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g | IFN IFNE 3 IFN+IL-18
WPe|  |-1RaBREF IL-1RaBEF L-18BEF | (/)
RAL ) REL{() BBEE{Lb)
(RILEHELEE) | (18 WRMEREEE) | (-1 8 MENRBELE)
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HiRa (%) a ) 3.2 & t 25 {8 l 05fE | -
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THP-113 100 U/mL, % D4id 1000 U/mL DFKKEIIEN- p F 7 i3 KRB IFN- o (T 12FREAE L, IL-1 g D3E0E I
10ng/mL i TIFN & FEFICAT 2720 EHEEIT L D total RNA Z4hH L, MEEEIZ X D cDNAZ/ER L, IL-IRa B L UIL-
1 BRIETHRBLANE Y TNE A APCRIEIC & DRI L7ze FEITICIZNTY AX— Y ¥ VBIET (GAPDH) DOFIR
B LY EMNREFORBEZERMALL, HERT S ACEKEA VA, IFNEMRERIIRLENR T, L-18L
DIMBRIIL-1 p BEMLEHE L SRBEL LTRIABMEHB LA, E5ITIL-1 8 L IL-IRaBETFOREH/INT VX
REBETHZD, IL-1 pRHABHICH L TIREDICEEEFORBRBLDOLEEH L

FEMMARRES LU MR (3F) EMREKk (7
) 4 — < MifaRR) EAVTHRE L7, 72, CEIE
TR BEBRBEIAMERBICHD E L O R, EE
T4 MHAD—DTHDHIL-1 BHALBERHDOIFND
BEIIOVTHRET L7

1. IL-1 8/ IL-1Ra/SS L RICH B
IFNBS £ /-2 IL1 SHNBORE (R)

INFTIBIFNsICE B IL-1RaEEDRETICE
CHWLNTE /- THP-1 /g 23 L ' PBMCP%
WMk E LT, FREBOIFN-a 2 & 55
WTOIL-1 REAMBSETA M) 7THD LS
nTwize?, & MR TOIFNIZ & 5 IL-1RaE
BRI Zu) TThrLOMmEFHL L0
Hw, e b7t —<iifatk T % U-251 MGHIRE
BIUA 12 Z PREHROMAL L LTHW,
HHRESICHIT A T R IFNs B F 7003 IL-1 B JEALE
I2E BIL-1 B B L UIL-IRaEETRELLE Y 7
V& A4 LPCREBEIZTHITL, TNZThOREIC
4 B RBELERITR L7 IFN- o 7213 IFN-
DEBH D WIZIL-1 pIREICL Y, IL-1IRaEEF
OFEBIENNL, FOEEIVTFRLOMIZICBNT
bIFN-q X W IFN-BDHBKRE D072, & B, T
D IL-1RaBIEFRALLIIFNOBREKENTH o
72 (F— 5 ERR). EIRENWI LIZ, U251MGHB
A 1T2M Tk, IFNEMICHATIL-1 g FHTE
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TIBEWT, &V IL-1IR2BEFORRBEMAE A
SNAEMPRD LN, SHLIZETOHMEOEREIT
IFN-BIC X o TENEFNSIESB L U3 {F, IFN-« i
LoTEREN2MEL, [FN-BOEHFERED 572,
TbbH, 1EIFNs, FFICIFN- B 3HEE DM T
RRIET CL ) HREMRA 2 BT 2 TREMIE 2
b7z,

—7, IL-1 BALEIZ X Y autocrine \Z3HHI L A2 TL-1
BRIZETFHRIIZ (F— s FRR), IFNLEICLD
KAYME R CiEmfl s h, 74 —~<HfgTit
BinL7ze #ZTIL-1 8 £ IL-IRaEEFORBEN
FUARERT LD, F)F—<HEBCBTS
IL-1 B HABEEOEZBRIZFORBENOLETHE L
722 Z %, IFN-a  IFN- B8 b IL-1Ra BZF D EI]R
BWIND FHIL-1 f DFEREIN L ) Fo Tz, HEIZ
ZDMHILIFN- B LB D F AR E o 72728, TFN-B
IFIFN-« £ ) B IL-1 B /IL-1Ra/¥F ¥ A % IL-1Ra
Bl (FLfE) T R S O L AR S Nz,

2. IBIFNsic&BIL-1 884U
IL-1Ra B TFRIROBZIFHE(L &
IL-1Ra7-ABEEL NI (H1)

MERF KM% AT, IL-1 BHFETICBITS T
BIIFNs 12X B 1L-1 B B & UIL-1Ra BIEF-REEI
DEBENELZREF Lz, THP-1HIfLICBWT,
IFN- 8 3 & UFIFN- ¢ 1< & % IL-1Ra ®IZT-RHH
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s —O—IL-18 10 ng/mL
=
§ ——IFN-B8 10+IL-1
£ —&—IFN-B 100 +IL-18
% A JFN-a 10+ IL-18
‘5 & JFN-a 100 +IL-1 8
[}
a
X € 6000
Oh Bh 12h 24h = Oh 6h 12h 24h
. d g 5000
[}
4000
535 =
:_:i' 30| .__..I 3000
=
E 25 § 2000
20 5
o Yl 1000
E 15 £ 100
g10 0
25 O control
ho WIL-15810 ng/mL
Oh 3h 12h 24h Oh 3h 12h 24h B 1FN- 8 1000 IU/mL
& IFN- & 1000 1U/mL
—O—IL-18 —*—IFN-B 1000 A IFN-a 1000 AIL-1 8 +IFN- B
10 ng/mL +IL-18 +IL-18 IL-1 B +IFN- &

B1 IRIFNsiZ & AIL-1 8 B & CIL-IRaBIZTFRIOBBNZE/L & IL-IRa Tz ABEEE L~V
THP-1fl2 (a, b) B & UL FPBMC (c, d, e) 3 1.5X 10¢ cells/mL {2 THEFE L, THP-1 021X 10 F 7-1%100
U/mL, PBMC #1000 U/mL OFREIIEN- B & 7213 KRB IFN- o IC CHTFEREEBLE L7z, IL-1 g D3LALEIZ
10ng/mL I TIEN & [ ICfT o 700 BEFRBELVANIEZI TNV 4L APCRIEICTIERL, &K ¥ bOE
MEED A CHEI T BEBIL TR LA (a,b,c,d)o a, b :THP-1 M2 BT 5 IL-1Ra B & U'IL-1 p/ETF
RHEOMBKEAL, ¢, d :PBMCIZBIT 5 IL-1RaB & UIL-1 B RIZFRIOBEE(L, ¢ 24 B RUE Lz
PBMC D} Fi5 P IL-1Ra 7 A HiRE % ELISA 2 THI o

HeEEETL oL b E L, REOREIWTLoOH
ERA Y FPTHIFN-a £ Y IFN-B DFH D o 720
T/, 6RFEB LN, R2EBMEDIL-1Ra RIZFR
BLUNRIVIIIFN-B & D S IFN- « DHHFEEICTET
LTw/iz (B1a). IL-1 pAEIC L 51L-1 B BIZF
ZHBIINBHRBHTLoLbHEL, IFN-gB XV
IEN- o 2R CZ ORBE LR T 5 EM %R
L7 (E1b), & FPBMCIZBWTid, IFN-BIZ &
A IL-1Ra EIZFRBIEMIL 24 e £ TET €,
IFN- o TI3BE2 =2 IET LA (H1c). #
D0, 12EEEUEDIL-1Ra BIZFHEBIZIEN- o
£ D HIFN- B DH D HEA 0 7ze T2 24 R RILER
DREFEFPIL-1IRa7- AHRREIL, IFNEMEL X
UIL-1 BHET & S IZIFN-o £ ) B IFN- B D¢
B, BEFREOERLMML TV (H1e).
—7%, IL-1 pALEIC X B 1IL-1 B EIEFORBEEMI
MEHK 128 TH oL B, IFN-§ B LUIFN-
o R12EBERE B AR ZORBEZL IR L (F
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1d)e SRLDZ ENS, IL-1RaBEFREEL NV
IZBF HIFN-B L IFN-a DEWVIZIE, FOHEHRME
BERETTRL, BEAEOEREOES T EEZ
X (-

BbHIc

SEEBLNAHERED LI, RER (L1 pHE
T) KB AIL-1 8/ IL-IRaRE ST VAICTHE
IFN23 52 5 e B E LTRLA: (M2), K
M (mEkisRMERE) T, IL-1 BB IC & ) REN
ENTG Y ABELA, TEIFNsIZIL-1 f OEAE %
HHIL, ES5HRE®RTYFT=AFTHSIL-IRa
DELZTHET S LICI > THAEERRBEZRTE
EZbND, i, FR (7)) 4 —<Hifitk) T,
I BIIFNs i3V 3" b IL-1 g DEE Z IS & 525,
IL-1 BEETTL hIERE N A IL-IRaDEAETTEIS
LoT, MUAHRERHEZRETLIILIERD
NhH, BAMERERE A M A4V L AVOMERIC
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a
stable Inflammation \ ‘g &
(Depression) =
O:1-18
) :1L-1Ra Inflammation
(Depression)

Inflammation N
(Depression)

Inflammation
(Depression)

H2 MmikHME (a) BLOZ7) 4 =< (b) BT AIL-13/IL-1RaSTF ¥ A0 T BIIFN O B8 2 X

DV, KEEHFROVWThO®ELH Y 199,
ELLNRETHE2OD, TLLRMEFNEETH S
ONPERERHETHSHA, IFN-BIC L B IL-IRaDE
EFTEIPVTIICBWVTOIFN- a ICHERTHWE
EDREMMBREREREEOEY ICB5T5T]
BEMEDSE X b/, BIECHIBMEIF KD IFN (B
X, mMhEREZHEBFEESE LRV FL YY) a—
WAt (PEGAL) IENIZ & 2@ —[El #5381 L
oTwh, 41, PEGILL7ZIFN- g & PEGAL
IFN- « D IZB VT d, PEGILIFN-pB D F ¢
IL-IRa EEFRBPOBREAI BN E VI FERZ
BTBY, ZOBVWRIEENRIFN- /g DE
ThLTERENGVEEbN, [ LIFNZEE
AERT 5120 225 h b TIEN- o & IFN- B 254 4K
NICHFETIAEYZFHERLLTHEILTVE
72\,

FEFEIERNOMOT A ML Y OEE5 &L
T, W4 D IL-6%° TNF- o #E O % 7RI
THERELSE L ALNBEI LSS, IFN-BB &
IFN-a 2 X 2 FNL~OBE L ZOEIZOWV
THEEPEINLEIATHD, T72, IFN-«a
LB REHMBEROBBERICOWTIE, &1
PV PTVAR=Y —DFEELMR, PY T
77 v B ETDH S indoleamine 2, 3-
dioxygenase DIFMAL L M ) 7 N7 7 X DR
Aow EEHLAELA MER 22 EORHD R
BENTHY, 4BINSESMICRIEL T
¢ Z & BIFN- B & IFN- o DFEHMMRIER L IZ LD
ESAEBEROEORFRACEETHL LR
bhsn,
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The mechanism of action of type I interferon to improve liver fibrosis

RUHRSH EEHER
CEL DI IE S 7 NI St o

Z

CEEMAF AP CRAHEMTEEICHTEM &
—7zRA> (IFN) BEICEVT, T ILZERRRIC
BEoh{ED, FRBIELOEERITEOREINA
LhBZEFRENTVWD, L L, ZOFEMES
FHEIEEIARRETH D, Hald, FEELICEELRE
BlZR72ZLTWBFFEMEE (HSC) IZdd3IFND
EENERZBELOPICTRZEE#HNE L TR %
?:J:’J f:o

ZO#E, | FIFNIZE PHSCIZH L, O
7Y EEEF-ERERATFTH DI p21 DFEEE
U CHEEROG D 5 SEAOBTENR L,
MpERENEERERToE, QY Ry TR AR
R7877—+% (MMP) -1 OEATEFRS LU
TGF-B DY FFIMEERERT I EEBEL NI
Lo ZhdDZ END, | BIFNIZHSCICH L
TEENICSHRLERE251 &R U, iRHEEER
ERTIENELDER 5T,

LI

184 % —7=x1 (interferon, LA T IFN) 1,
BUCHFROBREFEL LTI/ VARRETT)
BRTLSCHAWORTOWS, BECHFADIGEIC
BWTR, 74 VABKREE LI, FRELFE
E—FRE~NOETZ2 VEDEIEFEETH 5,
[ENEZIC & D18 CRIFF KB E IS B\ THMRAMEL A
HBSNDI LR, FHOBEICLIREINTNE,

Key words
interferon, liver fibrosis
Hepatie Stellate Cell

LaL%ds, IFNICL 2 HFBMILSREERO X H =
ZLEHLPICENTELS, —&BICE YA VA
PERR X DR RAEBME LR ICE 2RI b D
ThbeEZIONTWSE, LAL, IFNEEIZLY)C
HF£IAVAHERIEELZVBEIIOWTS, FF
RETLOETVBET 280355 L ORE? 5D,
IFNIC & 5 b DgElE, T4 VAHRICEIAZ
REG BN, FIMHELA D =LA FET
BIUEDPRBEINTVE, 2O—FEHL LT, in
vitro DRIZBWT, [ENDHERES < ) v 7 AEE -
SRR RE ZH o TV A FEMRE (Hepatic
Stellate Cell, 2\ FHSC) 12k LT, #DisfElast
TPV I ADEEREBASTHHIT- T Y DFE
ErfiElT 2 EO®|ES 2B, IFNIEENICHSC
AR L O b2 E T oW E 2 b5,
LaL, FOFMAEAT=XsiE, Eo2IIkoT
Wi\, 22T, F4iE, & PHSCHEZAW, TH
IFN DB A 1 = X A & 4T L 7o

1. S b D TFEMFRIEE &
IFNOfERA (1)

EEZHSCHE, RROARME L FllRO RO
Disse 2 ICHEFE L, pericyte & L CEIR QMO %
ToTWhEZEZLNTWAD, CRIFRI A IVARE
CEAHIBBMRIFEEC LY, M08, &
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Hepatocyte

IFN (interferon), HSC (Hepatic Stellate Cells)
ECM (Extracellular Matrix)

MMP (Matrix Metalloproteinase)

TIMP (Tissue Inhibitor of Metalloproteinase)

B M b oS FEDZEE L IFNOERS (URY X Y 5IHHE)

&, |, 7THRP-YAIRBEL, Y2077
RO 7 v S—ffa b EE{L & v, TGF-B, PDGFHB &
UINF-az EDF A b4 VERBT 2 L1247 %,
INLDF A M hAvick h HSCIRFEHEL S L, %
TRAESF AR (myofibroblast) FRICTEEEIR T 5, 1EE
fbEh/-HSCRBEOLHEREL, M4~ v A%
BEH L, TGF-B, PDGFHR EDHT A b A4 ¥ %
autocrine CEE4 L, JFORMEILDSEITL TV, L7z
o T, HSCOFEH XKL, MRS~ v 7 A
DELETHZ D LIFRELOBRBIIFENTH 2
EEZLRTWES, HSCORIE%R ¥ —F'y b e LA
AL ER OB oF & LTI, gliotoxin® 7% &
DHMRFIZLLBZHSCOT R N—VAFE, 377
YEFOY ¥ U Y Th D HSPAT siRNA DHSCHE
HIZEAY 2 LORENDH Y, BIHLANVT ﬁﬂﬁ#
AEANTWAS,

IFN O R fbinslic B 2R A & LT, Bk
DEIICCHFLETANADPREREL-FAER
(hepatocyte) & HSCHEZ bh 5 (H1). IFNIZ
hepatocyte IZER LT A VA ZHBRTAHI LIZL
h, TRECHFRELESET 2, TR 045A
DOFFFER S, IFNIZHSC ICEEER L, OMfEE
RIS LR oET RIS, O Uy 2 A
A ¥ 070577 —+-Matrix Metalloproteinase-1, 2L T
MMP-1) DE£ZRELCHEBN~ MY v 7 ZO5HE
IRE, OWMILREEFTHATGFP ¥/ Tz
e, THZEFEL LR T
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2, HSCIC¥ ¢ % | BIFN OIS LU
HRFE RN DR

B4 DR L - IFNOHFRME(bx v =X 2T &
2L LT, FTHSCOHEBHRERICOWTEHLL
WD, BETEELZL PHSCHE L F TEIENTD
% IFN-0.% % WIZIEN-B TR L, MBI T 5
ER % MTSEEIC TRE L7z, T8I L hiE
BICKT BER BT Lo R\ CHIBSEIERIC 1 &
TBY 42 VRFEHEFF—¥ (Cyclin Dependent
Kinase, LA\ CDK) BREEF p2l BIEFB L Up21 &
HORBRE~NOEE 2 ZNZFNEBPCREB LU Y =
AFy7ay MEIZEDIRE L7,

IFN-o0 ¥ 7213 IFN-B (&, HSCIZ3d LR i sns1E
B%mRL, BLEYERRE CLEL/AEE, IFN-B
IEIFN-o & D bR RN CHA LAl Lh L %
-7 (E2a), IFN-B ®HSC DMHREEER x5 5 EH
RN L72AER, IEN-B T, MIBEYDG/G 25 S
BAOBTEEGES LT, MEARENNT S
TEFHLE L o7 (B12b), MIBEELYE, G/G
BHTEToTWAHI &d b CDKEERT, 41 p21
BIZFICEE L CEEBPCR: o772 25, IFN-B i
P2LREFOREZ 2ELF S (IR LTWERY),
RIEBHLVVTH 2l DRFZENS D T LI
FEnz (M2c), —HTHDCDKEERFTH 5
PISIZIZEEB L 2 W I LASR SNz,
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IFN concentration (IU/mL) =
p21 i
p15 S dban g eSSl
actin T e oy Scaad .

b Time after quiesence
60y B8h. o 24h . 32b
[
c 3007 N O
[=]
) Lol
0 b
6001 . .
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£ 00
0- XY
2n 4n 2n 4n 2n 4n

contral100 1000 100 1000 (IU/mL)

IFN-p IFN-a

2 HSCIA$ 2 IEIFN NMfaE0E ¥ - M E B~ D1EH
a: b PHSCTd % TWNT-4#if2” % IFN-B & 7= iX IFN-ot 10-1000 IU/mL TRE L C5 BRI EH, MAMEHAE MTS cell
proliferation assay i~ & U BIE L7z FEIMELFERE (0=5) *p <0.05 (t-test)

bz

MBS B EAARATIE, TWNT-4RER 2 IS CERTAZ £I2L ) GG HAIZER L7=%8, IFN-p 100 IU/mL CREL, —&

BB 7o - b2 P =2 DHBADDNAEZHIE L7,

c.

VT4 VI E VT L7,

3. IFN-p RS < b 1) v 7 AHREER
(MMP) (Zxd7 2 {EH

HSCH, EHEbIcEV s/ EE 2 /%5 5 MMP
ENLOHEERF TH 5 Tissue Inhibitor of
Metalloproteinase (TIMP) 7t &% AN T H L ) I

TWNT-4#1§2 % IFN-p 7= (X IFN-0. 100, 1000 TU/mL THAE LT 16 B RBER, 2l BLUpISEHORER Y LXY ¥ 7D

LD EHERLIZIEN-p I2DWT, & FHSC
B TEE MMPEIZT B L U TIMPERIZF ORI
DEE X EFEPCREICTIRE Lz, FO&KE, IEN-B
i MMP-1 BRIZFORBRLFEICHNSEH I L
bhrthol (K3a), EELEHZD LN
MMP-1{Z7EE L, SHEEERTF L LCORRENE

kB T, bAL-MERENFERAORTT SR TW5TGR-p £ETICBIT 2 IFN-B OB &
a b
Gene Name i é v
8h 24h 72h ¢ =120
Q=
MMP-1 —  |~7i.350las |42 folds %52;1:0
<o
MMP-2 — — — £% 60
Eg |
MMP-3 — — — g 20
= 0 -
MMP-9 — e —_ INF-
control 100 FU/mL
MMP-14 — —_ — . TGF-8 10 ng/mL
TiMP-1  |-~Y.2 folds |~%.2 folds |~7.3 folds p-Smad2
TMP-2 | —> — — s A SIRCE
FN- - - 10 100 1000 IU/mL
TGFB - 10 10 10 10 ng/mL

3 IFN-BOMRES < bY v 7 ASTEEE (MMP) B L UTGFB ¥ 7 FVits¥ 215H
a: & FHSCT& 2 LIOOARRY % IEN-P 100 IU/mL THE L C—EB MY, total RNAZHE L, MMP-1,-2,-3,9,-14 8L
U TIMP-1, 2 mRNA @ RELANVEY TV F A APCREICE D EE L7,
b : LIOAHHL % TGF-B 10 ng/mL & TFN-B 100 IU/mL CREIALE L, 72012 MMP-1 mRNAD BRLVANVEEE L, 3

{ELBHEIRZE (n=3) *p <0.05 (t-test)

¢ : LISOARES % TGEp 10 ngfmL & IFN-B 10-1000 IU/mL CREIBFICAE L, 24 B0 ) ¥ BEftSmad2 (p-Smad2) & Smad2BEE

DEBRE, WxA&y7O0vFA v FELIDERLL
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WTBEAT L7co TGF-B MAEBIC & ) MMP-1BIEF D%
HEIET T 525 IFN-B BZ0REEXER LU
KETEHESRRZ L EL o7 (H8b)o &
NOEEZEFLAVTOLEIZER LIV THFEHOD
ZESRER SNz (MR LTWR2W),

MMP 3N BB OBELHHEIR(ESTHZ
ETHONTEY, 355 —EH (MMP-1,-8,-13),
¥FFF—¥/NEa 55 F—¥8# (MMP-2,-9), X
bEXS4 8 (MMP-3, -10), HREEEE
MMPE (MMP-14,-15,16) (254 S N5 FF#RAELE/
FEECHEECEMTA2QRIEIT—FYTha
DT, FHRMELEECR, I8a5 -7V 2 BEN
T35 F—ETHEMMP-1DERBLY
EHEORHIEEL &ENE, ZOZ LiE, MMP-1%
RETHTT /T4 NVARS 5 —%FEET v M
BATHI ETRELIHH SN LW ) BRE 2D
bXF SN, IFN-B 12 & 2 MMP-1EROERER,
DIBHEA DI =LA LDV DL LTHEEILEET
HHEEILND,

MMP-112F8 % % Lok #gEt 2> 6, IFN-B 25, TGF-B
HUBEED & b HSC 23t L CTHIRIAICE < & & D3RI
ENTzTz®, TGF-B ¥V 7 FVEEFFIROVWTER
BT 2D, ZORE, HSCIZBW TIFN-f LLE
IZE D) Smad2 Y VEE{EDSSIREARTFH ICHIH S 0B
ZEeWIRENT, (M3c)s & o TIEN-B iZ& 5 MMP-
1 EBHOTFTEILHSCH b autocrine ICEE S LT WA
TCGFB DY ¥+ %k Tay 7 +5ILICEA{ERHT
H LRI E L b,

Bhilc

I &I IEN ASEhH) L <)V B & OERER I B\ T b AR
bEIHT AL iIconTH, £L{0HMRFELR
TWwd, £/, ThIT—FRAELEZLONTEL
AL DEATH) N—2 T BT REEDPH Y, TEIFN
CEDOEREET A TRESTR SN TS,

4E, TADOHREICLY, IEIFN?S, FFRMEILC
BWIEELRBRSI 2R LT AHHSCIZH LTERE
A, MARNETEIIGIVER, MREHAHFIER, MMP-
1 EETUERRE, TGRB fIRfEA 2 EOZRRIEM %
BIERIFTILFBL LR o, BIE, BARI
RIIFN #4LE L7-HSCICB1T 5, BEEDNAT v 7
(3D-Gene 1 ® V) 2BV HBMmIRNAB LU

38(256)

mRNA ORBBIT2ERLTB D, 4%, WERE%
BES 2250 M BT L ED, BoNnlERDy

& IFN OB LIHIRE L 2 F LRV TREL TV L
FETH 5,

PR Icat 5 1 BIIFN OfER S FHE % 568
BREL, BRICTAZ L, FEMELZHETA
EYOREFEOERLZY, BUOKREET S
ESTFbeMoREFEFEH-ICRRT 2 TR
HOHTWD, IFN-B LGBl TIX, X272
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Abstract

Background: Chronic hepatitis C (CH) can develop into liver cirrhosis (LC) and hepatocellular carcinoma (HCC). Liver fibrosis
and HCC development are strongly correlated, but there is no effective treatment against fibrosis because the critical
mechanism of progression of liver fibrosis is not fully understood. microRNAs (miRNAs) are now essential to the molecular
mechanisms of several biological processes. In order to clarify how the aberrant expression of miRNAs participates in
development of the liver fibrosis, we analyzed the liver fibrosis in mouse liver ﬁbrosis model and human clinical samples.

Methodology: In a CCLs-induced mouse liver fibrosis model, we compared the mlRNA expression profile from CCL, and
olive oil administrated liver specimens on 4, 6, and 8 weeks. We also measured expression profiles of human miRNAs in the
liver biopsy specimens from 105 CH type C patients without a history of antr—wral therapy

Principle Findings: Eleven mouse miRNAs were significantly elevated in progressed Ilver fibrosis relative to control. By using
a large amount of human material in CH analysis, we determined the miRNA expressron pattern according to the grade of
liver fibrosis. We detected several human miRNAs whose expression levels were correlated with the degree of progression
of liver fibrosis. In both the mouse and human studies, the expression levels of miR-199a, 199a% 200a, and 200b were
positively and significantly correlated to the progressed liver fibrosis. The expression level of fibrosis related genes in
hepatic stellate cells (HSC), were significantly increased by overexpression of these miRNAs.

Conclusion: Four miRNAs are tightly related to the grade of liver fibrosis in both human and mouse was shown. This
information may uncover the critical mechanism of progression of liver fibrosis. miRNA expression profiling has potential for
diagnostic and therapeutic applications.
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Introduction MicroRNAs (miRNAs) are endogenous small non-coding RNAs
that control gene expression by degrading target mRNA or

Chronic viral hepatitis is a major risk factor for hepatocellular suppressing their translation [4]. There are cwrently 940

carcinoma (HCC) [1]. Worldwide 120-170 million persons are
currently chronically Hepatitis C Virus (HCV) infected [2]. Due to
repetitive and continuous inflammation, these patients are at
increased risk of developing cirrhosis, subsequent liver decompen-
sation and/or hepatocellular carcinoma. However, the current
standard of care; pegylated interferon and rivabirin combination
therapy is unsatisfied in the patients with high titre of HCVRNA
and genotype 1b. Activated human liver stellate cells (HSC) with
chronic viral infection, can play a pivotal role in the progression of
liver fibrosis [3]. Activated HSC produce a number of profibrotic
cytokines and growth factors that perpetuate the fibrotic process

through paracrine and autocrine effects.

@ PLoS ONE | www.plosone.org

identifiable human miRNAs (The miRBase Sequence Database -
Release ver. 15.0). miRNAs can recognize hundreds of target
genes with incomplete complementary; over one third of human
genes appear to be conserved miRNA targets [5][6]. miRNA is
associated several pathophysiologic events as well as fundamental
cellular processes such as cell proliferation and differentiation.
Aberrant expression of miRNA can be associated with the liver
diseases [7][8][9][10]. Recently reported miRNAs can regulate
the activation of HSCs and thereby regulate liver fibrosis. miR-
29b, a negative regulator for the type I collagen and SP1, is a key
regulator of liver fibrosis [11]. miR-27a and 27b allowed culture-
activated rat HSCs to switch to a more quiescent HSC phenotype,
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with restored cytoplasmic lipid droplets and decreased cell
proliferation [12].

In this study, we aimed to reveal the association between
miRNA expression patterns and the progression of liver fibrosis by
using a chronic liver inflammation model in mouse. We also
sought to identify the miRNA expression profile in chronic
hepatitis (CH) C patients according to the degree of liver fibrosis,
and to clarify how miRNAs contribute to the progression of liver
fibrosis. We observed a characteristic miRINA expression profile
common to both human liver biopsy specimens and mouse CCL,
specimens, comprising the key miRNAs which are associated with
the liver fibrosis. This information is expected to uncover the
mechanism of liver fibrosis and to provide a clearer biomarker for
diagnosis of liver fibrosis as well as to aid in the development of
more effective and safer therapeutic strategies for liver fibrosis.

Results

The expression level of several mouse miRNAs was
increased by introducing mouse liver fibrosis

In order to identfy changes in the miRNA expression profile
between advanced liver fibrosis and non-fibrotic liver, we intra-
peritoneally administered CCLy in olive oil or olive oil alone twice a
week for 4 weeks and then once a week for the next 4 weeks. Mice
were sacrificed at 4, 6, or 8 weeks and then the degree of mouse liver
fibrosis was determined by microscopy (Figure S1). miRNA
expression analysis was performed from the liver tissue collected
at the same time. Histological examination revealed that the degree
of liver fibrosis progressed in mice that received CCLy relative to
mice receiving olive oil alone (Figure 1A). Microarray analysis
revealed that in CCL4 mice, the expression level of 11 miRNAs was
consistently higher than that in control mice (Figure 1B).

miRNA expression profile in each human liver fibrosis

grade

We then established human miRNAs expression profile by using
105 fresh-frozen human chronic hepatitis (CH) C liver tissues
without a history of anti-viral therapy, classified according to the
grade of the liver fibrosis (FO, F1, F2, and F3 referred to
METAVIR fibrosis stages)(Figure 2, Table S2). Fibrosis grade FO
was considered to be the negative control because these samples
were derived from patients with no finding of liver fibrosis. In
zebrafish, most highly tissue-specific miRNAs are expressed during
embryonic development; approximately 30% of all miRNAs are
expressed at a given time point in a given tissue [13]. In mammals,
the 20-30% miRNA call rate has recently been validated [14].
Such analysis revealed that the diversity of miRINA expression
level among specimens was small. Therefore, we focused on
miRNAs with a fold change in mean expression level greater than
1.5 (p<<0.05) in the two arbitrary groups of liver fibrosis.

Expression of several miRNAs was dramatically different
among grades of fibrosis. In the mice study 11 miRNAs were
related to the progression of liver fibrosis (mmu-let-7e, miR-125-
5p, 199a-5p, 199b, 199b*, 200a, 200b, 31, 34a, 497, and 802). In
the human study 10 miRNAs were extracted, and the change in
their expression level varied significantly between FO and F3
(FO<F3: hsa-miR-146b, 199a, 199a*, 200a, 200b, 34a, and 34b,
FO>F3: hsa-miR-212, 23b, and 422b). The expression level of 6
miRNAs was significantly different between FO and F2 (FO<F2:
hsa-miR-146b, 2002, 34a, and 34b, FO>F2: hsa-miR-122 and
23b). 5 extracted miRNAs had an expression level that was
significantly different between F1 and F2 (F1<F2: hsa-miR-146b,
F1>F2: hsa-miR-122, 197, 574, and 768-5p). The expression level
of 9 miRNAs changed significantly between F1 and F3 (F1<F3:
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hsa-miR-146b, 150, 199a, 1992*, 200a, and 200b, F1>F3: hsa-
miR-378, 422b, and 768-5p). The miRNAs related to liver fibrosis
were extracted using two criteria: similar expression pattern in
both the human and the mice specimens and shared sequence
between human and mouse. We compared the sequences of
mouse miRNAs as described on the Agilent Mouse MiRNA array
Version 1.0 (miRbase Version 10.1) and human miRNAs as
described on the Agilent Human MiRNA array Version 1.5
(miRbase Version 9.1). The sequences of mmu-miR-199a-5p,
mmu-miR-199b, mmu-miR-199b, mmu-miR-200a, and mmu-
miR-200b in mouse miRNA corresponded to the sequences of
hsa-miR-199a, hsa-miR-199a* hsa-miR-199a, hsa-miR-200a,
and hsa-miR-200b in human miRNA, respectively (Table S3).

Validation of the microarray result by real-time gPCR

The 4 human miRNAs (miR-199a, miR-1992*, miR-200a, and
miR-200b) with the largest difference in fold change between the
F1 and F3 groups were chosen to validate the microarray results
using stem-loop based real-time qPCR. The result of real-time
qPCR supported the result of that microarray analysis. The
expression level of these 4 miRINNAs was significantly different
between FO and F3 and spearman correlation analysis also showed
that the expressions of these miRINAs were strongly and positively
correlated with fibrosis grade (n=105, r=0.498(miR-199a),
0.607(miR-1992%*), 0.639(miR-200a), 0.618(miR-200b), p-val-
ues<<0.0001) (Figure 3).

Over expression of miR-199a, 199a*, 200a, and 200b was
associated with the progression of liver fibrosis

In order to reveal the function of miR-199a, miR-199a*, miR-
200a, and miR-200b, we investigated the involvement of these
miRNAs in the modulation of fibrosis-related gene in LX-2 cells.
The endogenous expression level of these 4 miRNAs in LX2 and
normal liver was low according to the microarray study (Figure
S2). Transforming growth factor (TGF)B is one of the critical
factors for the activation of HSC during chronic inflammation
[15] and TGFp strongly induced expression of three fibrosis-
related genes include a matrix degrading complex comprised of ol
procollagen, matrix remodeling complex, comprised of metallo-
proteinases-13 (MMP-13), tissue inhibitors of metalloproteinases-1
(TIMP-1) in LX-2 cells (Figure 4A). Furthermore, overexpression
of miR-199a, miR-199a* miR-200a and miR-200b in LX-2 cells
resulted significant induction of above fibrosis-related genes
compared with control miRNA (Figure 4B). Finally we validated
the involvement of TGFp in the modulation of these miRNAs. In
LX-2 cells treated with TGFB, the expression levels of miR-199a
and miR-199a* were significantly higher than in untreated cells;
the expression levels of miR-200a and miR-200b were significantly
lower than in untreated cells. Thus, our in vitro analysis suggested
a possible involvement of miR-199a, 199a*, 200a, and 200b in the
progression of liver fibrosis.

Discussion

Our comprehensive analysis showed that the aberrant expres-
sion of miRNAs was associated with the progression of liver
fibrosis. We identified that 4 highly expressed miRNAs (miR-199a,
miR-1992* miR-200a, and miR-200b) that were significantly
associated with the progression of liver fibrosis both human and
mouse. Coordination of aberrant expression of these miRNAs may
contribute to the progression of liver fibrosis.

Prior studies have discussed the expression pattern of miRNA
found in liver fibrosis samples between previous and present study.
In this report and prior mouse studies and the expression pattern of
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control(olive oil)

Azan

EVG
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Fibrosis (CCL4)

B miRNA Fold change CCLA mouse/control
4week 6week 8week
mmu-let-7e 2.92 2.09 2.64
mmu-miR-125a-5p 4.29 2.35 2.67
mmu-miR-199a-5p 2.71 2.12 2.38
mmu-miR-199b 3.25 2.55 2.49
mmu-miR-199b* 5.13 447 3.94
mmu-miR-200a 2.23 1.63 2.02
mmu-miR-200b 2.38 2.06 2.20
mmu-miR-31 34 235 3.19
mmu-miR-34a 3.89 3.22 3.5
mmu-miR-497 225 2.00 2.55
mmu-miR-802 2.02 2.87 2.74

Figure 1. The change of liver fibrosis in mouse model. A. Representative H&E-stained, Azan-stained, Ag-stained, and EVG-stained histological
sections of liver from mice receiving olive oil alone or CCL, in olive oil. Magnification is x10. B. The expression level of mmu-miRNA in mouse liver
with olive oil or CCL, at 4W, 6W, and 8W respectively, by microarray analysis.

doi:10.1371/journal.pone.0016081.g001

3 miRNAs (miR-199a-5p, 199b¥*, 125-5p) was found to be similar
while the expression pattern of 11 miRNAs (miR-223, 221, 24, 877,
29b, 29a, 29c, 30c, 365, 148a, and 193) was partially consistent with
fibrosis grade [16]. In low graded liver fibrosis, the low expression
pattern of 3 miRNAs (miR-140, 27a, and 27b) and the high
expression pattern of 6 miRNAs in rat miRNAs (miR-29¢*, 143,
872,193, 122, and 146) in rat miRINA was also similar to our mouse
study (GEO Series accession number GSE19865) [11] [12] [17].
The results in this study and previously completed human
studies reveal that the expression level of miR-195, 222, 200c, 21,

@ PLoS ONE | www.plosone.org

and let-7d was higher in high graded fibrotic liver tissue than in
low graded fibrotic liver tissue. Additionally, the expression level of
miR-301, 194, and 122 was lower in the high graded fibrotic liver
tissue than in low graded fibrotic liver tissue [18] [19] [20)(GEO
Series accession number GSE16922). This difference in miRNA
expression pattern may be contributed to (1) the difference of
microarray platform, (2) difference of analytic procedure, and (3)
the difference of the species (rat, mouse, and human).

The miR-199 and miR-200 families have are circumstantially
related to liver fibrosis. TGFf-induced factor (TGIF) and SMAD
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Figure 2. Liver fibrosis in human liver biopsy specimen. A. B. C. D. and E. miRNAs whose expression differs significantly between FO and F3, FO
and F1, FO and F2, F1 and F2, and F1 and F3, respectively. Relative expression level of each miRNA in human liver biopsy specimen by microarray.
Data from microarray were also statistically analyzed using Welch's test and the Bonferroni correction for multiple hypotheses testing. Fold change, p-

value are listed in Table 52.
doi:10.1371/journal.pone.0016081.g002

specific E3 ubiquitin protein Ligase 2 (SMURF2), both of which
play roles in the TGFP signaling pathway, are candidate targets of
miR-1992* and miR-200b, respectively, as determined by the
Targetscan algorithm. The expression of miR-199a* was silenced
in several proliferating cell lines excluding fibroblasts [21]. Down
regulation of miR-199a, miR-199a* and 200a in chronic liver
injury tissue was associated with the hepatocarcinogenesis [9].
miR-199a* is also one of the negative regulators of the HCV
replication [22]. According to three target search algorithms
(Pictar, miRanda, and Targetscan), the miRNAs that may be
associated with the liver fibrosis can regulate several fibrosis-
related genes (Table S4). Aberrant expression of these miRNAs
may be closely related to the progress of the chronic liver disease.

Epithelial-mesenchymal transition (EMT) describes a reversible
series of events during which an epithelial cell loses cell-cell
contacts and acquires mesenchymal characteristics [23]. Although
EMT is not a common event in adults, this process has been
implicated in such instances as wound healing and fibrosis. Recent
reports showed that the miR-200 family regulated EMT by
targeting EMT accelerator ZEB! and SIP1 [24]. From our
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observations, overexpression of miR-200a and miR-200b can be
connected to the progression of liver fibrosis.

The diagnosis and quantification of fibrosis have traditionally
relied on liver biopsy, and this is still true at present. However, there
are a number of drawbacks to biopsy, including the invasive nature
of the procedure and inter-observer variability. A number of staging
systems have been developed to reduce both the inter-observer
variability and intra-observer variability, including the METAVIR,
the Knodell fibrosis score, and the Scheuer score. However, the
reproducibility of hepatic fibrosis and inflammatory activity is not as
consistent [25]. In fact, in our study, the degree of fibrosis of the two
arbitrary fibrosis groups was classified using the miRNA expression
profile with 80% or greater accuracy (data not shown). Thus,
miRNA expression can be used for diagnosis of liver fibrosis.

In this study we investigated whether common miRNAs in
human and mouse could influence the progression of the liver
fibrosis. The signature of miRNAs expression can also serves as a
tool for understanding and investigating the mechanism of the
onset and progression of liver fibrosis. The miRNA expression
profile has the potential to be a novel biomarker of liver fibrosis.
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Figure 3. The expression level of miR-199 and 200 families in human liver biopsy specimen by real-time qPCR. Real-time qPCR
validation of the 4 miRNAs (miR-199a, miR-19%a*, miR-200a, and miR-200b). Each column represents the relative amount of miRNAs normalized to the
expression level of U18. The data shown are the means+SD of three independent experiments. Asterisks indicates to a significant difference of

p<0.05 (two-tailed Student-t test), respectively.
doi:10.1371/journal.pone.0016081.g003
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Figure 4. The relationship between expression level of miR-199 and 200 families and expressjon level of three fibrosis related
genes. A. Administration of TGFB in LX2 cells showed that the expression level of three fibrosis related genes were higher than that in non-treated
cells. The data shown are the means+SD of three independent experiments. Asterisk was indicated to the significant difference of p<0.05 (two-tailed
Student-t test). B. The expression levels of 3 fibrosis related genes in LX2 cells with overexpressing miR-199a, 199a%, 200a, or 200b, respectively were
significantly higher than that in cells transfected with control miRNA (p<0.05; two-tailed Student t-test).

dol:10.1371/journal.pone.0016081.g004

Moreover miRNA expression profiling has further applications in
novel anti-fibrosis therapy in CH.

Materials and Methods

Sample preparation

105 liver tissues samples from chronic hepatitis C patients
(genotype 1b) were obtained by fine needle biopsy (Table Sl).
METAVIR fibrosis stages were FO in 7 patients, F1 in 57, F2 in 24
and F3 in 17. Patients with autoimmune hepatitis or alcoholic liver
injury were excluded. None of the patients were positive for hepatitis
B virus associated antigen/ antibody or anti human immunodefi-
ciency virus antibody. No patient received interferon therapy or
immunomodulatory therapy prior to the enrollment in this study. We
also obtained normal liver tissue from the Liver Transplantation Unit
of Kyoto University. All of the patients or their guardians provided
written informed consent, and Kyoto University Graduate School
and Faculty of Medicine’s Ethics Committee approved all aspects of
this study in accordance with the Helsinki Declaration.

RNA preparation and miRNA microarray

Total RNA from cell lines or tissue samples was prepared using
a mirVana miRNA extraction Kit (Ambion, Austin, TX, USA)
according to the manufacturer’s instruction. miRNA microarrays
were manufactured by Agilent Technologies (Santa Clara, CA,
USA) and 100 ng of total RNA was labeled and hybridized using
the Human microRNA Microarray Kit protocol for use with
Agilent microRNA microarrays Version 1.5 and Mouse micro-
RNA Microarray Kit protocol for use with Agilent microRNA
microarrays Version 1.0. Hybridization signals were detected with
a DNA microarray scanner G2505B (Agilent Technologies) and

:@: PLoS ONE | www.plosone.org

the scanned images were analyzed using Agilent feature extraction
software (v9.5.3.1). Data were analyzed using GeneSpring GX
7.3.1 software (Agilent Technologies) and normalized as follows: (i)
Values below 0.01 were set to 0.01. (i) In order to compare
between one-color expression profile, each measurement was
divided by the 75th percentile of all measurements from the same
species. The data presented in this manuscript have been
deposited in NCBI’s Gene Expression Omnibus and are accessible
through GEO Series accession number GSE16922 (human) and
accession number GSE19865 (mouse).

Real-time gqPCR for human miRNA

For detection of the miRNA level by real-time gPCR, TagMan®
microRNA assay (Applied Biosystems) was used to quantify the
relative expression level of miR-199a (assay ID. 002304), miR-
199a* (assay ID. 000499), miR-200a (assay ID. 000502), miR-200b
(assay ID. 002251), and U18 (assay ID. 001204) was used as an
internal control. cDNA was synthesized using the Tagman miRNA
RT Kit (Applied Biosystems). Total RNA (10 ng/ml) in 5ml of
nuclease free water was added to 3 ml of 5x RT primer, 10X 1.5ul
of reverse transcriptase buffer, 0.15 pl of 100 mM dNTP, 0.19 ul of
RNase inhibitor, 4.16 pl of nuclease free water, and 50U of reverse
transcriptase in a total volume of 15 tl. The reaction was performed
for 30 min at 16°C, 30 min at 42°C, and 5 min at 85°C. All
reactions were run in triplicate. Chromo 4 detector (BIO-RAD) was
used to detect miRNA expression.

Animal and Chronic Mouse Liver Injury Model

Each 5 adult (8-week-old) male C57BL/6] mice were given a
biweekly intra-peritoneal dose of a 10% solution of CCLy in olive
oil (0.02 ml/g/ mouse) for the first 4 weeks and then once a week
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for the next 4 weeks. At week 4, 6 or 8, the mice were sacrificed.
Partial livers were fixed, embedded in paraffin, and processed for
histology. Serial liver sections were stained with hematoxylin-
eosin, Azan staining, Silver (Ag) staining, and Elastica van Gieson
(EVG,) staining, respectively. Total RNA from mice liver tissue was
prepared as described previously. All animal procedures concern-
ing the analysis of liver injury were performed in following the
guidelines of the Kyoto University Animal Research Committee
and were approved by the Ethical Committee of the Faculty of
Medicine, Kyoto University.

Cell lines and Cell preparation

The human stellate cell lines LX-2, was provided by Scott L.
Friedman. LX-2 cells, which viable in serum free media and have
high transfectability, were established from human HSC lines [26).
LX-2 cells were maintained in D-MEM (Invitrogen, Carlsbad, CA,
USA) with 10% fetal bovine serum, plated in 60 mm diameter
dishes and cultured to 70% confluence. Huh-7 and Hela cells were
also maintained in D-MEM with 10% fetal bovine serum. HuS-E/2
immortalized hepatocytes were cultured as described previously
[27]. LX-2 cells were then cultured in D-MEM without serum with
0.2% BSA for 48 hours prior to TGFB1 (Sigma-Aldrich, Suffolk,
UK) treatment (2.5 ng/ml for 20 hours). Control cells were
cultured in D-MEM without fetal bovine serum.

miRNA transfection

LX-2 cells were plated in 6-well plates the day before
transfection and grown to 70% confluence. Cells were transfected
with 50 pmol of Silencer® negative control siRNA (Ambion) or
double-stranded mature miRNA (Hokkaido System Science,
Sapporo, Japan) using lipofectamine RNAIMAX (Invitrogen).
Cells were harvested 2 days after transfection.

Real-time gPCR

¢DNA was synthesized using the Transcriptor High Fiderity
cDNA synthesis Kit (Roche, Basel, Switzerland). Total RNA (2 ug)
in 10.4 pl of nuclease free water was added to 1 pl of 50mM
random hexamer. The denaturing reaction was performed for
10min at 65°C. The denatured RNA mixture was added to 4 ul of
5X reverse transcriptase buffer, 2 pl of 10 mM dNTP, 0.5 pl of
40U/l RNase inhibitor, and 1.1 pl of reverse transcriptase
(FastStart Universal SYBR Green Master (Roche) in a total volume
of 20 pl. The reaction ran for 30 min at 50°C (cDNA synthesis), and
five min at 85°C {enzyme denaturation). All reactions were run in
triplicate. Chromo 4 detector (BIO-RAD, Hercules, CA, USA) was
used to detect mRINA expression. The primer sequences are follows;
MMP13 s5; 5’-gaggctecgagaaatgeagt-3', as; 5'-atgecategtgaagtetggt-
3’, TIMP! s; 5'-cttggcitctgeactgatgg-3', as; 5'-acgctggtataaggtggtct-
3’, al-procollagen s; 5'-aacatgaccaaaaaccaaaagtg-3’, as; 5'-cati-
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Abstract

associated with each patient’s drug response.

mMiRNA expression profile.

Background: HCV infection frequently induces chronic liver diseases. The current standard treatment for chronic
hepatitis (CH) C combines pegylated interferon (IFN) and ribavirin, and is less than ideal due to undesirable effects.
MicroRNAs (miRNAs) are endogenous small non-coding RNAs that control gene expression by degrading or
suppressing the translation of target mRNAs. In this study we administered the standard combination treatment to
CHC patients. We then examined their miRNA expression profiles in order to identify the miRNAs that were

Methods: 99 CHC patients with no anti-viral therapy history were enrolled. The expression level of 470 mature
miRNAs found their biopsy specimen, obtained prior to the combination therapy, were quantified using microarray
analysis. The miRNA expression pattern was classified based on the final virological response to the combination
therapy. Monte Carlo Cross Validation (MCCV) was used to validate the outcome of the prediction based on the

Results: We found that the expression level of 9 miRNAs were significantly different in the sustained virological
response (SVR) and non-responder (NR) groups. MCCV revealed an accuracy, sensitivity, and specificity of 70.5%,
76.5% and 63.3% in SVR and hon-SVR and 70.0%, 67.5%, and 73.7% in relapse (R) and NR, respectively.

Conclusions: The hepatic miRNA expression pattern that exists in CHC patients before combination therapy is
associated with their therapeutic outcome. This information can be utilized as a novel biomarker to predict drug
response and can also be applied to developing novel anti-viral therapy for CHC patients.

Background

Hepatitis C virus (HCV) infection affects more than 3%
of the world population. HCV infection frequently
induces chronic liver diseases ranging from chronic
hepatitis (CH) C, to liver cirrhosis (LC) and hepatocellu-
lar carcinoma (HCC) [1]. The current standard treat-
ment for CHC combines pegylated interferon (Peg-IFN)
and ribavirin, and has been found to be effective in only
50% of HCV genotype 1b infection. Furthermore this
form of therapy is often accompanied by adverse effects;
therefore, there is a pressing need to develop alternative

* Correspondence: ymurakami@genome.med.kyoto-u.acjp

'Center for Genomic Medicine, Kyoto University Graduate School of
Medicine, 53 Shogoinkawahara-cho, Sakyo-ku, Kyoto 606-8507, Japan
Full list of author information is available at the end of the article

( BioMed Central

strategies to treat CHC and to identify patients that will
not be responsive to treatment [2].

MicroRNAs (miRNAs) are endogenous small non-
coding RNAs that control gene expression by degrading
or suppressing the translation of target mRNAs [3,4].
There are currently 940 identifiable human miRNAs
{The miRBase Sequence Database — Release 15.0). These
miRNAs can recognize hundreds of target genes with
incomplete complementary over one third of human
genes appear to be conserved miRNA targets [5,6].
miRNA can associate not only several pathophysiologic
events but also cell proliferation and differentiation.

However, there are many miRNAs whose functions
are still unclear. Examples include miR-122 which is an
abundant liver-specific miRNA that is said to constitute

© 2010 Murakami et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http//creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.
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up to 70% of all miRNA molecules in hepatocytes [7].
The expression level of miR-122 was reportedly asso-
ciated with early response to IFN treatment, while
others like miR-26 have expression status that is asso-
ciated with HCC survival and response to adjuvant ther-
apy with IFN [8,9]. IFN beta (IFNB) on the other hand,
has been shown to rapidly modulate the expression of
numerous cellular miRNAs, and it has been demon-
strated that 8 IFNB-induced miRNAs have sequence-
predicted targets within the hepatitis C virus (HCV)
genomic RNA [10]. Finally several miRNAs have been
recognized as having target sites in the HCV genome
that inhibits viral replication [10-12].

To date, various parameters have been examined in an
attempt to confirm the effects of the IFN-related treatment
for CHC. In patients with chronic HCV genotype 1b infec-
tion, there is a substantial correlation between responses
to IFN and mutation in the interferon sensitivity determin-
ing region (ISDR) of the viral genome [13]. Substitutions
of amino acid in the HCV core region (aa 70 and aa 91)
were identified as predictors of early HCV-RNA negativity
and several virological responses, including sustained
response to standard combination therapy [14]. In order to
assess the drug response to combination therapy for CHC
using gene expression signatures, several researchers cata-
loged the IEN related gene expression profile from liver tis-
sue or peripheral blood mononuclear cells (PBMC) [15,16].
It was found that failed combination therapy was asso-
ciated with up-regulation of a specific set of IFN-respon-
sive genes in the liver before treatment [17]. Additional
reports have indicated that two SNPs near the gene IL28B
on chromosome 19 may also be associated with a patient’s
lack of response to combination therapy [18]. These
reports suggest that gene expression during the early phase
of anti-HCV therapy may elucidate important molecular
pathways for achieving virological response [19].

Our aim in this study was to identify gene related fac-
tors that contribute to poor treatment response to com-
bination therapy for CHC. In order to achieve this we
studied the miRNA expression profile of CHC patients
before treatment with CHC combination therapy and
tried to determine the miRNAs that were associated
with their drug response. Knowing patients’ expression
profile is expected to provide a clearer understanding of
how aberrant expression of miRNAs can contribute to
the development of chronic liver disease as well as aid
in the development of more effective and safer thera-
peutic strategies for CHC.

Methods

Patients and sample preparation

Ninety-nine CHC patients with HCV genotype 1b were
enrolled (Table 1). Patients with autoimmune hepatitis,
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Table 1 Clinical characteristics of patients
Characteristics SVR R NR p-value
(n = 46) (n = 28) (n = 25)
Age (years) 570+98 612183 606%76 009t
Male (%) 28 (61%) 11 (39%) 9 (36%) 0.08§
Weight (kg) 595+90 566+99 56077 013t
HCV RNA {x10° 180+ 195 183104 158+093 062t
copies/ml)
Fibrosis stage
Fo 1 1 1 0.508
F1 29 16 10
F2 10 7 6
F3 6 4
F4 0 0 1
WBC(x10%mm® 531+ 159 518+124 471115 029t
Hemoglobin (g/dl) 142 + 126 136+ 135 135+ 1.13 0022t
Platelet (x10%mm?) 167 £50 164+£40 15261 025t
AST (IU/D) 548 £ 481 466 +£293 570+285 017t
ALT (IU/L) 745 + 878 4791286 676432 015t
YGTP (IUA) 560 + 694 385+289 743 +550 0025t
ALP (IU/L) 248+ 715 2451757 3234151 0038t
Total Bilirubin (mg/dl) 067 + 022 072 +030 068+0.19 095t
Albumin (g/dl) 421 £ 031 413027 401x048 0141

Abbreviations. SVR, sustained virological response; R, relapse; NR, non
responder; Differences in clinical characteristics among three groups were
tested using tKruskal-Wallis test, or §Fisher’s exact test. AST, aspartate
aminotransferase; ALT, alanine aminotransferase; WBC, white blood cell; ALP,
alkaline phosphatase; yGTP, gamma-glutamy! transpeptidase.

or alcohol-induced liver injury, or hepatitis B virus-asso-
ciated antigen/antibody or anti-human immunodefi-
ciency virus antibody were excluded. There were no
patients who received IFN therapy or immunomodula-
tory therapy before enrollment in the study. Serum
HCV RNA was quantified before IFN treatment using
Amplicor-HCV Monitor Assay (Roche Molecular Diag-
nostics Co., Tokyo, Japan). Liver biopsy specimen was
collected from each patient up to one week prior to
administering combination therapy. Histological grading
and staging of liver biopsy specimens from the CHC
patients were performed according to the Metavir classi-
fication system. Pretreatment blood tests were con-
ducted to determine each patient’s level of aspartate
aminotransferase, alanine aminotransferase, total biliru-
bin, alkaline phosphatase, gamma-glutamyl transpepti-
dase, white blood cell (WBC), platelets, and hemoglobin.
Written informed consent was obtained from all of the
patients or their guardians and provided to the Ethics
Committee of the Graduate School of Kyoto University,
who approved the conduct of this study in accordance
with the Helsinki Declaration.



Murakami et af. BMC Medical Genomics 2010, 3:48
http://www.biomedcentral.com/1755-8794/3/48

Treatment protocol and definitions

All enrolled patients were treated with pegylated IFNa-
2b (Schering-Plough Corporation, Kenilworth, NJ, USA)
and ribavirin {(Schering-Plough) for 48 weeks (Figure 1).
Pegylated IFN was administered at a dose of 1.5 mg kg/
week at the starting point. Ribavirin was administered
following the dose recommended by the manufacturer.

Definitions of drug response to therapy

Drug response was defined according to how much HCV
RNA had decreased in each patient’s serum. After four
weeks of drug administration (rapid response phase) the
patients were classified into the following two groups
after four weeks of drug administration: (i) rapid virologi-
cal responder (RVR): a patient whose serum was negative
for serum HCV RNA at four weeks, and (ii) non-RVR: a
patient who was not classified as RVR.

The patients were classified into the following three
groups after 12 weeks of drug administration (early
response phase): (i) complete early virological responder
(cEVR): a patient who was negative for serum HCV
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RNA at 12 weeks; (ii) partial EVR: a patient whose
serum HCV RNA was reduced by 2-log or more of the
HCV RNA before drug administration at 12 weeks, but
who was not negative for serum HCV RNA; and (iii)
non-EVR: a patient who was not classified as either
cEVR or pEVR.

The patients were classified into the following three
groups at the time of post-treatment at 24 weeks (final
response): (i) sustained virological responder (SVR): a
patient who was negative for serum HCV RNA during
the six months following completion of the combination
therapy; (ii) relapse (R): a patient whose serum HCV
RNA was negative by the end of the combination ther-
apy but reappeared after completion of the combination
therapy; and (iii) virological non-responder (NR): a
patient who was positive for serum HCV RNA during
the entire course of the combination treatment.

RNA extraction

Liver biopsy specimens were stored in RNA later
(Ambion, Austin, TX, USA) at -80°C until RNA

-1lw - ow 4w 12w 48W 72W
—> [ administration of pegylated IFN +ribavirin >
l l therapeutic period l observation period l
- rapid response early response final response
liver biopsy 41
l CEVR .4 SVR
9 53 12 46
microarray analysis RVR
9
9 5
CHC 4
pEVR 15 A R
9 N\so S
27 27 28
nonRVR l
90 19
1
nonEVR 138 R NR
19 - 25
Figure 1 Study design and time-line response to combination therapy. The time-course of liver biopsy, microarray analysis, therapeutic
period, observation period after combination therapy, and drug response judgment time (4W, 12W, 72W) is shown. Each therapeutic result
(rapid, early, and final response) and the number of patients transitioning into each group are shown. RVR, ¢EVR, pEVR, SVR, R, and NR are
denoted as rapid virological response, complete early virological response, partial EVR, sustained virological response, relapse, and non responder,
respectively.
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extraction. Total RNA was extracted by using mirVana™
miRNA Isolation kit (Ambion} according to the manu-
facturer’s instruction.

miRNA microarray

miRNA microarrays were manufactured by using Agilent
Technologies (Santa Clara, CA, USA). Total RNA (100
ng) were labeled and hybridized using a Human micro-
RNA Microarray kit (Agilent Technologies) according to
the manufacturer’s protocol {Protocol for use with Agi-
lent microRNA microarrays Version 1.5). Hybridization
signals were detected using the DNA microarray scanner
G2505B (Agilent Technologies), and all scanned images
were analyzed using Agilent feature extraction software
(v9.5.3.1). Data were analyzed using GeneSpring GX 7.3.1
software (Agilent Technologies) and normalized as fol-
lows: (i) values below 0.01 were set to 0.01. (ii) each mea-
surement was divided by the 75th percentile of all
measurements to compare one-color expression profiles.
The data presented in this manuscript have been depos-
ited in NCBI's Gene Expression Omnibus and are acces-
sible through GEO Series accession number GSE16922:
http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?token=xIm
bxyyumcwkeba&acc=GSE16922

Real-time qPCR for miRNA quantification

To detect the expression level of miRNA by real-time
qPCR, TagMan* microRNA assay (Applied Biosystems)
was used to quantify the relative expression levels of
miR-18a (assay ID, 002422}, miR-27b (assay ID, 000409),
miR-422b (assay ID, 000575), miR-143 (assay ID,
000466), miR-145 (assay ID, 000467), miR-34b (assay ID,
000427), miR-378 (assay ID, 000567) and U18 (assay ID,
001204) which was used as an internal control. cDNA
was synthesized by Tagman miRNA RT Kit (Applied Bio-
systems). Total RNA (10 ng) in 5 ul of nuclease free
water was added to 3 ul of 5x RT primer, 10x 1.5 ul of
reverse transcriptase buffer, 0.15 ul of 100 mM dNTP,
0.19 ul of RNase inhibitor, 4.16 ul of nuclease free water,
and 50 U of reverse transcriptase in a total volume of 15
ul. The reaction was performed for 30 min at 16°C, 30
min at 42°C, and five min at 85°C. All RT reactions were
run in triplicate. Chromo 4 detector (BIO-RAD, Her-
cules, CA, USA) was used to detect miRNA expression.

Method of predicting prognosis

Monte Carlo Cross Validation (MCCV) was used to
identify a set of prognostic miRNAs and to assess and
predict drug response [20,21]. We chose MCCV to
make up for relatively small number of patients. The 99
enrolled patients were repeatedly and randomly divided
100 times into training sets (TSs; size n = 10, 20, ..., 90)
and a corresponding validation set (VS; size = 99-n).
The percentile-normalized measures for miRNA
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expression were compared between the 2 TS patient
groups of SVR and non-SVR (R and NR) by computing
absolute values of the difference for each of the 172 miR-
NAs that were higher than 10. A prognosis signature was
defined in terms of the expression measures of the miR-
NAs with the largest absolute differences. A 35-miRNA
prognosis predictor (PP) was established for TS patients
and its performance was assessed on V§ patients. A PP
was computed by applying diagonal linear discriminant
analysis to the 35-miRNA PP of the TS patients (Table 2
and 3). The PP was applied to predict the prognoses of
the VS patients. The predicted and actual prognoses
(SVR or non-SVR) of the VS patients were compared to
obtain the following three measures of prognosis predic-
tion performance: (1) accuracy {proportion of correctly
predicted prognoses), (2) sensitivity (proportion of cor-
rectly predicted non-SVR) and (3) specificity (proportion
of correctly predicted SVR). 53 patients (N and NR) were
also repeatedly and randomly divided 100 times into
training sets (TSs; size n = 6, 12, ...42) and corresponding
validation set (VS; size = 53-n). Perl programs of our own
writing performed all analytical processes.

Cell lines and miRNA transfection

HEK293 cells were maintained in D-MEM (Invitrogen,
Carlsbad, CA, USA) with 10% fetal bovine serum, plated
in 60 mm diameter dishes and cultured to 70% conflu-
ence. 293 cells were plated in 6-well plates the day
before transfection and grown to 70% confluence. Cells
were transfected with 50 pmol of Silencer® negative con-
trol siRNA (Ambion) or double-stranded mature
miRNA (ds miRNA) or 2'-O-methylated antisense oligo-
nucleotide against the miRNA of interest (ASO miRNA)
(Hokkaido System Science, Sapporo, Japan) using lipo-
fectamine RNAIMAX (Invitrogen). Cells were harvested
2 days after transfection.

Real-time qPCR for mRNA quanification

cDNA was synthesized using the Transcriptor High
Fiderity cDNA synthesis Kit (Roche, Basel, Switzerland).
Total RNA (2 pg) in 10.4 pl of nuclease free water was
added to 1 pl of 50 mM random hexamer. The denatur-
ing reaction was performed for 10 min at 65°C. The
denatured RNA mixture was added to 4 pl of 5x reverse
transcriptase buffer, 2 pl of 10 mM dNTP, 0.5 pl of 40 U/
pl RNase inhibitor, and 1.1 pl of reverse transcriptase
(FastStart Universal SYBR Green Master (Roche) in a
total volume of 20 pl. The reaction ran for 30 min at 50°
C (cDNA synthesis), and five min at 85°C (enzyme dena-
turation). All reactions were run in triplicate. Chromo
4 detector (BIO-RAD, Hercules, CA, USA) was used
to detect mRNA expression. The primer sequences are
as follows; BCL2 s; 5’-gttgctttacgtggecetgtt-3’, as; 5'-
ggaggtctggcttcatacca-3’, RARA s; 5'-cataccctgecataccaace-
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Table 2 List of the 35 miRNAs used to classify patients into SVR and non-SVR groups using Monte Carlo Cross

Validation (MCCV)

Gene hame fold change (SVR/non SVR) T-test Selection by MCCV
Rank appearance frequency in appearance number of times
this classification (%)

hsa-miR-122a 132 6.67E-02 1 98.78 889
hsa-miR-21 1.19 362E-01 2 9467 852
hsa-miR-22 123 780E-02 3 9322 839
hsa-let-7a 1.14 3.57E-01 4 9233 831
hsa-miR-23b 141 1.72E-02 5 9144 823
hsa-miR-26a 132 745E-02 6 90.78 817
hsa-let-7f 115 4,04E-01 7 8867 798
hsa-miR-142-3p 139 145E-01 8 8733 786
hsa-miR-494 218 585E-03 9 82.00 738
hsa-miR-194 122 1.70E-01 10 80.78 727
hsa-let-7b 1.1 3.5GE-01 1 8022 722
hsa-miR-148a 125 2.28E-01 12 7967 717
hsa-miR-29a 116 2.73E-01 13 77.78 700
hsa-miR-125b 1.20 237E-01 14 73.11 658
hsa-miR-192 1.09 489E-01 15 6967 627
hsa-miR-24 125 831802 16 68.89 620
hsa-miR-768-3p 119 1.78E-01 17 68.78 €19
hsa-miR-126 107 6.75E-01 18 49,56 448
hsa-miR-19b 1.15 298E-C1 19 4889 440
hsa-miR-370 200 144E-02 20 39.00 351
hsa-miR-29¢ 1.26 1.37E-01 21 38.89 350
hsa-miR-16 124 2.08E-01 22 37.11 334
hsa-miR-145 1.0 9.25E-01 23 3489 314
hsa-let-7¢ 121 141E-01 24 33.22 299
hsa-miR-215 120 365E-01 25 2767 249
hsa-let-7g 116 3.64E-01 26 27.44 247
hsa-miR-451 113 6.94E-01 27 23.11 208
hsa-miR-26b 130 2.26E-01 28 2222 200
hsa-miR-92 112 344E-01 29 211 190
hsa-miR-29b 119 262E-01 30 19.44 175
hsa-miR-107 1.21 1.58E-01 31 18.78 169
hsa-miR-27b 140 2.32E-02 32 18.11 163
hsa-miR-638 132 557602 33 16.89 152
hsa-miR-199a* 112 592E-01 34 16.78 151
hsa-miR-193b 125 7.24E-02 35 16.67 150

3’, as; 5’-gacatgaaaggagagtggeg-3’, SMAD?2 s; 5’-aatattttgg
ggactgatgec-3’, as; 5'-gettttgggeagtggttaag-3', and B-actin
s; b’-ccactggcatcgtgatggac-3’, as; 5’-tcattgccaatggtgat-
gacct-3'. Assays were performed in triplicate, and the
expression levels of target genes were normalized to the
expression of the B-actin gene, as quantified using real-
time qPCR as internal controls.

Statistical analysis

Data were statistically analyzed using the Student’s t-test
and differences in clinical characteristics among 3 groups
were tested using the Kruskal-Wallis test, or Fisher’s
exact test. Data from microarray were also statically

analyzed using Welch’s test and Benjamini-Hochberg
correction for multiple hypotheses testing.

Results
A microarray platform was used to determine miRNA
expression of 470 miRNAs in 99 fresh-frozen CHC liver
tissues.

miRNAs which related to the final response of
combination therapy

Unique miRNA expression patterns were established
according to the final virological response (SVR, R, and
NR) to the combination therapy (Figure 1). To isolate



