREIZIL Hor0F
ZLEHPETNLEDAL LT, PEG-IFN
FEDLDLVWEBROEOAICLAEEICHLNR
Twb,

-1231 -
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1) RG7128(mericitabine, O3 )

X7 Vi ¥ F7Fas Thb mericitabine D
genotype 1 5 Wit 4, KEFRD CRBERTE
BEICH L ToBEKSIHEABKRPROPEL
study) 23fTh T\ 3. RG71281%500mg & %
Wi 1,000mg % 1 B 2 ERRAE L7 |

D PR48(SOC) : cEVR X 49 %

@ PRR12/PR12-36: cEVR i 80-88 %
L OEEPFBLNTNS?

2) PSI-7977 (Pharmasset)

011 E TN REFBEETORRD

Py 7D—D2THB. 7257240 AD geno-

type 2B L U3 TORELH S, PEG-IFN O
50FEII»PDLY, RBVHAICT, HERE
U BEOBBBELTVHBL-ENEHTOY
AW ABRBRASER STz,

genotype 2 B & U'3 DR i&H#ED C RIEBHIFA
BE 40P, 400mg D PSI-7977 L4EEIZIL L
72RBV% 2 BHESGTARBRTH A, £7-,
PEG-IFN (345 L 2 Wi, 4858, 88
B DRBREBODIFETHo/. A VRE
M7 L—2 ZAN— (Y 4 VAHR) IZBD S
9", PSI-7977 A%\ genetic barrier # 5 L T
W5 Z EAEER &7z genotype 1 TH RO
RENFITDOIhTEBY, ZHLHLIRFLRETD
A5 EPHAENT

AFREROFHR % %), Pharmassetftid, PEG-
IFN % L @ PSI-7977+RBV ®#%[1 2 7 bt H #%
EOEIMMHRREFBTAIZ L2 REL

3. NSSAMHEH

NS5A i1, HCV#ER R IFN BZH & o)
RIEENTWEY, FOBEERIWVWELHLNT
v, L2L%2%S, NSSAIREESY ¥/
BIZEPDDObLOWRL, BEI I NRIEEDT
I/ BEMNOMEFAME DK, NSSADHREZHE
ETHILICLY, BEEOEHVWERORFES
HfEEh 5.

1) AZD2836(A-831, 7AFSt%H)

AZD2836ix, TAFFERXMICHNE N
Arrow Therapeutics %558 L 7= % ® NS5A 2
EH T, IRESEKEMHOBMRREZHET 5.

- 1232 -

B Ak 70 % 4 5 (2012-4)

L>Lads, ZOHORBABERPLEIATY
A, B, FEAROD ) —>D NSSA FHESE,
AZD7295(A-689) DERR S I HHRAERAfTh T
w5,
-2) BMS-790052(F7U X MV LAY —X -
294 7F)

BMS-790052 i34 F T TR MM L vbh
I EOHCVHEEENREE TS Thb
H, CIAENLARVTOMBDLEMHCVIEYE %
b, o, BEBHESS1IHIERETIW,
genotype 1 B X V4, KKED CRIBMHIF&IC
9 B RS T HRRTIZ,

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

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

(®PRB(60mg)24/48: cEVR i 75 % (110/146)
EOBPHREIN TS, B - 7-BIfERIZ
MEESN TV,

4. DAAfit R

DAA O HfF#EEIL, PEG-IFN %2 4EE L%
WREOETO CEFRERETRBICTANH L
hihnefiffshTtns, O28E2EFLTW
202, TFYAMNVIAY—X A2 L7
Vertex, Gilead @ 4312 X % BEIR RERABI#A &
nTwa,

1) RG7128(KVU X 5 —CHESE) +

danoprevir (705 7 — HHESE)
(A¥a)

INFORM-13B% T i3, genotype1® ki
ROCHBMEF BB 3L, RGT128
(1,000-2,000 mg/ H) +danoprevir (300-1,800
mg/H)® 13 H#E#% 5T, HCV RNAX3.7-5.2
loglOIU/mLIET A RBD LT3 £/, 8
BREMOBEZETH HCV RNA 1 4.9 logloIU/
mLETHRZDON TS, HFLEESRESIX
FOLNTBLT, YA NVRERYNT Y FiIL
1RO ONT=DATH o7 AREETII,
5l &%t & PEG-IFN+RBVE#EITHIh T3
7:%, PEG-IFN % L T®D 7 4 v AERERAT]
P E) PTG RNZHEERIC L VHEID LN
e biwn,



