A HFREAEHW

RIFERRBIZRBNT, FEOHIE L LT
ZEDOTHE L B K SRR - BRARRER
ZET 5, ZomEriuEbsE, Kax
MESE DT DF =BT DO E>E L
T. b b ALZ eI (human induced
pluripotent stem cells ; & k iPS #ifg) %
HAWZERBER S TWad, B iPS
X, & MEMEEMRE (human embryonic
stem cells ; & M ES @) &RERIC, B
BRI L ML EEEFTMIETHY
v~ ESAPS HEiEH b4k = w 7= i iAl
FEBTRIZ BT 2 FEL TR - BB
EDIHBRABR~DISAB STV 5,
Filg i3y OB B 54 2 FE 2 figds ©
HBH-H, b b ESAPS ARSI
FEBEMILEDORB-CHEEO TR E
CIEATE2EEZ BN, LLAERD,
BI{ED E ~ ESAPS Hifas: b iFHifa~D 5y
{EFEEMN CIX, b MoIREEEMRICE
L a A LTI Z SRR < 41k
FETHZ PR TCHoTZ, TDORD,
t & ESAPS fifads o AFia~D @z sy
EFEHEIRORRENBE L R>TWND, £
Z T, Fxliie b ESAPS HfaH 6 ARG
~DEEhEE ER XS 570, ki
WIAD TREEADEERF (FOXA2, HEX,
HNFla ., HNF18. HNF4a . HNF6 .
SOX17) % fFHERa~D s {biEFe D@ 72 R
ORI B FEA LTz (FRk 23 )
Eo, ZRUEBEEELZHWT, & b ESAPS
AR D R W ITHERE 2B L 72 TR~ D %)
REWHEFEIEDOBRRE 2R Tz (K 24
FE)

B. Wr5EHiIE
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B-1. 77 /7 UANR (Ad) X7 FZ—DIE
Bl

Ad X7 Z—DO/ERLT improved in vitro
TAT—aECLVITo7e, Y% L
77 A3 Fix pHMEF5 #EM L7, ZD
TNF I == TELE BT 7 R
—E(LacH)BEFEHAL, LacZ FE v
¥ hV7T A R pHMEF5-LacZ % {E#
Lz, &2, BF Z7ue—Z—#Ifl T T
I forkhead box protein A2 (FOXA2) .
hematopoietically expressed homeobox
transcription factor (HEX). hepatocyte
nuclear factor 1 homeobox A (HNF1a) .
hepatocyte nuclear factor 1 homeobox B

(HNF18) . hepatocyte nuclear factor 4
alpha (HNF4a) . hepatocyte nuclear
factor 6 (HNF6) . SRY-box containing
gene 17 (SOX17), #HE T 5 v b7
7 A ' pHMEF5-FOXA2 .
pHMEF5-HEX | pHMEF5-HNFla .
pHMEF5-HNF168 . pHMEF5-HNF4a .
pHMEF5-HNF6, pHMEF5-SOX17 % /E&
Lz, Wi, TNENDY ¥ VT TR
K& I-Ceul & PI-Scel TiHIbL L. FEEER
THL L7z KT By Z—7F 2 3 RICHH
AT 5 Eic& Y, pAdHM41K7-EF-LacZ,

—~
J
™~

pAdHM41K7-EF-FOXA2 N
pAdHM41K7-K7-EF-HEX N
pAdHM41K7-EF-HNF1a N
pAdHM41K7-EF-HNF18 N
pAdHM41K7-EF-HNF4a N
pAdHM41K7-EF-HNF6 N

pAdHM41K7-EF-SOX17 % {E# U7, {Ef
L7zAd R Z—TFF5 A3 K% Pacl T4k
L. Lipofectamine 2000 (Invitrogen #)%
MAowTe FrIEBMEBERME TS S



HEK293 Mif@ic NG v AT =7 v a § %
Z L i kv . AdKT-EF-LacZ |
AdK7-EF-FOXA2 | AdK7-EF-HEX .
AdK7-EF-HNF1la ., AdK7-EF-HNF18 .
AdK7-EF-HNF4a . AdK7-EF-HNF6 .
AdK7-EF-SOX17 #{Ff L7=, EiEIC LY
Ad X7 Z—DHETE - R EIT o7, & Ad
R H— O EE) (particle) ¥ 1 ¥ — 1
Maizel 5D FEIC X VHIE LT,

B-2. b k ES/PS MO
v ~ ES #fatk H1(WAO01) , H9 (WA09)

( WISC Bank, WiCell Research
Institute) ° & I iPS fifaik 201B6,201B7,
253G1 (BB, L MyREEER L E)
¥ 5 ng/mL. @ basic fibroblast growth
factor OFGF, FI{LZTEMDZELERE
¥H ES M T4 5 ReproStem (U 7
mEAA) ZANWT, v bvA T CA
B DD~ U A RIESHEEMR(MEF, X VU
A7) ETEERLE, B b IPS AAEEE
Dotcom, Tic, Toe {X 10 ng/mL @ bFGF
ZEdr iPS MRS TH 5 iPSellon (W
VT 4 FH) ERNWTC, v A bvA v C
MERFE A D MEF ECHEES L7, 5-THZ &
(12 0.1 mg/mL 7 ¢ A%—% (Roche L) %
FwvwTe h ESAPS #ifad = a =—%[EIL
L7cte, BAARIC LR & O IS L CHE
R&EAT o7z,

B-3.t & ES/PS #ifad: b AE~D b
FE

v ~NESAPSHiiE D b NIRE~D LT
HIIUTOHFETIToTZ, SIbFERBO
24 BRI M FE R #HhESFI (MK. Furue
et al., Proc Natl Acad Sci U S A, 2008,
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105, 13409-13414) THEHIAZHL L 72, IRIZ,
Al Ok R OBE R T H A Accutase cell
detachment solution (HAXZ k¥ - 5 o
v¥x A 2RV T NESAPSHINE T
Mz FEEL7ZoBEI L, 100 ng/ml
Activin A (R&D systems 1) ¥ L OV 10
ng/ml bFGF % & ¢ Differentiation
hESF-DIF#5H#1(6 A+ (10 pg/mL human
recombinant insulin, 5 pg/mL human
apotransferrin, 10 pM 2-mercaptoethanol,
10 pM sodium
selenite, 0.5 mg/mL fatty acid free bovine
albumin (9 TSigmatt X VEEAN) ) %
B ERBEESHIIASLFHEEARERK
T&® HhESF-DIF (MRSt aR FhoE
A1) N2, 50 pg/em2 Matrigel (H A
R7 M T 4yFryUA) Ca—T 4
v LT RlaEEA A TF S L— b (12
=V —F) (FRX—2751 M) O
% U = /W 6.25x104 cells/cm2 il fa 25 B
THERELEDOL, 2 HEEE L,

Ad X7 F—HAWEEBETFEAICLYE
~ ESAPS MifEHERPARE (B5& 2 HE)
NOWNRE~DFEFEEEZITOHEIT. &
N ESAPS #Mildz ERLOFTIETHARIE S
TE R L., & Ad N7 F —
(AdKT7-EF-FOXA2) % 3,000 vector
particles (VP) /cell DT 90 4 E/EA
W77, BE i 100 ng/ml Activin A B X
10 ng/ml bFGF % & t¢ Differentiation
hESF-DIF iz Hwic, £D#%, 100
ng/ml Activin A 3 X O 10 ng/ml bFGF %
& 1¢ Differentiation hESF-DIF 52 FH
WTHE R HREZIT)Y, 5 BB ETHER
L7,

10 pM ethanolamine .,

B-4 FFeRiEEMlE~D o bikE

b~ ESAPSHER A Sk N IREE > & FF e Rl
BRAIR~D LB BIXLL T O HIETIT o 72,
B-3.lZfE# SN - HIEICE L CTHbFE L



TRNIEZE (5% 5 AR) %. 0.06%
trypsin-0.053 mM EDTA THija 2 5k L
72DBHEUZ L, 100 ng/ml Activin A3 L
10 ng/ml bFGF % & ¢ Differentiation
hESF-DIF £ # i % ¥ % . 50 pglem?
Matrigel Ca—7 4 7 Uiz fijatsE i~
NFTL—h (12727 L—h) O
= /WiZ 1.25%105 cells/cm?D A% BE T
MLz, MMRLULZZERICAARZ ¥ —
(AdK7-EF-FOXA2, AdK7-EF-HNF1a) %
ZTNZN 1,500 VP/cellDIEE T 90 4> RfE
Fl&¥7 05, 20 ngml FGF4 (R&D
systems f: ) . 30 ng/ml bone
morphogenetic protein 4 (BMP4) (R&D
systems #1:) % & » HCM Hepatocyte
Culture Medium (Lonzatl) 1253 L 7=,
T D%, LFEEEHE AW CE B S8 %
1TV, 9 HEE CEE L,

B-5. YEHEBEE R TO AR ST
HRE~D S LRE
t MESAPSHRE A & FF MM~ D 43 {55
BIILLFOFIETIT>72, B-3. 8LUB-4.
(CREE SN FEICHET T 9 AR LT
EFEE L7z I ai BRI AR 12 B AdN 7 &
(AdK7-EF-FOXA2 B X O
AdK7-EF-HNF1a) % = v Z 21 1,500
VP/cellDIRE TYER S 7%, 10 ng/ml
FGF1 (R&D systemstt) | 10 ng/ml FGF4,
10 ng/ml FGF10 (R&D systemstt) . 10
ng/ml hepatocyte growth factor (HGF)
(R&D systemstt) Z&TrHCMIZAZH L
2o T, EREHE AWTHE B HAS
2TV, 11 AEECHE L, BE 11
HHEIZ 0.05% trypsin-0.053 mM EDTAT
B L, FGF1, FGF4, FGF10. HGF (¥
~T 10 ng/mlDIRETHER) 2&THCM
(B . Matrigel Ca—F 1 7 L7

—
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fakER 12 71 —1Fr0& U = LI
1.25%105 cells/cm2D AR B CHERE LT-,
1 B#2IZAd~7 # — (AAK7-EF-FOXA2 ¥
& C"AJK7-EF-HNF1a) % Z#F4 1,500
VP/cell DIRE TIEA S ¥ 7%, 20 ng/mL
HGF. 20 ng/mL Oncostatin M (OsM,
Ré&D systemstt) . 106 M Dexamethazone

(DEX) #% & ¢ Differentiation CL15
medium (8.3% tryptose phosphate broth
[BD Biosciencestt], 10% FBS [Vita#t].
10 pM hydrocortisone 21-hemisuccinate
[Sigma#t], 1 uM insulin, 25 mM NaHCO;
[Wako #£ 1 % ¥ 0 L 72 L15
[Invitrogentt]) & FAVNCThE3E L=, 8 B#IZ
HFARE~D 53 LR O HIE B X OWFEE D
21T - 72,

medium

B6. /¥ —7v—bF2HWEERT
R CORFRRATBEMAL D & PR ~D 4y
fLFHE

b N ESAPSHIG H kAT 5 aTBR AR AR 2> &
FFRBRE~D SV EII LU T D B i TiF - 7=,
B-3. BLUB4IIEE ENT= FIEICHE L
T 9 BHEEZE L THLEEE L7 FFebaiBRm
fa 2 &% Ad~X 7 ¥ — (AdKT7-EF-FOXA2 .
AdK7-EF-HNFla) % = 1 € 1 1,500
VP/cellOPREET 90 S BWEA S /7%, 10
ng/ml FGF1, 10 ng/ml FGF4, 10 ng/ml
FGF10, 10 ng/ml hepatocyte growth
factor (HGF) (3 _XTR&D systemsth)
ZELHCMIZA L LTz, D%, FitksHh
ZRWTE B EITV, 11RB ¥ T
BRELL, & 11 H B2 0.05%
trypsin-0.053 mM EDTA % T %
FIgE L 72D B ElIX L, FGF1, FGF4, FGF10.
HGF (T 10 ng/mlDEECHER) %5



TPHCMIZ B . 20 pg/cm?2 Matrigel C =
—7 47 LIEHAMT /BT —MasEE
12 V7L —F (RINAT 7 /uy—
) DE T = LIz 2.5x105 cells/em2D#A
OB CHEE L, 1 HRICAAR T ¥ —
(AdK7-EF-FOXA2, AdK7-EF-HNF1a) %
FALEI 1,500 VP/cellDJREET 90 S FHfE
A EE7-%. 20 ng/mL HGF, 20 ng/mL
Oncostatin M (OsM, R&D systems*t) |
10 ng/mL FGF4, 10% M Dexamethazone
(DEX, Sigmaft) Z&ZLHCM%Z AW T 1
H 3 & IR HIASHR 21TV, 13 A (5 12
AENOREE 25 HAET) BE L, »ik
FEMFMEZ I SIS R 5729,
Matigel & 73 L E MR O LIZEHE L S
72, 0.25 mg/mL Matrigel, 4 mM
L-Glutamine ., 50 pg/mlL gentamycin
sulfate, 1xITS (BD Biosciencesft) . 20
ng/mL OsM. 106 M DEX% & teWilliam’s
E Medium (Invitrogenft) (PAF. Matrigel
Working Solution & 9 %) % 40 T/ER L7,
B2 256 HEOKwellizxf LT, 1 mL®D
Matrigel Working SolutionZ #s/IL ., 24
e & Lz, 5% 26 HARKRDRR
Working SolutionZ REL DB, 20
ng/mL Oncostatin M (OsM . R&D
systems f) . 106 M Dexamethazone
(DEX, Sigmaft) Z&THCMZHW\ T 1
HI3 E T HIAZHAZ 1T\, 9 B (354 26
AENOEEE 3L HEET) BB L

B-7. EEWY 7 V& A A PCR
LR 5 5ISOGEN (Nippon gene
H)Z2 AW TTotal RNAZHIH L7z, & b
REEZFARE (CellzDirectth (=2 v b :
Hu8072) ) % L < i¥Xenotechtt (7 v b :
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HC2-14 8 X U'HC10-101) )it 15 pglem?
type I-A collagen (FTHEZF#) %=
— b L7zMifais®ER 12 v T L—h o
& U = /UT 1.2x105 cells/cm2 AR T
10% FCS (GIBCO-BRL4t) #&¢eHCM T
BELLDOL, 6 FEf&IC—E LR T
B Az He U, A5 48 BEfEEEE U7z, & Total
RNA% RNase-free DNase I CLER L 7=7%%.
Superscript VILO c¢cDNA synthesis kit
(Invitrogentt) & W TR B i 24TV,
complementary DNA (cDNA) % &% L7z,
EEMY 7V A4 LAPCRIC X 5 MATIX
Tagman gene expression assays (Applied
Biosystems#h) Zf#H L, ABI PRISM 7700

Sequence Detector (Applied Biosystems
MLV EELE,

B8 7u—¥%A AU —

B-3~6.DFIEIC & 0 ER L 7= b FEE T
Minz 1 mM EDTA/PBS CHIBEL =D H
E L7z, oz Miaics 1 Rk z
4°C C 30 s &, %tV T Alexa Fluor
488 THEmk L7z 2 kFiik (Molecular Probe
#) % 4°C T 30 SRS STz, HURE
P 0 %A X BD LSRFortessa (BD
Biosciences th) 7 a2 —% A h XA —%—%H
VWNTRRIT L7,

B-9. TAT IV - [RBELREOFE
SrbFETMAEE L O 48 KefEEE L7z
b MBS FHIRRIC DWW T, BRI L
TeDB 24 FREIZICEE A BN L, EEA SN
727 V7 2 v &% Human Albumin
ELISA Kit (Bethyl Laboratories ff) . BE
£ EINTRFEE% QuantiChrom Urea
Assay Kit (BioAssay Systems 1) % fH\»
THIE LT, TVTIVBIOREELR
[Tk E R BETHIELT, B, BE v

~
Iy
~



X7 & OB EIZ X Thermo Scientific
Pierce BCA Protein Assay ( Thermo
Scientific 1) % A=,

B-10. CLF B ¥ A Z-RE D FHiff

it % OE M M KB % 5 mM
choly-lysyl-fluorescein ( CLF . BD
Bioscience ft) & e HCM T 30 4rfEiE5sE
L7eDb, #GBEMEEE VT L,
CLF ® +J VAR —F—Th D bile salt
export pump (BSEP) %#[HZET3HAEII.
CLF #{ER &% 24 FFRATIC, 1 pM
cyclosporin A (Wako #t) Z/EH &¥7-,

B-11. e fifhyals
12 (BHDWE24) V=NT L— MTTH

EL-AMZ PBSICT 2EMEEL, A ¥
J — v (Wako #:) & L < 1% 4%
paraformaldehyde (Wako ) % B\ TE=R
BTI1050ME L7=05, 2% BSA (Sigma
#) . 0.2% Triton X-100 (Sigma ff) &
e PBS T45 7 m v X 7 %{To T,
% 1 kbiE% ACT—HRIG S, T
Alexa Fluor 488 % 72 1% Alexa Fluor 594 C
FEE LT 2 Pk (Molecular Probe #t)
Z=ERT 1 FERISSET, TDH%,
4',6-diamidino-2-phenylindole ( DAPI )

(Invitrogen 1) % AV TESREIT =%
2% paraformaldehyde (Z CEE L, #HE
#%# (BIOREVO BZ-9000, ¥—x 1 A4th)
(TR LT,

C. BroEfER
t kb ESAPS #lgh&NIRE~Db%E
et 57201, SMEFE S Ll PRE
(&2 BEH) LT, 7TEECKER
FezxthZTh#ERLE Ad X7 ¥ —
(Ad-SOX17 . Ad-FOXA2 . Ad-HEX .
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Ad-HNF1la . Ad-HNF18. Ad-HNF4a.
Ad-HNF6)Z1Ef s # 7 (Figure 1A) ., 5%
¥ 5 HEIZ CXCR4 (NRE~—1—) &
A% FACS TEHAIT A Z Ltk » T
NWIRE~D L THFEZ R 2 34 L 7=,
FOXA2 % L <X SOX17 Bz TFEEATH
Z L2 X 5T, CXCR4 BRI R A i b 18
mL7 (Figure 1B) , FOXA2 & L< %
SOX17 B FZBATHZ LIZL->TH
IEFE L ZNREOHE DMREZFARD -
DIz, FOXA2 b L < i SOX17 BEFHA
MBI 5NRE~Y—I—, FHRE~—
71—, BESNANRE~— T —, Kook~ —
I —DOBIEFHRBALREE 5 A HICHEAN,
AIREE~— B —1X FOXA2 Bz FE A
& SOX17 EinFEAMIROM CTRIFRE D
BEEZ TN LEN, BEANANRE~—T —
DREBEEIT SOX17 B TFEAMBE DA
BB CThH o7z (Figure 1C), L7223 > T,
FOXA2 #BEFEAIZL > THRE~SL
ZIBIAITRETE BT LR ENT,
WIRZED b I RTEEAR AR~ D /b % (i
THRH, ¥R 6 HEORNRIEIZR LT, 7
TR OBEBER T2 N ENERH Lz Ad X
7 % —(Ad-SOX17,Ad-FOXA2, Ad-HEX,
Ad-HNFla. Ad-HNF18. Ad-HNF4a.
Ad-HNF6) % {Efl &¥7= (Figure 1D) ., T
BPRIEEAR A~ D LB ENRIL AFP (T
HIEEAfE ~— 0 —) BBMEHIfRRZ 552 0 A
BIZFACS CEHEITAZ &EICX > TRMIE L
72, FOXA2 % A\ X HNFla Bz F+ &2 EA
TH5Z LIZE o T, AFP BHEMRERIIE D
L7 (Figure 1E) , FOXA2 & HNF1la
Bt rHArEOETEATAZ LTk
T, FFErilE~D bz & HIZRET
LT EEMEL, & 9 B BICHFHAEER
MDD~ —J—Th b CYPIATEIET D3
BHEZRARD Z LI L » CHERFIBRMAR~
Do bFES R Z M L 7=, FOXA2 &
HNFla #FEfArGdbEsZ iz Lo



T.FOXA2 & A\ \iX HNF1la % Bl CTEA
L7zmE L LT, CYP3A7 DBETFE
BENEALEZ b, FOXA2 &
HNFla B FalAiahbETEATLE
LIz ko T, HFREIEEMRE~DSbE S 6
WRETE S Z LR Sz (Figure
1F) .

FFERBTBRARRE D & ALB L 72 IF AR~ D 5
b RET A 7=HIC, 5% 9 H H OF#R]
BEMIARI S L C 7T EEOBRERF 2T
NHEEH L- Ad X7 ¥ —(Ad-SOX17,
Ad-FOXA2 . Ad-HEX . Ad-HNF1la .
Ad-HNF18, Ad-HNF4a. Ad-HNF6) % {E
i &¥7 (Figure 2A) , FE L7 fFAEfE~
DAL HERNRIIT 7 X LRI ZE
&1 (ASGR1, BBV L= iFfE D~ —T1—)
Bt R 2 552 20 H B2 FACS T
52 &Ik o T L7z, FOXA2,
HNFla, HNF4a BaF2EATLHZ &I
X o T, ASGR1 BBtEfEfaIIx M LT

(Figure 2B) , FOXA2, HNFla, $ 5\
X HNF4a ERTFE2EATHZ LIZL ST
ERL U 72 o LB E TR OB OFEE L
RB5 7Dz, FOXA2, HNFla, HNF4a &
R FEAKEIRIZ 31T 2 Rl R~ —
—. M~ —h—, 0% M~ —n
— DR TFRALEEE 20 H BISHR~72, Bk
PR M B ~ — 7 — (mature hepatic
markers) | FOXA2., HNFla, HNF4a
BEFEAMBEOM CREBEDREZRL
728, FFERRIERARAG ~ — & — (early hepatic
markers) X FOXA2 Bz TEAHIE Tk
HLEFEHTH o7z (Figure 2C) , FOXA2,
HNFla, HNF4a BnFZHAabE TE
ATBHZ LIZE - TE 6725 ML
HEINDZ L 2HFF L, B 20 B BIZAE
FF#pa D~ —A—ToH % CYP2C19 BIinF
DRBFEZ Rz, FOXA2, HNFla &
+% L <X HNFla. HNF4a BiaF %A
Bo¥D T EITE - T, HMEARL B

{1}
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L. CYP2C19 BInTDRBEN EH L
lzZ &h b, FOXA2, HNFla BEFH L
<X FOXA2, HNF4a Bz & HAE 0T
HT EIZEoT, 6B R
T&LZ RNz (Figure 2D) .
ULDOFERNS, Figure 3A [Z7R4T 7 b
a—)L&HAVTE b ESAPS HfA &R
L7 AR~ D LB EZATO 2 L2k -
T, FRERLIFEEZbFETCEHZ &
DBHALMNERoTe, Fl2, FOXA2 BXW
HNFla BEF 2552 itk
TYER U 72 LSBT AL, BARE 22 om0
RBEOBKERT A ERBERINE
(Figure 3B) , & HIZ4{biFEFMARIL
Albumin (ALB) . Cytochrome P450 2D6
(CYP2D6) , alpha-1-antitrypsin (aAT) .
CYP3A4, CYP7AL 72 EOfFEEE S 3y
ZHRIOBHELTWVWLIZ b REaNTE
(Figure 3C)
S ACTEERT MG 2 3R O R R 7R &
ST 256, TOHENS e MRS
EFARIGENZ EBRDONH D, FF
SfbREDE W b ESAPS Ml & RE Lz,
2fEFO e N ES Hifatk, 5 FEOE b iPS
HpERE % Figure BA 7't b2 — L2 L7=
o THFabsd, 533 20 HEHIC ALB &
BFRBEELE B LR, & b iPS #Mia
¥R T&® % Dotcom 255 & =V > ALB B 73
BERLEZ, LER-T, b b iPS Hifagk
Dotcom 258 & A2 LEER BT & 2SRIB
Stz (Figure 4A) , LB ETME L B
NIREEEITHIE O IFHERE L LB 5729,
ALB EAES ALB GHEME L ENnEN
DB IBWTHIE L7z (Figures 4B and
C) . ZDOFER, MMEFHEFMIILE M)
REEZEFFMARISEV ALB EEAREZAHA LT
B0 (Figure 4B) . #J 80%LL L DHifEA
ALB B CcH 5 Z & (Figure 4C) 2
RSN, 6T, FEMICHOLFFERE
fa & v MR EEEITHIE O ITFHERe & b3



B, FFHEICRBWTRIRT S 2 L2345
LNHEDRHOE 1 HEISICES T3
CYP &=+ (Figure 4D) . EMRHDOE
2 FARSIC B 595 UGT B\ s 7 GST i&
iz¥ (Figure 4E) | ZEWRFDOE 3 ARG
WEETA2KHENT v AR —4%— (Figure
4F) | CYP #FE 253 5 [FBIEENZ A
& (Figure 4G) DI HL & T~ 7, £ DFER,
HMEBEFIEIC BT 25 EER T ORI
e MIREEERFMREE FAREOLDONRS
Molz, LMLENG, B8RRI
BITHEIEAD CYP TH 5D CYP3A7 D3
A MIREERITHIIG L LB L TEn 2
Enb, SMEFFEFMRIXE b2 5L
DRMBH B EEZ HDH, -, Figure 4
WBWTHWE: B MIMREEERFMRIE 48
REBELZBOTHY . XV AEKRNORF
FRRIZUT VAR E B b iPS MfE b b
BT 570X E 6B EBERFD
WENLETH B,

F /7= — AWML Z
RET D7DIT, F9 Rl 2R fEE &
ZiREt Lz, #FZEH1EB-3 B L UB-4 ¥
UCH#&E 11 B B OIFeaiifE R L
TeDb, fkxlRmETCr/ vI—71
— MCHEELL, MRIREEEEN 0.5~
1.0x105 cells/cm2TIiZ A7 = A RBEK
SN hololzx LT, 25%x105
cells/cm2ll FOMIMEIEFEEE CTIE, A7 =
oA FOEMPBIE I (Figure 5A) ,
Eo, FMRBEECTERELLZLEED, &M
fa > CYP3A4 (Figure 5B) B X ONCYP2C9
(Figure 5C) DB FHRIEELZ EED
RT-PCR¥%: % AW CTH X 7=, 2.5x105
cells/em2 D L THERE L 72 AIC I\ T
&b EVCYP3A4 5 L NCYP2CIBIZT D
HREZRT LI, UEDOERNG, /8
T —7— b EROWTHRAVLEZEET S
7o DITiE, 2.5x105 cells/cm2DIFFER E T
FFeppibEiiie s+ /7 ¥ 7 — 7 L — MR
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TOGBEDRRE CTHD Z EPRINT,
wiz, T/ €T—Fr— hEAVEIR
AfbicE LM ERFTL L,
Differentiation hESF-DIF £z#t, HCM.,
L15 #5Ho> 3 DL A AV T, TRl
BRAMPE 2> & FF A ~ D ok 21T o 72,
Differentiation hESF-DIF i CiZ A 7 =
HA NP ES Rt LT,
HCM AW L15 sEa Wb Z & TX
ZxuAf FOFRHRPBIE I N7 (Figure
6A) , Flo, FEHTESELZLEZD, &
MR D> CYP344 (Figure 6B) B L O
CYP2C9 (Figure 6C) DB TFREELE
=/ RT-PCR #E% VW T/, HCM T
R LMW T, &b &V CYP3A4
BLOCYP2CHELTFRAENHER I N,
L7eRoT, 7 /87— — 2 AT
B %17 9 72 012id, HCM &7
BEMTHDZEPRALIIRoT,

T EI—7 1 — M AW R TR
KT, EORMERF D ERBLITEERIT
B < AT HEE 12~25 HHIZBW T,
Figure 7A @ condition 1~5 (2R 3RMER
F 2 ATerm B I EA S, SRR
7% ALB DB FRBABEZR T2, £ ORE
£, ZOBBITBWTIT HGF, OsM, FGF4,
DEX Z{EHEEAZ LT, &ZbEV ALB
BInFRBREZR L, RIT, 553 256~35
A B2V TiE & DIRMER-F 25 ARV RIZ
RN B < ATz, K53 256~35 HH
IZBWT, Figure 7B ® condition 1~6 (Z
NIRRT Z LB ST EAE S,
BAICIBT D ALB B FREEERAN
oo ZOWETIE, OsM & DEX #{/EH &
HHZ LT . &RbEW ALBEETFREAEDN
MR INTe, ULEDHERNSG, 7/ 87—
7 L— b & AW T AT RIBEAR AR > & TR
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Figure 1 Efficient hepatic specification from hESCs by FOXA2 and HNF1a transduction

(A) The schematic protocol describes the strategy for definitive endoderm (DE) differentiation from hESCs
(H9). The hESC-derived mesendoderm cells (day 2) were transduced with 3,000 VP/cell of transcription factor (TF)-
expressing Ad vector (Ad-TF) for 1.5 hr and cultured as described in Figure 3A. (B) On day 5, the efficiency of DE
differentiation was measured by estimating the percentage of CXCR4+ cells using FACS analysis. (C) The gene
expression profiles were examined on day 5. (D) The schematic protocol describes the strategy for hepatoblast
differentiation from DE. The hESC-derived DE cells (day 6) were fransduced with 3,000 VP/cell of Ad-TF for 1.5 hr
and cultured as described in Figure 3A. (E) On day 9, the efficiency of hepatoblast differentiation was measured by
estimating the percentage of AFP+ cells using FACS analysis. (F) The gene expression levels of CYP3A7 were
measured by real-time RT-PCR on day 9. On the y axis, the gene expression level of CYP3A7 in hESCs (day 0)
was taken as 1.0. All data are represented as means %= SD (n=3).
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Figure 2 Efficient hepatic maturation from hESC-derived hepatoblasts by FOXA2 and HNF1q. transduction

(A) The schematic protocol describes the strategy for hepatic differentiation from hepatoblasts. The hESC-
derived hepatoblasts (day 9) were transduced with 3,000 VP/cell of Ad-TF for 1.5 hr and cultured as described in
Figure 3A. (B) On day 20, the efficiency of hepatic differentiation was measured by estimating the percentage of
ASGR1+ cells using FACS analysis. (C) The gene expression profiles were examined on day 20. (D) The hESC-
derived hepatoblasts (day 9) were transduced with 3,000 VP/cell of Ad-TFs (in the case of combination transduction
of two types of Ad vector, 1,500 VP/cell of each Ad-TF was transduced.) for 1.5 hr and cultured. The gene
expression levels of CYP2C19 were measured by real-time RT-PCR on day 20. On the y axis, the gene expression
level of CYP2C19 in primary human hepatocytes (PHs), which were cultured for 48 hr after the cells were plated,
was taken as 1.0. All data are represented as means = SD (n=3).
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Figure 3
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Figure 3 Hepatic differentiation of hESCs and hiPSCs by FOXA2 and HNF1«a transduction

(A) The procedure for differentiation of hRESCs and hiPSCs into hepatocyte-like cells via definitive
endoderm cells and hepatoblasts is presented schematically. Details of the hepatic differentiation procedure
are described in the Materials and Methods section. (B) Sequential morphological changes (day 0-20) of
hESCs (H9) differentiated into hepatocytes are shown. (C) The expression of the hepatocyte markers (ALB,
CYP2D6, aAT, CYP3A4, and CYP7A1 [all green]) was examined by immunohistochemistry on day 0 and 20.
Nuclei were counterstained with DAPI (blue). The scale bars represent 50 pm.
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Figure 4
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Figure 4 The hepatic characterization of hiPSC-hepa

hESCs (H1 and H9) and hiPSCs (201B7, 253G1, Dotcom, Tic, and Toe) were differentiated into
hepatocyte-like cells as described in Figure 3A. (A) On day 20, the gene expression level of ALB was examined
by real-time RT-PCR. On the y axis, the gene expression level of ALB in PHs, which were cultured for 48 hr after
the cells were plated, was taken as 1.0. (B-l) hiPSCs (Dotcom) were differentiated into hepatocyte-like cells as
described in Figure 3A. (B) The amount of ALB secretion was examined by ELISA in hiPSCs, hiPSC-hepa, and
PHs. (C) hiPSCs, hiPSC-hepa, and PHs were subjected to immunostaining with anti-ALB antibodies, and then
the percentage of ALB-positive cells was examined by flow cytometry. (D-G) The gene expression levels of CYP
enzymes (D), conjugating enzymes (E), hepatic transporters (F), and hepatic nuclear receptors (G) were
examined by real-time RT-PCR in hiPSCs, hiPSC-hepa, and PHs. On the y axis, the expression level of PHs. All
data are represented as means * SD (n=3).
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Figure 5
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Figure 5 Optimal cell density for the formation of the hepatocyte-like cell spheroids

On day 11, the human ES cell (H9)-derived cells were plated onto the Nanopillar Plate at the indicated
cell density. (A) Phase-contrast micrographs of the 3D ES-hepa on day 35 are shown. To form the 3D ES-
hepa, the cell density should be more than 2.5 x 10% cells/cm?2. Scale bar represents 100 um. (B, C) Gene
expression levels of CYP3A4 (B) and CYP2C9 (C) in the 3D ES-hepa were measured by real-time RT-PCR on
day 35. On the y axis, the gene expression levels in PHs-48hr were taken as 1.0. The gene expression levels
of CYP3A4 and CYP2C9 were the highest when the cells were plated onto the Nanopillar Plate at 2.5 x 105

cells/cm2.
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