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Figure 6 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 7 Optimal growth factors for the hepatic maturation of the 3D ES-hepa

Onday 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 8
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Figure 8 Temporal hepatocyte differentiation efficacy was investigated in the 3D ES-hepa.

On day 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) On day 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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Figure 9
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Figure 9 Hepatocyte-like cells were differentiated from hESCs/hiPSCs by using Nanopillar Plate.

(A) The procedure for differentiation of human ES/iPS cells into 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 HNF10-expressing
Ad vector (Ad-FOXA2 and Ad-HNF1q, respectively) was performed. The cellular differentiation procedure is
described in detail in the Materials and Methods section. (B) Photograph display of a 24-well format Nanopiliar
Plate and its microstructural appearances of the hole and pillar structure. (C) Phase-contrast micrographs of
the hESC-hepa spheroids on the Nanopillar Plate are shown. Scale bar represents 100 pm.
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Figure 10
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Figure 10 Hep
Plate.

L

tocyte functions in hESC-derived hepatocyte-like cells were enhanced by using Nanopillar

(A) The gene expression levels of ALB were measured by real-time RT-PCR on day 15, 20, 25, 30, and 35.
On the y axis, the gene expression levels in PHs (three lots of PHs 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 mono ES-hepa (day 20), the 3D ES-hepa (day 35), and PHs-48hr. (D-H) The gene expression levels
of CYP enzymes (D), conjugating enzymes (E), hepatic transporters (F), hepatic nuclear receptors (G), and bile
canaliculi transporters (H) were examined by real-time RT-PCR in the mono ES-hepa, the 3D ES-hepa, and PHs-48hr.
On the y axis, the expression levels in PHs-48hr were taken as 1.0. (I) The ability of bile acid uptake and efflux was
examined in the mono ES-hepa and 3D ES-hepa. Choly-lysyl-fluorescein (CLF) (5 uM) was used for the observation
of bile canaliculi uptake and efflux. To inhibit transportation by BSEP, the cells were pretreated with 1 uM Cyclosporin
A. *P<0.05; **P<0.01.
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Figure 11
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Figure 11 Upregulation of the gene expression levels of hepatic transcription factors by culturing
on the Nanopillar Plate.

The gene expression levels of hepatic transcription factors of the 3D ES (H9)-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.
*P<0.05; **P<0.01.
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Figure 12

A 3
s
2 ALB
o
S 2
3
@
Q
=
-
o 1 1
2
ol
&
2
0 4
- (=1 0w ~ o @
T T Q ) O E = o
- hony g Q =
(=] [~} w ©
~ ~N o~ s
a
B
A 25
=
=5 20 ALB
>\l—l
&t
5 15
s E
=
SF 10 A
-
o=
5|
=]
0.
[=2] (-] N~ (2] [+ L]
I ¥ o o o E g © &
S S5 8 2 3
~ ~N o~ ° :l£
o o,

Figure 12 Comparison of the hepatic differentiation capacities of various hESC and hiPSC lines

hESCs (H1 and H9) and hiPSCs (201B6, 201B7, 253G1, Dotcom, Tic, and Toe) were differentiated
into the 3D ES/iPS-hepa as described in Figure 9A. (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-48hr was taken as
1.0. (B) On day 20, the amount of ALB secretion was examined by ELISA. The amount of ALB secretion
was calculated according to each standard followed by normalization to the protein content per well.
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ZEEMERR MR o S IR~ OMMEFEE
O\, AVSTIsssssTisliTeIss eI STe eI ST SOV UL
B EEZFREBRE N TA2ENLHREETH LS, FF—FRERIE
MRS EORENPKERBEREL 2 ->TED, FBEMICADLLH L WIEEED
RAEPRDO LN TV 5. MRBEIRGBEE 3E2Y, ML s REONHE
Z by Z7AEHRETHY, TRETIE, FEELCE MTREBZARBREICAEL,
T OBRFAR BHEFRCBREBOBRE L) PR S W2 plaHE ShC
WA L Lads, b MEFEEIEESELD Y b @7’?[%@’%7(& WHERR T 5
CEHVHETH Y, BET CIEBHEELT R TR I 2D, BHEICLELEE
PEELTHEETE LWL WS MENRD L. £2C, BELHBBEEZTS /-
DOF7z MR E L CERERMRNER ShTwa, FEICB 2 ki
(FBAERR) \CHY MR L LT, BESMIE (embryonic stem cell : ESC)?,
AT %t MM (induced pluripotent stem cell : iPSC)®®, [ %2 3 & 4
(mesenchymal stem cell : MSC)”, BBk D& M#HMAL (hematopoietic stem
cell : HSC)?, % BbtEAMRTBRAIM (multipotent adult progenitor cell : MAPC)?
LENHHEBNOGILEEZETA0IEB SN TS (M5.9). 2T,
FRICHTSE A B A 7 BES M, iPS AL, MSHIE 2 & i~ 51k 2w TH
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CEREGE gl BETE BEiE By

FREEE~OMEBHE

5.9 FE~0MuiEr B3 5k
ES #fife, iPS#HifE, MSHiME, HSHiME, MAP MLz &2~ D 51k RE
EETAHOIC, WREBENOFHEBHEICHY 2R E L CHfFs
nTw5b,

A5 5.

ES M, PSR, MS MHLERO AR & BAEERICSHT 284, BV
WS EREDSRKD SN 5. BREICBILREDHEHN L, &% SF 2k
R REER FAMESMLERHB L Twa I L HL SR, 25 Dk
7B R T2 FE LT ES ML PSR, MS M o i fa~o 51k
Hh LR SELEMFEEISNCEZ 2Tl FRECHESET 2HERTR
HERT 2 FE LM EEC oW TR L, FERBE~OBE & B
DBV THAT 5.

5.3.1 b I ES#ifa, iPS#ifah 5 FHE~AOMESEE

v b ES#HifL, iPSHIRZPAKEE, WIEE, FFERsiERMEz A U CRair
Ba~NE5bT 5 (K5.10). DAmour HI2& > T, 77 FEY ADBHNRKREL S
LFEBTEXH I EARRBINTURY, v b ESHIM, iPSHIML,SAKEE~D
FEBREICBVWCTZIFECABRECLNRTWSEY, 77FEY AxHWF
HETE, cKit"/CXCR4™ OHEEADSLRIEE 20% BE &+ Tk ew. #
T T, Seguin HREHFESLWE T/ FE Y AV IRBEMEBEEREIZBNT,
WIRERE O WEBERT TH 5 SOX17 BT 2EAT LI 22X - T, c-Kit"/
CXCR4™ DB ENDO G ZFEIFTHO% BEC LA TAZEZHLMIZL
71:11,12)'

WIRZED & FFEpi B la~ O 5 LEFE T, FMESFIEEET (FGF) B &
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5.10 & h ESHHAE, iPS#MlEh 5~ D5 LHE
v b ESHilE, iPS MM kraletE, WIEZE, FErEiiRMEZ A LT~ &
GETHIENTES.

CBEERETF BMP) ¥ 7 FVHBEETHLHI LD, HREOHEI LS D
2o Twb, Cai Hike b ESHMFLHERMEEICK L C FGF4 & BMP2 % [Al B
WCER &R A LICEY, gt~ —A—THA 7NV 73 (ALB) DOFH
¥ PRSELZERTHTHLIEEMELLY. LaLadYWs, IhoDHHE
HF = EICHWAMEFEE T, FEHRRHE~OSbFENEI+ 5 CTld i
WOREIRTH S, 2 THE, Kubo ik~ 7 A ESHilgx HWT, /2, &
Holde b ESHIRE, iPSHIRLZE W, R~ FEHOTICULEDEET T
»5H HEX Bz T % —BIICHREEICEATSEZLICE T, a7 = bTuas41
v (AFP) " OF LR BRI~ DL DTRBAICIRETE B 2 L 2 HE LB,
- FEETERA R A & B~ O S LFE Tk, FFMIBEEE T (HGF) %
FraxyF oM (0sM) G EOBRERFIEELR I EPFHLNICR > TWAS,
HGF e REIO RO AR IZH 2 BB 0 BEA SN L BERFTH Y, HiE
DWFER RIS 29, —%, OsM 38R O FFIRIC AT 5 i
Ml bEESN, 39 A2V Y (DEX) ZEOFZVaalvFaf KGR
B x, RS2 EET 5. HGF, OsM, DEX &2 &2 WA I LICLk 3
v b ES il 5 B~ O MEFHFEIE, ThITlis OMREcEmS A,
HNF4a 50 ¢/EBPa % EO R NERER T2 { BH LIRS L5
CENHEENTNEBY,

L LASBRICBWTY, WHEET O &% 7S L TS cI, ek
MAREEEFMICILECY 2 B ARHEREEZ A Lz e + ES Mg g o /F
WL TH6Y, BYRHICHEET 2E&ET (¥ M7 a4 P450(CYP), 7
WEFFY-S-bTF AT 2T —E(GST), IV AK—F—) £ ALB DFH
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RN FF BT, E R AL,
7 Fv A (100 ng/ml) BMP4 (ZO 'ng/ml) HGF. OSM (20 ng/ml)
_FGF4 (20 ng/ml) DEX (10"°M)
v ;b ES/iPS #ifg  HpainEE A iRzE FF BT ER SR, saific)
3H -] 3H l 3d I 11 H
- . 3 -
Ad-SOX17 Ad-HEX ~ Ad-HNF4x
511 HUETFEBEERTFOEA 2 HA4bE 2 ZEIZXAe b ESHNE, iPSHEA
5 IR~ O 5Ly

t b ESHlfE, iPSHaZ 77> A (106 ng/ml) TEBTLILICL->TEL N

E3HBOFARECH L TSOXITRHT 7/ 74 VANRY ¥ — (Ad-SOX17) % Vef

SE 26, TZFEYA (100ng/ml) T3HMERLZOL, %6 HEHORE

RICHLUTHEX BRT 7/ 94 VAR ¥ — (A-HEX) %fER&€72. BMP4 (20 ng/

ml) & FGF4 (20ng/ml) #HAWVTIHEEELAOL, ¥#EI HE OFSERIREICY

LTHNFda BET 7/ 74 VA2 ¥ — (Ad-HNFda) #{Ef s¥72. 20k, %

HIERHIAL % HGF (20 ng/mf), OsM (20 ng/ml), DEX (10™°M) % ¢ 11 H K24

BT EILEoT, BWEHIHERS ALB BERR A LFHBAME s 2 2

BTED.
BEEETFE L) S RELBLIEPFHEEE Lo TnEY, &80 138,
5,111 2R T X 9 ICHWIREIZ SOX17 #EF, WHEICHEX Bz F2EAT
AT LIk oTHE LN FEMEMBICH LT, HFESIbOULEEEFTH S
HNF4o BT 2BATAH I L TRVWEDRHFEES ALBEERZEE2HF L
2B I MEFET LI LICHEI L. TOXHIC U TR L 2 F
ke N CEERRITMIIE IRV CYP BIEFOREBRZR LY.

R U7z~ 5 bEEm R, P ESHIBEZHWTEIITTbRLTE
25, 2007 4k b iPSHIREAEI L S LT LIk, ¥ b iPS MRS & g~ D4
{LSHERFFE DR AICIT DN T WS, Si-Tayab b, Song 5, Sullivan 53t b
ES#ifa2 b Ffila 2 #E T4 FELHE UL HIZ, b M iPSHREY S FFR = 7
BMTXLIEERLEYSD. F7- Rashid S5 a-1-T>F Y 7”;*“/ v IRABIE -
FiEEa VAT — VIIEE - 7Y a7 Y IFRERE lo O BEO R EMEH,
5 iPSHMifaZ R L, HHE~MEFESE, TNETNOWREL KB L 7-FHl
%Wﬁ?%é:k%ﬁbﬁwk ‘ ’

v M ESHifE, iPSHIFLHEFMEE A/ -MEEEoRBENoEE L H
BWo—o& LT, FEEEZNS LGERAE Y AR LT b ESHllE, iPS
FlaEEFMEABE I N TWwS, FEE~ 7 A& LT uPA (urokinase-type
plasminogen activator) BIEF %= FHEBENICER IE L7 AN NHEN
CTwh. Duan Hide M ESHEA O FMREZERL, Vv —EHBETE
BAL72DH NOD-SCID =7 A B L7-%. ZoKE, <~ v AFENICE b
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BS K SRR O EAEAHERE S N, AR 3B F TR e b ALB '
9 £72, b biPSHIMERIFMIIZ <Y A BB LB b MESh TS
p. v b iPSHEIMHRITAIS A BT 52 LIC kY, Mk b ALB 25 &
n. < ANFEOH 10% A5 b ALB M IC B S e,

v ES#fg, iPSHIILHROIFMIE BRISHE T 2720121, X ) &4k
DRI VETH 5. $12, v P ESHIE, PSHMBOBEIE, SMEs 74
HC SRR RIS 5 & AN T H DR S L UL BRI L, ISt
RCEWE (75 b—=) PBRENGD. LEdoC, BIMameEmcRs
OB RV L 2 BT 5 2 ESMETH Y, MusiaE Y —5 4~
FiETHAL L7 Y, ROERIIAE BET 5 FEROBTIOUEL 25 TH 5.

5.3.2 MS #ifar S FF#a~OHMLHE

MS MR EHREICHERT2HMETH Y, SEFSERMEBEPICESHFET 5.
BOMEPEBEALZEREZ IO E LT, EE, FK, B B2 MSH
BIZEREL, &, %5, B, SRRSO Tsb0 L@ #I T,
B THMBIC LS TE 2 2 Lh s & n”. MS Al LB 5 1
AFHRETH Y, BVEHEELEL TWALDIZ, MBEED - OH - L
BAEEE 20 9 B, MS M S IR~ O SEHEIC BTk, &+ ES M,
iPS A2 & O ML E FERIC, RECBWTEELEZEZ LN TWAIRE
HT%HEv52 A%\, Lee it HGF, FGF2, OsM #Hw Tl + MS fll
Z 6 HMBEEST L LT FHEEETORBR LR, REEE, 7)) a— 7 VIE,
[GHEY RS >3y (LDL) OXGAA, CYPIEHZHERLZ™. MSMlas: & 5
WA~O S EIET 572012, FRBECHES T 2EERT2EAT LWL
fibf T 4. Talens-visconi HIXFHEHFKO & MSHMAEIZH LT, ¢/EBPS
BEFEEATAIEICLE ST, HFlilRSILZRETELAZLEEZRVWZLTY
B8 F72, TV AT v s BHEFELTE F MS M2 S R0
ST A RADEREN TS, HGF %2 EofFfilasitz €5 %
HFZHNWT, e MSHilgZ 6~10 HEREELZ-OL, TuMD MY a2 X ¥ 5
~ (trichostatin) A% 0.1% O Y AF IV ANFF Y F (dimethylsulfoxide) % fE
HAE3gsZ &2k oT, MSHIfaR» o mRREEIME L FMEEOKEELE LT
MBZERTEAZ L MES LTV ETD,

MS H0H & MR BRI IE OB 7= MR & LCAET 284108V TH %
W2 IR T A UENDH L. MSHIBEOBEEIX, BHEL-HMEORA/LD



