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Figure 1 Infection of HCVpv with iPS cells and iPS-derived hepatocyte
cells.

A) Expression of HCV entry receptors in iPS cells and iPS-hepa cells. Total
RNA was extracted from the cells. Expression of HCV receptors mRNAs
were detected by RT-PCR analysis as described in materials and methods.
Huh7 cells were used as a positive control. HepG2, SK-HEP-1, 293 and
Hela cells were used as a negative control for CD81, SR-BI, occludin and
claudin-1, respectively. B) Infection of HCVpv in iPS and iPS-hepa cells.
The cells were treated with HCVpv for 2 h at the indicated dilution ratio.
After 24 h of treatment, the luciferase activity was measured. The luciferase
activity was normalized by the cellular protein levels. Data are means +SD

0=3).
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Figure 2 Effect of anti-CD81 antibody on infection of iPS-Hep cells with
HCVpv. iPS-Hep cells were treated with mixtures of HCVpv (open column)
or VSVpv (gray column) and anti-CD81 antibody or control mouse IgG at
the indicated concentrations, After a 2-h incubation, the cells were cultured
with fresh medium for 24 h. Then, the luciferase activities were measured.
Data represent the percentage of vehicle-treated cells. Data are presented as

means = SD (n=3).
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Figure 3 HCV replication and inhibition assay in iPS-Hep cells. (A-C) HCV
replication assay in iPS-Hep cells. (A) Comparison of replication of HCV
subgenomic replicons, AdP235-HCV (gray column) and AdP235-DGDD
(open column), in iPS, iPS-Hep and Huh?7 cells. The cells were infected with
replicons, treated with Dox, and renilla luciferase activity was measured. To
normalize for infectivity of Ad vector, cells were co-infected with
AdP235-fluc and Ad-TA. After 72 h, firefly luciferase activity was
measured. Corrected luciferase activity was calculated as the ratio of renilla
luciferase activity to firefly luciferase activity. (B, C) Real-time PCR analysis
of HCV plus- (B) and minus- (C) strand RNA in iPS-Hep cells. iPS-Hep cells
were infected with replicons, and total RNA was subjected to real-time PCR
analysis. The copy numbers were shown as ratio of those of Huh7. Data are

presented as means + SD (n=3).
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Figure 4 Effect of interferon on HCV replication in iPS-Hep cells. iPS-Hep
(open column) and Huh7 (gray column) cells were infected with
AdP;235-HCV and AdtTA. After 24 h, the cells were treated with Dox and
the indicated concentration of interferon for 48 h. Luciferase activities (A) and
cell viabilities (B) were measured. Data represent the percentage of the value

for vehicletreated cells, and are presented as means + SD (n = 3).
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Figure 5. HCV infection assay in iPS-derived cells. iPS-derived definitive
endoderm (iPS-DE), hepatoplast (iPS-HB), and hepatocytes (iPS-HC) were
infected with HCVpv at the indicated dilution. After 2h of infection, the cells
were cultured with fresh medium for 24h. Then lusiferase activities were

measured. Data are presented as means + SD (n=3).
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Figure 6. HCV replication assay in iPS-derived cells. HCV subgenomic
replicon, AdPI 235-DGDD(open) and AdPI235-HCV(closed), was
introduced into iPS-derived definitive endoderm (iPS-DE), hepatoplast
(iPS-HB), and hepatocytes (iPS-HC). Cells were treated with doxycycline,

and renilla luciferase activities were measured.
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Figure 7. Huh7.5.1ibFeo cells were treated with each siRNA for 72h.
Luciferase activities were then measured. *p<0.05 not transfection vs non

targeting sSIRNA
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Figure 8. Huh7.5.1ibFeo cells were treated with each siRNA for 72h.
RNA was then extracted to prepare the cDNA, and real-time PCR was carried
out to analyse the specific RNA content. The value was normalized by

GAPDH mRNA content.  *p<0.05 not transfection vs non targeting siRNA
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FRETBR RS (FRERIREESIIRITEES)

Syt SEE e E

JFR D A NV A GG EUEFIETE DOFFRA & FARTRR ARSI B DTSR

STTEE KO B RERKRFERFGEEERZER
SYEBTSERE © b b iPS MR SEATHIIR O/ERES KO C BURFR U A W ARFFE~DIGH

RS . AR TR, b MPSHINESRETHIN 2 AV AT 7 A L AR - 1 RUsHE OB AT 1
REITH L EMET S, 20D, BETEASNEER LT, b MPSHI b ~DZ=D B
WAMEEREIEZBA%E L, 72, b MPSHIBHESEITHIIE & HICHEML SE 572 0ic, FFERaiEi 6
FAAEA~DHMEGRRIZIBNT, 7/ 5 —Fb— b (B A T2 () »oits) 2RV SRk
To7, EbIT, b MMPSHIEED BIFHIFE~DO R LEEBE ORI 1T ZHEE 2 3N FHMli 5728, Ry
fe MPSHERD, PORREE. FFERRTERAING. FRABLCDNA~ A 27 07 LA flbr a0 Uiz, KERZEAZFHER
SRR - KRB CESR I N —7 L OB, b MPSHIKESEATAIRIZ I CRATA VA LA (HCV)
G - BRI BT BB T DRI & FEHfE L7z,

W
JURTELZ KREROREFERFEGSER 7R
WREER KRR TR
JIsE= C)EIEEARAIUAT
PN TPNE e TS S i
BH KIKRFERFREE AR
FBifns KRR OR
ETEA ()RR ST
fert & KIRKFERFEEZHR
(Ot = SRR RS2 T
B KBRRERERERE SR
() = SEEARAFF T T
A. BIEER

BAEHRIIER 2 AL BARITITHY 150~200 5 AD
C BFRBERBIOXY VT (B 2180,
BT, PR, FFRAR EDOBED 70%LL LA
HCV BEE TH Y | /1 3 TABFRAIZ LY EL
7o TCN5, BFE, HCV BEE I3 DIeIEL L
T, A& —7=xurr (FN) BEMUAIN TN,
L L2 S, BATO HCV BYEEEOR 710%% 5
% HCV B A 1 BURRGLRBE TR LTI, IFN A

DFWREDFINT L HRRE L 725 TV D R/F HCV U A
NABDOENEHEN 1b BUBEITKN U CIIBErIREIR
B (T F—Tzu ) R URERRRE) 0%
BERDBKIA5% THHZ &, A v F—Tzu BT X
LEWEARBIC LV B OHEiE K< ShdEE
BddHZ &, FREEHITEY A NVABHET 52 &
5, C AFROBRITIIBER T & VA NVARBG -
BOBHEME R FEMITART L, R Y A VA IBRIEAIH
WCETOHHAESY —Fy NERIET D Z &R L
TpoTWA,

F ZCAHFSE TIPS AR ORIZIS 2 B ROIZ,
FT()E b iPS MR ORI &30 & < /rahE X
WO E, HWaxPMBERRE LIZKHRT T/ vA
A (Ad) X7 F—HfFEEME LCBRE L, MMEEEL
FIFHRRORA E LT, Q) RIRRFERFERIRZHTE
B KB CER I V-7 L 0EEOT, C BiFkE
XU & T BRFRFIARIFZED 720D in vitro BHEFAT

(FHER) BAFZ1T I, LFEREOR 5 b iPS
AR SRR Z AV TR U A L A EGRER L OME
BIBEH AT T2 Z LT, PR U A VARG - HRUCE
532 EERTORECHEERT L VA NVABY - &
BIOBHEME 2 FERICT T & . TRV A L AIREEEA

— 125 —



HIZETDHHAESY —F Y FORIEIZORNEZ &
DRI D,

ABFFECIE, B b iPS MR bR~ DT
ORIz L COHEERER FOBBETFEAZIT) Z
LItk o T, bz ET 2 B8BETORYT Y —=
7% %EMi L. FOXA2 8LV HNFlo E=TE#EAT 5
LTk oT, HobERRETE AL EHALMICL
7o EBIZ, EROMEFESIETHER L -l E )
JEG—FL— hEHWTERITEETHZ LT -
T, SIS REDE Wt  iPS AR SR O1E
ARSI, Fiz, b b iPS RS S FFHIRE~DE5
{LELBE DABILZ FERIZ AT 2 7o DI Rarfke B iPS
FRE, PNRRZE, FRERRTERARAD. FFAEERIZISUVNT DNA
~A a7 VAR ER UL, —H, KRERRFERE:
BESERFIER « \ARB IR NV —T 128V T, B |
iPS FRRE SEFFRRIZ 31T 5 HCV O LB 7 ¥ —FELR0
YL - U BT DA R i LT,

B. BFSEHE

B-1.Ad 7 & —DFEH

Ad X7 Z—DVERLT improved in vitro T A 71—
3 AR K VITo7z, % MVTFT AX R pHMEFS
DwNFIa—= TEAC B-ATF 7 hvF—E8
(LacZ) #&f=¥. B b SRY-box containing gene 17
(SOX17)iE{=F. hematopoietically expressed homeobox
runt-related transcription factor (HEX) iBfx¥. forkhead
box protein A2 (FOXA2)#E 5T, hepatocyte nuclear factor
1 homeobox A (HNFla)i#{=T-. HNFIB#E=T. HNFda
BT & 2V N HNF6 Bl F2fA LTz, ZiLEho
V¥ MVTTAIR%E -Ceul & Pl-Scel TIHIL L.
FEERE CIb L=y ¥ —7F A3 K pAdHM41-K7
AT B Z LI &Y pAdKT-EF-LacZ .
pAd-K7-EF-SOX17 pAd-K7-EF-HEX
pAdK7-EF-K7-EF-FOXA2 | pAd-K7-EF-HNFla .
pAd-K7-EF-HNF1B pAd-K7-EF-HNF4a |
pAd-K7-EF-HNF6 #{ERI L7, /B L7z Ad X7 ¥ —
75 A3 R% Pacl TYH{E L. SuperFect (Qiagen tt) &
% W ix SuperFect (Qiagen #t) Lipofectamine 2000
(Invitrogen #E)% AV Tt MEIRBHIKEH Ikl THh 5
203 MfIC R T VAT =7 v a3 LIZiY,

AdK7-EF-LacZ, AdK7-EF-SOX17, AdK7-EF-FOXA2,
AdK7-EF-HEX, AdK7-EF-HNFla, AdK7-EF-HNF1,
AdK7-EF-HNF40., AdK7-EF-HNF6 Z/ERL L, EEIC &
0 Ad N7 F—OHEE - R EIT o7, & Ad X H
— DY (particle) & A # —IX Maizel HDFHIEIZ L
D #EIE LT,

B-2. WIRZERMING, Frapile. Fl~oobsE
BLUOFEEEERTFOR Y V—=0 T

b b ES #Milg (H9) ®°t b+ iPS #fi@ (201B7. Tic.
Dotcom) %4 {LFFEBALAD 24 FrRIRIIC & MIEEE
hESF9 (Furue MK et al., Proc Natl Acad Sci USA, 2008,
105, 13409-13414) THEMIASHA L7z, I, MIRQRIBER
TH5 Accutase (Invitrogen #1)& FIV Tk & ES/APS #H
ez BN L7=%, 6 K7 (10 pg/mL human recombinant
10 uM
2-mercaptoethanol, 10 uM ethanolamine, 10 pM sodium
selenite, 0.5 mg/mL fatty acid free bovine albumin) 35X}
100 ng/mL Activin A (R&D systems %) % & &¢
hESF-GRO (Cell Science & Technology Institute #1:) 1%
B, < MU SN Ta—T g 7 LT HRasEE A
12 FL— MR LT,

Ad N7 F—RWISEEFEACL Y B b iPS Al
O NERMRA~DEFEEZIT 5 HEIE. & Ad
~J Z— (AdK7-EF-LacZ, AdK7-EF-SOX17) % 3,000
vector particles (VP)/cell DB CHNIRIERMIARIZ/E
MERTe, BT ERObDEFUbDEHEM L,
24 FEIRIC X-gal PefIC &V BETEAZIEE, 48
R I S TR T & NIREESMERN R A JIE L
7

Kizk b ESAPS MUEHSRONREERMIEZ S Ad
~ 7 % — (AdK7-EF-LacZ ., AdK7-EF-HEX ; 3,000
VP/cell) TYEA 872, 10 ng/mL FGF4 (R&D systems
#) & 10 ng/mL BMP4 (R&D systems ft) &8 A 72
hESF-DIF 81T 9 H i L, FFEraiRiia 2157,

t b ESAPS MIEEEOIFRAIEINZ S Ad ~7
#— (AdK7-EF-LacZ. AdK7-EF- HNF4a ; 3,000 VP/cell)
TIEA & 872, 10 ng/mL FGF-4, 10 ng/mL HGF (R&D
Systems £1), 10 ng/mL Oncostatin M (R&D Systems #1),
107 M dexamethasone (Sigma #£) Z¥¥/ L7z hepatocyte

msulin ., 5 pg/ml human apotransferrin .
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culture medium (Lonza #1:) "C9 HE55%E UAHIE~D%
{EEhRDBNER L OBREME DTN Z1T - 72,

Pt 2R 2 \EFOA 7 V—=r TERICE
Wi, ERRE RIS, RNIREERAI, POREERAR
. FFEPRIBRAEAEIZ SOX17, FOXA2, HEX, HNFla,
HNF1B, HNF4a, HNF6 238925 Ad N7 ¥ — % G
S BREEMET LTz,

B-3. t ; ES/PS HIfIDOEEE
t b ES #fEkk H9 (WA09) (WISC Bank, WiCell
Research Institute) &5 ng/mL @ basic fibroblast growth
factor (bFGF. F LML T3 & & TeERIA ES Mg A
EEH G B ReproStem (U Z/u4h) ZHNWT, <A
hvA 2 C BB RO~ 7 A EHESF(MEF,
LV ARTH) ETEE#E L7z, b N iPS MK Dotcom 1
10 ng/mL @ bFGF % &7 ¢ iPS HUEFAEEHCd % iPSellon
(VT 4 At ZRWT, A bAoA v C RO
D MEF _ETCE# L7z, 5-7 BZ 212 0.1 mg/mL 7 1 A
3—+F (Roche #t) Z Tk bk ESAPS HHfaD = =
—Z RN, A Ui & 5 8RB L GIRREAT

27,

B-4. FOXA2 B TEAIZ XL D & b ES/PS #fa B
HNIREE~D LR E
ANl & FRIC, A EEFERE D 24 FFRARTZ EiL
TEREH hESFO THEMIZZH L7, I, MRRIBER <
¥ B Accutase cell detachment solution ( H A< |
VT4 vk YA ZRAVTE b ESAPS g%
B4, 100 ng/ml Activin A (R&D systems $£)35 L O°
10 ng/ml bFGF % & ¢¢ Differentiation hESF-DIF 55#i(6
&7 (10 ug/mL buman recombinant insulin, 5 pug/mL
human apotransferrin, 10 pM 2-mercaptoethanol, 10 uM
ethanolamine, 10 uM sodium selenite, 0.5 mg/mL fatty
acid free bovine albumin (3™~ Sigma #£ & Y FEA))
FED BEREESHRASEFEEMERRTHD
hESF-DIF (RSB RLSAFIEAT) W RRE .,
50 pg/em® Matrigel (AR hv T4 o XV
) Ta—T 4 7 UMREERS AT L— |
(12 7v—1) (ER~—7 74 M 0T =)L
12 6.25%10% cells/em” ORI CHBERELZDH, 2

AftEE T 5 2 & CTHRRER S, Bon/-k
124 Ad 7 % —(AdK7-EF-FOXA2)% 3,000 vector
particles (VP) /cell DIRE T 90 WER W72, 85
#1113 100 ng/ml Activin A 35 & UV 10 ng/ml bFGF %Z&%e
Differentiation hESF-DIF £5#1% Fv iz, Z®%. 100
ng/ml Activin A 3 X % 10 ng/ml bFGF % & ¢
Differentiation hESF-DIF #5Hi% FIV T/ H 55 HIAZHL
TV, SHEETHE LK

B-5. fFspRiBRMiiE ~D LA
t » BS/PS HHfid f SR PAIREZE D b T E B ~D 5
(EFE I T DHETIT- 77, B4R HEH SN HikE
ICHECTOMERBE L= NIREE (525 HE) %, 005%
trypsin-0.053 mM EDTA CHlfaZ RIBE L =D HBENT L,
100 ng/ml Activin A ¥ LT 10 ng/ml bFGF % &
Differentiation hESF-DIF 5% #1iZ %% . 50 u glem’
Matrigel Ta—7 1 7 LMl A~ L7 11—
b (12 71— 1) D& T /T 1.25X105 cells/om2 D
AR CHERE L7z, MR LA Ad R~ & —
(AdK7-EF-FOXA2 . AdK7-EF-HNF1 o) % % Eh
1,500 VP/cell DIREETIEA 287205, 20 ng/ml FGF4
(R&D systems 1) . 30 ng/ml bone morphogenetic protein
4 (BMP4) (R&D systems £1) %1 HCM Hepatocyte
Culture Medium (Lonza #t) 1Z53#a L7z, ZD%, ki
B VR R IZ ATV, 9 HEETHRL
72,

B-6. }/ v 57— L— bRV FRERMREN O
FrkifR~DsLiEE

b~ ES/APS AR SR DATEERITBRARNGA> & TRl ~D
HMEFEIILL T OHIETITo 72, B-3. BLUB4.IZE
WENTHRCHELT T 9 BREEEE L TOobaRE LIoiT
ERTBRAIARIZ & Ad X7 ¥ —(AdK7-EF-FOXA2 B LT}
AdK7-EF-HNF10) % Z 4240 1,500 VP/cell DIREET 90
SyVER &8 7%, 10 ng/ml FGF1 (R&D systems £L) |
10 ng/ml FGF4, 10 ng/ml FGF10 (R&D systems ), 10
ng/ml hepatocyte growth factor (HGF) (R&D systems 1)
ZETe HCM (I # LTz, £Dtk, LRz AvT
7 AEEHIAS AR ATV, 11 BEE TR L7, B3 1
H EIZ 0.05% trypsin-0.053 mM EDTA % I\ CHifE %
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FWE L7-»BENY L, FGF1, FGF4, FGF10, HGF (4
T 10 ng/ml ORETHEM) &1 HCM I[ZRETE.
20 pg/em2 Matrigel Ta—7 4 7 LIZHMY T/ 5
—HIREEEE 2 well 7L — b (AT 7/ rYo—R
) DF T 2T 25X 10° cells/em2 ORFANREEE CHERE
L7z, 1 B#IZ Ad X7 #— (AdK7-EF-FOXA2 LT
AdK7-EF-HNFla) %232 1,500 VP/cell DFEEE TE
F&®72%%, 20 ng/mL HGF, 20 ng/mL Oncostatin M

(OsM, R&D systems #£). 10 ng/mL FGF4, 10° M
Dexamethazone (DEX, Sigma #1) %&%r HCM %
WT 1 BISE I THHIZZHA ATV, 13 B (B5%& 12 H
Hobi5# 25 A B E0) K5 L, bt
EHICHEME & E 5728, Matrigel %43 LEFERTHAE
O ELiCERBL S, 025 mg/mL Matrigel, 4 mM
L-Glutamine, 50 y g/mL gentamycin sulfate, 1 XITS (BD
Biosciences 1), 20 ng/mL OsM, 10® M DEX %Z&t¢
William’s E Medium (Invitrogen %) (UL F. Matrigel
Working Solution &3 %) % 4°CTERIL7-, H5& 25
HEB D% well (2% LT, 1 mL @ Matrigel Working
Solution Z ¥R L. 24 RyssE Uiz, 553826 B HICR
4372 Working Solution #FREL7ZDH, 20 ng/mL
(OsM. R&D systems #f). 10° M
Dexamethazone (DEX, Sigma %) #&de¢ HCM % A
WT 1 BIE TR HAZATV, 9 A (B 26 H B
O3S AR ET) HE Lis, 2B, HEREETH
{LHERTHIR A (BB 2 5615, Fox OREORE K.
Takayama et al. J Hepatol. 2012 Sep;57(3):628-36.) (ZL7=
Do THERLL 72,

Oncostatin M

B-7. EE&HY T/ F A 5 PCR

BHIRELERH>5 ISOGEN (Nippon gene #H)% AT
Total RNA ZHlH| L7z, & MIREZITHIAR(CellzDirect
# (= >k :Hu8072)) b L <id Xenotech t£ (7 v b :
HC2-14 3 £ 0% HC10-101) )it 15 u glom® type I-A
collagen GBTHE T F141) % =— b L7-HilasEEM 12
FL— hDFT =T 1.2X10° cells/em” DHIFFEE T
10%FCS (GIBCO-BRL #£) #&1r HCM THERE L 72?
B, 6 RsIC—E FREE TR AR L, A F 48 BF
fE1%#% L7z, 45 Total RNA % RNase-free DNase I TLE
L7=#%. Superscript VILO cDNA synthesis kit (Invitrogen

)& AW THERE RS %1TV ), complementary DNA
(cDNAYZARE LTz, BEMY T LZ A4 PCRIZLD
fi# HT 1X Tagman gene expression assays (Applied
Biosystems f1)% £/ L. ABI PRISM 7700 Sequence
Detector (Applied Biosystems #E)Z & W E& L 7=,

B-8. 7/V7 XV - [RREEAERBOF M

SYCEREITHIRTS 08 48 BERIEEAE L7z b MOMRESE
EIFHRIZ OV T, FEASHR L= D b 24 IR ICEE
ZEUL L, EAENZT VT I E% Human Albumin
ELISA Kit (Bethyl Laboratories #1) . PEAE SN KRB E
% QuantiChrom Urea Assay Kit (BioAssay Systems #1:)
ERAVCTHE L, TAT I B L OREELREITR
F Ry BETHIELR, 2pB, 77 BORE
1% Thermo Scientific Pierce BCA Protein Assay (Thermo
Scientific #1) % IV 7z,

C. R

ARFFETIL, RO R E WET D720,
HNAREE, NIRZE, FFRRIBRARIRIC ISV THRBL L T
LEZERF SOX17, HEX, HNF4 o Bf= T2 R Ad
Ry H— (T 7 A N—FERICRY U VSRS L
727 7 AN—E Ad X7 Z—) ZAWCREIERRD
BRI ER S 5 2 & T, FFRlE~0 b
KROMEHRA EEZBIE Lz (Fa ha—zonT
i3 Figure 1 2),

ZORER, FNREEI~D SOX17 BE TEAIL &L
D NIREED~—H—D cKit (% « CXCR4 Bl
population 23 L5 L, AF{LAED @Y HEX BEPEPIRREE
@ population b _EH U7z, F7, NIEMIRIC HEX &
IBTFEREANTHZET, AFP (¢ 7= b7 71 Y)
BPERIR O IR B L, X 512 AFP B DR ER1EE
AR HNFAo B FEEATHZET.TAT IV
PERARR OO B LA L. K9 80%DHMIIRAR T VT X
Bt & 72 o7z, Fo, CYP3A4, CYP2D6 #IILU ¥ &
5B BRI DIEME L~V S b MBI
EIEHT AL~ UL ThoTe,

AR L0, HEREEOR W IFHIRS M EFE T X
e BEZ BNEDT, KIRKFRFEGIAHFTR - )\
ANECBdZ 7 NV—7 L IR T, HCV BRS R EDRE,
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Va— RUANAE AN HCV BYEOFHE, HCV
77 DERBEORME 21T o T, 25 HCV BHERf5E
DFEFIZDWTIE, RS OFEM T LT,

E BT, & b ESAPS HkEDs & AR~ 53 LR
[ZFBWT, 7 DTSR S KT (SOX17, FOXA2,
HEX, HNFla, HNF1B, HNF4o, HNF6) % #{sTE
ATBHRZ Y —=r T E N LR (Figure 2) |
FOXA2, HNFlo BiaFEMHAEDED ZLItLo T,
O DIFREMESHERR ST, L Lanis, /B
L7=t b iPS HHfQ R EIFHIIRIZIS T 5 —E D fTHRE

(cytochrome P450 BESR DIEMEZ2 &) 23t MIREZENT
HIFR LV B4 - Tz, b b iPS HIRRE SRR Z Al
ERY ) —=r 7 FHE HCV IBFRERR &) TG
AT 570k, & b iPS MBS HED X 5725
LRV ETH D Z LMo, WIZE b iPS ARk
FrEtRiBiaZ S/ ©7—7L— b (Figure 3A) _EIZ
BREL, R %1TH 2 & T, o2 5FEEVL
ERBT-, FEE 7 1 b 23— Ui Figure 3B D & BV 4T-
7o, BAFBEEEER CIER U7 LRSI & = koThE
FRTIER U7 bR ATHIR &t B 7201, ik
RFOIC T EE 2R O o L BT 31T B I~ —H1—
BET (TAT YY) ORBEEEZF (Figure 4A),
ZORER. HBERE RO EFEATHIIE Cid3kE#E 20 A
BIZT7 VT I VB FRARNPE— 7 ITET LD
WLT, 7/ 75— — MRV ZRTEERRD
SMUFERT R TIXEEE 20 B UL ZOBEE TR
HEIT ER Uktl), 553835 A BICEAEEEZ R L, £
7o, B2 20 H B OEBEEROSHETHI & FE
35 B B OZRFTEEEROMEHFETa0 T VT I B
A8 (Figure 4B) BLORRELREFHZL A

(Figure 4C) . }%3# 35 B B O ZRTEEERDO S LFHERT
MO HFR TN b ENo T, U EORERNS, T/
7 —7L— M AW ZRTEEEEANWS Z LT,
TERDEEEFE XV b AT EE O LR EATH
faz v b iPS Ml O/ERITE 5 Z LAVRENT,

Wiz, & b iPS Hifa)s b AFRIlE ~ D b DHifd
FBLO b iPS HlfE b SRAFHRL O % SR A5
Bz, Koyt iPS MEkL, PIRIE, FFepRiBRifa, B
JErEaE YR U bR, = koohEsE TR
L= b ERTHIIICBWTC DNA v~/ 7 a7 L1 %

e L7z (Figure5), 5%, DNA<A 727 LA T
BONTRRE SO ETTH 2 & C. {LahEhf
IR OMEREMERE 21T O & & blZ, HCV BYICBE 535
RN T OREZMT 7238 24T 5 FETH D,

D. E£

REHARE LAY FOXA2, HNFla#f5T% &t b ES/APS
HIR2 S L S BT AIFICEAT 5 2 LT, DT
R IR~ EFET D Z LT Lie, A%
T, 77 AN RICARY VY UESIE S LTIz T
7AN—HE Ad N7 Z—E AV TRETFEALTH
B0, WIhOBEMEO e - ESAPS AR S bHifaIc
BWTH AT 100% DB FEASIRERT I & 2
BLTRY., VBB TFEARMENTZIFHLFHERE
D—RTHDZ LNRBEZ b, EFFEE LT Ha
i3, HCV DRI AREZFEE L. HCV Ble. HCV
7 ) WESIRER AT B Z L AVHIEE L, AMIBERS HCV
M RIATE D Z DAL E o T,

EHIT, & b iPS M RIS AR T 5
— 7 b— M EAWTEZRITEESN T CsEb &
5 LT, FFHSBEDE e b iPS MM E AT 2 1E
TR EEHALMCLE, ZRETIZ, v TURB
SO MMREERITHRE 2 R WTERET NG, = Rotks
ETDHILICEo T, FFEAFERERM LT Z LR
HEINTWDE, FABFRICEBWTSH, B b iPS Mgk
FFRABI L =R TR SR T TR S ]2 2 & T B
JEREREAT L0 bARIGEWREIL 25720, TR
BIERTEL b DL EEZ BND, E b iPS Hildh
SRAFHRIREAS & 0 IFREME T2 Z L2k » T, & MR
FERITHIIRICZ OBEFRE R LR DN Z & hb,
HCV B AEOEEUCEE LB T ORBRED
£V e MIREEFRICEL L2 b DIc o722 b
BT ESID,

SEEEE LY, AFRICBW TR LEZFH LW 1

k=L ToHERBE L7 b iPS ARRRESEATHIRR 2 A
WT HCV BIRES 7T 5 & & biT /bR D R
72 B HEE (PIREEHR-C TR RTBRMARSE) <o HCV
BEE ORI ETT Y, Fio, BbI7z DNA <17
07 LA W RN RBB -~ A 7 a7 LA OFER
DX LIRDBNTEATD Z LT, EFEEF ROt
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R ZATS & &bz, BERT L VA NVAREY, - B
DESEMZ TR L. TR YA VA IRREAIHICE
TOFHAEES — 5 FOREE B LR AT
THFETH D,

E. 5

Ad X7 Z—RWTEHBREELTFOBEAICLYE R
ES/APS g7 b NIRRT Er RIS/, Al
~OBNRO L EFHE L7 PRI, HCV FFZicfE
HFRIRE2 Z &AL E 20T,

EBlZ, F/ET—FL— MR AW SRR
OB EY ., LY FEEDOE VW E b iPS Mgk
JFHtfaz BRI CE A Z L LT LT,
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stage | stage |l stage Hi

definitive endoderm differentiation hepatic specification hepatic maturation
hESF-DIF medium hESF-DIF medium L-15 medium
. BMP4 (20 ng/mi) HGF, OsM (20 ng/ml)
Activin A (100 ng/ml) FGF4 (20 ng/ml) DEX (106 M)
hESCs
definitive
IhiPSCs mesendoderm cells endoderm cells hepatoblasts hepatocytes
3days I 2 days I 1day I 3 days I 11 days R
I " t I
Ad-SOX17 Ad-HEX Ad-X

Figure 1. Hepatic differentiation of human human embryonic stem cells (ESCs)

and induced pluripotent stem cells (iPSCs) transduced with 3 factors.
The procedure for differentiation of human ESCs and iPSCs into hepatocytes via the

definitive endoderm cells and the hepatoblasts is presented schematically. The hESF-
DIF medium was supplemented with 10 #¢ g/ml human recombinant insulin, 5 ¢ g/ml
human apotransferrin, 10 ¢ M 2-mercaptoethanol, 10 yM ethanolamine, 10 4 M
sodium selenite, and 0.5 mg/ml fatty acid free BSA. The L15 medium was
supplemented with 8.3% tryptose phosphate broth, 8.3% FBS, 10 ¢ M hydrocortisone
21-hemisuccinate, 1 ¢ M insulin, and 25 mM NaHCO3.

Activin A
bFﬂGF

Activin A

(Candidate genes)
FOXA2, SOX17, HEX, HNF1a, HNF1B, HNF4o, HNF6

Figure 2. Screening for hepatic differentiation-promoting factors.
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Human EScells mesendoderm definitive hepat like cell
/ human iPS cells cells endodermcells  hepatoblasts epatocyte-like cells

| 2days | 4days ] 3days 1 3days | 13 days | 10 days |

>

4 o .. ~ ¥
Ad-FOXA2 Ad-FOXA2, Ad-HNF1a
(3,000 VP/cell) (1,500 + 1,500 VP/cell)

Figure 3 Hepatocyte-like cells were differentiated from human ES/iPS cells by using Nanopillar Plate.
(A) Photograph display of a 24-well format Nanopillar Plate and its microstructural appearances of the hole
and pillar structure. (B) The procedure for differentiation of human ES/iPS cells into 3D-cultured human
ES/iPS cell-derived hepatocyte-like cells (3D ES/iPS-hepa) via mesendoderm cells, definitive endoderm
cells, and hepatoblasts is presented schematically. In the differentiation, not only the addition of growth
factors but also stage-specific transient transduction of both FOXA2- and HNF1a-expressing Ad vector (Ad-
FOXAZ2 and Ad-HNF1a, respectively) was performed.
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Figure 4 Hepatocyte functions in human ES cell-derived hepatocyte-like cells were enhanced by using
Nanopillar Plate.

(A) The gene expression levels of ALB were measured by real-time RT-PCR onday 15, 20, 25, 30, and 35.
Onthe y axis, the gene expression levels in primary human hepatocytes (three lots of primary human
hepatocytes were used in all studies), which were cultured for 48 hours after plating (PHs-48hr), were taken as
1.0. (B, C) The amount of ALB (B) and urea (C) secretion were examined in the monolayer cultured human
ES cell-derived hepatocyte-like cells (mono-hepa) (day 20), the 3D cultured human ES cell-derived hepatocyte-
like cells (3D ES-hepa) (day 35), and PHs-48hr. All data are represented as means = SD (n=3).

— 136 —



Activin A BMP4
bFGF FGF4

definitive
endoderm
cells

DNA microarray DNA microarray DNA microarray

HGF
FGF1
FGF4

FGF10

“hepatic maturationin 3D
culture condition by
using Nanopillar plate

DNA microarray DNA microarray

Figure 5 The gene expression profiles of human iPS cells and their derivatives were analyzed by DNA
microarray.
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SyEAFZEERRE  HBV HEFER R OVHEV 5B RIS K D2 HHEFL U A WV AEIEDOBRR
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HI72 IR OB N LEEN D, KFZRIEBAFR YA /LR (HBV), ERFFL T A /LR (HEV)
EHGE LERFARAT ) —= T ROBBEEZENE L, BBV IZOW T Y A NV AELAR
HepG2 2.2.15 {283 2 EBERFZE. HEV IZ DWW TCIX PLC/PRE/5 (7 L4 v & —) MRz H
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WIREICHAWO N AN, fiu A LV AEH
DHBHA v HE—T7xry (IFN) LEBRT o
702K ITH DM BSOS E-RFH - B
EAMMEROFZTE LR COMELH Y, Fiek
BAIOBHBENEEN TS,

—JF. EBRFRIZEBIFR Y A LR
(hepatitis E virus, HEV)IZ & 2 0AMAF
KTHDH, LARNTBAREEEE 2 5T
7233, FRENET TSN T E N R LG SRR
INB LR oTe, Ele, ERFFRIZITIA
ERILBERYYEE LCoME b H D, BHEER

FRD 7 FoRNBEREF THLN, £l FEF
WCIREE L LEE S5,

ARFFED B HIE HBY 38 X OV HEV D IRAI A &
U—= U TROBEL T OEBHETH D,
BREDOLEZ A, $FE X< HBV B8 L OHEV DR
LA BB CEXOEEMBRITIFEEL R,
Z D7z HBV 122U T ik HBV EEAE M AE HepG2
2.2.15, HEV {Z PLC/PRF/5 (7 L ¥ & —)
MR ZERAWEERIR S ) —= T RORE
1T,

B. HF%EAE

<HBV >

HepG2 2. 2. 156 Mifn D 7 vt — = 7" & PEARFRAT
HepG2 2. 2. 15 Il D 7 v — =" J IR R %

RETITol-, 7 v — U BR#1, #3. #4, #21.

64 B IO 2 —="FHiD Original

population {22V T, HBs #L/E I L O HBe #T

JROREEERE LT, £/ u—r%
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96well MEARLEE 7 L — M THEE L,
Confluent RIREETAT 4 U LB RH LTz,
TOHZOHE L, 79 B THHELA
E L7, BIEIZIZZENE N in~house HBsAg
ELISA. QuickTiter HBV Core Antigen ELISA
Kit [CELL BIOLOB, INC]%fEH L7z, 7z,
#1. #3, #G4 B X X Original population @
HBe LR E HRPE LIz (=¥ A 7/ X | HBe
monoclonal [SIEMENS]),

5 IV R ERR

HBV PE 4= #ifE HepG2 2. 2. 15 R D 7 1 —
BRHL. #3. #4. G4 DEERIKEPTIC BRI RIGH
WG ITV &M, HBV EAICKITT B
% HBs HLJi, HBc FLRETE=F—L7, 7
ITVURER 250 M, BEHMITZI. 3 H
ZREt L7,

HBV. HEV Wi b FHINC X Al Ett oA %
X MTT assay CHERR L 77,

<HEV>
BHRA7 ) —=2 T ZOB%

7 LXYF —MAEIZ HEV-RNA & K 5
Z7x27 gL, 96well plate IZHERE L 72,
B 1% |2 38 %1 (LOPAC [SIGMA-ALDRICH], %9 1, 300
HEORAEELIA T IV EFERLE) %
HEIBEE 100 MIZ2 B X O ICHmL, 1B
#F L., BEEETOHEV JURES ELISAIC LD
BIE L7z, HEVHUERM M= ba— &tk

B LT 30% BATIT 72 % FEA13 6 AP Be A R (2,

10, 50uM) THEERXZ U —=v271Fo7,
Pt HEV Hi itk 3% DAERL

HEV-VLP °% O HLik Z {6 o TE T
WZh303b BFHL HEV Hifk & 4 %
Inhibition ELISA ##§%E L7z, ELISA 7 L
— NMZHUHEV-VLP Fifk (U HF) 2a—T 4
7 L CHEV-VLP & S8, HEVZ L — b
PHERMLEZ, 207 L— MMIERKEEZ AN
THRIEFOH HEV HiiE 26 ¥ 5, Bikd
OFLHEV Hif R T A X 7 &R TV
HEV-VLP % HRPO #Z#% T HEV-VLP $ifk THeHi L

77o etz hm— v & U CH HEV Hikfa:
t hfnyE (NHS1, NHS2, NHS3), BHtk=> k=
—L & UTHL HEV HFUEBRME 7 & 1 iF (aHEVsw)
RO B = 1§ (aHEVRS) % i W CIREE ] OVF
B 2R LT,

(fEE~DERE)
AHFIETIX, B E DM R B IXFER T,
HEEH~DOEEIIFAETH D,

C. WrHsEfER

<HBV>
HepG2 2. 2. 15 MfAD 7 v — = 7 & PR FRAT
HepG2 2. 2. 15 MR R DELH D 7 v — %
EMSL7-, T b % UBs PUREARE TV
— 7o L REWR 7 v — U RRH1, #3, #4,
#21, #64 ZEBRICHA W, 7o —#1 LH#3
EAT 4 v AKRHE% 1 HEH 2D HBs HURD R
H & 72728 HBe HLR D EA T pgE< | 4
AEE TR a7z (K1), HBs HE
PEA BN L \MGL b HBe PUREANEL . A
D, #1, B3 ICHARTELEERZD R T, 7
o—#4, #21 EH D bR OELERER DR
o7, HBs B L O HBe HLR DEA /N Z —
BTN D 7 o — 8] & #3 1 HBe HLRE A S
H—VRRRZY, ML LTz —rThdE
RN (K2),

737V

EEME S EMOFRNLZE LIZEREED
Nz, 73720 25 u MEINIZ X 5 HBs Bl
KO HBe HLREARERITIEN D, £213H
BMERZ LWEREZRo (F 1),

<HEV>
ERIRY ) —=V VRO
REKRFICHEV HURELEZET S 12
R ZER L7z, (K 3)
Pt HEV Foffss i 58 DAERL
etto s b e — L idERBE T EMAML
HEV-VLP & HRPO #£#% T HEV-VLP FLiEDFEA %
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FRE L0 o7z (BRFEER %), —FH. BiE=
v hE—)lix 10 BELL EAIR LT LR
EOFBEEENPRBDONTZ, TDOT hb,
Z @ Inhibition ELISA A% HEV $Hifk & #F R A
BHLTWAZ LRI (K4,

D. E%

<HBV>

HBV Jfk¥u & &N TI1% HBs HUBEIX HBV =D %
O DIEFE & 1IN KENZAE D AL H o HBY

Y] ~—h—& LTRSS, HepG2
2.2. 16 MR T HBs PUREEARED R D5 7 v —
COEFTHY., ZOFRLNLOhDs
—VEBEBRLUTCEARAZ ) —= 0 T RA~DH
AERid, LrLERG I I TV EEMNT
KBTIV o —rTh, BENRT
HDHTI TV DEER HBs iR ELISA TE
=XV T THIEERTET, BBs HUREIX
HBV [#E5E | D~—H— L L TIIAEYLTH D
EE IR/ o, BBeFURTHTITY
VKD HBVEARELE=FY I TER
Doir, 7 m—kkE HBV-DNA # H & A8
PEREERR IV —= T OBRENEE LN
— 5T, &2 v— 0 HBs PLRELREDEN
TR Z RV IR THEE SN TEY HepG2
2. 2. 15 MR BT B HBY Em T # A4 AR
& HBY PR~ — 0 —EAE L OFERE R K HBY H#E
BB DI ORN LY —)L e LTOAEE
HEREZ BND,

<HEV >

A ERR U7z 12 HAIOKBEN FEEI
BEOERMIR NPT, BIZZI DT
AT T VIZONTHREZED T LERH
b, TVXH 4 —HlaE HEV-RNA K T /X
Tzl varEMBEDEERA S Y —=

o

VS ROBEEIITRETH 7o, LB LR D,
HEV $TJR A% ELISA THIE CE 2 HREICL R D
TR N D70, HIRBEEORE,
BH Oy COMBERERINDS, &b
ETHROI VR Y U —= 0 T ROBEENR
2Ehb,

ARFZE TYERL U 72 Pt HEV Hiilm R 13k
B, FRELHICELS, ERIEDNFTRETH D
EEZOLND, HEV I ABRILBEREPIETH B,
BT REZELZOICEEOBYREE
WMOMENDVSBOHEV M EEE2 D LT
BRI BRI S BLHEV PiiE 2B+ 5 v R
TAIERATHD

E. fm

1) HBV PEEA#AE HepG2 2. 2. 15 25 HBs PR
BEARNELRIZBEEDO 7 o — U RERR LI,
IO a— 3R E# YR LTS HBs
PUREARIZEE ST\,

2) 7 v— ¥k & HBs HLR  HBe HLJF & Hi ELISA
PG EAN A7 Y —= 2 7R IT HBV
WREDET=F ) JICRETH o7z,

3) HEV-RNA RS v A7 =27 v g &7 L%
T F— MR % L A o T B R
EREE LT,

4) EFEICERAR S HUHEV Sk 2 M T
% Inhibition ELISA ZHE&E L7,

F. WFERFE
M

G.  FIEYETIRHED HFR - B &R
'L
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