Reaction

Detection limit of
metabolite (M)

Metabolites Metabolites Abbr.

Fig. 5 List of CYP substrates and that metabolites used in this study
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Fig. 6 Evaluation of the drug metabolism capacity and hepatic transporter activity of hiPSC-hepa

The hiPSCs (Dotcom) were differentiated into hepatocytes as described in Figure 1. (A and B) Quantitation of
metabolites in hiPSCs, hiPSC-hepa, and PHs, which were cultured for 48 hr after the cells were plated, was
examined by treating nine substrates (Phenacetin, Bupropion, Paclitazel, Tolbtamide, S-mephenytoin, Bufuralol,
Midazolam, Testosterone, and Hydroxyl coumarin; these compounds are substrates for CYP1A2, 2B6, 2C8, 209,
2C19, 2D6, 3A4, 3A4 (A) and UGT (B), respectively), and then supernatants were collected at the indicated time.
The quantity of metabolites (Acetaminophen [AAP], Hydroxybupropion [OHBP], 6a-hydroxypaclitaxel [OHPCT],
Hydroxytolbutamide [OHTB], 4'-hydroxymephenytoin [OHMP], 1'-hydroxybufuralol [OHBF], 1'-
hydroxymidazolam [OHMDZ], 6B-hydroxytestosterone [OHTS], 7-Hydroxycoumarin glucuronide [G-OHC],
respectively) was measured by LC-MS/MS. The substrates and their metabolites are summarized in Figure 5. The
ratios of the activity levels in hiPSC-hepa to the activity levels in PHs rate are indicated in the graph. All data are
represented as means = SD (n=3).
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% of LDL-
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Fig. 7 The hepatic characterization of hiPSC-hepa

The hiPSCs (Dotcom) were differentiated into hepatocytes as described in Figure 1. (A) hiPSCs, hiPSC-hepa,
and PHs were examined for their ability to take up ICG (left column) and release it 6 hr thereafter (right column).
(B) hiPSCs, hiPSC-hepa, and PHs were cultured with medium containing Alexa-Flour 488-labeled LDL (green) for
1 hr, and immunohistochemistry was performed. Nuclei were counterstained with DAPI (blue). The scale bars
represent 50 pm. The percentage of LDL-positive cells was also measured by FACS analysis. All data are
represented as means = SD (n=3).
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meBene PHsg
20 1 4 PHs + BSO
0 T T T T

0 10 100 1000
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Fig. 8 hiPSC-hepa have a potential to be applied in drug screening

The hiPSCs (Dotcom) were differentiated into hepatocytes as described in Figure 1. The cell viability of hiPSCs
(black bar), hiPSC-hepa (blue bar), PHs (red bar), and their BSO-treated cells (0.4 mM BSO was pre-treated for 24
hr) was assessed by Alamar Blue assay after 48 hr exposure to different concentrations of benzbromarone. The cell
viability is expressed as a percentage of that in the cells treated only with solvent. All data are represented as means

=+ SD (n=3).

21



JEAE BRI R R R B4 (R RAEETT 5 E )
SHENERES
b b iPS HAR O AR~ DR RIR S LFEIE DR
SEmsEE )l R

MIATBHEN  EREELBAT I
AR ZOE BHIMARIE e =2 b TaYes Y —F—

ARFZECIE, &k ESAPS #aH S FFE~OBEIRSEFEE LR T 5, T4 ITHE
FEFE . SOX17. HEX., HNF4a BT % FHNIRE, ARE, FFgaBfics L Tth
ZHEATAZLIZLY . b N ESAPS AN SR ZIRELFETE L L2 RE
Lize L LARNE, LB EFMRO—& o CYP BERIEMNS b MR LY
HLEBZENBEThHoTe ), MMEBEFMRO X 5 2HEEAERSN TV,
F I CAEETIR, FRECEVBLETEAMNRERTTT / VA NVAADNT F—& H
WTHFMBIZ WED 7 BEOELETF (FOXA2, HEX, HNFla, HNF18, HNF4a, HNF6,
SOX17) %t b+ ESAPS #MaH & THBR~DESLBEBIZBWTEAL, X522
B A EECX A BEFORELZRAT, & b ESAPS fifas & il ~D &2 Rtz
BWC, 7 BEOFHEEERF2BLETFEATIAY V—= v V2 E LTER,
FOXA2 ¢ HNFla BEFEZHAELETEAZ LIZL o T, & 6725 FRBLAHER
iz, FOXA2 & HNFla EnFZEA L TERM I oL FEFMRIL. & PR
FFfpa & FRRE OFFE S EE G F ORI HR Sz, FOXA2 & HNFla BaF2E8AT
ALk 0 ERLLU - b EATMAIX, SOX17, HEX, HNF4a BEFZ2EATLZ
LIC Lo TR LSBT L 0 b, I VERBML LR Th o7z, RERD
B Z BT D invitro A7 V—=V 7 nAEND Z & 2 HRFT 5,

A BB
W IE t kR E I (human embryonic
KOtz OB EEREEUICHT stem cells ; & b ES #ifid) 3LV AL

KIRKFERFEBEE L TR % e ER S (human induced pluripotent

stem cells ; & + iPS fifa) i3 B CEREEL

BH#H KRR FRFFRFEEER b ZEEEEF L TEBY . & N ESAPS #
B s 5o b E I ARIT AR e R &

BILFE ) EIREETFRT ~DJSABBEEIN TS, FBIIELD
RIRKRFERFBEIEFHFEF RIS T2 EERERTHY | AIZKE
BICBWTEELEMILEWOIFEELZIE

FICTFHEIT D Z NIV EERERLREAR
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DIDIZEETH D, & b ES/APS ffEH
O bR U7 PRI, in vitro itk R &
V==V ZWHE LTS EEZ BN DN,
INETOWMERFEZH Wt & ESAPS
MRE 2> & AR~ D 43 LB EIEIT b Bh R
PMENZ ERMRE L 2> TEB Y., in vitro
BRI ) —= 0 T ~OISHAIIRETH -
Teo T T, AHFFETlE b ES/APS ffa
DO FTHA~ Db EE ER X T 5720,
FFALIZUZAD T DEERF (FOXA2,
HEX, HNF1la, HNF18. HNF4a, HNF6,
SOX17) % FFika~D s {LiBfE DY) 72 i
oM I B FEA LR,

B. &K
B-1. Ad X7 ¥ — DS
Ad X7 Z—DERUL improved in vitro

TAT—va ARICEVITo, Vv hv
77 A3 NiX pHMEF5 ZER L=, =0
RNVF I u—= U TEL BT h A
—ELac)BEFEHAL, LacZ ¥HE
¥ M7 A N pHMEF5-LacZ % {E&
L7z, EbIZ, EF 7rEe—4—4lf# F Tt
I forkhead box protein A2 (FOXA2) .
hematopoietically expressed homeobox
transcription factor (HEX). hepatocyte
nuclear factor 1 homeobox A (HNF1la) .
hepatocyte nuclear factor 1 homeobox B

(HNF18) . hepatocyte nuclear factor 4
alpha (HNF4a) .
factor 6 (HNF6) . SRY-box containing
gene 17 (SOX17), #HHAT5 v b7
7 R K pHMEF5-FOXA2 .
pHMEF5-HEX | pHMEF5-HNFla .
pHMEF5-HNF18 . pHMEF5-HNF4a .
pHMEF5-HNF6, pHMEF5-SOX17 % {E#y

hepatocyte nuclear

~
~
N

23

L7, RIZ, ENENDY ¥ MVT T A3
K% I-Ceul & PI-Scel TiH{k L. [FIEEsS
THIL L KT BIRS 2 —7F5 23 Ri2iE
AT B LIk Y, pAdHM41K7-EF-LacZ.
pAdHM41K7-EF-FOXA2 .
pAdHM41K7-K7-EF-HEX N
pAdHM41K7-EF-HNF1a \
pAdHM41K7-EF-HNF18
pAdHM41K7-EF-HNF4q
pAdHM41K7-EF-HNF6 .
pAdHM41K7-EF-SOX17 Z/E84 L 7=, /Ef&!
L7ZAART X —7F 23 R& Pacl T4k
L. SuperFect (Qiagen )% AV T 293 #H
Nt AV S B A N R Rl St o/ IN
AdK7-EF-LacZ . AdK7-EF-FOXA2 .
AdK7-EF-HEX |, AdK7-EF-HNFla .
AdK7-EF-HNF18 . AdK7-EF-HNF4a .
AdK7-EF-HNF6, AdK7-EF-SOX17 #{F
WL, BEICELY Ad X7 Z—DHEhHE -
BREZTo72, & Ad X7 ¥ —DWEEH
(particle) # 4 % —% Maizel HDHEIZ L
VEIE LT,

N

~

B-2. &+ ES/APS HifD#Es®

t b~ ES#fatk H1,H9 (WiCell research
institute)° & b iPS gtk 201B7, 253G1
(REKRZE, LFHARHEEIOHE)IT 5
ng/ml. @ basic fibroblast growth factor
(bFGF. Sigma #h) % &TeEF4E ES Hila A
E5Hh TReproStem] (ReproCell #) # FHu\»
T, A b4V CABELO< T ZR
MeARAE S HRMEF, Chemicon #) | C#f
# L7z, & b iPS #Ef@#k Dotcom, Tic, Toe
I% 10ng/mL @ bFGF % &Te iPS i AL
# TiPSellon| (Cardio #) #HA\WT, =
A b~ CREEARD MEF ECig®



L7, 57 HZ &2 0.1lmg/mL 7 4 A/N—
£ (Roche #) #HAWTt k ESAPS Hifz
Dan=—%EINE, BHEICL2VnED
WERE L TR &2 1T o T,

B-3. t bt ES/APS #ifah b NIEZE~D 1L
FE

t b ES/APS #ifEns b ARE~DILEE
HIILL T OFETITo =, HMEFERBO
24 BRI £ MR # hESF9 (Furue MK
et al., Proc Natl Acad Sci U S A, 2008,
105, 13409-13414) THEHATH L 72, IRIT,
P FBERR Th % Accutase (Millipore 1)
ZAWTE kb ESAPS #ifa4a BENR#Z, 100
ng/ml Activin A (R&D systems #)# LT}
10 ng/ml bFGF #% & ¢¢ Differentiation
hESF-DIF #5#1(6 K [10 ng/mL human
recombinant insulin, 5 pg/mL human
apotransferrin, 10 pM 2-mercaptoethanol,
10 pM ethanolamine, 10 pM sodium
selenite. 0.5 mg/mL fatty acid free bovine
albumin (3T Sigma =X VEA) 1%
& v hESF-DIF #%5#i [Cell Science &
Technology Institute #t1) 2 & & % .
Matrigel (BD Biosciences 1) Ta—7 1
VLT ER 12 L — b (ERR—
7 74 b)) OF U = VIT 6.25%104
cells/cm2 OHIfRBEE CHEELZOL, 5 H
Fﬁ'ﬁi%% L7z,

Ad X7 Z—FHWEBEFEANCEID E
~ ES/APS flfam» b NIRE~DbFHEL
IT58A1E. &+ ESAPS Mz EEDK
ECTHRNRE (BE 2 HE) ETEEL,
& Ad N 7 % — (AAK7-EF-LacZ .
AJK7-EF-FOXA2) #% 3,000 vector
particles (VP) /cell MIERE CTIER I ¥,
24113 100 ng/ml Activin A B X 10
ng/ml bFGF % & %» Differentiation
hESF-DIF #2# %4 -, 72 BRfE (&

24

5 HE) 12 FACS (BD LSRFortessa ; BD
Biosciences fH)iZ & W WIRZE > {L2h=R %
E LT,

B-4 FFpiBRiR~D{tFEE

t ~ ES/APS ffE)> & FFERIERAEAE~D
LB EIILL T O FIETITo 72, B-3.AIH
HEINFEICELT, 5 HREET S Z
XY LFEL-ANRELZ. 0.05%
trypsin-0.053 mM EDTA TEIX L. 100
ng/ml Activin A 33 X T 10 ng/ml bFGF %
4% Differentiation hESF-DIF EFHHIZR%
1% . Matrigel Ta—7 ¢ > 7 L7 HIfaEES
#H 12 7Vv—1rDEK T =T 1.25%105
cells/cm? OFIfFE CHERE L, 1 BRI
Ad R 7 % — (AdAK7-EF-FOXA2 .
AJK7-EF-HNF1la) % % 1L £ 11 1,500
VP/cell DIEECTER EE7-D 5, 20 ng/ml
FGF4 (R&D systems 1) . 30 ng/ml bone
morphogenetic protein 4 (BMP4) (R&D
systems t) Z#&7¢ HCM (Lonza ft) 1233
#llz, TO%, LitEEz AW TEBE
A ATV, 9 HEETEE L

B-5. fFERE~D5 LT E
b b ESAPS flfa) b Ak~ b7k
BIIUA T OHETIT- 72, B-3. BLUB-4.
(SRR SN FIEICHEC T O R LT
LS U PR aiEiaEIlc s Ad N7 4
(AdK7-EF-FOXA2 ¥ X O
AdK7-EF-HNFla) % % #v £ v 1,500
VP/cell DRETIEA XE/2%. 10 ng/ml
FGF1(R&D systems ft) , 10 ng/ml FGF4,
10 ng/ml FGF10 (R&D systems ) | 10
ng/ml hepatocyte growth factor (HGF)
(R&D systems ft) &t HCM IZ28#a L
Tro TO, EFEEEHZ AW THE B iR
BEITV, 11 BEE TR L, B& 11

A
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H BiZ 0.05% trypsin-0.053 mM EDTA T
FEIX L, FGF1, FGF4. FGF10, HGF (¥
~T 10 ng/ml OEETHEH) 2 &7 HCM
W% . Matrigel Ta—F 0 7 L7-#H
fatt &M 12 v —bOK T = LI
1.25x105 cells/cm? DML E CHERE LT,
1 HH&IZ Ad N7 % — (AdK7-EF-FOXA2
¥ X W AJK7T-EF-HNFla) # FHh £
1,500 VP/cell DRETIER 72, 20
ng/mL HGF., 20 ng/mL Oncostatin M

(OsM., R&D systems ) . 106 M
( DEX ) % & o
Differentiation CL15 medium (8.3%
tryptose broth [BD
Biosciences ], 10% FBS [Vita #t], 10 pM
hydrocortisone 21-hemisuccinate [Sigma
#t]. 1 pM insulin, 25 mM NaHCO; [Wako
12 L7 L15 medium [Invitrogen
HDEFBWTHEZE L, 8 BRICFHIIE~D
SR OBIE R L OFFHEEE DM 21T -
7o

Dexamethazone

phosphate

B-6. EEWNY 7 ¥ A A PCR
K 25 ISOGEN (Nippon gene
#)% T Total RNA ZHitH L7, E
HI AR 85 2 BT M BE (CellzDirect £t % L < 13
Xenotech #)1% type I collagen (HTHE S
Fuoib) a— b LMl RA 12 71—
rDE T =W 1.2X105 cells/cm? D AR
ETHREL-ZOL, 8BHEEEL-b0%
L7z, % Total RNA % RNase-free
DNase I T/ L 72, Superscript VILO
cDNA synthesis kit (Invitrogen 1) % >
THEE KIS % 1T\, complementary
DNA (cDNA)Z &R LTz, ERIY T4
A & PCR IZ X 5 f##ri% Tagman gene
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expression assays (Applied Biosystems
) &#EH L, ABI PRISM 7700 Sequence
Detector (Applied Biosystems #)iZ X ¥ &
£L7, PCRIZAWEZZ 4 ~—{% Table
11U,

B-7. SRkt

12 well v — NZHEE L £ %L
PBSIZT 2 EEH L, A ¥ / —/W(Wako #h)
% L < 1X 4% paraformaldehyde (Wako %)
ZHAWTEIRT 10 H50E%, 2% BSA
(Sigma %), 0.2% Triton X-100 (Sigma #t)
ZWML7ZPBS T45 7 e v d o 7%
To7c. & 1L IRPLE%E 4°C T—HRRG S8,
VT Alexa Fluor 488 THE# L7- 2 &kt
{&(Molecular Probe #1) % 28 T 1 BfE K i
SH/7z, TD%. DAPI (Invitrogen) & v
TEREIT> 7% 2% paraformaldehyde
CCEZE L, #EEMEBIOREVO, *—
T AN TEE LT, fEREAREICH
Wiz 1 RELEEIE Table 2 12/ L,

B8 7u—¥%A A FU—

B-5.DFHEIZ K 0 s bFEE I h - R
{2 1 mM EDTA/PBS %#/ii%x., 37°CT 15 4y
FIS S ¥ THREER L, Bon-/ba
124 1 RPiE%E 4°C T 1 BB RG S8,
VW Alexa Fluor 488 TiErk L7z 2 (ki
(Molecular Probe #1)% 4°C < 30 4y
s, MEBEMROE S 1X BD
LSRFortessa (BD Biosciences #1) 7 1z —#
A MNA—Z—FRHWCHENT Lz, 7a—3
A MAMY —CHWE 1 RHLEE
Supporting Table 2 [Z/R L7z,

B-9. 77 I UEARRDTE
t  ES/APS i, B-5.0 51512 L 0 4534L,



FEI N + ESAPS #RMEH SEATHIR,
BIOe MMREEERR A B HAZH LT
Db, 24 BB ICEMERIRL, BEIH
7-7 V7% BELISA %> I (Bethy )
ERAWTHEIE L, REEAEITHRSY 8
JETHEL,
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C. FFFEksR
t N ESAPS HifEn> b ARE~D b
REST D 7-0IZ, HMLFE Iz PR
(&2 BB KHLT, 7THEEORER
FEENETNEHE LE Ad X7 ¥ —
(Ad-SOX17 . Ad-FOXA2 . AdJ-HEX .
Ad-HNFla. Ad-HNF18. Ad-HNF4aq.
Ad-HNF6)Z{EH & ¥ 7= (Figure 1A) , ¥3
% 5 HEIZC CXCR4 (WRE~—T—) BB
AR 2 FACS TRHAIT 2 Z 212k o T
NIRE~D S FE R LT L 7=,
FOXA2 H L X SOX17 EfnFHEAT S
Z &I X o T.CXCR4 BB AR N B & 18
Mml7z (Figure 1B) , FOXA2 & L <%
SOX17 B FEZEATAHZ LITL»TH
{EFEL-NREOHEOHBEEETFAS -
HIZ, FOXA2 & L< 1% SOX17 Bz FEA
MIRRIZ 31T 2 NIRE~—h —, R~ —
N—. BENARE~—T—, Rofb~—
I —DBLCTFEBRELEES HBICHAE,
NIRZE~ — 7 —1Z FOXA2 EfxTFE A M
& SOX17 BFEAMBROM CREED
HKABEZRLEDN, BRENANRE~—I—
DFEHEIL SOX17 B FEAMID M3
BRHETH-o7= (Figure 1C) , L= -
T.FOXA2 B FEAIZ L » THIRE~S
{bZ BIROIEETE B2 LR ENT,
PIRZED & FTERRIBRAIAE ~ D43k 2R
TAHD, BEG6 HEORNRBREICR LT, 7
BEOBEER T2 ENENEH L Ad X
7 #—(Ad-SOX17.Ad-FOXA2. Ad-HEX,
Ad-HNFla., Ad-HNF18., Ad-HNF4a .
Ad-HNF6)Z1EF &% 7= (Figure 1D) , AT
BRRIBEMIE~ D LFFES R IT AFP (FFg
HIERAIIG~— 1 —) MM R 42 55% 9 H
BIZFACS TEEITAZ LICX» CEME L
7z, FOXA2 & 5\ \X HNFla B F 2 EA
THZ LK o T, AFP BRI E
M L7z (Figure 1E) , FOXA2 ¢ HNFla
Bt EHAEDLETEATAZ LIzt
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T, IR ~D b & HITBET
O L. 558 9 B BICHFamiBR
MDD~ ——Tdh 5 CYPIATELF D
MEZFANDL Z 21T L > THFRATERE~
DHFEENFEEFM L=, FOXA2 &
HNFla BaFElAeabEsZ Lick-
T.FOXA2 5\ X HNFla # B c#E A
LIeBE LB LT, CYP3A7 DEETH
HERNEA L2 b, FOXA2 &
HNFla BEfaF2lEAabE TEATSZ
EIZE o T, ITRRRIBEME~D b E & 5
IRETE 52 &R EIN (Figure
1F)

FFeeaiBRAmAD 2> b AR B U 72 AR~ 4y
{bZARET 272012, & 9 H B OFEH]
BRMfRCxt L C 7 BEOBRER T2 T NE
NWEH L Ad X7 ¥ —(Ad-SOX17.
Ad-FOXA2 . Ad-HEX . Ad-HNFla .
Ad-HNF18, Ad-HNF4a. Ad-HNF6)#1E
HAa¥7%z (Figure 2A) . FEL 7~ FHIRE
~DGCHEDRIIT VT akEZ LRy
A1 (ASGR1, B L7=fFHEfED~—7
—) BiEfElasR Z553% 20 H BiZ FACS T
AT A LIk > TEM L7-, FOXA2.
HNFla, HNF4a BEaF2EATLHZ LI
&£ o T, ASGR1 MM E LML 72

(Figure 2B) ., FOXA2, HNFla, » %\
I3 HNF4a Bz FEEATAZLIZL-T
RS L 72 S B E PR OB OABE %2 5
572, FOXA2, HNFla, HNF4a &
EFEAMIZI T 2 FFaBRmia~ — 2
—. fFfifg~—n—, g LR~ —7
— DB FHRBALEE 20 B BICHAN K
RAFFH P~ — 7 — (mature hepatic
markers) X FOXA2, HNFla. HNF4a
BLTFEAMEOM CREEDEREZRL
Te B3 AT AiBEA A ~ — 7 — (early hepatic
markers) X FOXA2 &f=FE A T
HEEHTH o7 (Figure 2C) , FOXA2,
HNFla, HNF4a B 2H06bETE
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AT BZLIZL o TEBRBIFEEDME
EEINDZ L 2L, 52 20 B BIZEHE
R D~—H—"Th s CYP2019 BI=T
DR EHZ T~ /-, FOXA2, HNFla Eis
T4 L< X HNFla, HNF4a BEF Z A
EbE5Z Licko T, HMEAR L LE
LT, CYP2C19 BInFDRREN LA L
7= &b, FOXA2, HNFla EzFb L
< 1X FOXA2, HNF4a Bz F oA aoE
B licko T, &5 ML ERE
TXx 5 LRSI (Figure 2D) .
PLEDFERM S, Figure 3AIZRT 71 b
a— %AW TE b ESAPS MREH b B
LT- PR~ DOMEFEEZIT O 2 LIk -
T, DRELFHRZHEFETELHZ L
DA LNERST-, 72, FOXA2 BXT
HNFla BEFrHAebE 52 &iIlLo
TR U= EB BRI, BARE/RERmE0
REBOERET A ERERINT
(Figure 3B) . & HIiZ/o{bFFETMIIZ
Albumin (ALB) . Cytochrome P450 2D6
(CYP2D6) . alpha-1-antitrypsin (aAT) .
CYP3A4, CYP7AL 72 X DFFEEE X >R
PBRMIOBHLTCWSRZEbRINTK
(Figure 3C) .

SRR E TR & A DO FEFHE R R &
WIS A8E. TOF#ENE MK
EIFHRIZITNZ EBRROENE 20, AT
svBEDE W E b ES/APS MR ZBRR LT,
2D N ES Mfatk, 5 BEHOE b iPS
ML %L Figure BA D7 m ha—iZ Lz
Mo TS E, 53 20 HBIC ALB #
FFERAEZHEB LER, & b iPS fifa
¥ T& 5 Dotcom 235 b H\V ALB BInF 5
RE R L7z, LR T, b b iPS #fEek
Dotcom 2585 & AP LEER B T & 3R
&7z (Figure 4A) . /> {LFFEATHIR &
v MMRESETMIE O RS BT 5 72
W, ALB EAEC ALB BiEMEERZ T
FROHMIBIZBWTHEIZE L7 (Figures 4B
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and C) , ZTO#ER., HLFEFMRIIE
NSRRI E WV ALB EAEREEZHR
LTEY (Figure 4B) . #J 80%LL L DHE
fans ALB BMHMRCTH S Z & (Figure
4C) PRER SN, DI, FEMICHLEE
EATHI & b N AESE TR O T iR
BT B0, FFRICEBWTHERT S Z
EBRE BN D EGRFOE 1 HRISICEE
4% CYP &=+ (Figure 4D) . FEHREH
D 2 MRIGICEST 5 UGT &+
GST &f=F (Figure 4E) . EYWRHOHE
3 MENCEESTA2EEN T VAR—F —
(Figure 4F) . CYP FEICEAET S HTE
EENZAE (Figure 4G) ORBZ T
7o TORER, MMEFBEFMRIZIIT 5%
fEEmFORERIIE MR L [
BEDOLDONENSTZ, LNLREEL, &
LB T 2D CYP Th
% CYP3A7DRIN e MR EEEFR L
EBELTEWI &b, SEFETHRI
EORDIBRBIORINH D EEZ LILD,
¥ 7. Figure 4 .ZBW AW E MR
EFFHIIX A8 R L7 b D TH Y | &
Y AR OFFICEVE B iPS
R BB ET A DX bR DS
{EFEEMOBB P LETH D,

D. &%

k& IXHEEE £ Tl SOX17, HEX,
HNF4a BEFEZEATLHILIZLDE b
ES/APS ffam b Ffa~DzRRE WL
FHEHEEZRE LN, SMEFEFR L
BHER T ) —= U JIR AT B 72T,
EORDMAEPMLETH T, £I T,
t k ESAPS #EfE) bR~ DSbD%
BRIZBWT, 7 BEOEIRT (FOXA2,
HEX, HNF1la. HNF18, HNF4a, HNF6,
SOX17 Biz¥) #ENETNEAL. k%
RETEXBBLEFOARI Y —=v 7 &8



THILICE - T, &BPER S FFREL
ZITHO Z L NRFRETH DB FDOHELE D
HTERE LT, FARE» L NBRE~DL
{LIBFRIC IV TiX FOXA2 E =+ (Figures
1A-C) . PNRZED O FFRRRIBRAIE~D 231t
WREOBVTIL FOXA2 & HNFla 5T
(Figures 1D-F) | FFEtaiBEARRE)> & FF4E
Ja~o 53 bBEIZB W TIiL FOXA2 &
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Fig. 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 transduced 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 CYP347 were measured by real-time RT-PCR on day 9. On the y axis, the gene
expression level of CYP347 in hESCs (day 0) was taken as 1.0. All data are represented as means & SD (n=3).
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Fig. 2 Efficient hepatic maturation from hESC-derived hepatoblasts by FOXA2 and HNF1a 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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Fig. 3 Hepatic differentiation of hESCs and hiPSCs by FOXA2 and HNF1a transduction

(A) The procedure for differentiation of hESCs 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, 0AT, 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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Fig. 4 The hepatic characterization of hiPSC-hepa

hESCs (H1 and H9) and hiPSCs (201B7, 253G 1, 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 4LB in PHs, which were cultured for 48 hr after the cells were plated, was taken as 1.0.
(B-I) 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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Gene Symbol

Table1 List of Tagman probes and primers used in this study
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Company

Table 2 List of antibodies used in this study
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