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WMERRE WO BAF
B ITBUE NERERHRR HRE

BREE

B, A T2 EAD HCV BEFENEEL ., SOITTOHMER] 300 5ATDEMLTLS
SEMD, BHE HCV ZEORREINEFIND P CIRBEEICIRELHFNFELA TS
Y. BT <—2 D Santaris 77— A EAFEF D miR-122 ZEEF S LNA(MiR-122 [£ HCV
DEMINE) X, BERBRTHEAHEEEZRLTWS, LHLEBEEOKEBESR. BHERERO
HOBARREEHLREEZRESUEFIETEY., BEBEOREBEFZRATETUVEL, Z2TE
BZRICHLTIE, HL HCV EHICMA T, BRBEZFMEIEL | B IFN ZHE AR EEEH
FIHIEElL,

CNETOMEICKY. MBS TIEBD RNA #5859 5 RIG-I (Retinoic acid-inducible
gene-NZEMIALSEHEESINERIC IFN BEEEFFETELILNHESN TS, RIGH [&, 5'KIFHIC
IYUEEEFODZARE RNA LEVRFEZE T AL, KR TIE miR-122a D7 F >
AEHNZ RIG- ITHEE RIREA S RIGICSYVBRELZI D ZARE RNAZ DL HRT7 o F R U R
#1Y IR LAF K (Antisense oligo nucleotide; ASO) Z4ESIL . HCV HEIEFI S REBETL
Tzo Tz BEEREZED | B IFN E£FEATHET 572012, BRREFMHLICKD | B IFN E4ES

B A A S E MR R OHEEIT o=,

SERRE
BH X KEXFEREREZHER
HEIZ

A BIRE®B

WE4E . HL HCV ZEELT Small Interfering RNA
(SiRNA)*> Locked Nucleic Acid (LNA)%E DIXBEE
EHNTHSh. BERFABRTLENAENELNEDS
nTWd, LK LEIREORBESEL . BHERZEE
FOBARREEFHELUEVISIBFIATEY. &

BEDRBEREMNFRSA TN, Bhi-ZBES
ZRARTDHICIE, RERELEZHETILELD
%, T, AFETIK. C BFLEICILZ(HCV) D
RLAMAI A O RBERE LR EBMHT 5L T,
AEDORHCV FEHICNZ T, 41>4—2z02(IFN)
FREMRELTESNEREOEHENRBEESE
By HILEBMET D,

B. BIRAE
APRIE. AEARE LO, DEREE BH
DEF 2 BATEFTLU, BZREEITBWTIE. 5 Kin



12 3 UUBREAEH T 5O siRNA ZHfESE -5
Iz B siRNA (3ptsiRNA) (245 B ARG B EEIZD
WTHEICEMICREE#ED D EELIZ HCV LT
CEEIEEICOWTEELZ LAY, F£.
miR-122a M7 > ¥t > ABHIZ RIG-1 1ZFEE T HE
7S RIRICEY UEER AL DR RNA £ D7
T-3788 ASO T 5 LNA122-DS O B SRSy E AL 1
WS I 3R IFN BB DL TRET L= (H
),

C. WITHR

(1) FEEEERBASE LTz 3ptsiRNA D EIHFEEIL, Blunt
end H KU Sticky end EBELITEWVWTEHRIZED/
DDA MBSV BRBEERICELZEY
HIEDRENT,

(2) 3ptsiRNA [EFEIZRIG-1 N L TEHARELZF
b LT, TLR3 £, 44 hv 59 3ptsiRNA
1Tk DEABEFELICEAE LTSI &N
BHohé&iot,

(3) 3ptsiRNA EREEICHBLNT HoV LYoy /4
D/vIEEBRBEFEILICKEIELGD
HCV HIEDHIFIZBESNEN -0 D . #
BEE(CI>TEHARARELZREELTHILIZKY
HCV BRI EE THAHEMRENT,

(4)LNA122-DS I 1 2 IFN DA G 59, 3B IFN %
FBEAEETHDS Z EMNRSI NI,

(5)LNA122-DS 12 & 5 3B IFN ORIAFZFEIZH T
3 RIG-I AFICEAELTWA T EABHLME
Eot=,

(6)LNA122-DS (ZHFFHMIRBICE LW TBERAEZEE
L L. .53k ASO TdH S miR-122a IZx49 % ASO
K YBEL HOV EIEMGIHRERT L OD. £
NIZTBT5BRAESTHLOFSEFBENI L
NRE S,

D. ¥

1. 3ptsiRNA (&, EIZ RIG-I ZNLCERRESES
HESEEHIE. FOEHITIES KiFD 3 U
ENEETHLHIEMNTREINIZ,

3ptsiRNA D 3EHEIL, Blunt end, Sticky end £
STHRIZDBRFBEEEILES IV / vIF
DUMMBERTHIEN TSN,

LNA122-DS (&, FIZRIG-1 #TLT3 B IFN D
HBEFETLHIENREINT,

LNA122-DS [Z4&k 2 HCV HETEHNHI%h 8%,
miR~122a [HEHE XS B R GEEEL L DR
BETHIEIRESN T,
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M CEBIFAY9MIAEFERHEENA U EA—DOVEERZHEE O KR RS

EEDRIZICET A%
BEREREE

| B4 02 —7 O VEEFTETM RS REMARROFTE <RI K5

BEUIEE Small Interfering RNA 12 & % HOV H&5@EHN&| (B A& 5

mEAKE WO BAF
WA TBUEANERERTIRR HEE

MRES

CEFRDAILR (HOV) DREEEL, 2HAT2EAN. BANTIE200 GAIZEDIEY . CH
FRIIERTRROVANABREED—DTHD, HCV BREBH ISV B S TIEEF X%
FEL. D%, FFEE. FEALBITTIENS, EHMAREORAEIIRANITEETHS
EWZ D, IR, Bif-7x C BFF R AEELL T, Small interfering RNA (siRNA)A> Antisense
oligonucleotide (ASOYEE DIZEREZEICKREMTFENEFE > TS, HEDZKEREZEIIENER
BRI, BRBEZEHIELEVESEITSATINS, LML, HOV BEEFED—EIL HoV
L& TERRENTHILSELILTEARLHBRINSI L, C BFRAERELLTIEH VA
—2ozOV (IFN)ARLLR TSI E HOV IZH T2 RELZFZETHLTIYBLAERDEN
I TEHILEEE T DL, BEBEEARROG HOV FHEICMZ T, BRREEELEENE
FTHIENTENIL, KYBLH HCV FHABLNDIEDLEEFSND, TS TAMEIZBEWNT
[&. HFLHCOV EMIZIA T, BAMBELFMHECL B IFN 25 St BERERAR T
L. MEEL, EMRICBARELFMCTIEELIC. EROEMEBEFE/vITIY
A BE/E /I RY Small interfering RNA (siRNAYZBAFEL . T D /v oA 0 R IGLUICIRIFNES
BEECDVTHRE LTz, ZCTEREEL, HIKE siRNA OIFNZEKE B TEMICRE
Tot=0o &HIZ, HOV HEFEMNHIBEIC DLNTHRET L 1=,

SERRE KO #Mz KEXREXFREZHER
BH X#H KRRKERZEREFEHRR iz
HHE Ong Tyng Tyng  RERKFERFHRIEFHRE
KERRE
AR E BAR BEE AEEXRFERERESZHIER
iR BZ  MISTBCEANEZEREBHRR 26
JadzHyp)—4— mEE Bz RUXKZEREREEZELESHRR
Bz




BIR S KBRS YIHEMZTRT
Bh#

W S KBRS ME R
iz

A WIEEM

CEIFF 27 JLA(HCV) I, #9 9.6kb DTS5 REH
RNA %4/ LIZ8ED RNA DA ILATHY B,
HRIZIEH 2 AL FFTIE 200 5AHLD HOV
BEBEMNNDEHTESIN TS, C BT A
FELTIEL IFN 8FIAESTICYAREY O BRI
ENENTAFNRERL. ERO HOV BRE
TERAMERIZHZEOND. HRTIHRARELTE
fél 200~300 5 AT DREFHENMEMLTNSIE
Mo, TOEFHEFEORR T HEHRMTRE
HETHIEER D

A, BT HOV ZEEELL T Small interfering RNA
(siRNA)X> Antisense oligonucleotides (ASO)%i& D
MEEEENTIEEEDH TS, EZIE . HCV @
AT Z TR Y microRNA TH2 miR-122a
NEETHIZENBELMNEL->TEY . miR-122a
IZ%19 5 ASO ZEFSHE BT ETHCV D RESAE
HIFBETH S, BEIT miR-122a [ZXF 5 ASO (4.
Rk DA Fr—EICL>THRERREB A Thh
THEY.E 2 HERICBVLDTLEERFHRELEDL
NTWB, IR ORBEZETRERBERO
F=OICBRBEZEFEELEVKSITERETSINT
W5, LAL. C BIFFAHRELLTI B 42—
OV (IFN) BAMERSN TSI &AL, HOV Bl
D—EPIETHCV 7/ L2 k> TERAGEMNEEILS
N HCOV BNERERINDILEZEETHE. L
BEEEZEIZKYARFZEDOB HOV EEIcmz T 1 &
IFN AEAFEAFELANIE, SHITHEVEED
BN TEEEER T,

ZITCAMETIE., MBEEICEBARREEEL
BEE T ELI B IFN ZEAEFE T L LEH A1,
FEEEDKRITELTIL, 5 KIFIZ 3 YUBEESR
THEBD siRNA ZEFESHE-IHE siRNA

(3ptsiRNA) EBHFEL . TD HCV &/ /DB
DBLGLRICBRAEEECREEFHEL -, K4
FEIL 3ptsiRNA (kD BRBEFMHILEEIC DT
HICFHICB £ D HEEBIT HOV LTy
BT NHIREI DD THEET L=,

B. WAk
1. 5 RIGIC3UVEEZAHL-HIE siRNA
(3ptsiRNA) DEHY

WEERE. HOV %7/ L& YIHT el HE7S siRNA BESIE
ALz S d siRNA 28T HET,
3ptsiRNA 55 ET L 7=, Negative control 3ptsiRNA &
L TIl% . Green fluorescence protein (GFP) .
B-galactosidase (LacZ) . chlorampheniccl acetyl
transferase (CATIZX19 % siRNA Z&EFELI=HD
TRV, BEtLERMNEa—RU=&RAUT
DNA & T7
(MEGAshortscript kit, Ambion)Z FILNT % Strand &
E LT, & Strand (L. 15% denaturing PAGE Gk
Bk, BEURLTz, BURLT= RNA (&, B&#. 98°C
TAVFaX—r1=Db, ERTRAITHAAT S
CEITEoTTF=—Y T EE -, & Strand BT =
—1JL 3ptsiRNA BABRLESH TLEMEMNIZD
WTId, BRABICLURERERLT=,

RNA polymerase enzyme kit

2. 3IptsiRNA D 5" K 3 VEEEDREICET S
&t

LE1TERLT: 3ptsiRNA FHD RNA Strand
(Single strand)% Calf Intestine Phosphatase (GIP)
TO B LB HIEITKY, 5 KigdD 31>
BREERYBRU . D%, HhTLFFEIZLY RNA
Strand ZFEEILI=MH ., L5 1 EFEHRIC 3ptsiRNA
IS 1=, 3ptsiRNA D Transfection EERIZEHL
Tl EFFIEALRF kAR T 5 PHECHS e (R
IR - NRE 2 E LY E) % 24-well plate [T
1x10° cells/well TIEELT=, B B, 3ptsiRNA %
Lipofectamine RNAIMAX #RULVTRIZEE 25nM
C Transfection L1z, Poly EC [ZDWWTCIE, HR&RE
E25 pg/mL T Transfection L1z, Transfection12
Brf1% Iz Isogen Z ALV T RNA Z[EURL . Real-time



RT-PCR IZ&Y mRNA level Z L 1=,

3. 3ptsiRNA IZkD 1 & IFN FEICETHEAR

ESRAROBEICET 5

ZKfH RNA ZRBH T HLAHESN TS
Toll-like receptor 3 (TLR3) & & U8 Retinoci
acid—inducible gene-1 (RIG-DIZxt9" % siRNA #%.
Reverse Transfection [Z&kY) PH5CHS #iRaIZ{&iE
7E 50nM TC Lipofectamine RNAIMAX ZFUYTEA
L7z, 24 BRI # . 3ptsiRNA (FRIRE 25 nM),
5" ppp—dsRNA (5" KIS UV BEEHT S 1918
HE DA RNA, Invivogen., $&RE 2.5ng/ul).
BEU polyl:C (HREE 25ng/ul)Z Lipofectamine
RNAIMAX % F LY T Transfection L 1= ,
Transfectiond B R I M| ZE 1T LV,
Transfection12 B[ Total RNAZ[EIL ., FEE
B RT-PCR [Z&kY. Type I EKU I IFN D mRNA
EEBELE,

4. HCVLFYavIZxtd % 3ptsiRNA (D HCV 15l
MEI=hRICEET 55T

HCV LYo #E HeclB/miR-122a #ifa
(miR-122a Z#iBF|FKEILT S Hec!B MiRA(CMFE
HIEEMRA) . Hec1B/miR-122a—Con1 #Hi) %
24 well plate {Z 1x10° cells/well CIEFELT-. 2 H.
{EHLLT- 3ptsiRNA % Lipofectamine RNAIMAX % F
WTHREE 25 nM T Transfection L 1=,
Transfectiond BFfEIZICIEHIZIBEITILLESIC,
Transfection48 B EE B2 1T Total RNAZEURL .
EEM RT-PCR IZ&LY HCV 5/ LEZEELT-,
F 1= Transfection1 2851 (< Total RNA Z[EYIL .
Hec1B/miR-122a—Conl #IBICHITHE A RE
S EREZET@E L <,

C. BIE&ER
1. 3ptsiRNA D 5’ ki 3 VEEE DKEIZEET S
&t
F9 3ptsiRNA 2R 5 BAREFRELEELZR
54 Bf=HIz. CIP MBI &->T 5 KD 3

HEFIYBRL V- 3ptsiRNA FFHSIL. I BB LU I
BIIFN SBEREF R L=, ChETIZ.RIGIZES
ZZ$H RNA OREICHELTIX 5 KiRD 3 U B
ENEETHAILSHESN TS, CIP NIEEL
f= 3ptsiRNA TI&, HEED 3ptsiRNA LLEEEL .
IFN-BE & IFN-AD mRNA E&4 1/100 BLFIZH
DL BLEDFER LY, 3ptsiRNA ITEB T BB &
U I B IFN S5EICHULTIE. 5 RiRmm 3 Y UEsE
PEBOTEECTHICEAHLMEL STz, LHL.
CIP 03B 7= 3ptsiRNA IZEHE LT, 1 IFN ) mRNA
EI1XIF X No—treated cells EEILARILETHEADLS-
AL EY IFN O mRNA =13 Non—treated cells &Lt
BLEKRELTEWVLWLALTH-=, 2hik,
3ptsiRNA M RIG-1 DAEST | thD BRAEZE
RIZEREINIFN ORBEEFELTLDLNDEE
gq]3nf-.

RITEHIZ 3ptsiRNA D ERIFDIEEDS IFN FEIR
FEICRIFTIEEICOVTHRELE, ZhETIZ,
RIG-T 4 L= BAREFMEILIZH UL TIE, Sticky
end &Y% Blunt end DA H IFN FIRFEREN S LN
ZEMNBESNTIND, ZCTC. 5 VUBEEET
BRIFHERLHY Blunt end @ 3ptsiRNA &, Sticky end
M 3ptsiRNA ZEFREL . 2D IFN FFEEEERE L=
FDFER . Blunt end. Sticky end EHIZIFIXFRE
DIEBLUCME IFN RIRFEREERLUZ, 46,
siRNA [ZHITHFKimHEEIL. RNA SHOELLHM
RNA-induced silencing complex (RISC)IZHYAE
NEWRETDLTCEELRFTHD. T,
Blunt end &1 Sticky end @ 3ptsiRNA [Z&3D
HCV #/ LD/ 99F I NEIZDOWNTREELI=E
A CHELICBWTEHEDOMICEEGEILRS
niEmh otz LI EDHEREKY. 3ptsiRNA 1ZHLVT
[FR & L Blunt end LU Sticky end EB 5
IZEBVWTHLRFED/VvIFIUNERSLUBRRE
EEMILREER TSI LM RSN,

2. 3ptsiRNA [2X5 1 B IFN SBEICB 28RS
EZRAOBEICET A%
512 3ptsiRNA IR S EARREFEHICEETS



BARREZBAREHAONCTHILEBMIC, =
A fH RNA 3259 5 B R G 2 BK T 5 RIG-
B LU TLR3 % siRNA T/yo5 9 Ui=-HIlaI =t
L. 3ptsiRNA % Transfection L. IFN F5IRZEEIREIZ
DNTHEE LT, £9 RIG-I 8LU TLR3 [ZxT D
SIRNA D /DA ) U FRITDWTHREILIZETA,
RIG-I & TLR3 &H12 50 nM TH 50%FE T
mRNA SEF DS, T2 TRIZ RIG-T H L&
TLR3 % /w459 LT-HIFEIZ 3ptsiRNA Z{EE
H1=& 5. Control siRNA FTALEEEE L HLEGL .
IFN-BE LT IFN-LEEITHIS0%mRNA EASE A L
2o —AT., TLR3Z/ v O A LEBEIZIE
IFN-BHE LU IFN-AEHICHEELARBEEDETIX
BEIhholz, LOALAEMNS RIG-T LU
TLR3 OlFEHE/ v oA Liz& T A, RIG-I
DHE/ VI ED L LIEGELEBEL, bTh
Tl dp S EHE IFN mRNA B D2 5 D EER
Shi=, LLED#ER KLY 3ptsiRNA (1< RIG-]
ZH L CEARREZEHRIEL TS, TLR3 %
Dz g 3ptsiRNA 124 2 BRGEEFEIC
BELTWAZEMBELMNEGE ST,

3. HCV L% d % 3ptsiRNA D HCV 1E5E
HNEIh BB Bk ET

INETITEE LY. 3ptsiRNA (BN 1 BB L
VB IFN FEEEEITHEELIC HOV S /LIS
WD/ VIEIUMEBERFTHIEND, RIC
HCV LYo B HHRaZ LT, HOV HETE NI
HEICEL TREIEITolz. HCV L) il
LTIE. miR-122a Z@EFHBR T L FENERE
Mtk TH S Hec1B/miR-122a #HIRAIZ Conl ¥D
HCV Lo wBALT-#HI%EHL =, Hec1B #
fAIXFFMETIRENED D, miR-122a ZBEE
HEE TSI, HOV L ar NERIa R TH
A&, Huh75.1 fIfaEIERGY  ZARHE RNA 1Tk
YUERBEINFECTHEEERLTCLD FT
Hec1B/miR-122a-Con1 # & IZ 3ptsiRNA %
Transfection LT=&Z 5, Non—treated cells EEEETL .
IFN-BIZ#4 50 £, IFN-LIE 100 f£LL_EELY mRNA

EMNFEENT -,

DFEIZHeclIB/miR-122a-Conl #f&IZ 3ptsiRNA
# Transfection L HOV Ly 145 M&Ish &Iz
DNTHREILI=ETA, 3ptsiRNA {EFREETIE HOV
L)z Ldild 25 nM TH 25%I12 /959455
vaht=, LHL. Control M siRNA (HCV 4° /L2
%9 % siRNA)Z 75nM C Transfection LT=&Z A,
3ptsiRNA EBIREED /v I BN ELNT,
BHAREEMLEEE A TS Control @ 3ptsiRNA
(HCV 4/ LsE /9B UL 1B Wb Th T B
BEU M A IFN FREZFHETHIET, # 50%F
T HCV L avs / LmhEb Uz, L0
RK&Y . 3ptsiRNA {EREIZHLNT HoV LTy
TILD /T EBRBEELICKSEL
% HOV HEFEOMF LB IN LGN > DD #
BEFEICI->TEREBELEEILTHIEICKY
HOV #FEEIHEI A e ChH D MRSz,



D. &E

RBESEE (L, 3ptsiRNA ZRAFE T HEELBIC. FD
HCOV #/LIZRTB/99 80 MESIVBER
GEFEMIEIIODVTHEELE. REEIX.
3ptsiRNA 2k DBRREFHILANZXLIZDUL
TREZEDHDELBIT, RNA FHEBERBET
DT A DIERIZE>TEALS HCV HEFEHNF]
DRI BHBININEHEIToI

ZARERNAZRE L CEARELEHILTIE
ReE2RIKELTIX, £IZ TLR family & RLR
(RIG-like receptor) family ARSI TILNVD, —A.
BEBEEEDISES. EICHBBEICBVTHEEZR
BIaoehn, IBEICHEILKTINI—F3
HENRHZ, O TRBEEICI>~TERRES:
FEHETIESICBNTHL. HREICTHRARE
SREICEE SN E=ANBRRBEFTEILEXE
EEREOEBERAOMAZIEI(FEETED
DTIELEVNEER Tz, ZZTSEITMREIZT
TR RNA ZRELBARRELEMLT S RIG-
#1ZREL T ptsiRNA ZFERET-BAFLIz. ChET
D LY RIG- (L, D5 FKIFICIYUBEEFET
% 19bp LLED ZA&$H RNA Z58<RHTHEE11,
@sSticky end &Y% Blunt end ZH 9% =788 RNA
&> THGEEIETAIEMNBALMNELEH> TNV,
FFHOHIC CIP MIBITKY 5 KRiFD3) U EEE%E
BRULM= 3ptsiRNAZEREIL . BERAREEELEEE R
HUf=. TR, CIP LB kY [ BB RO B
IFN @ mRNA Z(& 100 fFLLERDL=, #oT.
IptsiRNA [ZRDBRBEFMHIZBLNTIE 5K
D 3 UUBENBDTEETHLIEN TSI
f=o —/T. CIP JLIEL = 3ptsiRNA DIHE . IFN-B
mRNA EXZFEZEN\VITSURFLRLTHY . #
1/1000 I=FEAMGISh i, LHL., MEIFN D5
A1ZIE%5 1/100 (2 mRNA ERBA LT THY .
Non—treated cells &HLEET H&. RAREL T 100 2
LLE® mRNA A STz, fE>T B IFN IZES
LTIE 5 RiRD 3 UUBEKRFNLTFEREKEE
RENGFERBRIAFETLIOMELNLLY,

E512 3ptsiRNA [TRD B A REFHLRIRICO
WTHRELI=ECAH RIGIE/ VIEH T HIET

KECI BB LU M E IFN RFENFDL-2EM
5. 3ptsiRNA [XE%EHEY RIG-1 IZER#Sh5ILT
BAREEEMILT B EAEL I E o=, — 5
TTLR3IZDWTIE, TLROAZE /w59 LTE
3ptisiRNA 1245 IFN RIRFEITIIKRELGEZEL
gmIhighof=, LML, TLR3 & RIG-I D&%
BEIC/voF I LIZBEICIE. RIGT OAHESY
DG E LB LTEAICE LN/ vI5 D
UHENELNT=, #27T 3ptsiRNA [EE(C RIG-
ZNHLTHARREFEHILTSHDOD, TLRS H—
S5 HIEABHLMELST=, TLRS [£EIZT
URY—=L/FAIT—LRIZBETHEAHD
T3, 5T 3ptsiRNA [FRELE. TURY—
L/SAV —LEBRE T BLIETIC TLR3 [ZERHES
NTWBIENREShT =,

ZNETIZ siRNA DKif#EE (Blunt or Sticky
end) [X. siRNA DEBEH0M RNA $HA% RISC (CHRY
RAENINERETIHIEELGRFTHDICENH
LMELHTNDS, Thbhb, PUoFEVRED 3
Rimh 2 EREHLU-BED ARG/ VvIFY
UNEEFFITAHENHEINTLIS (Sano et al,
Nucleic Acid Res., 2008) , —7/5C, RIG-1 IZ&k5E
AREFERICBVNTIES RIGICIYVEEREE
SR IA Blunt end D AN BB ARGRIEF L
BEEH T HEMBASL A ELEHTLISD (Schiee et al,
Immunity, 2009) , % Z T 3ptsiRNA TldsRikiE &4
Blunt |29 REH Sticky [ZFT RENASLNZT B
& . KiiH Blunt end DED & Sticky end DEDZE
FABL.HCV ¥/ LITHT B/ 908D hEEE
RAEEE LR AL, ZORER. £ /90
BN DONTIE, EHETIL Sticky end D
AREWN/YIF DU hEERUAY, Blunt end &
HEBLAELEZEIRBING oz, ZhiL HeV
T/LDGE . EHBRETI/TRAELBESN
518 . 3ptsiRNA DEBLAD Strand HERYAFEN
THHCV 5/ LDTSRERAFRELEL MM/
VOE Y ENT 2O EEBShT-, RICBRRE
EHEERRICOWLWTREILI-ESA, 2HLIZDT
% Blunt end & U Sticky end EHIZFEFRED IFN
HBFEE R, ThlE 3ptsiRNA (TEHAEE



HEDHI=IT, Bl TR RNA &1E RIG-T DFR
SRR AAHEMAE X DN, LLEDIER
&b 3ptsiRNA Tl& Sticky end ZHL T TCEEN
T2 /v oA UMES VB RBEEELEEES
FHIEMNTRENT-,

CHMETIZ HoV LYoV EEHMmEL TE
Huh7.5.1 $ifaAGR SN TS, Huh7.5.1 #HIfRI
RIG-T R FIZEREFH LTS . HCV LT
OV LT kD BREEEEENEISY HoV
LP)ar A BiEL P T WBE LTINS, —A
T Huh7.5.1 #if8 TIXBARREFELH HCOV HETE
CRIFTHELEFMCEL0., ERITEAD
Huh7.5.1 #if81Z 3ptsiRNA #{EFSH =LA IFN
HEOFEIBEIN G, oz, FTTREET
& Hec1B #ifiE% FLV=, Hec1B il ILF = RNE
EMRAKRTHEM . miR-122a ZBEIRWESEEHT
ET HOV 7/ LOBIERIBE ThH H LA RGN
TWLW 3., S5 CHRADODBRHIZTEWNT
Hec1B/miR-122a #ll8 CIX RIG- R AHEEL T
WBIEMRENT=, T T Hec1B/miR-122a #ifa
FUMESIEh- HoV LYoV HEMBIC
3ptsiRNA % Transfection L. HCV L o> B 5E
WEglc>-LWTRELE. LOLEMNS,
Hec1B/miR-122a-Con1 #if ClX B R MBEF ML
& RNA FBIZkD HOV 4/ L/ v95 9 ORI
SBIFBEIA G2, COEBRELTIK,
Hec1B/miR-122a fifa Tl B AR FEFEILIZES
HCV 47/ LIEFEINGIZIRATE LD hELARLY,
HeclB flifalL 1 2 IFN S BEMNFEL TLVELY,
—7T. RIG-1 R AEMIE T HE 1 8 IFN JEIRTE
B IFN-stimulated gene (ISG)MDFHEIAMFEE =N,
BIENRESINTEY. HeclB #IFETEH 1 B IFN
FERFRICISGAFEEIN . HCV LTIV /L
EMETLEZEOEREDONS, LOLAEASTEIFN
I2&% ISG HRFENRISLEWNEDHIZ, +H74

MHEABRBRIN G >FEBbhd, BEDETAS,

HCV LYo h - BTERIfE T, BARARERE
b R B ICET M ol ge i Mg (Lt IciR G Sn T
WEL, SERZOISGEFMASAFKIANIL,
3ptsiRNA DHEEEICEAL T, KYEMICfET©F

LD EMFENS,



E. &R

1. 3ptsiRNA (&, FIZ RIG- ZNH L TEAREL
FEHESEAIE. TDEHICIES KimD 3
VBENEETHLI LI RINT,

2. 3ptsiRNA D3KIHIL. Blunt end, Sticky end &
L5 TCHRIEDBARBETHILES LU /Y
DEINEERTTHILD RSN,

F. BEEIRIER
Zail

G. IR

G-1 FW3CFeE&
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STEM CELLS AND REGENERATION

CCAAT/enhancer binding protein-mediated regulation of TGFf3
receptor 2 expression determines the hepatoblast fate decision

Kazuo Takayama'?®, Kenji Kawabata*, Yasuhito Nagamoto'?, Mitsuru Inamura’, Kazuo Ohashi?,
Hiroko Okuno', Tomoko Yamaguchi® Katsuhisa Tashiro*, Fuminori Sakurai'!, Takao Hayakawa®,
Teruo Okano®, Miho Kusada Furue’® and Hiroyuki Mizuguchi’?%%*

ABSTRACT

Human embryonic stem cells (hESCs) and their derivatives are
expected to be used in drug discovery, regenerative medicine and the
study of human embryogenesis. Because hepatocyte differentiation
from hESCs has the potential to recapitulate human liver
development in vivo, we employed this differentiation method to
investigate the molecular mechanisms underlying human hepatocyte
differentiation. A previous study has shown that a gradient of
transforming growth factor beta (TGFRB) signaling is required to
segregate hepatocyte and cholangiocyte lineages from hepatoblasts.
Although CCAAT/enhancer binding proteins (c/EBPs) are known to
be important transcription factors in liver development, the
relationship between TGFB signaling and c/EBP-mediated
transcriptional regulation in the hepatoblast fate decision is not well
known. To clarify this relationship, we examined whether c/EBPs
could determine the hepatoblast fate decision via regulation of TGFB
receptor 2 (TGFBR2) expression in the hepatoblast-like cells
differentiated from hESCs. We found that TGFBR2 promoter activity
was negatively regulated by c/EBPa and positively regulated by
c/EBPB. Moreover, c/EBPa overexpression could promote
hepatocyte differentiation by suppressing TGFBR2 expression,
whereas c/EBPB overexpression could promote cholangiocyte
differentiation by enhancing TGFBR2 expression. Our findings
demonstrated that ¢/EBPa and c/EBP{ determine the lineage
commitment of hepatoblasts by negatively and positively regulating
the expression of a common target gene, TGFBR2, respectively.

KEY WORDS: Hepatoblasts, c/EBP, CEBP, Human ESCs

INTRODUCTION

Many animal models, such as chick, Xenopus, zebrafish and mouse,
have been used to investigate the molecular mechanisms of liver
development. Because many functions of the key molecules in liver

"Laboratory of Biochemistry and Molecular Biology, Graduate School of
Pharmaceutical Sciences, Osaka University, Osaka 565-0871, Japan. “Laboratory
of Hepatocyte Differentiation, National Institute of Biomedical Innovation, Osaka
567-0085, Japan. 3PS Cell-based Research Project on Hepatic Toxicity and
Metabolism, Graduate School of Pharmaceutical Sciences, Osaka University,
Osaka 565-0871, Japan. *Laboratory of Stem Cell Regulation, National Institute of
Biomedical Innovation, Osaka 567-0085, Japan. ®Institute of Advanced
Biomedical Engineering and Science, Tokyo Women's Medical University, Tokyo
162-8666, Japan. *Pharmaceutical Research and Technology Institute, Kinki
University, Osaka 577-8502, Japan. "Laboratory of Embryonic Stem Cell Cultures,
Department of Disease Bioresources Research, National Institute of Biomedical
Innovation, Osaka 567-0085, Japan. 2Department of Embryonic Stem Cell
Research, Field of Stem Cell Research, Institute for Frontier Medical Sciences,
Kyoto University, Kyoto 606-8507, Japan. “The Center for Advanced Medical
Engineering and Infarmatics, Osaka University, Osaka 565-0871, Japan.

*Author for correspondence (mizuguch@phs.osaka-u.ac.jp)

Received 27 August 2013; Accepted 3 October 2013

development are conserved in these species, studies on liver
development in these animals can be highly informative with respect
that in humans. However, some functions of important molecules in
liver development might differ between human and other species.
Although analysis using genetically modified mice has been
successfully performed. it is not of course possible to perform
genetic experiments to elucidate molecular mechanisms of liver
development in human. Pluripotent stem cells, such as human
embryonic stem cells (hESCs), are expected to overcome some of
these problems in the study of human embryogenesis, including
liver development. because the gene expression profiles of this
model are similar to those in normal liver development (Agarwal et
al., 2008 DeLaForest et al., 2011).

During liver development, hepatoblasts differentiate into
hepatocytes and cholangiocytes. A previous study has shown that a
high concentration of transforming growth factor beta (TGFB) could
give rise to cholangiocyte differentiation from hepatoblasts
(Clotman et al., 2005). To transmit the TGFp signaling, TGFp
receptor 2 (TGFBR2) has to be stimulated by TGFp1. TGFB2 or
TGFB3 (Kitisin et al.. 2007). TGFP binding to the extracellular
domain of TGFBR2 induces a conformational change, resulting in
the phosphorylation and activation of TGFBRI1. TGFBRI
phosphorylates SMAD2 or SMAD3, which binds to SMAD4, and
then the SMAD complexes move into the nucleus and function as
transcription factors to express various kinds of differentiation-
related genes (Kitisin et al., 2007). Although the function of
TGFBR2 in regeneration of the adult liver has been thoroughly
examined (Oe et al., 2004), the function of TGFBR2 in the
hepatoblast fate decision has not been elucidated.

CCAAT/enhancer binding protein (¢/EBP) transcription factors
play decisive roles in the differentiation of various cell types,
including hepatocytes (Tomizawa et al., 1998 Yamasaki et al.,
2006). The analysis of ¢/EBPa (Cebpa) knockout mice has shown
that many abnormal pseudoglandular structures, which co-express
antigens specific for both hepatocytes and cholangiocytes, are
present in the liver parenchyma (Tomizawa et al., 1998). These data
demonstrated that ¢/EBPa plays an important role in hepatocyte
differentiation. It is also known that the suppression of ¢/EBPa
expression in periportal hepatoblasts stimulates cholangiocyte
differentiation (Yamasaki et al., 2006). Although the function of
¢/EBPa in liver development is well known, the relationship
between TGFp signaling and c¢/EBPa-mediated transcriptional
regulation in the hepatoblast fate decision is poorly understood.
¢/EBPB is also known to be an important factor for liver function
(Chen et al.. 2000), although the function of ¢/EBP in the cell fate
decision of hepatoblasts is not well known. ¢/EBPa and ¢/EBPB
bind to the same DNA binding site. However, the promoter activity
of hepatocyte-specific genes, such as those encoding hepatocyte
nuclear factor 6 (HNF6, also known as ONECUT1) and UGT2B1.
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is positively regulated by ¢/EBPa but not ¢/EBPf (Hansen et al.,
1998: Plumb-Rudewiez et al., 2004), suggesting that the functions
of ¢/EBPa and ¢/EBPJ in the hepatoblast fate decision might be
different.

In the present study., we first examined the function of TGFBR2
in the hepatoblast fate decision using hESC-derived hepatoblast-like
cells, which have the ability to self-replicate, differentiate into both
hepatocyte and cholangiocyte lineages. and repopulate the liver of
carbon tetrachloride (CCly)-treated immunodeficient mice. /n vitro
gain- and loss-of-function analyses and in vivo transplantation
analysis were performed. Next, we investigated how TGFBR2
expression is regulated in the hepatoblast fate decision. Finally, we
examined whether our findings could be reproduced in delta-like 1
homolog (DIk1)-positive hepatoblasts obtained from the liver of
E13.5 mice. To the best of our knowledge, this study provides the
first evidence of ¢/EBP-mediated regulation of TGFBR2 expression
in the human hepatoblast fate decision.

RESULTS

Hepatoblast-like cells are generated from hESCs

First, we investigated whether the hepatoblast-like cells (HBCs),
which were differentiated from hESCs as described in
supplementary material Fig. STA, have similar characteristics to
human hepatoblasts. We recently found that hESC-derived HBCs
could be purified and maintained on human laminin 111 (LN111)-
coated dishes (Takayama et al., 2013). The long-term cultured HBC
population (HBCs passaged more than three times were used in this
study) were nearly homogeneous and expressed human hepatoblast
markers such as alpha-fetoprotein (AFP). albumin (ALB),
cytokeratin 19 (CK19, also known as KRT19) and EPCAM
(Schmelzer et al., 2007) (supplementary material Fig. SIB). In
addition, most of the colonies observed on human LN111-coated
plates were ALB and CK 19 double positive, although a few colonies
were ALB single positive, CK 19 single positive, or ALB and CK19
double negative (supplementary material Fig. S1C). To examine the
hepatocyte differentiation capacity of the HBCs in vivo. these cells
were transplanted into CCly-treated immunodeficient mice. The
hepatocyte functionality of the transplanted cells was assessed by
measuring secreted human ALB levels in the recipient mice
(supplementary material Fig. S1D). Human ALB serum was
detected in the mice that were transplanted with the HBCs, but not
in the control mice. These results demonstrated that the HBCs
generated from hESCs have similar characteristics to human
hepatoblasts and would therefore provide a valuable tool to
investigate the mechanisms of human liver development. In the
present study, HBCs generated from hESCs were used to elucidate
the mechanisms of the hepatoblast fate decision.

TGFBR2 expression is decreased in hepatocyte

differentiation but increased in cholangiocyte differentiation
The HBCs used in this study have the ability to differentiate into
both hepatocyte-like cells [cytochrome P450 3A4 (CYP3A4)
positive: Fig. 1B] and cholangiocyte-like cells (CK19 positive;
Fig. 1C) (the protocols are described in Fig. 1A). Because the
expression pattern of TGFBR2 during differentiation from
hepatoblasts is not well known, we examined it in hepatocyte and
cholangiocyte differentiation from HBCs. TGFBR2 was
downregulated during hepatocyte differentiation from HBCs
(Fig. 1D). but upregulated in cholangiocyte differentiation from
HBCs (Fig. 1E). After the HBCs were cultured on Matrigel. the cells
were fractionated into three populations according to the level of
TGFBR2 expression (TGFBR2-negative, -lo or -hi: Fig. 1F). The
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HBC-derived TGFBR2-lo cells strongly expressed a47 and
C'YP344 (hepatocyte markers), whereas the HBC-derived TGFBR2-
hi cells strongly expressed SOX9 and integrin B4 (ITGB4)
(cholangiocyte markers). These data suggest that the TGFBR2
expression level is decreased in hepatic differentiation, but increased
in biliary differentiation of the HBCs.

The cell fate decision of HBCs is regulated by TGFp signals
To examine the function of TGFB1. f2 and B3 (all of which are
ligands of TGFBR2) in the hepatoblast fate decision, HBCs were
cultured in medium containing TGFB1, p2 or B3 (Fig. 2A,B). The
expression levels of cholangiocyte marker genes were upregulated
by addition of TGFB1 or TGF{2, but not TGFB3 (Fig. 2A), whereas
those of hepatocyte markers were downregulated by addition of
TGFB1 or TGFP2 (Fig.2B). To ascertain that TGFBR2 is also
important in the hepatoblast fate decision, HBCs were cultured in
medium containing SB-431542, which inhibits TGFp signaling
(Fig. 2C.D). Hepatocyte marker genes were upregulated by
inhibition of TGFp signaling (Fig. 2C), whereas cholangiocyte
markers were downregulated (Fig. 2D). To confirm the function of
TGFB1, f2 and B3 in the hepatoblast fate decision, colony assays of
the HBCs were performed in the presence or absence of TGFB1. 32
or 3 (Fig. 2E). The number of CK 19 single-positive colonies was
significantly increased in TGFB1- or f2-treated HBCs. By contrast,
the number of ALB and CK 19 double-positive colonies was reduced
in TGFB1-, B2- or p3-treated HBCs. These data indicated that
TGFB1 and P2 positively regulate the biliary differentiation of
HBCs. Taken together, the findings suggested that TGFBR2 might
be a key molecule in the regulation of hepato-bilary lineage
segregation.

TGFBR2 plays an important role in the cell fate decision of
HBCs
To examine whether TGFBR2 plays an important role in the
hepatoblast fate decision. in vitro gain- and loss-of-function analysis
of TGFBR2 was performed in the HBCs. We used siRNA in
knockdown experiments (supplementary material Fig. S2) during
HBC differentiation on Matrigel. Whereas TGFBR2-suppressing
siRNA (si-TGFBR2) transfection upregulated the expression of
hepatocyte markers, it downregulated cholangiocyte markers
(Fig. 3A). si-TGFBR2 transfection increased the percentage of
asialoglycoprotein receptor 1 (ASGRI1)-positive hepatocyte-like
cells (Fig. 3B). By contrast, it decreased the percentage of aquaporin
1 (AQP1)-positive cholangiocyte-like cells. These results suggest
that TGFBR2 knockdown promotes hepatocyte differentiation,
whereas it inhibits cholangiocyte differentiation. Next, we used Ad
vector to perform efficient transduction into the HBCs
(supplementary material Fig. S3) and ascertained 7GFBR2 gene
expression in TGFBR2-expressing Ad vector (Ad-TGFBR2)-
transduced cells (supplementary material Fig. S4). Ad-TGFBR2
transduction downregulated the expression of hepatocyte markers,
whereas it upregulated cholangiocyte markers (Fig.3C). Ad-
TGFBR2 transduction decreased the percentage of ASGR 1-positive
hepatocyte-like cells but increased the percentage of AQP1-positive
cholangiocyte-like cells (Fig.3D). These results suggest that
TGFBR2 overexpression inhibits hepatocyte differentiation, whereas
it promotes cholangiocyte differentiation. Taken together. these
results suggest that TGFBR2 plays an important role in deciding the
differentiation lineage of HBCs.

To investigate whether hepatoblasts would undergo differentiation
in a TGFBR2-associated manner in vivo, HBCs
transfected/transduced with si-control, si-TGFBR2. Ad-LacZ or Ad-




