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Fig. 32 Human ESC-derived hepatocytes uptake LDL.

The human ESCs were differentiated into hepatoblasts and transduced with 3,000 VP/cell of Ad-LacZ or Ad-

HNF4 « for 1.5 h and cultured until day 20 of differentiation according to the protocol described in Fig. 6a. The
hepatic functions of the 2 factors plus Ad-LacZ-transduced cells (SOX17 + HEX + LacZ) and the 3 factors-
transduced cells (SOX17 + HEX + HNF4 a') were compared. Undifferentiated human ESCs (hESCs) and induced
hepatocytes (day 20) were cultured with medium containing Alexa-Flour 488-labeled LDL (green) for 1 h, and
immunohistochemistry and flow cytometry analysis were performed. The percentage of LDL-positive cells was
measured by flow cytometry. Nuclei were counterstained with DAPI (blue). The scale bar represents 100 um. All

data are represented as means + SD (n = 3).
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Fig. 33 Transduction of the 3 factors enhances hepatic functions.

The human ESCs were differentiated into hepatoblasts and transduced with 3,000 VP/cell of Ad-LacZ or Ad-HNF4 « for 1.5 h and
cultured until day 20 of differentiation according to the protocol described in Fig. 6a. The hepatic functions of the 2 factors plus Ad-
LacZ-transduced cells (SOX17 + HEX + LacZ) and the 3 factors-transduced cells (SOX17 + HEX + HNF4 a') were compared. (a)
Induction of CYP3A4 (left), CYP2C9 (middle), or CYP1A2 (right) by DMSO (gray bar), rifampicin (black bar), or omeprazole (black
bar) in induced hepatocytes (day 20) and primary human hepatocytes (PH), which were cultured for 48 hours after the cells were
plated. On the y axis, the activity of primary human hepatocytes that have been cultured with medium containing DMSO was taken
as 1.0. (b) The induced hepatocytes (day 20) (upper column) were examined for their ability to take up Indocyanin Green (ICG)
and release it 6 h thereafter (lower column). (c) Glycogen storage of induced hepatocytes (day 20) was assessed by Periodic Acid-
Schiff (PAS) staining. PAS staining was performed on day 20 of differentiation. Glycogen storage is indicated by pink or dark red-
purple cytoplasms. The scale bar represents 100 ¢ m. (d) The cell viability of undifferentiated human ESCs (black), 2 factors plus
Ad-LacZ-tansduced cells (green), the 3 factors-transduced cells (blue), and primary human hepatocytes (red) was assessed by
Alamar Blue assay after 48 h exposure to different concentrations of four test compounds (troglitazone, acetaminophen,
cyclophosphamide, and carbamazepine). The cell viability is expressed as a percentage of cells treated with solvent only treat:
0.1% DMSO except for carbamazepine: 0.5% DMSO. All data are represented as means + SD (n=3).
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Fig. 34 HNF4 o promotes hepatic differentiation by activating MET.

Human ESCs were differentiated into hepatoblasts according to the protocol described in Fig. 2a, and then
transduced with 3,000 VP/cell of Ad-LacZ or Ad- HNF4 a for 1.5 h, and finally cultured until day 12 of differentiation.
(a) The hepatoblasts, 2 factors plus Ad-LacZ-transduced cells (SOX17 + HEX + LacZ) (day 12), and the 3 factors-
transduced cells (SOX17 + HEX + HNF4 &) (day 12) were subjected to immunostaining with anti-N-cadherin, ALB, or
CKZ7 antibodies. The percentage of antigen-positive cells was measured by flow cytometry. (b) The cells were
subjected to immunostaining with anti-N-cadherin (green), E-cadherin (green), or HNF4 & (red) antibodies on day 9
or day12 of differentiation. Nuclei were counterstained with DAPI (blue). The scale bar represents 50 4 m. Similar
results were obtained in two independent experiments. (c) The cell cycle was examined on day 9 or day 12 of
differentiation. The cells were stained with Pyronin Y (y axis) and Hoechst 33342 (x axis) and then analyzed by flow
cytometry. The growth fraction of cells is the population of actively dividing cells (G1/S/G2/M).

60



SOX17 + HEX SOX17 + HEX

a + LacZ . +HNF4
4 100 - " . -
c
K=l
A 10
o
o
»
o
Py 1
c
o
o
2| o4
e
L]
[
1™
0.01
)
t s § 3FE 8§ 5 FFEE
<o,n.<oo_ggmgn.cz
& 5 “ 3 o § T
s ® o ®
H e o 9
< 2 w
)
human ESCs/iPSCs DE cells

hepatoblats hepatocytes

Fig. 35 HNF4 a promotes hepatic differentiation by activating MET.

Human ESCs were differentiated into hepatoblasts according to the protocol described in Fig. 6a, and then
transduced with 3,000 VP/cell of Ad-LacZ or Ad- HNF4 « for 1.5 h, and finally cultured until day 12 of differentiation.
(a) The expression levels of AFP, PROX1, a-1-antitrypsin, ALB, CK7, SOX9, N-cadherin, Snail1, Ceacam1, E-
cadherin, p15, and p21 were examined by real-time RT-PCR on day 9 or day 12 of differentiation. The expression
level of hepatoblasts (day 9) was taken as 1.0. All data are represented as means = SD (n=3). (b) The model of
efficient hepatic differentiation from human ESCs and iPSCs in this study is summarized. The human ESCs and
iPSCs differentiate into hepatocytes via definitive endoderm and hepatoblasts. At each stage, the differentiation is
promoted by stage-specific transduction of appropriate functional genes. In the last stage of hepatic differentiation,
HNF4 « transduction provokes hepatic maturation by activating MET.
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- Table 4 List of Tagman probes and primers used in this study.

Genes Assay ID or Primers (forward/reverse; 5' to 3')

CYP2D6 CTTTCGCCCCAACGGTCTC/TTTTGGAAGCGTAGGACCTTG

CYP7A1 GAGAAGGCAAACGGGTGAAC/GCACAACACCTTATGGTATGACA

SOX9 TTTCCAAGACACAAACATGA/AAAGTCCAGTTTCTCGTTGA

NKX2.2 Hs00159616_m1

GAPDH GGTGGTCTCCTCTGACTTCAACA/GTGGTCGTTGAGGGCAATG

CYP1A2 CAATCAGGTGGTGGTGTCAG/GCTCCTGGACTGTTTTCTGC

CYP2C19 ACTTGGAGCTGGGACAGAGA/CATCTGTGTAGGGCATGTGG

GSTA2 TGCAACAATTAAGTGCTTTACCTAAGTG/TTAACTAAGTGGGTGAATAGGAGTTGTATT

POR GGTGGCCGAAGAAGTATCTCT/ATTTTGGTGAACTCGGGGACT

MRP3/ABCC3 GTCCGCAGAATGGACTTGAT/TCACCACTTGGGGATCATTT

BSEP/ABCBI1 TGATCCTGATCAAGGGAAGG/TGGTTCCTGGGAAACAATTC

PROX1 TTGACATTGGAGTGAAAAGGACG/TGCTCAGAACCTTGGGGATTC

N-cadherin

GAGGAGTCAGTGAAGGAGTCA/GGCAAGTTGATTGGAGGGATG

TCACCTTGAATGTCACCTATGGC/GGCTTTGCTACTACTGGACTTAG

pl5 TGGACCTGGTGGCTACGAAT/AGGGCCTAAGTTGTGGGTTCA
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Table S List of antibodies used in this study.

Antigen

Alpha-1-Fetoprotein

Type

mouse

Company
DAKO
| Santa C Biotechnolo

Santa Cruz Biotechnology

Invitrogen
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7B R ITH VT, KhES-1,KhES-3,Tic (23
FBREFFUIBas—Fr, yVHET
FATRRIF b MERERT7 7T B
XI7Fv, VarerrhZrA47axy
Fr, vUAEAXTII=V, EhrRIF
V. VaverrhEhexrs FUACKT
LEEENERF LI, ZORER, 7747
oxsFr, FI=v (FURX), EhrXx
7 F LR LTIEVWT R b BV EEE LR
TZEBHALNERSTZ(E4), 7. Th
LOEBETIRBWT, WihbRup{b~—
1 —"E AT D SSEA-4 X° Oct3/4 DFEHLHN
Aoz, L»»L, EheRrIF o ETHE
# LM OFRER R IT-L 72 0 Mifao
BERMNII- &V LTEY o bEmER LT,



1 T T T T
2.t b ESAPS,EC Miafic ki) 2 /5T
FRHLLLBARAT
k& FES/IPS. ECHIREO. RAERBIIBLT.
AMASIEE L. P I uripotency PCR amay® 1T
vi. mFSY— &) ESEPSHERE. B)
L iPSIERE. C) EC LPSHIRE B 3&8EF0
NI L~ L EScatter Plot TR L=, Ridtg
MRS ETF .

F/2, 7I=0 ETREE L7oMIBE S RIERIC
RReptE M ER L, 77 AT uRIF
v ETHEER AT oM, MIRERAAR
BABR CHEFEN C D A OEES K E VR
5r{b72 ES MIRQICRHERIRERBZEL TH
oo BEEDLZ A, ~—W—DHEBEILVD
HIRTZREAS b - & b L WVRM DR &
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3. A—ME»rbDoZ7u—rThHhaE b
iPS HIFE#KIZ3iF 5 Oncogenes and tumor
supporessor genes s 7 FE L LBHARHT

E—#Ears0y o~2 THS, JCRBLIIL (Tic)
b #BAEE TTICRBIIZYS (Squeaky) DR
fEIRBEICH N T, RNAEFAH L. Oncogenes and
Tumor suppressor genes PCR  array® AT,
O RREC B SR BETORENRERLLE
Scatter PIot TR U, SRBAOEMIL 2L
LS SEUEDENEMEF RS NBETHTH
Y. FERIX nediun THEMELOBEBETE.
FRETEY nediun THNELOSHVBEFHETT.
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wIZ, & MIREER T 7 F /A b b,
7 4 — & —Hila 7 b N KSR & VT B
HZ TR L7z e b iPS Mg UTA-1 (AR
KRER, E) 2, 774 T mXIF
& hESF9 B#zT7 7 F e 2HFM LIS
T, RESEHREZRL, TO/BR, Ml
EMEERIIEE T, 75 b—<ERIC X
BOMEEE BRI L TV IZ(X5), &BIT, &
MEBERDON-/ A 0T I B, EFERE
MAERANTERTLZLICEY, EFLT
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binElrol,

| - - -

25 28

, LKhES-1 , |KhES-1 \ —
15 - 15 ¢

17 3| 15 |
05 - i 05 ¢ f % o

0 0 -

0001 001 0.1 1 10 100 o001 001 0.1 1 10 100

Al

25 25

3 [KhES-3 2 [KhES3 o
15 15 X |3

1 S\ 1r /

E

T BE (RIRADMAXE) WA (RN ) Bt B (FERA0 18 13)

‘:mm 0.01 ﬁ‘ 1 1o 100 ?).ool wom o..:/ 1 10 100 =
25 .25
i WA - : e > - - -
w bl s s e oy eneses
sl =~ Kb b RrSF/HAL Iinb, vYRT4—F
:m1 001 a1 1 10 100 ‘()1001 001 01 1 10 100 *‘ﬁﬂﬂﬂ (MEF) 7:{: bz KSR %fﬂb‘fcfﬁiﬁﬁz
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¥ B L T W 7=, Plos One (2010)
4. 74— —% AR\ hESF9 $2#1% .
W RICH T, KhES-1,KhES-3,Tic (2 10.1371/journal.pone.0014099 X ¥ #x#
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4. in vitro \ZBT B LEEREN
Al 5 BR 7
JCRB1331 (Tic)% iV T EB 2% (X
7)., HEHF1BR»S 27 AETICE
JABETREE, SR, NIRE, TR
EDEBEFEZEHIVANT 7 LT
QRT-PCR (Z THEMT L72(K 8), & DFER.

BBRETFOEBBE RO, LLRRL,

“HREOREG T Z BEMIZRALZIET TR,
SEREZFIMMET A Z BN TERNVWI &N
BHoN otz £, BETEMITT2
BYLEECTHDIZ LN INT, £
EB ##FHEICIT, MIEESEZ 520
FERMIL-MERE7LV—F2HNT
BRI DHELH D, £ T JCRB1327
(Dotcom)Z VT, EB #JRk L, 2 FELE S
ET 2 AR AITo 7%, RNA i
L TH#EEF B AN % Stem cell
Pluripotency, Array(ABI)% F UV T1T 2 72(X
9), MEDHEZBWT bR~ —H
—OFEBUIBEAD L, b~ —I— DRI
B3 AEmIZH 0 | LU 7o b 23
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I iPS #RE D E o LRERFM Tk & LT, &
ECliE, iR EknFkEFK3)TH4
THDHZENTREINTZ,

X7.
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8. Tic BE® in vitro IZ81} 3 LAk
Tissue culture research communications
27:139-147 (2008) : BAIZIF A & b ES, iPS
famrscEn 201 XV ERE

BEXRFE  WRHIK
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X 9. EB %\ 7z in vitro 123317 5 43 {LAERF
fHEE DR,

JCRB1327 % fi\ T EB & #%.2 fEE D Hik
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H% DNAT LA f#T&21To 7,




5. £k iPS fifah o FF#RE~ D 53 EEE
}xpASE

ZHhETIZ, MlasSt~bY v 7 RiE, <
7 X ES MDOKRSEELFELTRY, 1
Bag—F IR R T8, 7
=Vt v U R ESMlan b {RET S
ZEEHALMNILTE A, X HIZHMRERE
BELMUICEZXDHERRKE WV, £Z T,
7 3I=Vv kTt b iPS MREOMREE DO
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=—DEHHBE LT, HEFHEEHIHTX
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Ak~ R TEMFERE L A=k
FMEM, MRERYORNEIT7, £
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V. PEAICTRMR, B~
BIXNBHZ EBHALNE Ao (Inamura
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et al. 2010), ZDHREITARA L & & HITHE
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7= h ESF9 Bz Tk, HIMEF~D
BN LEASNTELSRDZ M
b, NWIREMR~O L FEITEMERRE
WREZT DD, v AFyzALTL—]
ERAVWTHET21Toz, TORE, 775
v R R TERIZ FoxA2 L HERR A3 04
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TELT, Eio. MR ZRFHE S % b FEHA
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FE SHIEBROBBRE R THEE L
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D MENRH oIl #EITH —REYICE
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HTET, BEER-oTWA, YoHEME
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LT LNFRETH D,
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BRERFAPEONLRWVWI EBBHLNE R
o, LA, BEEEETREDREED
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HTEHRVETNIE, LVEDBEBETFR
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IFETH D,
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HERWEEETe ba— LV E2/ERRL., 1Z
b EITo72, ¥£72. EHEREt + ES MtE
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£2. b LES, iPS #iid O DFIR

F B F ]

25cm2 7 5 A a0z 0.1%F 5 F Bk E 2mlTHOAN B2,

37CA v F¥ 2 _X—F —|THHE. 30 min

MEF i #2 #1 % /ERR®.

€7 F ik EWRS|.PBS 1T Tik#.
£ 75 A2z MEF % 4ml &2 AN5.

15ml F = — 7\ MEF ##1% 9ml Ah 5.

% NelZ A= EEMEFE 2 U — U _XUFELIIFF-TL 5.

NATNANDELE 7 V=0 _RUOFWTHRIT TN, TLVDON &K< .

3TCT #+—F —NAZANTER. EHULRST-RETI Y=o Ry | TE DT

FHN~BE#HT 5. MEF TRy 7 0 7 LR LB W T
% | MEF mi% 16ml F =— 7T ANLB. 75.
1000rpm 3.0 2 min

%1 L\ MEF fi##iic MEF 23S ¥ 5.

MEF MifaZiER Z 1ml 2% 7 7 A alZ A5,

MEF % CO2 £ »F 2 _—Z—|{Z AT, B3, 24 h
MEFAE#15>5 ESFHIZHI(FGF-2 72 L)IZAZ# L, 2. 24h

i Gl R

lunit/ml Dispase®(Roche/ % 3 B UNIZEHEM)Z 1ImIARLS.
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B Tan=—DoBREEZERT .
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=—DHEERTD) .

s %7 L\ hES sz AN CHIUIRZER L 35 (EXy T 1 7 L),
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T H O BRIIITORW 24h
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HBEORERZF = v 7©,
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® high glucose, L-gluthaminem, 15%4#8R1fLiE (ES 7 v — F) &4 DMEM
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L TTIZH 2 &V BICHIENIEA TN,

FHIZEARBMRHBREITOD, BREITBENPABEOELON1IEOHRIZ LTV S,
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