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L7, &E6IZ, EF FeEe—4—#lfi T Tt
I forkhead box protein A2 (FOXA2) .
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pAdHM41K7-EF-HNF4a .

pAdHM41K7-EF-HNF6
ImﬂmMHUEF&wH7%W%Lt¢W%
L7ZAdRY Z—TFF5 A3 N Pacl TiE{k
L. SuperFect (Qiagen 1) % F\ T 293 #i
W RN T VAT 27 va 35281280,
AdK7-EF-LacZ . AdK7-EF-FOXA2 |
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Sigma #1) % & T iPS #iA 5 #iPSellon |
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LR S D~ 7 AR HEZE MR (MEF
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et al., Proc Natl Acad Sci U S A, 2008,
105, 13409-13414) THEEH#IZHE LTz, KIZ,
FFLHIBER TH 5 Accutase (Millipore #)
ZHAWTE M ES/APS #fE % EIN#, 100
ng/ml Activin A (R&D systems #)& L
10 ng/ml bFGF % & ¢ Differentiation
hESF-DIF £5#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

(T Sigma L VEA) 1%

10 pM ethanolamine .

albumin

% te hESF-DIF £ [Cell Science &
Technology Institute # 1) 1= &% ¥ 1% .
Matrigel (BD Biosciences ff) T=—5 4
YT UTeABREEEEA 12 7 L— N (ERR—
7 74 b)) OF U = IT 6.25x104
cells/ecm? DB E CHEEL=DH, 5 H
MREE LT,

Ad "7 Z—BVWiEEFEAIZLYE
~ ES/APS HifE2 b NRE~DOMLFE L
1ITH8%A1E. v b ESAPS #ija%s Lo F
ECHARE (BE2HE) ETEEL,
% Ad X 7 % — (AAKT-EF-LacZ .
AdK7-EF-FOXA2) % 3,000 vector
particles (VP) /cell DEE TEH XH 7=,
BHlX 100 ng/ml Activin A B X Y 10
ng/ml bFGF % & ¢¢ Differentiation
hESF-DIF #5#% i\ o, 72 BRI (&
5 HH) 12 FACS (BD LSRFortessa ; BD
Biosciences #)iZ & ¥ WIRZE/> L 2hER % I
E LT,

B-4 fFepmiBEMiR~D o {LikE

t & ES/APS fEia)> & FFEeRIBRAAE ~D
STEFZIILULT D HFETITo 72, B-3.1lF
HIN=FHEICHELCT, 5 BEEETSZ
IRV B E LI-NIRES, 0.05%
trypsin-0.053 mM EDTA TEIZ L. 100
ng/ml Activin A 3 XU 10 ng/ml bFGF %
& 7r Differentiation hESF-DIF £t 5%
1%, Matrigel Ta—7 1 > 7 L7-Hlasz
EH 12 7L —F DK T = /LT 1.25x105
cells/cm? DHfRFECHEE L=, 1 BEIZ
Ad X 7 % — (AdK7T-EF-FOXA2 .
AdKT7-EF-HNFlo) % % iU £ 11 1,500
VP/cell DIRETER X705, 20 ng/ml
FGF4 (R&D systems #:) . 30 ng/ml bone
morphogenetic protein 4 (BMP4) (R&D
systems ft) #&de HCM (Lonza ft) 1232
L7z, 0%, FEEMEZRNCEBRE
AR 1TV, 9 HE ECTEE L,
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WCEEHEH SN FEICEL T HEEEL T
SACFEE U TR alifigic s Ad N7 ¥
—  (AdK7-EF-FOXA2 ¥ X W
AJdK7-EF-HNF1la) % % 1L £ . 1,500
VP/cell DEETERA I ¥ 7%, 10 ng/ml
FGF1(R&D systems £t) . 10 ng/ml FGF4,
10 ng/ml FGF10 (R&D systems 1) | 1
ng/ml hepatocyte growth factor (HGF)

(R&D systems ) Z& T HCM IZZ3H#: L
oo D%, LEEEHE AV TE B
BEITV, 11 BEETEELL, & 11
H BiZ 0.06% trypsin-0.053 mM EDTA T
E L., FGF1, FGF4, FGF10, HGF (7§
~_T 10 ng/ml OERETHER) =& HCM
IS E R . Matrigel Ta—7 4 > 7 L7 #H
g EmR 12 7L —1r0F v = VI
1.25x105 cells/cm? DAL E CHERE L=,
1 %2 Ad X7 ¥ — (AAKT-EF-FOXA2
¥ X 8 AAK7-EF-HNF1law) % #h £ 1
1,500 VP/cell DRETIEA S &, 20
ng/mL HGF. 20 ng/mL Oncostatin M

(OsM. R&D systems %) . 106 M
Dexamethazone ( DEX ) % &
Differentiation CL15 medium (8.3%
tryptose broth [BD
Biosciences ftl. 10% FBS [Vita #1], 10 pM
hydrocortisone 21-hemisuccinate [Sigma
#]. 1 pM insulin, 25 mM NaHCOs3 [Wako
#H1&2 %M L7z L15 medium [Invitrogen
HDEHWTERE L, 8 BRICHMa~D
AR OBIE R L OFF#sE DRl 21T -
72,

phosphate

B-6. EEMNY 7 ¥# A A PCR

E-HIFALE ] )> 5 ISOGEN (Nippon gene
1) & FHWT Total RNA ZHIH L7, & k
AR BE 28 AP B (CellzDirect #:% L < 1%
Xenotech #5)1d type I collagen (¥rHEZ
Foat) a— b LCMEEERM 12 7V —
r D& = I 1.2%x105 cells/em?2 DHAIAEE
ETEEL-ZOL, 8GR L b D%
fEF L7-, % Total RNA % RNase-free
DNase I T/ L7244, Superscript VILO
cDNA synthesis kit (Invitrogen ) % F 1>
T B Kk % 1TV, complementary
DNA (cDNA)ZE&R LTz, EEWY TILHX
4 A PCR T X 5##11E Tagman gene
expression assays (Applied Biosystems
H)Z2 A L. ABI PRISM 7700 Sequence
Detector (Applied Biosystems #)iZ L ¥ &
2L,

B-7. 7a—¥%A4 F A MU —

B-5.0FIEIZ LV 5 {E%%éhtﬁﬂ‘fﬂﬂ’ﬂ
1Z 1 mM EDTA/PBS /0%, 37°CT 15 %4
FSSETHEEZEIR Lz, & bi/-Mig
I8 1 IRPLE%E 4°C T 1 RRROL &8, ft
VT Alexa Fluor 488 THiZE#k L7- 2 itk
(Molecular Probe t1) % 4°C T 30 43 I is
E¥, RBEMEOE ST BD
LSRFortessa (BD Biosciences ) 7 7 —%
A MA—F—ZRWTHEIT LT,

B-8. Indocyanine Green (ICG)DH ¥ A Z
BE & PEtRE O PR

B-5. 0 FEIC LV ik E szt b
ES/iPS M2 kiF#iE% 1 mg/ml ICG %=
&¢e conditioned L15 #5# % VT 37°C T
1 BRI Lf:” ICG ZHEUVIAA TR



ZEE LTz, ICG & 72\ conditioned
L15 medium [ZHEHMBZH] L 72D B, 37CT
6 B T2 ik, ICG #EViA
ATERBRE S ICG PR X7,

B-9. Low density lipoprotein (LDL)®DHEL
Y A B RED TG

B-5.OFEIZLV pfbFHE SN b
ES/iPS #ifaH S FHlE %2 20 ng/ml &
conditioned L15 ¥z AV T 37°C T 1 B
g3 L7, 2% paraformaldehyde (2T
7E L7z, DAPI (Invitrogen ) % A\ T
QAT o =15, HNTEMEEBIOREVO, *
—T RN TR LT,

B-10. EWZxt9 2 MO FAE

b ~ ES/APS #iE. B-5.0 51512 L Y 434k
FEIN-t b ESAPS i AT,
BXUOE R EEEFMBEZ
Benzbromarone (Wako )% #h 2h 4t
S A VT 37T°CT 48 BFRtE#E L=, 0.5
mg/ml Aramar Blue (Invitrogen)% AT
37 CT 3R Le%, L — U —%&
— (Sunrise fH) & H LT 570 nm B LW
600 nm DOWHEZRETHZ&ICEoT
FRRRAEAF R 2 5FE L 7=,

B-11. AL ERFAIAR O AR BE D ST

b b iPS Mg, SMEFEEFME. b
R EEZFM 81X Phenacetin  (PHE) .
Bupropion (BP) . Paclitaxel (PCT) .
Tolbutamide (TB) . Smephenytoin

(MP) . Bufuralol (BF) . Midazolam

(MDZ) . Testosterone (TS) . Hydroxyl
coumarin (OHC) %#LITOEE CERS
#5417, 10 pM PHE, 150 pM BP. 20 pM
PCT. 500 1M TB. 200 uM MP, 50 zM BF.
10 pyM MDZ, 100 pM TS, 10 pM OHC,
% E'Z1X(PHE, BP, PCT. TB, MP, BF,

MDZ. TS. OHOR#HENnsZ Lizkv,
TROREDIZ 2D rnmbnTW3

(Acetaminophen [AAP] .
Hydroxybupropion [OHBP] .
6a-hydroxypaclitaxel [OHPCT] .
Hydroxytolbutamide [OHTB] .
4'-hydroxymephenytoin [OHMP] .
1"-hydroxybufuralol [OHBFI] .
1"-hydroxymidazolam [OHMDZ] .
6B8-hydroxytestosterone [OHTS] .
7-Hydroxycoumarin glucuronide

[G-OHCD, &#EEZEA SE7%, LE%
1. 2. 4, 24 FE#ZICENR L, LC-MS/MS
(Shimadzu Corporation)Z VT, L3ty
BZAE Lz, REMEITRE I ET
WIE L7,

B-12. JREEALRED A

t k ES/APS #ifd, B-5.0 5B L Y 431k
FEINb b ESAPS HIAHRATHII,
BELOE MOMREEEIT M2 B zs e U 7=
DH, 24 FFEIBICEEZREIR L, BEEN
TelRF% % v b (BioAssay Systems ) % Ff
WTHRIE LTz, REELAEBITRI V7 &
THIE LT,



C. HHREMHER

HxlIoNETIZ, B N ESAPS s
5 AR~ D 4L IBTE DOFE U] 2 FFEIC B0
C FOXA2 3 L1 HNFla #=FE2EAT
itk oT, BRERIIFLILERET
XBI L ERHELTWS, 2T, A
TiX, Figure 1 ® 7’1 ha— iz Lizdio
THOLFRE LRI 31T % ATHERE 2 7
L7z, BREVLT-AFIRISIRRZEEA T D
ZENmeENTWA D, LB MR
WCRBITDRBEABERA, TORBR,
SALHERFAR O RBEEARITE MRS
E IR OS5 FEE CTh o T (Figure 2A)
I E DR ZER S22 LTk
»T, ¥ 7k P450 (CYP) B’FE IR
BT ERMBNTEY 222 Th CYPLA2,
CYP2B6. CYP3A4 [IHRDZ < DA
LoTHFEEINDZ EBHMBNTVWE, &
{bEHERFMAD CYP FEREL AT 572

. 153 20 B B O {EFERRRICHA LT,

CYP1A2 o & & #H T & 2
B-naphthoflavone (bNF) . CYP2B6 ®
%X T D phenobarbital (PB) .
CYP3A4 D # B H T & % rifampicin

(RIF) #Z*nZhfEH ¥ 7 (Figure
9B) (FW/-HEH| O FEE L Figure 3
WZEHE L) . Kofbize b iPS HifRICE
WTIEZ NS OEFNZKT 5 CYP FER
HEIN2)-7-5 (data not shown) |
ST & b M RIAREEEATMEIC R
WTiE, CYP FENRA & D N7 (Figure
2B) ., L2>L72ann, b MIREEETMRE
? CYP FHERE & i U T, 4 {LFFE AT
® CYP SFEREIIIEE IR o T,

B O KBTI B TRET S TR
v, CYP, UGT BN RICEEREFI 1
ArinmbhTWb, B CHEET S
Bz i EAIREIEESR O 5 B CYP1A2, 2B6,
2C8. 2C9. 2C19. 2D6. 3A4, UGT #fx
FDRHHREL Figure 1 7’1 h a—/LiZ
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L7228 o CTHERL L 7o LB AT AR IZ B W
TEEM L=, 9 DDAl Phenacetin
(PHE) . Bupropion (BP) . Paclitazel
(PCT) . Tolbtamide (TB) .
S-mephenytoin (MP) . Bufuralol (BF) .
Midazolam (MDZ) . Testosterone (TS).
Hydroxyl coumarin (OHC) Z&£Hh £
CYP1A2, 2B6, 2C8, 2C9, 2C19, 2D6,
3A4. 3A4, UGToEETHY, ZThb%x
bk iPS ffE, oEFFEATME, B R
BEFMEICER S, 20RBERD O
B4 1, 2. 4, 24 F%EIE L7= (Figure
4) (FERHLEEBLZORHIH DL
Figure 5 [ZEEH L) . ThEhd CYP
BI O UCGT B X SRRSO
BEAE TR S RERR & 1 2 BRI I W TRE
fliL7= (Figure 6) . ZDHER., HLiHE
RO REMEERIZ B M AIESE TR
IV bLEoTnELDD, £TOERAOM
AR B BEHTFIEE TH o 7,

FFigZ 3817 2 M ARHNTITB -SRI
532 CYP Bk, B _MRISICEEY S
UGT =2 GST EE3E DI NN = ES
ESTAFBEEN S VAR—F—HLbEETH
HIEBmMbTVWD, £Z T, oLFEE
RO FFREE 7 v AR — & —DHRE %
T ADIE, AV Ry T =T )=

(ICG) DEYiAHEEZF~ 7= (Figure
TA) . EOFER, Kokt b iPS Ml
ICG BV IAER o T-DIZH LT, b
FEME S v MREEFMRIZICG &
BYATDBEAZAE LTV, £z, ICG %
BrE LB T B ETMIR L 6 RefERE
EBIHILIZE-oT, BVIAAKICG &3k
WT BN TEDZLRBERINT

(Figure 7A) ., U EDOFERNL, 21LEE
EAFMAR IS e NAAREEERATHIIG & FARICHE
BETAHRNITVAR—F—EHLTNDHI L
MDA LNERoT, Fio, FRITMSREY
A&7 (LDL) ZEVATLZ &N TE



LHZEbHbLENTWS, £Z T,
Alexa-Flour 488 % 7~ L7= LDL %4t
FEFHREPEVATLZ LN TEEINE S
DFE~7z (Figure 7B) ., F DR, £4
k72 b iPS #iEiX LDL #H Y AL 220
27D LT, o bFEFHAE Tk 80%
U Eofifans LDL ZE D ATeRENEZH L
TWe, U EDRERNG, SLHETRRE
Lt MIRESERTHE & FEIC LDL 2l

VADEENEZB L TCVWAZ ERHLNE 2
27,

LB EMIRERAIR 7 ) —=2 7
JSHTE 2008 it 572010, &
20 B B oo EFMRICS L CHEME
ERTIERMBNAEN Y Tauvn
TER S, 48 B ICHIIRAFERZHIE L
7z (Figure 8) . /M {LFFEAFMBROMRAELF
Ry T oo ORBEICEEL TR
TLl7ze LWL 5, & MMUIEEM
fe & EEER U T, S3{bERE TR O Ml i Bk
MBEIWZ LR SN, FEEERTE
FNZHR T 2 0 BE TR ORE LA LS
W AH7DIT, MRRAND T VEF 4 258
= ¥ 35 Z & BN T x5
Buthionine-SR-sulfoximine (BSO) % 43L&
BFMRICERASE=0L, &£ITE L FRE
iRy Tava kAWML EE L
Teo EDORER, BSO # AR L= 5{vikEfT
FERRIZ, £V B MIMESEFFRARICEY ik
ETRy YT awn kT A sty
MHTEDZ LRI, U EDRER
Do, TNVETFH U EMBIEohE
FFRERRIZEEAIA 7 ) — =V IS HTE 5
AIREMES R X Tz,

D. &

Figure 4 3 XU Figure 6 (2B T4k
FEAT M & v M RREER TR O
HEEZ LB LTz, BEOTKRL DR TIL,
SHALEERRIZ BT 2 T EE R TF DO
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REdHlL7=E Z A, b MIREETFIR
IXRBETH o723, Figure 6 TRENTZ
X O EF MR OERRBEETE -
PIRERITME LY 55 2 L8RS
oo BIFHRBLFERIRBEDOENAR LD
LDNTEREREDOOEDE LT, DB
DT EENZ AR DOBLETRENE b
WMRESE TR & bl U TRV ATREME S 2
Zbhd, AFEEENZAEIL CYP3A4 &
BF7R EDOEER CYP BLEFNEL L 1
BT 57O ULEDEBRTTHDZ &4
LILTWA T, FFEEENZERE S
FEFMRICEBATAIZLICL - TEbA
LRFREAL B FE SN D,
SEFEFMIREIERIA 7V —=2 T
JSFTFTRENRETT B 12012, AR TIIA
vrawa IR AHBEEENREL S
IR, HMEBEMEIT e N RREE
Frfa L FRgIc Ry Yy T a<wa ikt 3
MREEBEENPELCLSZZERERINLE
(Figure 8) . 5%, ZhbDifHEME
TRYTEFNEER I &S ICaEEN
CYP BERZ N L7I=b D& 5 »eEfic
ST AMERDD, £, MOFEEEAE
95 FANT T BIERIZ OV T H BRI
BETOUNERDD EEZLND,

bk ESAPS Hifas bEAINBHELH L
TR MR ~D . FOXA2 B LW
HNFla B FZEATLHZ LIZL > TR
ETEAZEEHLIT LR, KFFEICE
WTHERE U 72 4L 5 AP M A X SR 5 R 3 A
ZETHZEWREINTE, 5%, FEE
ZHT LB HRT BINEREE BRI
FND L bz, FEE~Y—T—%E M
REEFMREERT A LIk oT, &
DEEEMZEMEFTMAFTEETH 5 TN
HBUNERHA D,
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stage | stage Il

definitive endoderm differentiation hepatic specification

BMP4 (30 ng/ml)

Activin A (100 ng/ml), bFGF (10 ng/ml) FGF4 (20 ng/mi)

I:ﬁ’ss?s mesendoderm cells definitive endoderm cells hepatoblasts
I 2 days I 3 days I 1 day | 3 days I -
I t passage 1
Ad-FOXA2 Ad-FOXA2, Ad-HNF1a
(3,000 VP/cell) (1,500 + 1,500 VP/cell)
stage Il stage IV
hepatic expansion hepatic maturation
HGF, FGF1, FGF4, FGF10 HGF, OsM (20 ng/ml)
{10 ng/ml) DEX (10 M)
hepatoblasts hepatocyte-like cells
I 2 days I 1 day I 8 days | R
t passage t
Ad-FOXA2, Ad-HNF1a Ad-FOXA2, Ad-HNF1a
(1,500 + 1,500 VP/cell) (1,500 + 1,500 VP/cell)

Fig. 1 Hepatic differentiation of hESCs and hiPSCs by FOXA2 and HNF1q transduction

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.
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Fig. 2 The urea secretion capacity and CYP induction potency of hiPSC-hepa

hiPSCs (Dotcom) were differentiated into hepatocyte-like cells as described in Figure 1. (A) The amount of
urea secretion was examined in hiPSCs, hiPSC-hepa (day 20 of the differentiation), and primary human hepatocytes
(48hr), which were cultured for 48 hr after plated. (B) Induction of CYPIA2, 2B6, or 344 by DMSO (white bar) or
inducer (black bar; B-naphthoflavone [bNF], phenobarbital [PB], or rifampicin [RIF]) of hiPSC-hepa and PHs,
which were cultured for 48 hr after the cells were plated, was examined. The inducers used in this figure is
summarized in Figure 3. On the y axis, the gene expression levels of CYP142, 2B6, or 344 in DMSO-treated cells,

cYP3A4 168.15

hiPSC-
hepa
PHs

which were cultured for 48 hr, were taken as 1.0. All data are represented as means = SD (n=3).
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Fig. 3 List of CYP inducers used in this study
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Fig. 4 The time course of metabolites formation in hiPSCs, hiPSC-hepa, or PHs

hiPSCs (Dotcom) were differentiated into hepatocytes as described in Figure 1. Quantitation of metabolites
in hiPSCs, hiPSC-hepa, and PHs treated with nine substrates (Phenacetin [PHE], Bupropion [BP], Paclitazel
[PCT], Tolbutamide [TB], S-mephenytoin [MP], Bufuralol [BF], Midazolam [MDZ], Testosterone [TS], and
Hydroxyl coumarin [OHC]) was performed. Supernatants were collected at 1, 2, 4, or 24 hr after incubation
with each substrate, which were the probes for CYP1A2, 2B6, 2C8, 2C9, 2C19, 2D6, 3A4, 3A4 and UGT,
respectively. The quantity of metabolites (Acetaminophen [AAP], Hydroxybupropion [OHBP], 60-
hydroxypaclitaxel [OHPCT], Hydroxytolbutamide [OHTB], 4-hydroxymephenytoin [OHMP], 1'-
hydroxybufuralol [OHBF], 1'-hydroxymidazolam [OHMDZ], 6f-hydroxytestosterone [OHTS], 7-
Hydroxycoumarin glucuronide [G-OHC], respectively) was measured by LC-MS/MS. The substrates and that
metabolites used in this study are summarized in Figure 5. All data are represented as means = SD (n=3).
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