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Figure 2 WST-8 assay was the most sensitive method for detecting the drug-induced cytotoxicity.

(A) The cell viability of 3D iPSC (Dotcom)-hepa (day 35) was assessed by WST-8, ATP, Alamar blue, or Crystal
violet assay after 24 hr exposure to different concentrations (or 40 uM (B))of Benzbromarone. The cell viability is
expressed as the percentage of cells treated with solvent only.
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Figure 3 The drug-induced cytotoxicity was more sensitively detected in the 3D iPS-hepa than in the
mono iPS-hepa.
On day 11, the hiPSC (Dotcom)-derived cells were plated onto the Nanopillar Plate or the flat plate, and then the
cells were cultured until day 35. The cell viability of 3D iPSC-hepa was assessed by WST-8 assay after 24 hr
exposure to different concentrations of drugs. Cell viability is expressed as a percentage of cells treated with
solvent only.
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Figure 4 The possibility of applying 3D iPS-hepa to drug testing was examined.

The cell viability of the 3D HepG2 (black) and 3D iPSC-hepa (red) were assessed by WST-8 assay after 24 hr
exposure to different concentrations of 22 test compounds. Cell viability is expressed as a percentage of cells
treated with solvent only. *P<0.05; **P<0.01 (The data of 3D iPS-hepa was compared with that of 3D HepG2).
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Figure 5
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Figure 5 Hepatocyte function was enhanced by culturing HepG2
. cells on Nanopillar Plate
100 HepG2 cells were cultured for 5 days on the Nanopillar Plate. (A, B)
The amount of ALB (A) and urea (B) secretion was examined in the
104 4 monolayer cultured HepG2 cells (mono HepG2), the 3D spheroid
cultured HepG2 cells (3D HepG2), and PHs-48hr. (C-G) The gene
expression levels of CYP enzymes (C), conjugating enzymes (D),
10°2 - hepatic transporters (E), hepatic nuclear receptors (F), and bile
canalicular transporters (G) were examined by real-time RT-PCR in the
mono HepG2, the 3D HepG2, and PHs-48hr. On the y axis, the
10-3 A expression levels of PHs-48hr were taken as 1.0. *P<0.05; **P<0.01.
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Figure 6
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Figure 6 Drug-induced cytotoxicity in the 3D iPS-hepa is mediated by
cytochrome P450

(A, B) The cell viability of the 3D iPSC-hepa was assessed by WST-8 assay after 24
hr exposure to different concentrations of (A) Aflatoxin B1 and (B) Benzbromarone
in the presence or absence of the CYP3A4 or 2C9 inhibitor, Ketoconazole or

Sulfaphenazole, respectively. Cell viability was expressed as the percentage of cells
treated with solvent only. *P<0.05; **P<0.01.
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et al., Proc Natl Acad Sci U S A, 2008,
105, 13409-13414) THHIZSH LT, KIZ,
AR H B W T H D Accutase cell
detachment solution (A&~ h « F ¢
v¥ Y UA) ERWTE MESAPSHIJAT
MEZHBELZoS5EI L, 100 ng/ml
Activin A (R&D systems#t) 3 L OV 10
ng/ml bFGF % & ¢ Differentiation
hESF-DIF#£#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 (X CSigmatt L VEAN) ) %
e FREESHRACHELBERK
T& HhESF-DIF  (MRASMaR 2658
B ICEREH. 50 ng/em? Matrigel (A A
NI Ry T4 yRr Y UR) Ta—F g
V7 U gEER~AF S L— N (12
=V 7T L—1) (FERX—774 ML) ©
BT VT 6.25%104 cells/cm2 0Dl fa 55
THELZOL, 2 BFREE L,

Ad X7 —HWIEBEFEAIZLYE
~ ESAPS HifR P NIAZE (BE2BHE)
PONRE~DFEFEELITOHAIE, b
~ ESAPS Hifa% EFEOHETHNRE E
THEEL. & Ad N7 & —
(AdK7-EF-FOXA2) % 3,000 vector
particles (VP) /cell ®IEEE T 90 4>[E/EH
S 7z, 55X 100 ng/ml Activin A B L O
10 ng/ml bFGF #% & ¥¢ Differentiation
hESF-DIF ##iz iz, £, 100
ng/ml Activin A 8 X O 10 ng/ml bFGF %
& 1p Differentiation hESF-DIF :5iti% i

10 pM ethanolamine .

25

W BEEHIAZHR 21TV, 5 B B TiEE
L7

B-4 fTepRiBlMla~n s bikHE

t M ESAPSHEAR H 3k N IRIE D & T gl
ERHERA~D AL EII LT D FETIT o 72,
B-3.ZREH SN FIEICHE L ToMkFE L
THRRRE (% 5 BAE) %, 0.05%
trypsin-0.053 mM EDTA CHifg 2 I8t L
7O BEYR L, 100 ng/ml Activin A L
10 ng/ml bFGF % & ¢ Differentiation
hESF-DIF £ # [ B2 ¥ % . 50 ng/cm?
Matrigel Ca—7 1 > 7 L= fIfsE R~
NFFL—h (12T =17 L—F) D&Y
= /WIZ 1.25%105 cells/cm2D 05 E T
Lz, MRLEZRICAARN Y7 ¥ —
(AdK7-EF-FOXA2, AdK7-EF-HNF1a) %
ZNZE1 1,500 VP/cellDEE T 90 4y E1E
FIS¥7 05, 20 ngml FGF4 (R&D
systems f- ) . 30 mng/ml bone
morphogenetic protein 4 (BMP4) (R&D
systems ft) % & t» HCM Hepatocyte
Culture Medium (Lonzafl) 1Z33#al /-,
T D%, LREEEHIZ VT B B ias %
TV, 9BEETHEELE,

B-5. 7/ €5 —F L — k&AW FEE
BRAEA 2> & FF BB~ L35 E

b~ ESAPSHE A f i T w8 wi BEA B 5> 5
AT~ D EFEIILLT O FHETITo 72,
B-3. BLUB-4.ICRRBEINZHILICHED
T 9 AR L TOMEFE L - AFEanbm
fa iz & Ad~ 7 % — (AdK7T-EF-FOXA2 .
AdK7-EF-HNF1law) % = 11 £ 1v 1,500
VPlcellDIREE T 90 4rFIfERA & 87-%. 10
ng/ml FGF1, 10 ng/ml FGF4, 10 ng/ml
FGF10 .
factor (HGF)

10 ng/ml hepatocyte growth
(F_XTR&D systemstt)



ZEOHCMIZ A LTz, £ D%, FiitsH
RV THE B A 24TV, 11 BEE T
BE&E LR, BE 11 A BIZ 0.05%
trypsin-0.053 mM EDTA % HvCTHIlE %
FIBE L7=oBEIN L, FGF1, FGF4, FGF10,
HGF (3T 10 ng/mlD@ECHER) 24
TPHCMIZ &%, 20 pg/em?2 Matrigel T =
—7 47 LRI T VT — s
12 V=T b—h (HINAT 7 /B P—
RFE) DT = VI 2.5%105 cells/cm2MDHf
REECTEE L, 1 BRICAART & —
(AdK7-EF-FOXA2, AdK7-EF-HNF1a) %
ZEN 1,500 VP/celldIE T 90 5y FIfE
A &®72%. 20 ng/mL HGF. 20 ng/mL
Oncostatin M (OsM, R&D systems#h) |
10 ng/mL FGF4, 10% M Dexamethazone
(DEX, Sigmatt) #&THCMZ%Z HW\WT 1
Hdo & IS & 1T, 13 B (R 12
HENOE:E 26 HEET) 558 LT, b
FHEFMEEZ I DICRBL ST 5720,
Matigel Z 73 (b F BAT MR O LI EE{L S
¥ 7, 025 mg/mL Matrigel, 4 mM
L-Glutamine . 50 pg/mL gentamycin
sulfate, 1XITS (BD Biosciencesft) . 20
ng/mL OsM, 106 M DEX% & ¢»William’s
E Medium (Invitrogentl:) (LA, Matrigel
Working Solution® 3 %) % 4CTERL
77o E#& 25 A H OB welllzt LT, 1 mL
MDMatrigel Working SolutionZ¥#si1 L. 24
& Lz, 5% 26 BARERD R
Working SolutionZ RELZDH, 20
(OsM ., R&D
systems ) . 106 M Dexamethazone
(DEX, Sigmaft) #&T#HCM% AT 1
BB X I HAZHZITV, 9 B (353 26
HENGEE 3 BAEO)EE L, 2B,

ng/mL Oncostatin M

26

HgER Tk giTiia s R+ 2546
X, Frx DIBEDHRE (K. Takayama et al.
J Hepatol. 2012 Sep;57(3):628-36.) IZ L7z
o TER LT,

B-6. EEM)U 7T /¥ A L PCR
ZHAEE 5 5ISOGEN (Nippon gene
)% FVWCTTotal RNAZHH L7z, & h¥]
REEFEFMIE (CellzDirecttt (& > b -
Hu8072) ) % L < idXenotechf: (2 v b :
HC2-14 ¥ X U'HC10-101) )i% 15 pg/em?
type I-A collagen CGFFHEZ F4h) %=
— b L7cHIIEREERN 12 V=T L— b D
KT 2 JUIZ 1.2x105 cells/cm2dF M E T
10% FCS (GIBCO-BRL#t) #&7eHCMT
BEELZOL, 6 KEBIC—E LRl T
KAz U, A5t 48 BFEIEEEE LT, & Total
RNA% RNase-free DNase ICRLEE L7274,
Superscript VILO c¢cDNA synthesis kit
(Invitrogentl) & F VW TR B i & 1TV,
complementary DNA (cDNA) % &5k L7z,
EEMHY 7 VE A LAPCRIZ X B MHTIX
Tagman gene expression assays (Applied
Biosystems#) % {# f L, ABI PRISM 7700

Sequence Detector (Applied Biosystems
IV EE LK,

B-7. 7a—¥%A b A MY —

B-3~5.DF¥EIZ X 0 A {bFFE S ALz AT
faiZ 1 mM EDTA/PBS CHlfnz FIBE L 7=
DHEN Lz, FbnMiIcE 1 Rk
Z 4°C T 30 RS, HW\T Alexa
Fluor 488 TiZikk L7z 2 khifk (Molecular
Probe %) % 4°C T 30 IS X ¥, #T
JRBE AR DEE 1% BD LSRFortessa (BD
Biosciences f1) 7 vu—¥%4 h A —%—%H
UNTHRHT L7z,



B-8. 7T I - REBFEARROFME

SEBEER MRS IO 48 iR Lz
t MMSEEFMARIC DWW T, BEHiASH# L
72DH 24 RFERRICEE A2 B L, EEA S
727 V7 I v &% Human Albumin
ELISA Kit (Bethyl Laboratories #1) . EE
EEIN7-RFE %S QuantiChrom Urea
Assay Kit (BioAssay Systems £-) % H\»
THIEL, TVTIVBLOREELAR
TR EZ R ETHE L, o, RV
N7 B OB EIZIX Thermo Scientific
Pierce BCA Protein Assay ( Thermo
Scientific ft) % FHv 7=,

B-9. CLF Ht ¥ iAZRE D F¥A

7 82 F MR % 5 mM
choly-lysyl-fluorescein ( CLF . BD
Bioscience 1) &7 HCM T 30 /¥
L7eDb, #CERmMEE AV TRE LT,
CLF O FJ U AR—F—Th5 bile salt
export pump (BSEP) Z[AETAHAIT
CLF Z{ER ¥ 5% 24 FEEMRTIC, 1 pM
cyclosporin A (Wako #£) Z{/ER €7z,

C. WroefR

;T -7 — NERWTHESLE
RET D702, T RERMEEESE
ERET LT, MFESIEB-3 8L UB-4 [2#
UCH#E 11 B B OFsraififa 2 e L
DL, Fkx RHIREECT / 7 -7
— MZERELL, MREEEEN 0.5~
1.0x105 cells/cm?2 TIZA 7 =11 A RBHEEK
SN roldlzk LT, 25x10°
cells/em2PL F DHMfRETEEE TIX, A7 =
oA RORENPEIE I (Figure 1A)
Flo, SMREBECEELZLED, &M
D CYP344 (Figure 1B) B X ONCYP2C9

(Figure 1C) DB THBELZ FEEW
RT-PCRE % W THl N7, 2.5%x105

27

cells/cm2 D B CHEFE L 7= I B\ T,
&b BV CYP3A4E L N CYP2CIE LT D
HRELZR LI, UEDOHRNL, /¥
7 —7 b — AW THERL 22T 5
T2, 2.5%105 cells/cm2DIBEFERE T
FFEmiBRAfa % )/ B 5 — 7 L— MR
THRBEDNRETHD Z LEBPREINTE,
wz, ;T —7— RO
?ﬂﬂj ﬁbf;i‘nim%*ﬁnj‘bﬁ‘o
Differentiation hESF-DIF £5i#h, HCM,
L15 5> 3 FEE OB A AV T, fFEeal
BRAB A s D M~ 5L 21T - 7=,
Differentiation hESF-DIF 551 Tid A 7 =
oA RBRBR I N2> TzDIizxt LT,
HCM H 5\ 3 L15 AR WA Z & TX
ZxoAf ROBRPIELE I (Figure
2A) , F7n, BEHTERELZLED, &
Mfg > CYP34A4 (Figure 2B) B L O
CYP2C9 (Figure 2C) DB THRILELE
=/ RT-PCR %2 W T~ /7~, HCM T
BELUEHRIZBWT, &BbEW CYP344
BRONCYP2CIBILTRAEVDHER I N,
L7z »> T, f/ﬁ? TL—rEHWT
P 24T 5 72 ik, HCM 2\ K72
BHTHDHZ LB 673> Ay e
T — N ERAWE R TREE
KT, L OWHMERTF 3 BEVLIZEERIZ
B < AT BER 12~25 HEIZBW T,
Figure 3A ® condition 1~5 {2/~ MK
FZ PR AT I EA &, &MkaicEs
FBTNVT I (ALB) DEEGEFHRBREY
T, TOMRER, ZOBEBRIZBW T
HGF. OsM, FGF4, DEX Z{EH ¥ 5 Z
LT ERbEWALBEREFREELY R~ LT,
WIZ, 5% 25~35 HBIZBWTIZ E i
PR F 23 BB B AR E R I8 < D FR~ Tz,
H3& 25~35 HBIZBW T, Figure 3B ®
condition 1~6 [T/ TR T % 5L iHE
FHfERRIC/ER S8, & HiiRic 31T 5 ALBE
BFHRABELR T, ZOBETIX, OsM



EDEXZER &S LT RbLEWALB
BRTHRAENHER SN, LLEDORKERM
by F S —FL— k&R AV ATERER
A BT D> & BT B~ o 43 Ak B 2 BT T
HGF. OsM., FGF4, DEX %, #CiX
OsM & DEX #1ER&® 5 Z & T, &biT
BELEZRETE D Z RN T,
AHFZE THERL U 72 bR AT Ml e 2 2 ik
2R LIS T A% E. A7 =rA R
FHfE R EME CEEN TV ALERD D
72, fERLL7=2 7 =va A N2 5
JREMOEIEZ MR~ — —Thd7T v
TaEs N ZEE 1 (ASGR1) ZIEE
IZ FACS Z FWTill~<7z (Fugure 4A) ,
FTORERIBE0HEDA 7z A FTIK
S0%FZE DA ASGR1 BB TH Y |
23 30~35 HEHD R 7 = 1A RTIX 90%
BEOMS ASGR1 BBiEMa TH o7,
F 7. EEEERCIX ASGR1 BRI
F#% 20 HEEZE—27 (9 80%) L. %
NUAREIL ASGR1 BBMEMERRIZA LTz, BA
LORERNG, TEEEER TCIXOEFEET
AR 2 RYIRIMERF 2 2 1L TE 2R3,
F /I —7 L — MRV ZRTEER
T, FEFICEVVHLE O iasE F % fE i
TEXBHZ EWRENTE, A7 xuA RBE
A S AL, ARRRASHETE T DI DL CHEZEN K
LB LT, ZOHRLENERT S Z
ENBEOHETRBMINTWD, RIFL
TER LA 7 = u A R OS{LHERM
f@ (83D ES-hepa #HfE) 1% 90%LL LD
HIEREZR LTV (data not shown) .
7, FEEEE CER Lo LB ST MR
(mono ES-hepa flifE) 13553 20 B B LA
BT HDIzx LT, 3D ES-hepa #lEIE
¥ 35 B BICBWTCHEIMER ZR LT
(Figure 4B) , L EORERNS, /T
—FL—rsEHWAZ LT, & ESAPS
HOBE H Sk e Rl B AR AR A & il 2 oD FF A
DHRHAT7 A ReEicE, Thi

28

EHMRFcE 2 Z &R ENT,
ZZETORRENS, WXL STk
FHE T ok a2—/L&EFigure SAILRT, T/
7 —7 L — bk (Figure 5B) (Z/F&rAi1ERHE
Az R+ AL TR T A FRAFRS
YU, HEHE 35 F B ITITEAE 100 pmRE 0 %
7 xuA RiZ725 (Figure 5C) , 7€ DI
52 7 C/ERL L 72mono ES-hepaififa &
A D = ﬁUﬁ%%ﬁTW%Ltﬁm
ES-hepaffifa ® FFHRE 2 L3~ 5 72
UTIERTEREZIT>72, 3D ES-hepaﬁ‘\lﬂﬂ@
DALBBInFREZFRFHNIAT L 2 A,
B2# 20 H BIZ1L 48 BERISEER Lz & MR
m%ﬂ:ﬁﬂﬂﬂfj (PHS 48}11') u@m#%%fﬁ.g
L2V K53 35 B B E CEOEBEEIIIEM
Uil 7= (Figure 6A) , F7-. B 20,
25. 30, 35 BEOWTNIZIBWTH, 3D
ES-hepaffifdiImono ES-hepaffifd L ¥ &
FREIZEWVWALBEG FREAEZ R LT,
Mono ES-hepaffifidid®z#® 20 H H. 3D
ES-hepaffif@iiiz® 35 A BICALBET
FANKEEE R Lciz), UgDOERT
i¥mono ES-hepaflif@iiss#& 20 B H., 3D
ES-hepaffifiiisss 35 H B OME % T
AW, Mono ES-hepafifidd LUt 3D
ES-hepafflifaiz i 2ALBEARE (Figure
6B) BIXOIRFEEARE (Figure 6C) %
7z & 25, 3D ES-hepaflifod 5%
BWEAREEZHFE LT\, H\ T, Mono
ES-hepafifigis L % 3D ES-hepafflifgizis
W, KR BIEESR ThH 5 CYP (Figure
6D ) B A B £ C b 5
UDP-glucuronosyltransferase (UGT) <
glutathione Stransferase (GST) (Figure
6E) . FigicEY okl S5 T 5 b
Z v AR—4%— (Figure 6F) . FFESEREN
ZARMW (Figure 6G) | WL EBIERNT 3
BT A ERHBEND NT VAR —F—
(Figure 6H) DOELETFRIEZFA-, £
DFER, FLAVLEDEIEFIZHOWNWT, 3D

Bz



ES-hepaffi i ® 5 A mono ES-hepafli il &
DHERBETHoTz, £, WMMBEREE
DI EINTND Z L ZHERT B0
JFHREN HBSEPR ED T v AR —X —
2N LSRG CERINSCLFE
BEHUZ IR L, & O EEREZ A7 (Figure
6I) ., Mono ES-hepaififd ¢iZ, CLFDHL
DIABITIZ L A E22 3o 7223, 3D ES-hepa
AR CIXCLFOERBNBE SN, £,
3D ES-hepaffif@iz i) 5 CLFOE Y A A
IZBSEPFHEH|T & % cyclosporin A% i
ERSESZ LT, BlgES < koTe,
L7228 > T, BSEP7: & OGHREERID b
FUAR—=H =& LT, CLF75>/\1'E§§’%=
FFABAR R = DO FRIZ H DR E fE & I8
BLiEBEZOND, For PBEIZHE (K.
Takayama et al. J Hepatol. 2012
Sep;57(3):628-36.) L7= X oz, FFEDEEx
BRFIIF IR ER I fE) < ‘6 DREN
% Z . 3D ES-hepalZ B} 5 FEHEERER
T OB EZFM L7 (Figure 7) , ik
WCARERIZE < Z L 23 52 HNFlai#
fa+72 ¥ 03B EIImono ES-hepak ¥ %
3D ES-hepa® 3G d o7, 3D ES-hepa
BT 51T LA EOBEEEREERT DX
(3PHs-48hr (Bl 2 L~V TH D Z &
Boaholz, LLEDORERN G, 3D ES-hepa
#MiZiZmono ES-hepaffifid L v & &V T
BEALTVWAIZ LRI SN,

v & ESAPS MlaIIRIZ L » T, #D4
LN RES BT LBMbATN S,
SACE SR 2 B2 SIS T 5
BE. TolcEWitgREE2 A LioobdE
iz ERlcE b2 N ESAPS Hfakk%
BIRTAZLEBVMLETHD, £ T, A
FTIX 280 M ESHlaB L6 kot
b iPS #ifa % Figure SA IZ L7z o THF Sy
fbag7-nb, 53 35 H BIZ ALB B#5F
HEBBLOELAEZ KR LT, TO/RR,
H1, H9. Dotcom. Tic. Toe Hk4sr{LHE

29

FFAAEIE 201B6, 201B7. 253G1 Fsk4sr{k
FETMAE & R LT AV ALB BREER
FOELEEEZ R L, UbDZ nb, &
{LFHENT A 2 R 72 & DAIZKIZ S A
9534, H1, H9, Dotcom, Tic, Toe
72 EORF AL RTED B W EE & 8B IR T 5 44
BTHDHIENRBINT,

D. B2

Fox IIEFEE E TIZ, & NESAPSHERE A
SRR~ DR T OMAEIZ, FOXA2
BELUOHNFlaBEZTFEZEATLHZ LIC X
> T, EMRHELH T 50 LF S
Z{EBL L7z (K. Takayama et al. J Hepatol.
2012 Sep;57(3):628-36.) , LM LARRE,
FOXA2 B XU HNF1aE=TFE2EAN L TE
MU EFEFREOEYRHEILE b
MR AT & LB LT, B%h b 40%
BETHY. X0 EDRFEOF N LHE
AT O/ERIEAT OBRRE B METH - T,
REET, T/ ET—TL— AW =
RITCEBEEZHOT, HEFETMIRD S
b 72 Db T OEYREED W L& B
Bl

F /¥ —71L—hk kT,
FROIFRELZ R S A 72012, HlaHE
fa%E (Figure 1) - fEHT 2554 (Figure
2) - fEASEH®MERET (Figure 3) 728
Dz R ERFI L, T/ ET7—7 1
—MET, A7 =04 FERSEEZDIZ
1% 2.5%105 cells/ecm2LA D HAREES FE S B
THolc, BWx DBEDOKRFTNH, B b
ESAPSHERD i SRAT R EEAEAL & matrigel =
— FENTMRICERET 5SS (CFmkss
) | 1.25x105 cells/cm2D#RZEE EE T4y
THhdZENnD, A7xuAf REHRSES
TeOIZiE, FHEEERFLVO 2 FERED

S LR

\—'\



,%’*EHH@%:JZ\%&TZD ¥/, A7 xuA FE
REFE B0, FFRaibRiiiE % 5.0x105
cells/cm2@n‘\ﬁiﬁﬁ%ﬁrfi%ﬁ L&z A, A
Zxzua A FOBRRITHER I NN,
CYP3A4E L O 209 DE R T FH B BT
STz, HMREFEEENEVIEEIL 100 pm
ULDRT7 oA RBEELI, TXTD
AR KRB CBBEDTE BN WD
2. CYPEEFHRB EOHEEMMET L
lebDiEEEZ2 bbb, T/ EF7—7L—
kN BTG LEEE AL O Bl S H B RSl
ITHCMMW Bl Th - 72, LHEERICB W
THLHCMZEALTEY , A7z A NE
FAZ AR U 7o 55 % (3 2 MBI R 0,
F/v5—F1— b ECHEIMLSE 58
2 (FF 23 AL ; 5% 12~35 HH) I
BWT RIF0 13 BMIZHGF, OsM, DEX,
FGF4 Z{EH &, %4 10 A HIZ0sM,
DEXZEAEERZ &Itk - T, &bif~
= b —THDALBOELTRIBRE» o
7oo FTREEMERTH:D 13 BRI TI%. BEVE %
RAET IR T 72 £ (HGF, OsM, DEX)
WM Z T, ARRREIE Y T R TEEAE T D
WHRTTHDFGF4 BURETHoT-, Z
AUIA T zv A RRFIRRSERINDIC
LR WA EFRESEDS N B TH LD L
HEIND,
EEEED D WVIZZRTEE CER SR
T BB OF~— b —BET DR
B2 MR RO IR ToRE 2R e R
F20HBZE—27 L LT AL L
DS, ZRTCHEERIIEE 35 H B L Tif=—
S1—iE&fEF (TAT V) OXRBERIZER
LFiit 7= (Figure 6A) , L7=0-> T, £

el /Eo'c HAET G AT ML D T RE 2 HERT
T HDITIE, ZRTHEEZMITEBT 5

30

OB EER R ENBEEREEIZ R Z
EWRBEIND, Fiz, & 20~35 HE D
=R O LFEEITARILE 80-90%
UE ASGR1 BB TH o722 & b
(Figure 4A) . ZRuFESMT THEE L
AR~ D b SOV RS IZ & A &
FEETWRNEEZ LbND, AREM CTIER
btx7mu4Fi%%F®HW%%lf
HDHT ENG, FFY— ML LE
&Téﬂﬁ27)~:/7&&»mﬁf%
AIREMED B D
ZAVE TOFCEHEIE & ASEDONF 4y
{b3FE L (Figure 5A) TIERL L 7= 0{bFE
JEHERG DB FERTHERE & LLE U 7o i 2. A
FOGCFEEDF N LY RO E WS
{LFEFMaZ T 5 LRSSz
(Figure 6) , —IRILEETHZ LT L -
T, BB TEERREZHE S
CYPIA2 S CYP2C19 72 £ DRIZTRBLE
EFLER, BEF~—I—Th 5
CYP3A7 DB FRIAED LH L&
(Figrue 6D) Z & 26, ABFFEIZEBWTHE
U 72 BB AT E 72 IR B AT
faThdZ EBFRBIND, Figure 6IIZR
INBH LI, ZRILERETIER I NS
1E5§k?ﬂT#BB@‘iﬁﬁﬁﬁﬂﬂi?ﬁ%na%t¢§l/7fb\
AIREMES R ST, LTzdio T, &1
BSEP, FIC1, MDR3 &k{E72 & DJREIC &
2T, WA REE TR S U < WEEST
PEFIEMETF N RBY 5 - HFAE B3 2> HiPSHA
faz BB L, FFMR~FE T2 & T #
TeRRBETNVHRABETE DL LI,
FHIGREORRBIZEDN D LS D,

.
t b ESAPS flfad: & A ~D 5323,



F IO — AW ZRILEEE S
ITH5Z LT, BRETEHZEEZHLMNITL
Teo TOFERIT. BEEHERT ) —=2 7
WIS TR AR A MRS B e o D B
WehnZ EBEFIN5,

F.

1

2)

3)

WHIEFER

ASLTER

Takayama K., Inamura M., Kawabata
K., Sugawara M., Kikuchi K., Higuchi
M., Nagamoto Y., Watanabe H.,
Tashiro K., Sakurai F., Hayakawa T.,
Furue MK., Mizuguchi H. Generation
of

metabolically functioning

hepatocytes from human pluripotent
stem cells by FOXA2 and HNFla
transduction. J. Hepatol., 57, 628-636
(2012)

Nagamoto Y., Tashiro K., Takayama
K., Ohashi K., Kawabata K., Sakurai
F., Tachibana M., Hayakawa T,

Furue MK., Mizuguchi H. Promotion
of hepatic maturation of human
pluripotent stem cells in 3D
co-culture using type I collagen and
Swiss 3T3 cell sheets. Biomaterials,

33, 4526-4534 (2012)

KEWZ., \IFigE, REEA. JIbmE
Z : b NPSHERED b AR~ D53
BOBRLAFGA, EERLX=2T b
U—HA A, 43, 982-987(2012)

31

4)

5)

6)

7)

8)

K, K.,
Nagamoto Y., Kishimoto K., Tashiro
K., Sakurai F., Tachibana M., Kanda
K., Hayakawae T, Furue MK,
Mizuguchi H. 3D spheroid culture of
hESC/hiPSC-derived hepatocyte-like

Takayama Kawabata

cells for drug toxicity testing.

Biomaterials, 34, 1781-1789 (2013)
Kawabata K., K.,
Nagamoto Y., Saldon M.S., Higuchi
M., Mizuguchi H. Endodermal and

Takayama

hepatic differentiation from human
embryonic stem cells and human
induced pluripotent stem cells. J.

Stem Cell Res. Ther., S-10-002 (2012).

m g, )Rt —, KOz e &

REMEER R & P IS ~ D L FFE L
DBERFE & = OEMRHE R~ DA, Ak
BEEERTSE. ENRIA

mllFnE, JImfE =, KAz & b
ES/APSHERE > & IR ~D & Zh = 5
FEEOBRR L ZORIEISH, RFES,
68, 141-144 (2013)

JIEE — | Lk Ak O#Z ek iPS
i BE B R ARSI 2 AV e Y
EMERMER OB%. BIO INDUSTRY,
30, 19-24 (2013)



2.
1)

2)

3)

FRFER

Takayama K., Inamura M., Kawabata
K., Sugawara M., Kikuchi K., Higuchi
M., Nagamoto Y., Watanabe H,,
Tashiro K., Sakurai F., Furue MK,
Mizuguchi H. . Generation of
metabolically functioning hepatocytes
from human embryonic stem cells and
induced pluripotent stem cells by
transduction of FOXA2 and HNF1a,

International Society for Stem Cell

Research 10th Annual Meeting, ##%s
Jil. 201246 A

Nagamoto Y., Tashiro K., Takayama

K., Ohashi K. Kawabata K.,
Tachibana M., Sakurai F., Furue MK,,
Mizuguchi H. . Type I collagen

promotes hepatic maturation from
human pluripotent stem cells in 3D
co-culture with Swiss 3T3 cell sheet.
International Society for Stem Cell

Research 10th Annual Meeting, %S
JIl, 20124 6 A

m LRt FEAT R, JDBmET. LR
s BRHESCH. D —HEER. kOB
Z. SOX17, HEX, HNF4a&mTEA
2L B MZEEEBMIE O RV
ROZhFER VW EFEE, & 85 BEIREH
FAAMEER R P, HUER. 201245 A

32

4)

5)

6)

7)

RERA. BATA &, K&
—R, BHICH, AEHESE, HITGHEE)
ER, JmfE—, KH#Z, Swiss 3T3
Mg L OFEfE 3 WITLRFE TIZRIT D
b NESAPSHE R H Sk TR AE o T HE g Ak
2l - RIEEAE DT, % 85 BIR& R
AHERk R RS, T, 20124 5 A

m g, JlsmbE ., fEkS 78 BT
. HIL—AEEZER, KA#KZ, /EBPa
1B L O /EBPB#E s T2 & 5 TGFBR2 i&
f=FREFE 2 A Uz T ai B AL o
EOWRE, F 19 BREFHRss,
Jb¥EE. 2012 456 A

RERA. BRIEA. &ILFRE, KiG
—R, MEER, BICH. SLAETE,
YL EERE, JIRES . Kpmz,
v bk ESAPS g B 3k T 4 B @ Swiss
3T3 flfa L OfEfE 3 wTHIFETICER
J B R - REMSE OMENT, 5 19 [
fFrifaptste. B, 201245 6 A

mILFngE, fEAT AR, )Rt EIRE
T o E KR, EHSCH ST E
ER, kO#HZ, FOXA2 L UHNF1a
BIEFEAICL D FESAPSHIRED B
EANRBEEE A LI PR~ 5L
B39 B A ABMEEESFINFES. B
. 201247 A



8)

9)

ED =, muAngE, FEATFE. STAEHESE,
BHCE, HL-fEER, J5mE

KOz, b NESAPSHEL b FFEta
ERARIE ~ Dbz B1T D EE R FHEX
OHSREMRIR, 2F 62 [B A ARERTHEX
s - R, &K, 2012410 A

Takayama K., Inamura M., Kawabata
K., Sugawara M., Kikuchi K., Tashiro
K., Sakurai F., Furue MK., Mizuguchi
H.. Generation of mature hepatocytes

from human pluripotent stem cells by

FOXA2 and HNF1la transduction. 25
27 [B] A REY B REFR T, THE, 2012
£ 11 A

10D, ELFngE, FeRrFE, SCAERESE,

BHH, JREZ. KA#Z, B
ESAPSHREH Sk N IRZE D> b FFer Al BEHE
fa~D 3 LRIz B T 55 R FHEX
OREREREER, 5 35 B A RS T4AMFS
£4 B, 2012412 A 11-14 A

1D & IFnEE, JmE—, BARTIA, HHEE

oh, BHITH, HIL—MHEER, KOHR
Z . Nanopillar7’ L — h &2 H\\W/iz & k
ES/APSHiRa A~ & AT~ D {55 E ik
DA% & £ DEMHFEM~DIS A,

B B ABAEERESRES. R0, 2013
#£3H

12)¥D=, mILFngE, farf7e, ScAEHEsE,

33

G.

1.
1)

BT, )R, KOz, BER
FHEXIZ & % & hESAPSHEAEH AR
BE s D T ER AT BEAR f~ D 43 {LA A D fif
B, % 12 B A AFAERTESRS, M
Z=), 201834 3 A

SRR BERE D HIEE - B ERRTL

FFRFIS

ARARZ s & LLFIHE (FERAN) |
SRR B AT~ D EFE I,
JiE 2012-128872 &




Figure 1
A B

0.5 x 10° cells / cm?

CYP3A4

0.5 4

1.25 X 10° cells | cm?

relative gene expression

0.5 125 25 325 5.0

cell number (X 10 /cm?)

0.8 1 cypP2c9

0.4 1

relative gene expression
o
(-]

3.25 x 105 cells / cm?

0.5 125 25 3.25 5.0

cell number (X 105 /cm?)

5.0 x 10° cells / cm?

100 pm

Figure 1 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 105 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/cm?2.
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Figure 2
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Figure 2 Optimal medium for the formation of the 3D ES-hepa

On day 11, the human ES cell (H9)-derived cells were plated onto the Nanopillar Plate, and then the cells
were cultured in the differentiation hESF-DIF medium, HCM, or differentiation L15 medium until day 35. (A)
Phase-contrast micrographs of the 3D ES-hepa on day 35 are shown. The 3D ES-hepa were formed by using
HCM or differentiation L15 medium, although they did not form by using differentiation hESF-DIF medium. 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 cultured in HCM.
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Figure 3
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Figure 3 Optimal growth factors for the hepatic maturation of the 3D ES-hepa

On day 11, the human ES cell (H9)-derived cells were plated onto the Nanopillar Plate, and then the cells were
cultured in HCM containing the indicated growth factors. (A) The optimal growth factors for the first stage of hepatic
maturation were investigated. The gene expression levels of ALB in the 3D ES-hepa were measured by real-time RT-
PCR on day 25. (B) The optimal growth factors for the second stage of hepatic maturation of the 3D ES-hepa were
investigated. The gene expression levels of ALB 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.
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Figure 4
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Figure 4 Temporal hepatocyte differentiation efficacy was investigated in the 3D ES-hepa.

Onday 11, the human ES cell (H9)-derived cells were plated onto the Nanopillar Plate or the flat plate, and
then the cells were cultured until day 35. (A) Onday 0, 5, 10, 15, 20, 25, 30, and 35, the efficiency of hepatocyte
differentiation was measured by estimating the percentage of ASGR1-positive cells using FACS analysis. (B) The
cells were counted on day 20, 25, 30, and 35 of the differentiation. The number of cells on day 20 was taken as 1.0.
*P<0.05; **P<0.01.
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