NAYTZFRT7 7 ZF—EBEHEB IV
Oct-3/4 ODRBENPHERFINTVDHZ EMD
HEFEEN-(Fig. 4A), & 6T, Ad X7 %
—IZ & BEETFEARZ O IPS MR O LMD
BEFHBL-EZ A, 10,000 VP/cell D
ETER I ERBE RO A,
BT LOOEEZEITRL p > 0.05),
3,000 VP/cell TIER S ¥ 758 I3 R0
? iPS M & FIREOLEMIETH Y .
NHDOFERIZ~T A ES Mg —EKL T
7-(Fig. 4B), L7=3> T, Ad X7 #—{Z &
HELEFEATI TR ES Mgk LU~ Y
Z iPS fifA~IF & A ISR S R X 20
TENHALNERoT, IEDORRND,
~v U A IPS fifa~NER B TFEATS
WZIX CA ¥ 21X EF-lo 7 n®E— % —%F 1
HAd RZF—HBPELTWNEZ EHBAL
prEAD . =R iPS ML Ad XU ¥ —
EFRAWEEEFEARIZBVWTHET TR
ES fifa L Fiko®RBEZRTZ LR LA
o,

wiz, bk ® LacZ F#I Ad <7 ¥—%H
WT=17 R iPS-EB ~DBEFEAZITHo
Tro TORR, TNETIHRLBHRELT
W5 X 51Z(Tashiro K et al. J. Gene Med.,
2008, 10, 498-507), ES-EB {28\ Tix CA
TuE—F—%FT5H Ad X7 F—DEKD
BWBLEFREE LR LZ(Fig. 5A, upper),
B4z, iPS'EB iI2B\WTh, FAEZ 4 &
FOTaEt—F—DOFTIL CA 7uEt—4
—PRbLEVEETFRERAEEEZE LTV
(Fig. 5A, lower), BEIEFEWZ L2, CMV
Fat—~F—iI~vv 2 ES #ia., ES-EB.
F434t iPS HIBRIZ BV TIEEAMEV T B ES
5 IPS-EB i BW Tl B & B m
FRHAEZRLE(Fig. 5). THHDERNS,
<7 A ES#ifEk L O~ X ES-EB & Rk
i, w7 & iPS Mgk LU~ X iPS-EB
W T 7 ae—4 —DRRAPEOR
WEBGEFRBICIEETHDIZ LRI

-
—
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7o

INETIZCAERIZIEF-1a 2 E—#
—HE B THIERE Ad X7 F—FHNBZ
LiIZE D, U RiPS fila~DOEHRER
TFEAZKI L, &2 CRICERELLE
Ad X7 F—%FHW\WT~7 X 1PS Hg~%
{LEEEBECFZEATHZLITLD, K
HFOHLEZHATHIEROFTEELD R
LR BHOHR~ELFEETEZINLES
PR L7, AR ARG MR kD
v A —BETFTH2 PPARyEGEF 2 E
ATBZ ik, fEIGHER~DEhER
SAEBERFEENE S RET L7z, CA 7'r
E— X —#H#E T TR PPARy#EEF %
HET 5 Ad <7 ¥ —, Ad-CA-PPARy% ~
7 A ES #ifa¥ L O~ 7 2 iPS flila~{EA
SH721%IC EB #ERIL, &HICHE Ad N
7—% 2BHDOEBBXUS5 HED EB
\ZVEH & 7= (triple transduction), % D#
ReihME iR L OWRMERFHC 15 BRE:
BT 5HZ LKV IEHMEB~DOMEFHFEL
1Tol, EHMRA~OSEIREA AV
v N O Befaiz X 0 L=/ R, 1PS Hiia
DIENTHRE~D53{L2h R ES Mfan 1t
PRIV BENLOO, FHERFEIEHS
HTEEET D Z LI L 0 RN IEIRE?
BlERENh7/-(Fig. 6A, a, b, e, DT &b,
iPS #fRIX ES #AE & B UFFEE TR
RA~GAET B EBBALNE RS T, £T2,
BHERTF DR Z2 AW LEEE L L,
BHERTFEMZEBIC Ad X7 F—I12L3D
PPARy B 742 EA L7 ES filai LV
iPS MMRIX, D TEhRE B~
b2z bR Ehz(Fig. 6A,d, h), X5
(2 Ad X7 Z—% H\ 7z PPAR y Bz FiE
A K DI~ DB D ERIX,
GPDHEME D _EH I X OB Hlass R/ 72
v —A—BEFOREALFIZL > THHER
X 7-(Fig. 6B, 6C), FEEREW\NZ L2, Ad
~y H—z kB PPARy BEFEA% O



FiERa~D 4 kzhERIZ, iPS MBI T3
RKLTWe, 7725, ES fifgiZB VT
PPAR y B5FIZ & 5 GPDHEMD LA X
K2 ETHoT-DIZH L, iPS MAZIZEW

TiX GPDH IEERH 45 £F L /= (Fig.

6B), 7t¥., = br—/ ¢ LT LacZ &&
FEEAN LT ES fifa, iPS MWV T
X, R~ DOMEBRR LR THI &
Xehotz, ThoDRERMNSL, v X ES
HRE &[RRIz, <~ 7 % iPS MBI A SRR
~DOSLENERLTWAZ &, T LTHE
BiHERa~D 43 b%hERIT Ad X7 F—Z W
7= PPARyEETFDEAIZ LV RERIZ B
By enRrEnT,

WIZ, = A iPS #iEH 6 OB IFEME~
DFLFEEZITO EEBIC AR F—%
72 iPS flilE~? Runx2 B FEAIZ &
D EFHRA~NODDBEUBINDENE
5 My PR TRE L 72, Runx2 B=FILFE
FHRSMHADEEL LTHLh T
HEMETFTHD, vV A ES Mg, vV 2R
iPS Mg~ CA Fue—F —%HT 2K
B Ad X7 #—|ZL Y LacZ BETEIZ
Runx2 B=T%EA L, FIFMH DKM
RFHT15 AR Lz, £3. 71H183F
WS bo~—T1—THD ALP EHEEH
FEL7E Z A, #iffE Y Runx2 EAMAIC
BWTEVEENRD b (Fig. 7TA), %
ZTWIZ, iPS MR RCRVE SR/ ~ ok
LTWAB5nE D H % von Kossa Lefalz LV
AR ERE Lz, £ORKE, iPS Mk
ES #ifa L W UHEEZHAWDZ &2V,
BFHE~OMETHIENBELNE RS
7-(Fig. 7B, a, b, e, ), 723, vV XA ES#
fROfRER L FEKIC, BEMBEOAKLIX
Runx2 B FDEAILLY = BIZEFLT

WA Z ENHER SN (Fig. 7B, d, h), £7=,

AN ADUEEEEELIZE Z A, LacZ
B FEABIIBWTIIBRERFOAHDFE
kL EEIIRD LN L DD,
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Runx2 &= 7 & AMARIZIBW TR 8 £ D
AN ABRERE L TV z(Fig. 70, D
BEM»S S Runx2 BETEAHBEORK
LB ER LTI LR INT, T2,
BFEMRES Lo~ —h—i#&=F% RT-PCR
WEIZ XV BT L7 fE R, Runx2 Bz FEA
#K& i Runx2, osterix, bone sialoprotein,
osteocalcin, collagen I BEFOHHE LA
232D 5N~ (Fig 7D), L7z ~->T, AdX
7 B2 —Z R\ T X iPS g~ 53 {LEE
EEETOEAIZLY ., BRI EET
TR BHEHSLIZBOT YoM EEY
BIESICHBETE A Z LR EN, AFEIC
BWTHES L2 BEFEAEIIY R IPS
M E RS ERRIZERATHS Z
EBRREINT,

Ad R7 Z—%HAVTk b iPS Mlg~o
B FEAEERBILT DD, ToE—F
—DR72P LacZBBMERBAd R F—%
ERAXE TEBTFEASRERFT L, b
~ iPS #REIX, Myc 2 & 4 T OEET
WA LY S 201B7 Bk &, Myc
YEERV 3 EFOERTFEAICLVHINL
&7z 253GL Bk E AWV TRE LTz, 20
B, WThofekil Ad X7 7 —%FEHL
Th b b iPS Mg =D o =—D50FERIZB N
Tix LacZ EEPROONDIBOD, anm
Z—DHELMETIXIZEA EBERBBOLN
2otz (Fig. 8),

b b iPS #EBaI%. b k ES #ijg & Rk,
BRI UCRER T 2 L EFERF LK
T4a), an=—THRTILERD
B, L2 LB ban=—zFHRLTNDS
b b iPS Mz BT Ad X7 Z —H3
BMNIZBATE TOWARWIREENRE Z DL
722, b b iPS R % BHIARIC E CHRRE
LT Ad X7 F—%ERHSEDZLEER
7=, & ~ ES-iPS Mifg4 BEHRIZ F CHERE
LTRSS B L AETFRIIEFLIIETT S8,
ROCK [HEHIZ & k ES HIAEMEARRRIZIIT



DB EZIE T D Z ERWMEIN, &5
1Z. ROCK FREAIIZ b b iPS MIpaAEIC R
WTHMBREZIMFE TE AT LHARINT
W5, #Z TROCK HEANZ & v Bz
* CHEBE L7t b iPS Mg (201B7) i
Ad-EF-mCherry ZEF S ¥, % D 48 K¢fH]
%D Oct-3/4 OFHL L LI LTz, £D
%58, . mCherry ®#HIZ 70-80% D t b iPS
Moo =—IcBWTBEIh, 51T,
ZTNH O Oct-8/4 #FHBLTNBZ
ERHLMNE o7 (Fig. 9), L7203 T,
EF-loa”u®—4%—%F735 Ad X7 ¥—
X Oct-3/4 ZFB L TWaHE b iPS fifad
Kok ~ELFEAILTNSZ L
BRI NTz,

bt b iPS HEAR XA REC bR R e
EOMER 7 u—BTRRDZLERHmS
hTnwp, £ZT, #45¢t | ES filas
b b iPS fifgizxt LARBEGFEAENSH
FEEMNE I RF L7z, ZTHETITHWE
t b iPS #if@ 201B7 (Z/inz. 201B2,
253G1 ® 3 Zu—rB IOt b ES #
1 KhES-1 {22\ T Ad X7 ¥—%HWn
TEETFEASREZRIFT L, TORKE,
WTFHh OB Y Ad X7 ¥ —0BEMmfE
ATiiar=—0&HB L LacZ @
ZBENRR LD LN -oT- (Fig. 10A), —
7. ROCK PHEHIZ FH VN THIFE Z /KR L.
EHiZ CA ¥721% EF-la Vut—4%—%
FT5H Ad 7 ¥ —%2{ERASEDZ LI
Lt b ES Mifgee b iPS #ifgan=
—DOHLEIZBWT Y LacZ ORENE
g xhi (Fig. 10B), ¥£7z, ROCK FHLEA!
PIERESE-%IZ EF-la o —4%—
H35H Ad X7 ¥ — (Ad-EF-mCherry)
WL DB TFEAZIToIEZA K 80%
Ot b ES fMila<ee b iPS A A
mCherry ZEH L TWA721T TRy
ft~—H—T&H5 NANOG, OCT-3/4.
SSEA-4 HREELTCWZ &b, Ihb

—_—
—
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DOMBLIIREHEZHERF L TV B Z & IUR
Eh7=(Fig. 11), L EDRER S, Ad X7
4 —%MHAWVWTE b ES MilaEHZOE b
iPS fifa~ZhE B B FEATEDHZ L
BEHLNE RS-, FFIZ, EF-1lo0 72€—
H—%BFTH Ad X7 F¥— 35 EREL
o Ad X7 Z—DHF THRbEWVERETFHE
RREZRLTWEZ EnD, B+ ES #
fae e b iPS M~ LFERICAH
ThHhdIENRENT,

WIED in vitro FEHER 7V —=v 7%
X, AFIZRY X3 HDHE FOIREEEDOI
MR ZEH L TW A 720Ny, €0
e, HoWHMBHME~E ST HZ L
T&, ERIZHEBEIEDZ ENAEERE b
ES Mifg<ct b iPS fifai o, il % %
ERICMEBEI T Z B TENIE, &
R Y —=2 7 RICEA TR Z R
ERIZRKBIZHBETE D, LLenb,
FKoyfb7e e b ES MR O MR ~D 5
{EFEIIIERF IRV EERE 2 ET 5 2
L. HMERELBOTIRWZ &, Bz
HRR ) BRANHEESE DIEME MRV AR B
FiifeTHdZ ENMERE LTET LN
%, HMENEELETHHELE LTTER
FEANLDFEREZONDN, ZhE
TOHRERIZBWT, RKofbkir ES MIAIIX
LBGEFEAZIToES. hoEERF
ERWZHEE LT, FFHila~n41t
HEROBKBIXTA LD TR W
(Hepatol Res.26:225-231.2003), % Z TA
MR Tix, FigoRECKLALREBGFES
{LREDS MR 5 (& AT T D = NIREER
R EATDHZ Lizk ., ok
INBEPEPERFN L (&0 ba—
MI Fig. 12A 2 8), £3° . Kmb7 e b ES
HifECE b 1PS MfED> b NIREE R ML~
DFCREN RN H D & SN HEERT %
AWTHIRIESRMaZ 5bFFE Lz, B b
ES fifg<°t b iPS #ifg% Activin A &



bFGF H#TT 5 HREEZIToE
A, R O ENMEW b U7 HIBaI &F
WA EE~LEL R (Fig
12B(a,b,e,0), MR EETLALREIC LY &5
b~——DRBE B LI ER, NERE
v —H—Th?dD FOXA2 DOFEBFIIFERET
EXbDD, REGERSIb>—I—Th
5 NANOG #REHT I TH -2
(Fig. 13A(a), B, D(a), E), #Z2C, U7
v EDTA #AWTSI=ra— kL7
T L— b~ LR, FOXA2 Bitn
MlaxzEEMICHERTEZZLATER
(Fig. 13A(b), D)), EEM YV TNLF A A
PCR EIZ L 26 AREE~— I —
THD FOXA2 *° SOX17 ORFEENE
L ORSb~—H—TH5 NANOG DF
BIET2#RT23Z Ltz (Fig. 13C,
F. ARERMRT, BR2MERETH
3RS M & FOXA2 X SOX17
REDEREBFRBFENRY—DOETRALLT
WARZ ERMBENLTWS, L, WIRE
FRAIIL CRBE T, AR TR
BT 5 SOX7 OXEH, v b ES fika
Rt b iPS #Mfas Lo LB E IR
TixH LD BN o7 (Fig. 13C, P, LA
LOERIS ., AEICBWT, B ES M
fae b b iPS AR L NRERMALE &
{LFETHZ LN TEREEZLND, K
2, AIRZERMARIZ Ad X7 ¥ —%HWT
B FEARRNEFASL-O, LacZ 3
WK BR Ad N7 ¥ —%2ERASETH#ERE
FEAMRERIN L, ZO/RR, 12iE2
TOHIIZEBWT LacZ OEBENHL D
bhiZ b, WRA Ad X7 5%—%H
WTARERIRIZN L CHIRE S EnF
EAFERZIENSHALNE ok (Fig.
14), #Z T, FFiBRORE, SLicE ik
ZF HEX ZNIRERMAZIC Ad ~7 %
— 2 HAVWTERTEATHZ LT, ok
MMEE SN DN ENE REFBLAIZLD
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BT LTz, BRHE Ad X/ ¥—%AVTH
REEZRMMIZX LT HEX @&z FEA
L. fEfdRelc L viFofb——o
RN 21T o7, TORER, 5% 9 B HE
(BETEA 3 B 2, Fadia~—70
—Tdh b a-fetoprotein (AFP) DEH:AHAD
SHE L7z (Fig. 15A()), & DHIiTH#E 10
HEGEGTEA 4 BH)ICIIEE ERAE
D<—J1—TdH 5 cytokeratin 7 (CK7) &
PEAIRI S HHER L7z (Fig. 15A(0), =L T,

K& 12 HE (BETEA 6 BH) ZIL.

AFP BBHEH DI VNITAT I VBEDar
=—2& L, BEREEIC CKT BiEHiass
B Eh7 (Fig. 16Afi)), EH-EER
Y7nAE A PCR #EIZXY, HEX 2&
CFEATHZLIZEDY AFP 7473
YORBEEML R T DH LKL
(Fig. 16B), fT&piias HIXZEMIETH D
FRARR & JERE MR CTH 5 IBE LR MM
BETHZEPAMOLNTWS =D, HEX
FRRERMEIC R L TEBETFEATSZ
& CHFBMRASMEFE I, F0RRM
I Ch HAFHRE L IBE RS RAE LT
tEZOND, RIZ, HMEHES T
RS EEME D B A IFHIAE~ & MLFTRE T
HOHVPERNTHI-D, FFEsRKRL%h
RILI HLFE IR 9 BB OEEHE
(Fig. 15A%e)) %AW T, MR F %
Aot a b a2— (Agarwal et
al., Stem Cells. 2008, 26, 1117-1127) iZ
> T 9 BRIEEERZITo /o, RETIELRE
W LB OFER, BzF HEX 12X 04
{tFEIhTMRERD S H 84% 7V
T I, 80% HMEAIRGHEER CYP3A4 %
FEH LTV (Fig. 174), EEBMY 74
A 5 PCR BIZX DMLY, TAT2
VORBELBEM LS, BESERCR
TARRED 1% BETHY |, I
OB WM~ L RELT 5 LHEKT S
AFP OFH L FE-> Tz (Fig. 17B),



Wz, FFRERE OREREtE 2 73 5 72 DIZ.
HANRBBERORAEBELZEEN ) T/VEA
2L PCR BICEXVEELE, ZORER.
CYP3A4 MR IRFFHERR L RBERHE L T
WABZERHALMNER T (Fig. 18A), F
7=, T D5 LEEE S i IR IRAIR R
EHELTWAZ &R Iz (Fig. 18B),
X5z, CYP3Ad 0FHEEHKI TH 5
rifampicin % 47 {L55 & S AL 72 AT HE AR 12 %
B L7-fE8., CYP3A4 DiEMENE L
LizZ &0, MEFE S i
HISZERELAELTWARZ ENTREINT
(Fig. 18B), L2»L72286, CYP3A4 120
%2 T CYP2D6 =° CYP7A1 %2 & DO¥BE
LR RERE & LB L TRV B D TH - T
(Fig. 18A), L7=3- T, WIEERMMIZ
HEX 2 #E=TFEATHZ L THFES
NIRRT AR R O ATl & RIFR BE D% EE
HEHELTWA OO0, AUEFHE & hEg
T 5 ERBALDHBETHD EEZOND,
A%, BEEMEOBR VT ~D R T
BLird,

t  ES #ifg<°b b iPS ffg~D 41k
WRRIZBWT, I E TORFZE CIIAFR
DHTERAHL T & 5 NIREE R A ~D 73{t%h
RII+H2boTEEroTe, EFED
HEX #RAWEHFSEFEEEIZBWNTY,
Fofb7ae b ES Mg b iPS Al
b DNIREZR MBI ~D 5L RIZFT S TH
5 EE AT, NIRERME~DSERIR
EUETH I ETEREIHADOHFSLERIZKT
RGNS HZ ERMFTE B, HFE
t b ES #ifaiz SOX17 BF2RKEZHR
I L THRERMENSEFEES
naEM|EINE, LrLens, SOX17
ZAWwi=t b iPS HifED & NIRZE R A
~DHSLFEHEIZE LT, DV SOX17
Z—BRICRREIEDZ LI ANRER
MR ~DOFEFEICE L TIREN SN T
WY, £IT, FIEEToMEIz —&EHk

>
~—
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W BHEGF 2 REAFEER Ad X7 F—D
BMERRBICENL, ZEZFERE B
iPS fHfRiz Ad X7 #—%H\\WT SO0X17
BLFEEATIZLICLY, NIRERM
R ~DhEH 2 LFFE L RET L7 (5%
7u b a—/Lik Fig.19A 28), 3. R
b7 e b iPS AEREEE 201B7 (2 Ad X
78— RAVWTEBTEAFRENZHTAND
72, LacZ BBKRE Ad ~7 ¥ —%1E
AXECERETEADEERI LIz, D
FER, IZIFE2TOMIMIZIBWT LacZ OF
WA LN &b, B Ad X7
Z—=RAWTRS{LZ e b iPS MRt
L CHEMICEBGTEATRERZ EHL
& ipote (Fig. 20), KRIZ, EFROFET
Kofk7Ze e b iPS MiAE 201B7 %t L
Ad _Z7 ¥ —% AT SOX17 BizFrH
ATBZEicEh, NIREXRMIB~DL
REDRERNRHEDBINENE D DITDONT
BEt LTz, ZORER. 3% 5 HEIZBWT,
BERFOARATEELZITO L0 b, SOX17
PELRTFEALEAEIC, b Lo/
KRy 72 L H G R D 78 BE DME W R RE A~
LBk L7z (Fig. 19B(b-d), £7z. @EH
BgEIZ L) AiRE~— T — FOXA2 @
B &N Lo R, SOX17 ZEnFE
ALT-HMBEBERAIIBWVWTEINEZL D
FOXA2 B2 fER T2 LA TE
(Fig. 21A(), S bicfio e b iPS AL
253G1, Tic., Dotcom ZXf L T%H Ad X
7 B —%BAWT SOX17 #EBEFEAL
TR, M OMEKICBW TS FOXA2
B ER DR BREMMBFED bz (Fig.
21B), > T, Ad "7 ¥ —% AT
SOX17 #—@BHICREBIEHZ LITLD,
btk iPS ML G 2R R < NIRERM
%o b FEETDHZ LB TE,

b b ES fMifga L Ot b+ iPS HMifEN 5
RO SLICB W TEERER Z R L
TWAHEBEBETFZRARNDL DI,

Gene



Expression Omnibus (GEO)ZABE & T
W3 Si-Tayeb H D<A 77 bADT—
2 %M L 72(GEO accession: GSE14897),
t b ES #lER XUt b iPS #E AT
HIRA~DOF BBV THERICER LTS
& & F % Significant Analysis of
Microarray (SAM)#E% T 302 BT
i U7=(Fig. 22a), BERFMMEHEE -
RBHZBIE L7 B{E 7O BT 2 RS
THRDICEETHHLIEREL, Zhb
302 B=FD 5L, BERF T, Ml
M - RFICEELEEBEFEHEBLE
(Fig. 22b), %= DfEHE. hepatocyte nuclear
factor 4 alpha (HNF4o)&{mF 2 Ha— D
HEETFELTHONE, /2.8 MES M
i L Ot b iPS B 6 PR ~D 4
{LIBEICB W THEMED HNF4o #5725
REELEALTWBZ LE2HRAL T Fig.
22c),

b b ES MM L0 b iPS MR 5
DRF53Lil HNF4o B FREETHD &
FHah=®, HNFo E=F 52 EAT
HI X THAtZRETE 5D T
Wik Ex7, v b ES filgikL0t b
iPS #fEA> HFEE S 7= MR HNF4o &
FEHRESBLEFEATILZDIZ, K
Tk HNF4o BETFEHE LT T/
7 A )V A(Ad- HNF40) X7 % —% iz,
%7, HNF4o BRFE2EAT LR
L7, B ES fifigk kUt I iPS #H
Fa b FFRA~OSEBRBIZB W T, 28
6 H BIZNERE R MM (Figs. 23, Fig. 24a),
K:% 9 H B ICF#AIEE ML (Figs. 23, Fig.
24b). ¥5%& 12 B BIATHMERG & B LA
(Fig. 23, Figs. 24c)DIREEMANEONS
Z L% FACS (T X - THERR L7=, HNF4a
EETEEE 6, 9. 12 B HOMEICER
FEAL, % 20 HEBIZBWT RT-PCR
EERRAWTEME L7, 553%& 9 B B DM
HNF4o B FZ2EATIIZEYD . HbLEZE
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RAPOBRE L FFARE SLHFETE D
Z i &z (Fig. 25a), 7o, H#9
A HOMARIZ HNF4o BE=F2EATHZ
Lz ko T, BEE ERHIRE~D S L iZ ]
Eh, BEoLiCixEEERIFE RN &R
R E 7= (Figs. 25b, 25¢), ZAUIZXFL,
#2% 6 H B O#IEIZ HNF4a B F a2 EA
FTHZEIZE-T, kM€ Sn D72
TR, BEEbREIND Z LR
Wiz, £/, ¥E 12 HEOMREIC
HNF4o B F2EATHZLITL- T,
FF LM SN B 720 TidZe <, JBE S
IEHRESND I ENTRBEINEZ, UED
HWRIVEEZEOREOFBRIEMEIC
HNF40 B F2EATAHILIZL>TH
BRI A FETE DI LIREBEIN
770 Ad X7 ¥ —H RO KB TFORED
EeHM RS -Dic, %9 HE D
ERHTEEAERL (Z Ad-LacZ &= F2EA L,
BBz X-gal Yo % FEhEi L7z, Ad X7 & —
H3kD LacZ EcFORBRIIZZE 14 BB £
TIRIZIETRTOMIE TR L, #5& 18
H BIZI3EIEHEE L= (Fig. 26), LLEORE
EbEEE 20 B BIZRT 5L E
fEFOREL LT Ad B3O HNF4o &5
FOEBEMRHIEICE 2 bOTIERS, N
FEHEOBGRFORBIZLIZ O THAZ L
DREEPD BB,

t k ES #if3% Fig. 27a iIZfiE# iz
B ha— I LN THEELZEER, b
b ES MAIZFFHIRRR O RE(BA IR 22 SR /2
&AL~ :ZE{LFig. 27b),
BONTFHBEO—EHIZ2ETHY, Th
%1% ALB, CK18, CYP2D6, CYP3A4 (&
HTHDHI LIRS (Fig. 28),
HNF4o B=F 2 5% 9 H B OFFEaTERA
B ZEAT 5 Z ik - THE SN
OB ETRERIAL LOREHRR EDOEE,
IR 20 HEBICEHIZELSHANE,
CYP1A2, CYP2C9, CYP2C9, CYP2C19,



CYP2D6, CYP3A4 . CYP7A1 DEETZ
BiZWTh b Ad-SOX17. Ad-HEX, Ad-
HNF4o ¥ A MR ( 3 E =T E AN DF
73 Ad-SOX17. Ad-HEX. Ad-LacZ i A
fa2 BEFEAM LY bEWZ L2
Rahnt=(Fig. 29a), 7=, CYP BEFIZ
T HT-ODIIHNELELEEZbNS CYP
V&7 #2—E(POREBEFOEED 3EIn
FE A DS A ED - 72 (Fig. 29b), 5 2
HHAERFig. 30 BLIVNT v AR—
% BEE &= F(Fig. 30b)DHEIFICEAL TH
3B TFEAMIED LB EDOEEFREAN
BV EBHERINT, AR TH A3
B n T EAHE O BE TR IHREEM
MRl FREEDL LIZZENU EDLD L H
ST, IIREREMELIV LI HLOLH
STz, WIZ, T bHDOFERNE b ES fifa
723 T/2< . b biPS MEIZBWT S EIEE
DERNBEFEOND DA, 3%KkOE I
iPS #ifa Z fFofb S ¥/ b #55% 20 H H
IZ real-time RT-PCR &% FHWTHEEHT L7
(Fig. 31), ZDFER, Zh b 3D E |k iPS
MR DORICIFS{LRED BN ZBE L, 2
Dt b iPS HiE(Dotcom 3 L O Tic) it
Dt b iPS #A(201B7) X v & FFo{LEEN
BWZ ERHER I,

SLFHE LR BAERRIZICHT
Bl DIITHREANHE THLIMNETD
ADT, KFRIZBWTE SN TFHEA
CoREHETHDINL7a—Ht AL ALY
— CREN DT, T T ulEr o U ZRE
1(ASGRD)EBMEMRD, c-Met Bt (Fig.
29¢), ALB B Aa(Fig. 29d) DEIE % 58~
ez A, IBETFEAMAETIZN 80%T
Hol=DIZHR L, 2 BETFEAMIZTIIN
50%TCdhoTz, UEDERNSL, 3EE
F(S0X17. HEX, HNF4o #&f=F) % EK
BATHI LI T, IZIETHE LRI
DEOND Z LRI,

WIZATFZEICEB W TE b ES #ilaB LV
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B~ iPS MR OFHE LS TS
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Figure 1 Gene expression patterns of mouse iPS cells were similar to those of mouse ES cells
(A) Total RNA was isolated from mouse ES cells (lane 1), 5d-ES-EBs (lane 2), 10d-ES-EBs (lane 3), iPS
cells (lane 4), 5d-iPS-EBs (lane 5), or 10d-iPS-EBs (lane 6), and semi-quantitative RT-PCR was then
performed. (B) The expression of levels CAR in mouse ES cells and iPS cells were detected with anti-
mouse CAR monoclonal antibody by flow cytometry. As a negative control, the cells were incubated
with an irrelevant antibody. Data shown are from one representative experiment of three performed.
Abbreviations: ES cells, embryonic stem cells; EB, embryoid body; 5d-ES-EBs, ES cell-derived five-day-
cultured EB; 10d-ES-EBs, ES cell-derived ten-day-cultured EB; iPS cells, induced pluripotent stem cells;
5d-iPS-EBs, iPS cell-derived five-day-cultured EB; 10d-iPS-EBs, iPS cell-derived ten-day-cultured EB;
CAR, coxsackievirus and adenovirus receptor; GFP, green fluorescent protein; FGF, fibroblast growth
factor; GATA, GATA-binding protein; AFP, alpha fetoprotein; GAPDH, glyceraldehyde-3-phosphate
dehydrogenase; Cont., control. .
Non Ad-null Ad-RSV Ad-CMV Ad-CA Ad-EF
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Figure 2 Efficient LacZ expression in mouse iPS cells by using an Ad vector containing the CA and
the EF-1a promoter. Mouse ES cells or iPS cells were transduced with LacZ-expressing Ad vector at
3,000 VP/cell. On the following day, X-gal staining was carried out. Similar results of X-gal staining were
obtained in three independent experiments. Abbreviations: Ad, adenovirus; RSV, rous sarcoma virus; CMV,
cytomegalovirus; CA, CMV enhancer/B-actin promoter; EF, elongation factor-1a; LacZ, B-galactosidase.
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Figure 3 Efficient mCherry expression in GFP-expressing undifferentiated iPS cells by Ad vectors.
(A) Mouse ES cells or iPS cells were transduced with Ad-CA-mCherry at 3,000 VP/cell, and the expression

of GFP and mCherry was then analyzed by flow cytemetry (A) and fluorescent microscopy (B).

(C, D)

Mouse ES cells or iPS cells were transduced with different amounts of Ad-CA-mCherry for 1.5 hr.

mCherry expression (C) and GFP expression (D) was determined by flow cytometry.

The data are

expressed as the means = S.D. (n=3). Abbreviations: DAPI, 4',6-diamino-2-phenylindole; GFP, green
fluorescent protein.
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Figure 4 Ad vector-mediated transduction has almost no cytotoxicity against mouse iPS
cells. (A) Mouse ES cells and iPS cells were transduced with Ad-CA-LacZ or Ad-EF-LacZ at
3,000 VP/cell. Three days later, ALP activity and Oct-3/4 expression were observed by light
microscopy. (B) Mouse ES cells or iPS cells were transduced with Ad-CA-mCherry at 3,000 or
10,000 VP/cell. After transduction, viable mouse ES cells or iPS cells were counted. The data
are expressed as the mean = S.D. (n=3). Abbreviation: ALP, alkaline phosphatase.

32



(A)

(B)

ES-EBs

iPS-EBs

Ad-RSV Ad-CMV Ad-CA
Non Ad-null -LacZ -LacZ -LacZ

Ad-EF
-LacZ

L L

bl L

S 4r
2 [] es-EBs
& iPS-EBs
o
g 3T
§ \
2
2 2
(%)
o
[}
(72
©
S 17
(2}
=]
)
s
® 0 &
o))
: »
¥ gV
&
o

Figure 5 Comparison of promoter activity in iPS-EBs by using Ad vectors. 5d-ES-EBs or
5d-iPS-EBs were transduced with each Ad vector at 3,000 VP/cell. After 48 hr, X-gal staining (A)
and B-galactosidase luminescence assay (B) were performed as described in the Materials and
Methods. (A) Similar results of X-gal staining were obtained in six independent experiments.

(B) The data are expressed as the means = S.D. (n=3). *p < 0.001

33




(A)

0§

]

[

(72)

o

N

]

(3]

8

w

(B) (C)

% 12345678
5 03[LlEScels . PPAR;
s iPS calls c/Enp. I
E 0.2 aP2 [, ——
= : :
s adiponectin TS
3 041 cAPDH  EEEEEEE]
2
g 0 e
o
O]

Non w/o AS '

Ad-CA-PPARy

Figure 6 Efficient adipocyte differentiation from mouse ES cells and iPS cells by the
transduction of the PPARy gene. ES-EBs or iPS-EBs were transduced in triplicate with 10,000 VP/cell
of Ad-CA-LacZ or Ad-CA-PPARYy. After plating onto a gelatin-coated dish on day 7, ES-EBs and iPS-EBs
were cultured for 15 days in the presence or absence of adipogenic supplements (AS). After cultivation,
(A) lipid accumulation was detected by oil red O staining, and (B) GPDH activity in the cells was
measured. (A) a, non-treated iPS-EBs; b, iPS-EBs with AS; c, iPS-EBs with AS plus Ad-CA-LacZ; d,
iPS-EBs with AS plus Ad-CA-PPARY; e, non-treated ES-EBs; f, ES-EBs with AS; g, ES-EBs with AS plus
Ad-CA-LacZ; h, ES-EBs with AS plus Ad-CA-PPARy. The scale bar indicates 60 u m. (B) The data are
expressed as the means += S.D. (n=3). *p <0.01, ** p < 0.05 as compared with non-transduced or Ad-
CA-LacZ-transduced ES cells. # p < 0.05 as compared with non-transduced or Ad-CA-LacZ-transduced
iPS cells. (C) The expression of PPARy, C/EBPa, aP2, adiponectin, and GAPDH was measured by
semi-quantitative RT-PCR. Lane 1, non-treated ES-EBs; lane 2, ES-EBs with AS; lane 3, ES-EBs with
AS plus Ad-CA-LacZ; lane 4, ES-EBs with AS plus Ad-CA-PPAR v ; lane 5, non-treated iPS-EBs; lane 6,
iPS-EBs with AS; lane 7, iPS-EBs with AS plus Ad-CA-LacZ; lane 8, iPS-EBs with AS plus Ad-CA-
PPARy.  Abbreviations: AS, adipogenic supplements; w/o, without;, GPDH, glycerol-3-phosphate
dehydrogenase; PPARYy, peroxisome proliferator-activated receptor gamma; C/EBPa, CCAAT/enhancer

binding protein alpha.
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Figure 7 Enhanced osteoblast differentiation from ES cells and iPS cells in Ad-CA-Runx2-transduced
cells. ES-EBs or iPS-EBs were transduced in triplicate with 10,000 VP/cell of Ad-CA-LacZ or Ad-CA-Runx2.
After culturing for 15 days with or without osteogenic supplements (OS), alkaline phosphatase activity in the
cells was determined. The data are expressed as the means = S.D. (n=3). * p < 0.05 as compared with
non-transduced or Ad-CA-LacZ-transduced ES cells. # p < 0.05 as compared with non-transduced or Ad-
CA-LacZ-transduced iPS cells. (B) Matrix mineralization in the cells was detected by von Kossa staining,
and (C) deposition of calcium was quantified as described in the Materials and Methods. (B) a, non-treated
iPS-EBs; b, iPS-EBs with OS; ¢, iPS-EBs with OS plus Ad-CA-LacZ; d, iPS-EBs with OS plus Ad-CA-Runx2;
e, non-treated ES-EBs; f, ES-EBs with OS; g, ES-EBs with OS plus Ad-CA-LacZ; h, ES-EBs with OS plus Ad-
CA-Runx2. The scale bar indicates 60 um. (C) The data are expressed as the means = S.D. (n=3). **p
< 0.01 as compared with non-transduced or Ad-CA-LacZ-transduced cells. ## p < 0.01 as compared with
non-transduced or Ad-CA-LacZ-transduced iPS cells. (D) Total RNA was isolated, and semi-quantitative RT-
PCR was carried out using primers for Runx2, osterix, bone sialoprotein, osteocalcin, collagen type |, and
GAPDH. Lane 1, non-treated ES-EBs; lane 2, ES-EBs with OS; lane 3, ES-EBs with OS plus Ad-CA-LacZ;
lane 4, ES-EBs with OS plus Ad-CA-Runx2; lane 5, non-treated iPS-EBs; lane 6, iPS-EBs with OS; lane 7,
iPS-EBs with OS plus Ad-CA-LacZ; lane 8, iPS-EBs with OS plus Ad-CA-Runx2.  Abbreviations: OS,
osteogenic supplements; Runx2, runt-related transcription factor 2.
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Fig.8 Ad vector-mediated transduction efficiency in human iPS cells as determined using
various types of promoters. Human iPS cells (201B7) were transduced with various types of
LacZ-expressing Ad vectors at 3,000 VP/cell for 1.5 hr. Two days later, X-gal staining was
performed. Similar results of X-gal staining were obtained in two independent experiments.
Abbreviations: RSV, rous sarcoma virus; CMV, cytomegalovirus; CA, CMV enhancer/B-actin
promoter; EF, human elongation factor-1c
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Fig. 9 Adenoviral transgene expression in human iPS cells in the presence of Rho-
associated kinase inhibitor, Y-27632.

Human iPS cells were pre-treated with Y-27632, and were then plated on 2-well chamber slides.
On the next day, they were transduced with Ad-EF-mCherry at 3,000 VP/cell for 1.5 hr. Two days
later, the expression of oct-3/4 and mCherry was observed by fluorescent microscopy.
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Table 1 List of the primers used for RT-PCR

Genes

(57) Sense primers (3°)

(5”) Antisense primers (3”)

GAPDH
CAR
Oct-3/4
Nanog

GFP

FGF5
Nestin
brachyury T
flk-1
GATA6
AFP
PPARy
C/EBPa
aP2
adiponectin
Runx2
Osterix
Bone sialoprotein
Osteocalcin
Collagen I

ACCACAGTCCATGCCATCAC
TGATCATTTTGTATTCTGGA
GTTTGCCAAGCTGCTGAAGC
ATGGTCTGATTCAGAAGGGC
CACATGAAGCAGCACGACTT
GAAGCGGCTCGGAACATAGC
CCCTCACCACTCTATTTTA
CAGGAGGATGTTCCCGGTGC
TCTGTGGTTCTGCGTGGAGA
GCCAAACTGAGCCCCTTCGC
TCGTATTCCAACAGGAGG
CCCTGGCAAAGCATTTGTAT
CGCTGGTGATCAAACAAGAG
TGGAAGCTTGTCTCCAGTGA
GTTGCAAGCTCTCCTGTTCC
CCTCTGACTTCTGCCTCTGG
CTTAACCCAGCTCCCTACCC
AAAGTGAAGGAAAGCGACGA
GCGCTCTGTCTCTCTGACCT
CACCCTCAAGAGCCTGAGTC

TCCACCACCCTGTTGCTGTA
TTAACAAGAACGGTCAGCAG
TCTAGCCCAAGCTGATTGGC
TTCACCTCCAAATCACTGGC
TGCTCAGGTAGTGGTTGTCG
GGACGCATAGGTATTATAGC
TTCTCCTAAAGGTTTAGATAGT
TCCGAGGTTCATACTTATGC
GTATCATTTCCAACCACCC
GGGGGGCTGTCGGCGGAGGC
AGGCTTTTGCTTCACCAG
AATCCTTGGCCCTCTGAGAT
GTCACTGGTCAACTCCAGCA
ACACATTCCACCACCAGCTT
GCTTCTCCAGGCTCTCCTTT
CAGCGTCAACACCATCATTC
TGTGAATGGGCTTCTTCCTC
GTTCCTTCTGCACCTGCTTC
TTTGTAGGCGGTCTTCAAGC
GCTACGCTGTTCTTGCAGTG
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