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PSfifazAVWT, &7 4 —F— B ERICL2MIEMROELEZRL T, BEEOL
AL, BIH D sphere FERUFIFE R L B ¥ O HBERE T, 4L NE SHEORIZ
BOWTHRLEFETHD, SEBMOFRICBWNT, (EMABESLEEREEICL B iFH
BREANEOERZUGE, BIIFEREORY., RFRRLEFET 2 0EFEEEOERR.
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A. BFEEW

MR 5 OEEITBREARERICB W TRAIR T
HANEBEEORT T 4 TICHEEZEFEL T
BB EBICRBY B, i, BRPEOHK
KERBEREDPNZ TS, o> T, HEHEIE
BANRRNTZ U —VREBECTEE L CIEMiR
Ry EAERT HEMERBZL TV Z &R
THEETH D,

B B D M e AR 2> S i AT R 4y & B e S
HRALIIEEMESN TE LN, EmEMEIT
RO TITFRAITHEIE L2V & bR I Lz,
—7F. E SHIfRIXHRIEIERE & ZREME S (LAE
BFOorDIHAERIIBITAENZMEE LT
TEEBENRTWS, BB, B MESHRENG
#ZE L CTRBREN CIIEMIRR S Z1ERT 2 Z
MBI AT ER - BHEERIZBWNT
B RESER L ENE, LD b, B
REN - DIZBITOEIMBEE TIIEIZ LW
BRSO AR AL T o0 HEE 2 ER i 1 i B e L2 BE
LCIEFOBRBIZIRE Y, £/, Rk LD
oMK G, BART+FHOFEHEENIKEWN
Tl EEETNE, b FE SHENL OEERN
BEEhNIE. TOEEIIKEWY, UL XD
B ENG, Foxide FE SHIlEERAWT,
MiEE 7 « — X —BEICBT RS {bLMER &
AR E R, EERREEZ LT TEE,
Bz, FHREROSEHFERIL, 4 RERERFEN
HICAE SRR KEEEATS (Sacki K

et al.. Stem Cells 27:59-67, 2009, [EER4EF : H
JFE & & PCT/IP2007/71811) ,

—J. IEEOMBRAE LEROESHIZL Y,
B Z ZHREINOREEICE LT, ESHaD &
5 72 T Re IR & AR 3 D FIED RV TH A &
o, b MZEEMEERMAE (B Fi PSHM) off
B RS TIERICITON DR E o7, UL
LZ2MR6, B NESHMIEEFEELICE i PSH
AL ZREMEEZETD LITNVWRRS, HBH VT,
ZEEHEEZFTHIN LIZ, BEFR~OHB SN
EHROBW S LFEIR#ETH D, /-, b
FiPSHEIE, B FESHIEOL S REMMB
BRIV, VA NVART Z—2 Lo
TRHIREZ R 5 Z & OFEBRMERD
XFELIHIZLEIBFETER,

AFFEIZBNTIE, Fx2k FE SHRIZE
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RRMBEHREEZZERTAZENERBET
Hhob, TOE, ER~ORAREENTHED
T, ¥ROZ bR, ~URT 4 —F —fila
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PRI A LENEETHD, £, HEOE b
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BV, ZTOXDRAEREHERT L ZELHMAED
HETHD,



B. BfEFE

1. Mfa7s EaEFEs ek

< U AR IERRHESF ML (murine embryonic
fibroblasts, MEF) &~A b4 C

(MMC) ALERF 7= X X AR BT IZ L - THEE &
EIE S CROHMEERD 7 4 —F—fa L L
THWEZ, & ME SHila (KhES-3) 1XFHESK
FHEERREMEFR > OHEEZZIT T, B M
P SHIfEIX., mE KRS 1 P SHBEFFREAT
(201B7, 253G1) B X OMSIATEE A BN,
BERPEE L Z—WF5EET (#25) Lvoits%x
ZiFlr, BEUEFATANARI ZF—EFHNTE
MEEmMCD 3 4B L VIt
i PSHfEIX, EMERREEMAL VS SN
7zo B FE S#ifa (KhES-3). t b iPS #lfa
(201B7, 253Gl. #25) 1%, MMC 4.2 MEF
T 20%KSR F7E FICEMEEREIC L D R
Lz, MRIE 20, =25 7 —EB4ABIZTT
W, MREZEEL 2 — 4FICHFR LI, OPIHH
faiX. 20%4 R IRMIEFE T CTRERESE L7,
b s EFIRNE M (Human Umbilical Vein
Endothelial Cell, HUVEC) %, KHAR{FEKEL
RSN DA U, B4R 78 h sk
HFHEB JIZATCChrHbAFELE,

2., BUFATANANRT Z—FREFELZE |
i P SHIREDR L

BrAE R R HESF ML B J . HUVEC
o hi PSHMROBSYEI T, 4R
FEHEHLEZELVXAUANZ (SeV) N7
X — (SeV18+OCT3/4/TSAF,

SeV18+SOX2/TSAF, SeV18+KLF4/TSAF,
SeVHNLc-MYC/TS15AF) % MOI3 |2 TR X
¥T, 6 HREEE LEBICXBREE L7 MEF
FTFGFFETCTHE L, HERETHER
+T5b FESHIlEROan=—%<A 271N
v hToY EIFTH|&ftEx MEF L TEE LT,
SeV 7 ¥ — L EBABGBTITHRITRIZLY
ZLICHER ESNELICIEERRICL > TH
Fliz, BN SeVARZF—izkBE Mi
P S #ifalE SSEA4, Oct3/4, Nanog 72 & D%
Rt R~ — I — 2 REA L T\,

3. HkFE T ha—n

HA NI A v, BERFIX., SMEFERICEK
5T, XREESBI—HMERELEDLE
PRV,
QO YUFE=EMEHOFHEIZLIEEIE. Kok
E hESHia, e i PSHlgRE=2Z S —E

SVERIZ KXY MEF DR A &) THEIX L7221,
2-methacryloyloxyethyl phosphorylcholine = — k
BEEAERICTHAMA Y = TR S ¥,
SAERERRICIT, 15%FRBLFEOMIZ, 6
BEOYA MUA v - BIERF. T7bb,
20 ng/ml IGF-II (insulin-like growth factor II) .
20 ng/ml VEGF (vascular endothelial growth
factor) . 100 ng/ml SCF (stem cell factor) . 100
ng/ml FL (FIt-3 ligand) . 50 ng/ml TPO

(thrombopoietin) . 100 ng/ml G-CSF

(granulocyte colony-stimulating factor) % ¥/
L7z,
© Bhatia b DFVEIC L 25E1E, B LR
syfbe PESHIME, B i PSHilaz
poly(2-hydroxyethyl methacrylate) = — ~MEH:%
6cm T 4 vV all THBMBBBAT = 7%
RS E T, MERERIRICIT. 20%4 16 IR M
Dz, TREREOYA ML v WEEF, T
72% . 20 ng/ml VEGF (vascular endothelila
growth factor) . 50 ng/ml BMP-4 ( bone
morphogenic protein 4) . 300 ng/ml SCF (stem
cell factor) . 300 ng/ml FL (FIt-3 ligand) . 10
ng/ml IL-3 (interleukin 3) . 10 ng/ml IL-6
(interleukin 6) . 3 U/ml EPO (erythropoietin)
ZEM LTz,
@ Elefanty b O FIEIC XL A HEIE. BN LE
Kokt ME SHRE. b b iPS A % M iE
BEHZ Bl U TEBEE 96 X7 L — Pz T
HERLL TR =27 — 2R ST, bk
BIRIZIIUT O OEEDOY A b A > - HHEE
F. T2 5, 5ngmlIGF-II (insulin-like
growth factor II) . 5 ng/ml VEGF (vascular
endothelila growth factor) . 10 ng/ml BMP-4
(bone morphogenic protein 4) . 20 ng/ml SCF

(stem cell factor) ., 5 ng/ml FL (Flt-3 ligand) .
5 ng/ml IL-3 (interleukin 3) . 5 ng/ml IL-6
(interleukin 6) . 5 ng/ml TPO (thrombopoietin) .
5 U/ml EPO (erythropoietin) % ¥/ L 7=,
DERPOQRDFEORFEEN LT, BE
BN EFHPBR, ARIFER, EMATERMAR 2 EA S
D, BRDIFEDYA MU A v OBER
BEREZPHMICHETS, LT ENLD
FHEOFA MIAVOEELEELZHEAGDE D,
FELTH OB EEORIHZRA T,
®LENPOOO@DDFIEIL, FEIZHFMHEME L
PR L CEMBEZEELZRSTL, T2bb, TX
"o 4 —F—ERETHDHOT, BMHRES %
SERICHR LB - BT 4 — X —BRER
L7,
@LEOPOOBOEOWVTNDHEAEL., FbiFE



BEEOBFIIZBNT, A7=2T53FPIFF > a—
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A B— AR TEREFOH 7 FALET
(SCF, IL-3. IL-6, GM-CSF, G-CSF,
erythropoietin) CAT\), 2BREHEOam =—
T R% % B SLBRAR BRI TR LTz,

5. RT-PCR
HERD ¥ >~ b (RNeasy Mini Kit) 12X Y
RNA #HH#1Z ¢ DNA Z/EfL L TiTo 72, &
o7 b VEBETF (a. B, yZRBEYV),

AvE—TxarORIEEITo -,

6. HEGRE
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Y, MRAETE Ry AZ ) —VEE
L7gIic, 1R LRI SE, 7 V7 P E#H
2WPLE & BOR & C, MCEMEEIC X v BlE
L7z,

7. HRERFENHEBCEOBIELE

AL, BRICEEY 7 XA a0 F £4)57
FESEEIZ LV IEREEIEE LTz, FEEIREE O g
R AT A4 R ZRAER®EIZTA PAVCVEEL
THBIZ, T4 NXLAFRE, = X757 —BHRE
ZITV, EBEMEIC L VBE L,

8. 7a—%A FA KU —
MREEERREOREIX, #Mids PBSH T
304 1 R & K EEEIZ
FACSCalibur % FVCHEMT L7z, fEHT L7251
JBIX. CD34. CD45, CDl11b, CDI16b, CD66
Th D,

9. ARHE

BEEIL. FMLPEETTCOFAEF D
BRIV ER L, MIIIET A FX L2 TFRE
L., ETHEMECIVAELBELL,

10. {EMEBRERELARE
EHEMRELARIT. EROFEICLIIUYNBT
DFETIZ L VEIE LT,

11. 74 —F—HEORE
Fx Db hLHREMEEME S O MRARD 5

FEIIvTVRAOT 4 — X —fEER N RWEY
4 —F R THDIN, BRRIZIIEZL 0ESE
MRENEFEL, Zho0MiENe b7 4 —&—
ML LTEME XX TWAAREMERE S, #
NEBRETHEDIZ, b FLEESHREED
EEMEE v FCD 3 4 Bk 4 LiE%
L7ZBICNOG ~ 7 ZADBIE L T v R KN

TEOREE b CD 3 4 BMHEmKHKEE kD

b MRS AEE - BT D ERE LT,

12. FEBEHAMAERSEET L

~ 7 R % F T2 i ks A ek B B E
NRIT, = XU BEORZERME L THE
ERRKFEMEDFHE RAZE, LoEL)
B EDERBIEIZ L - TiThhviz,

(REE~DEE)

ARBFFETITe MRIEIIER L2V L., BRI
TRV, Fio, BWEBREZIT O FEIZRV,
SHIZ. B horZa—riPoLMGEICEAM
TBHXEIRER, IEITV - EWNEETNR,

t NE SHIMEMZEZ AT D7 O DA MHEIC

x4 D H Y # A

FRE1 71 1A 9HIZ, B ME SHanfE
RRTEOCHBEREOHER 2O TZIT -

(1 7#XRESE 7345), 20k, HEHE
DB - HIFR EPFFEEROEE, EHHM L6
RADOFEDERE, FHAKEOEREICEE T 2 5H
DEFIZOVWTHERK 1841 1H24HICX
HMEZKEOHEREZEE (1 SEXHRIRES 7 4
35F), IHIEDOH, XHBFEEHOSE
WHESEFELFERAOFEOERIZONTH ERL
191218 HICXHBFREOHR L
T (19EXHRFE26F), SHLITEDHE,
e OB - BIRIZCOWTERK2 03 A 1
1H, 10827 BIZXHAEEITEITHZ,
EhizZznk, FHOHMOEE, t FNESH
JABEDEFIZOWTERK 2 14 7H 1 3 HIZX
B2 RKEOHREE (2 13EXRIEEG6 4
91%),
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L 7= (Saeki K et al.. Stem Cells 27:59-67, 2009,
E B4 . HEEE 5 PCT/IP2007/71811) , E£7-.
PEEOHFIZ L Y, Bhatia b DFEDEE
W2 Ve ME SHIRD G &R O & i i BE i
/AT LRI L, S biT, FIEEDOIHRE
\Z38B T Elefanty & @ if J% 7R FEKFHE L O
BHHMEEZEe PE SHERAWTHERE L,

WREEICHRF LZEFEHIT, RXDORITBITS
t ME SHIEEET « — & —FMla o X FF
BRETHD, T7bb, BMx Dt NLREEERM
Fa (v FESHIfA, £ Fi PSHi oo
BHEOSFE I T RADT 4 — X — K% B
WRWET ¢ — X R TH DI, BERERIZIZ
ZL DEEFMEIEGFL, ThooMiEaiie +
T4 —F—Hfa L L CERE R X TV REENE
BED, TNERETHEOIC, b NSk
MR EEOEEMBE L v FCD 3 4 B ik #
fa % i3 L7 %IZNOG w7 ZDBFE L T
< T ZENTEDREYL FCD 3 4 Bk
FapskD b PMEAIBEAASE - HIET 202K
L7,

Z DFER . Elefanty b O IR FERFEE
ETEREIN-EEMEIZ. e RCD 3 4%
MEMROEFE +oICHRFL T, 0%
NOG~V UV ADBELEEDAEEZFELRGFT, L
b, MR TOCDIBHET U S BROFEK S
B THolz, 6> T, BMODTENTZT 4 —F
—HERD D EEZ LN,

2. EESKRFELVMGEIN-e Mi PSHil%
FA W7z g AR s (b 5
FEMEEDORFHIB VT, KERKF LT
OB LzE b iPSHlEE AV CEmHAR
S EAT IR ST, ~ 7 v 77—V EERDSSL
FETholz, BWEFERR, BRAMEOFIE
(Stem Cells 27:59-67,2009) T 5, 253Gl ¥k
ZBWTCik~7o e 77y —Y0AZ LT —@MEI
EMATERAE b BRI N, £, 253G1 Bk
IZBWTIE, Z O ENRTRMRICT 2~

ru 7y —YOMKERBPBEINTE, —7F,

ap=—7 vE—IZBW T 253G1 #RizB W
TITER R o =—b R L7z, €5 T
253Gl BRICB W T, —RIZEA Sz mEk
Nern7r—JIl Lo TEEENTWAATRE
PSRBT,
TDXHIRMEREEEBDOEDEEDS T
e LT, HxD¥A MBI A D RT-PCR %
1TV, TNF R IL-1 OBBIIR O R 272D,
[ B4 Z%—7=xmal (IFN a 1. IFN « 2.
IFN B8 1) O mBERLICFE D BEFELZR

7‘:—
“—o

3. METHRIEAELREERN I ¥ — &
Dtk Iz b i P SHIKEE V72 ik
sibEEE

EN B EENIE L ¥ —FRFTBETED
BISZL7ce i PSHMREANT, BxMBED
F# (Stem Cells 27:59-67,2009) =X v . &I
MRS EITRo7=n, AL 1 (#25, %
b 4 KFEARR) CTEREEEROFRNIHER
SN, BREEEOYRIZ X 5 mMEREINHE I,
BLMZE D ORSSIN D MEREENFE S
7o ER SN =MfEIE. 74 FFAVFEETIX
BREGFFERLEEN, =AT 5 —F 2 \BLRAIIC
BT HERERRMBOEENFREIZERIN
7o EBIZ, a=—T vE—IZBWTHEH
ERARMIEOGFEENER SN, 20X 5 RER
BKRMAIL, CD45 BB CD11 b B0 & HI
RORAMKRMR TERERE A LT\,
BB B AP CD16b I3 2 IR B TH - 7=,
t FESHMEOREE R, 6 0 B Lo
WEE L, BB ERAT TGP ERROEM
NELFEZ TN,

TDOXIRERIZ. £ FESHBEEREOF
BEBREOBOFATH IR, Bz, BEER
., BEEERELRILEZL A, BEREESE
CEBEERICBVWTIE, PEERELRARY
BREEELERETICEM N ELR, KEER
BIZBWTIE, BWEERTHFERR OIS A 3R
Do, TDOXDREFFEIINB TETISHM
BiEThHDZ L bHERLE,

4. B Mi PSHEMOOEFELZAMKD
< 7 RETF L TOHEDKE

R ER KEMAEY FHEE L OXFEFFRRIC L
D, =V IV AKX HMEREDEERIT 555
BREERE I L 2BMETT v (BIEE 100%
) ZEEELT, B i PSHIEEROREM
fa (FHEkE~rmr7yr—Y) B, ZOHMA
BRYUMIET T V2R TE D DENERRF L
Yl

BIOERIT, PREERRBICBITA A~ 0y
7 =BV TN EDIBEER TH - -
8. WERHERE TIZRUMIE 2 T T L2 AN,
BHEEICIBWTTIAREL, L bRIMERER %
&Moo, ZDOLHT, YWOBEHIR
WTITBEMMENRENTZD, ZT0%, (REEL
BICEDFTEREMY L TAEBELEZE A,
BREDENTHMEL 2oz, BVIELOBRET
b, BENRE L LT LT, Rt



BEZEESMITIZEERoT,

T, v or/u 7y —VEMOBREOFEMEE
KEET 572912, M-CSERMDEIEZ AL
77 M-CSFHRIMIZ X T, =7 a7 7—U0N
REWEAINTEY viability b REFThH -
7o MLFEZBEME CIIBRMOT EH L OHS
—HEICERIR AR (EBRRMAE) gL T3

BRFPBEINTY, BREEFIRD LN D,

RN EZIDOEEINTNDEDONIFRHATH
ol TOEIBRMCSFIRM~rn7y—
BEALRR A O BUILE €T A ~DOFBIZB L Tit,
AFRIZHBERVD, BULIEER O H % 2
LEDIPRITIVBOLNEZDT, SHFEIC, B
Ml EZ< LONELERL TR LTW
SFETH D,

5. F)AITANART Z—REVAEH
WEZLR e i P SHIBOERDRAR

WL 4 BF (Oct3/4. Sox2, Klf4,
cmyc) ZRHARAATEEUFAL TANVART Z
—F AT, FERKEHGEHEFMRB J &
b B ERARN EMEE (Human Umbilical Vein
Endothelial Cell, HUVEC) »»bkE D i P S
PRI, EEMRICRY Z—8NE, —ED
HEO®%ICIE, boMsiie B s
FEEXHT S (v FESHIAL D CELLZ
M EEZET D) Mldoao=—R3EL< 8
BN, TORRMBEISE b i P SHRAAH
SMENZ, BMYEhize b1 P SHIRE,
SSEA4. Oct3/4. Nanog 72 & D% BEVEER a4
B~ —h—%2RHA L., REEITER T,
SeVARZ7 Z—EESL, WF4EFD KT R
C—rvbBHE SRR oTm, 0T, ¥ AN
TEHHbAADZ LHIROMLIZHE R Z—= b
SURYD—UNEBENESRE N i PSHRZE
& DHFFREBIZB W TSI STz,

6. ) BITTANART Z—DBERVIAENR
WE4eREe b i P SHMEN L O MM
i

AR G RBMEFMB ] ORI LT
v hiPSHlaZAWTELYME DFE
(Stem Cells 27:59-67,2009) Z &V | MEHHAR
O EEERITo72, TORER., $93 0 %214
FERZOMERICSE LTz, SBIZZFOESL
FRDDOHEEZRRD,

—7J. b MEHEFIRNEME (Human
Umbilical Vein Endothelial Cell, HUVEC) 75
BSZ L7z b i PSHRIIZE L TIE, FRICE
AMEOFEZ 1 HHEELMZ THRFRL TE

5E9.
ru b U BEFREDPLRABORFERDOES
DHER I NT-,

B, APFRBETIIRZVS, o
HUVEC 3k i P SRR, 1% &M~
DOHLFEPBD TENTND Z EXHERTE
TW5A, Tz Mgz LTI
LRI SN7-e ~i PSHMIEE AW TmERS L
BiTo0, BICERZEREHT 13T
ot

D. &%

e OB OMERSFEEORMIT, BE
By (U R 7 0 —F/O LS 2/
faznb D) ZHER L TRERBHEM B2 ER
THZEEHD, FOEDIZ, B ME SHIjERe
ki PSHESOMKHES(LEHE Iz
THBEIZHWLNTWD OPYfifAD X 5 ix~
TART 4 —F—HaE RO RWT, SRR
WBEFA TR PESHME (B Fi PSR Lax
BFELRVEERTHD, 2L, Dbo@ER
CTHBRT 2 MAIIFEROMLEKDO AR T2 L,
ZL DEEMRERPIEFELTRY, 2ol &nm
KRELEDHRIZLEDLo T BRTH DN, 4
FTaoREOESEMAS ERD] MTITA
WEEZTWDS, Thbb, BEEMETm
JADRARE 725 TWDB DR BT, Mk
D L kB R—F LTV BXEME (7
4 —F—fiE) Lo TWARREERL 0% %
bhd, SEEOE NE SHMfaz AVt
X, ZHEMEXEe FFERMIE (CD 3 4B
EMATERAIAE) OHERFIZFEE LT, Lrb, £
DHO~ 7 AENBHESE O T kS IC b R
ERIEFELEAREEEZRHLE, 20Xk b
ZREMEER I R S O M MR (2) DfEbT
O TCEETHY ., SHORFFEEEL LZW

FHERITHESCEE b ORI EIC D T
BETHD, HFHPERBEDBE IR
JEIZFRE L. G-CSF, MiAWE. HIEHEAI,
AREALE S ORI L722 WA I BERIER
MmN EEIND, b bELEKEFFREAMEE
BIEREG I OB/ ZIEIXEIE SN TV D, 1BED)
BEBOIRSEOEREREFEICHAETIZ LT
LU, T MIHRAT O BERERE MEEICR 5
B FE, REFEORMKZENIZ, B Fi P
SHIIA» D OEMEFFERSFEELHRES
NP EIT R -T2, B, 20X D RGN
BT ERIL, ERBEOBRBO AR TIXER
=9, BRARPREET NV VAR ED in

LAvh, FEm{ERETOHEFEZITV,

o



vivo DR COELENEETHHEBEILDBND
BN, RRERKMEDFEZEEL GEFHFEICLD,
—EDEMETFTIZBWTIEE bi P SHilgdEkD
FHEK (LbLld~vrnrr—) BETFTL<
7 A DFIRERIEIC B2 TH 2 ENRINT,
2L, FHERE~ I/ n 77 —UREDOI BN
DEHRTRETDIZENRLFE LV DNER
BT, WEEDHREL o7,

t M ZEeMEEME N D DS LB EEELITH
WEEL T, i, MIREEL TTFTE5LRL<
RNEDILFEEBBEY ., BABLZORIIB X
TWiz, L22L., B hi P SHIMENLDIMKSY
{LEBROBERET, HFHEKLIVb~vIurr—v
NTERLTVWHBEOMIREERTHF T, K
MR ERENZOMEL DM B ER LT
Nz, 20, BEERMHICBWTHFERDE
ANEIBEI T, Lrd, BxOMmoMEs v
—7Dare YR THBEREEEEEE W
YEERT v T ERD I LR, FHEEm N
WEITT D L bR L, ZORERBEREN
REOHGTFHEEOHETZED T E -, {5
POEERTFOBEER Y, EMEErFICHER
TAHEERNIRRONEHDEEZTVA,

Tz D BRETEWHEERS DPRDOIZDIZ,
T~ TRT7 4 —F—lEOEFLRVET
4 —F—% (HEiOe N7 4—F—%?) %
SELTz, ROBEIFBREMEOHRTH 5,
NIFERDOSMEFE L TR . MEMELE
T IRER OSLICITFRIRMER S N EE &
DERLDY., BMFLIIAES TRV rH L
nixv, SEET, BomicBnEREEETD
TN TET—HETHIN, SHBOERD
BB MLETH D,

2 M E O LFEERIT (Stem Cells
27:59-67,2009) X, MEMAEZOH THERITHF
FEk (b~wrm7y—v) EORMBROEAL
FHENERR2RTHD, —FH. b LB
fah & oM EREAICE L ik, Rk e
ML KESHFENLTWS, L, e
HOFEREELLERTHLDIZH LT,
Bhatia & ® F¥ES° Elefanty © O FIEITIH M
NROLRETHY, REE TR OFELZEE
LTHA PIA VR EDREICDNTHD 2 ik
FROAND E W) FETEELEA AT, KR
FHROEEREONE, 4%IL. HTFEBIELE
D CEMER ML DEAZRATZN,

v hiPSHIZ., FFP—LRUCHLA%2F
LTRY FF—IZBELTHERSZVE W
ARERFEEZAELTEY, BAER. BHEE
BEoOGIVFLE LTRELHFEINLTND, U E

B ANVART Z—%RANDZ L2k B%RENR
T BASD YA I AW ORLIGA I fE R
AKHBETOMREFETHDIEV XA T A LAN
7B —DFERIZE o TRRENS, EBIZ, &
EET, BV FATVANARI Z— 2L HER
7ee b i PSHlEOMSINIERICEE L, £
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Abstract

Human-induced pluripotent stem cells (hiPSCs) are expected to become a powerful tool for regenerative
medicine. Their efficacy in the use of clinical purposes is currently under intensive verification. It was reported
that hiPSC-derived hemangioblasts had severely limited expansion capability due to an induction of early
senescence: hiPSC-derived vascular endothelial cells (VECs) senesced after one passage and hiPSC-derived
hematopoietic progenitor cells (HPCs) showed substantially decreased colony-forming activities. Here we show
that early senescence is not an inevitable fate of hiPSC-derived cells. Applying our unique feeder-free culture
methods for the differentiations of human embryonic stem cells (hESCs), we successfully generated VECs and
HPCs from three lines of hiPSCs that were established by using a retrovirus vector system. All hiPS-derived
VECs could be subcultured by 2:1~3:1 dilutions up to 10~20 passages, after which the cells underwent se-
nescence. Among the three lines of hiPSCs, two lines generated HPCs that bore comparable granulocyte colony-
forming units to those of hESCs. Moreover, one line effectively reproduced HPCs within the sac-like structures,
the fields of in vitro hematopoiesis, as in the case of hESCs. Surprisingly, release of neutrophils into culture
supernatant persisted even longer (~60 days) than the case of hESCs (~40 days). Thus, the problem of early
senescence can be overcome by selecting appropriate lines of hiPSCs and applying proper differentiation
methods to them.

Introduction

HUMAN INDUCED PLURIPOTENT STEM CELLS (hiPSCs) hold
great promise for the development of regenerative
medicine with their unlimited expansion capacities and
pluripotency that were equivalent to human embryonic stem
cells (hESCs). Before translating the achievements of basic
researches to medical purposes, however, the efficacy and
safety of hiPSCs must be carefully scrutinized from various
points of view. Large quantities of useful findings have been
accumulating in the case of murine iPSCs (miPSCs); however,
performing the studies on hiPSCs is particularly important
because hiPSCs may not be the real equivalent of miPSCs as
the hESCs may not be the genuine counterpart of murine ESCs
(mESCs) (Tesar et al., 2007; Vallier et al., 2009).

So far, two major issues have been raised concerning the
disadvantageous outcomes of iPSCs after differentiation.

One is a widely recognized matter of tumorigeneity, which
was reported in the cases of miPSC chimeric mice (Okita
et al., 2007) and the mice transplanted with miPSC-derived
differentiated cells (Nelson et al.,, 2009). Already, several
measures have been proposed to overcome this problem:
an application of nonviral vectors (Okita et al., 2008; Yu
et al., 2009), excisions of integrated transgenes (Kaji et al.,
2009; Woltjen et al., 2009), a usage of L-myc instead of
c-myc transgene (Nakagawa et al., 2008, 2010), and a se-
lection of iPSC lines with least tumorigeneity after differ-
entiation (Miura et al., 2009). Those strategies, along with
the recent ‘technological innovations to introduce the re-
programming factors via RNA-based (Fusaki et al., 2009;
Seki et al., 2010; Warren et al., 2010) or protein-based sys-
tems (Kim et al., 2009; Zhou et al., 2009), are expected to
make a great contribution toward the complete resolution
of the problem.

'Department of Disease Control, National Center for Global Health and Medicine, Tokyo, Japan.
Department of Reproductive Biology, National Research Institute for Child Health and Development, Tokyo, Japan.
3Department of Metabolic Disorder, National Center for Global Health and Medicine, Tokyo, Japan.
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The second issue is rather a newly proposed one: an in-
duction of early senescence in hiPSC-derived differentiated
cells (Feng et al., 2010). It was reported that every hiPSC
established by using a retrovirus vector system suffered from
expansion deficiency after differentiation into vascular en-
dothelial cells (VECs), hematopoietic progenitor cells (HPCs),
and retinal pigmented epithelium cells (Feng et al., 2010).
Although the molecular mechanism of early senescence re-
mains elusive, the effects of p53 inactivation, LIN28 activa-
tion and insertion of proviral transgenes into chromosomes
were discussed (Feng et al.,, 2010). The finding of early se-
nescence is worth reporting in that it has provoked a caution
that we should o use during our researches on hiPSCs.
Nevertheless, we thought that their conclusion must be fur-
ther validated in other situations, where differentiation
processes are performed by distinct methods, because early
senescence is often caused by cellular stresses and the de-
grees of stresses substantially vary depending on culture
conditions.

We previously established feeder-free methods for neu-
trophilic (Saeki et al., 2009) and vascular endothelial
(Nakahara et al., 2009) differentiations of hESCs. By applying
those methods to hiPSCs, we studied the incidence of early
senescence during the differentiation of hiPSCs that were
established by using a retroviral vector system. Our data
indicate that early senescence is not an inevitable fate of the
hiPSC-derived differentiated cells even in the presence of
retroviral insertions of the reprogramming transgenes. We
also show that hiPSC-derived VECs undergo senescence
after 10~20 passages, as in the cases of primary human
VECs, without entering crisis. Our results clearly show that
the problem of early cellular senescence can be overcome by
selecting appropriate lines of hiPSCs and applying proper
differentiation methods to them.

Materials and Methods
Cell culture

The use of hESCs was performed in accordance with the
Guidelines for Derivation and Utilization of Human Em-
bryonic Stem Cells of the Ministry of Education, Culture,
Sports, Science, and Technology (MEXT) of Japan, after ap-
proval by the institutional review board of International
Medical Center of Japan (IMCJ). The hESCs (KhES-1, KhES-
3) (Suemori et al., 2006) were provided by Kyoto University
(Kyoto, Japan). The hiPSC were provided by either CiRA at
Kyoto University (253G1 and 253 G4 (Nakagawa et al., 2008),
201B7 and 201B2 (Takahashi et al., 2007) or by National
Research Institute for Child Health and Development (#25).
The cells were maintained on dishes coated with y-irradiated
murine embryonic fibroblasts (MEFs) in DMEM/F12 (In-
vitrogen Corp., Carlsbad, CA) supplemented with 20%
Knockout™ Serum Replacement (KSR) (Invitrogen Corp.),
5ng/mL fibroblast growth factor 2 (FGF-2; Pepro Tech Inc.,
Rocky Hill, NJ), 1% nonessential amino acids solution (In-
vitrogen Corp.), 1 mM sodium pyruvate solution (Invitrogen
Corp.), 100 uM 2-mercaptethanol (Sigma Chemical Co., St.
Louis, MO), 2mM L-glutamine (Invitrogen Corp.), 20U/mL
penicillin (Invitrogen Corp.) and 20 ug/mL streptomycin
(Invitrogen Corp.). The cells were passed twice a week (e.g.,
on Tuesday mornings and Friday evenings) by a treatment
with dissociation liquid, which contains 0.25% trypsin (In-
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vitrogen Corp.), Img/mL collagenase IV (WAKO Pure
Chemical Industries, Osaka, Japan), 20% KSR, 1mM CaCl,,
at 37°C for 5 to 15 min and seeded at split ratios of 1:2 to 1:4
into new MEF-coated dishes. During the course of experi-
ments, cells showed normal karyotypes.

Vascular endothelial differentiation of hESCs/hiPSCs

Differentiation was performed as previously described
(Nakahara et al., 2009) with a slight modification. The
hESCs/hiPSCs were detached from culture plates by using
the dissociation liquid for 15min at 37°C. The mildly disso-
ciated hESC/iPSC clumps were cultured in a 6-cm diameter
low-attachment dish (Nalge Nunc International K.K., Tokyo,
Japan) to form spheres using the differentiation medium
consisting Iscove’s modified Dulbecco’s medium (IMDM)
(Sigma Chemical Co.) supplemented with 15% heat-
inactivated fetal bovine serum (FBS) (PAA Laboratories
GmbH, Linz, Austria), 0.1 mM 2-mercaptoethanol, 3mM L-
glutamine, 10 U/mL penicillin, 20 ng/mL vascular endothe-
lial growth factor (VEGFA), 20ng/mL bone morphogenetic
protein 4 (BMP4), 20 ng /mL stem cell factor (SCF), 10ng/mL
FMS-related tyrosine kinase-3 ligand (FIt3-L), 20ng/mL

Interleukin 3 (IL3), and 10ng/mL IL6. After incubation for 3

days at 37°C under a 100% humidified condition in a 5% CO,
gas incubator, spheres were subjected to adherent culture
using 100mmx20mm 0.1% porcine type A gelatin (Sigma
Chemical Co.)-coated dishes in the differentiation medium
described above. Media were changed twice a week. For
passage, cells were harvested by treatment with 0.25%
trypsin and 1 mM EDTA and replated at split ratios of 1:2 on
new gelatin-coated dishes.

Senescence-associated (SA)-B-galactosidase assays

The 1x10° VECs were cultured in 6-cm culture plates.
After an incubation at 37°C in 5% CO, incubator for 4~5
days, cells were subjected to SA-f-galactosidase assays by
using Senescence Detection Kit (BioVision Research Products
Inc., Mountain View, CA) according to a manufacture’s

guidance.

Cord formation assays

Matrigel™ Basement Membrane Matrix, phenol-Red frée
(Cat 356237, BD Biosciences, San Jose, CA) was loaded into
the 24 multiwell dishes (95 uL/well). After the dishes were
incubated for 30 min at 37°C, 1x10* cells per well were see-
ded in differentiation medium described above. Cell
morphologies were observed after overnight culture under
an inverted light microscope (Olympus Optical Co. Litd,
Japan).

Uptake of acetylated low-density lipoprotein (Ac-LDL)

Cells were transferred in four-well chamber slide
system (Nalge Nunc International Corp., Naperville, IL).
After overnight culture, cells were washed by Hank's
balanced salt solution (HBSS) twice and incubated in
serum-free medium containing 10 yg/mL of low-density
lipoprotein from human plasma, acetylated, Dil complex
(Dil Ac-LDL) (Invitrogen Corp.) for 4h. After washing
the cells by HBSS for three times, nuclei were counter-

ann

stained using 10nM of Hoechst 33342 (Sigma Chemical
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Co.). After washing the cells, samples were observed
under the fluorescence microscope (Olympus Optical Co.
Ltd).

Flow cytometry

Cells were collected by a treatment with 0.2% EDTA or
Dispase (BD Biosciences). After a wash in phosphate-
buffered saline (PBS), 1x10° cells were reacted with first
antibodies on ice for 30 min. The expression level of each
protein was analyzed using a FACSCalibur™ (BD Bios-
ciences). The antibodies used were a mouse monoclonal
antihuman Tie-2- allophycocyanin (APC) antibody (R&D
Systems Inc., Minneapolis, MN), antihuman VEGF receptor 1
(VEGF R1)-PE antibody (R&D Systems Inc.), mouse antihu-
man CD45-PE (BD Biosciences), and mouse antihuman
CD11b-PE (BD Biosciences). After antibody-staining proce-
dures, cells were stained with propidium iodide (Pl) (Sigma
Chemical Co.), in the case of Tie-2 staining, or TO-PRO3
fluorescent dye (Invitrogen Corp.), in the cases of VEGFI,
CD45, and CD11b staining, for 10 min. During analysis, dead
cells were gated out as FL-2 higher fractions, in the case of PI
staining, or FL4-higher fractions in the case of TO-PRO3
staining.

Immunostaining

The cells were fixed on slide glasses by using a cytospin
apparatus (Cytospin 2) along with further fixation with
acetone/methanol solution (1:3). The immunostaining pro-
cedure was performed as described elsewhere (Nakahara
et al, 2009) with first antibody reactions using a rabbit
polyclonal antihuman p16™** antibody (SC-20) (Santa
Cruz Biotechnology Inc., Santa Cruz, CA), a mouse mono-
clonal antihuman p21“™" antibody (Santa Cruz Biotechnol-
ogy Inc.), a rabbit polyclonal antihuman endothelial nitric
oxide synthase (eNOS) antibody (H-159) (Santa Cruz Bio-
technology Inc.), or a rabbit polyclonal antihuman von
Willebrand factor (vWF) antibody (Sigma Chemical Co.),
followed by second antibody reactions using Alexa Fluor®
488 chicken antimouse IgG (H+L), Alexa Fluor® 568 goat
antirabbit IgG (H+L), or Alexa Fluor® 594 chicken antigoat
IgG (H+L) (Invitrogen Corp.). Nuclear counterstaining was
performed using 300nM of 4'6-diamino-2-phenylindole
(DAPI).

Hematopoietic differentiation of hESCs/hiPSCs

Differentiation was performed as previously described
(Saeki et al., 2009). In brief, hESCs/hiPSCs were detached
with 1mg/mL collagenase IV (Invitrogen Corp.) and trans-
ferred to a 6cm diameter low-attachment dish (Nalge Nunc
International K.K.) coated with 2-methacryloyloxyethyl
phosphorylcholine in 5mL IMDM (Sigma Chemical Co.)
supplemented with 15% FBS (PAA Laboratories GmbH),
2mM L-glutamine, 100uM 2-mercaptethanol, 20U/mL
penicillin, and 20 ug/mL streptomycin in the presence of
20ng/mL insulin-like growth factor Il (IGF-II; Pepro Tech
Inc.), 20ng/mL VEGFA (Pepro Tech Inc.), 100ng/mL SCF
(Pepro Tech Inc.), 100ng/mL Flt3-L (Pepro Tech Inc.), 50 ng/
mL thrombopoietin (TPO; Kirin Brewery Company, Ltd.,
Tokyo, Japan), and 100ng/ml G-CSF (Kirin Brewery Com-
pany, Ltd.) (Differentiation medium) at a density of 4x10°
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cells/mL. After primary differentiation for 3 days, the
spheres were transferred to 10-cm diameter dish coated with
0.1% gelatin. Spheroid cells floating in the culture superna-
tant were collected over time and analyzed.

Colony assays

Colony assays were performed using Methocult TM
GF"H4535 (Stemcell Technologies Inc., Vancouver, Canada)
in accordance with the manufacturer’s recommendations. In
brief, 0.3 mL of cell suspension, which contained 10 cells, was
mixed in 3mL of methylcellulose solution consisting of 1%
methylcellulose, 30% FBS, 1% bovine serum albumin, 100 yM
2-mercaptoethanol, 2mM L-glutamine, 50ng/mL SCF
(Pepro Tech Inc.), 20ng/mL interleukin 3 (IL-3; Pepro Tech
Inc.), 20ng/mL interleukin 6 (IL-6; Pepro Tech Inc.), 20ng/
mL  granulocyte-macrophage colony-stimulating  factor
(GM-CSF; Pepro Tech Inc.), 20ng/mL G-CSF and 3U/mL
erythropoietin (Kirin Brewery Company, Ltd.) in 3.5-cm
culture dishes. After 2 weeks, the number of colonies was
counted. The morphology of the colonies was observed us-
ing an inverted light microscope (Olympus Optical Co. Ltd).

Reverse transcription-polymerase chain reaction
(RT-PCR)

RNA was extracted from 5x10° cells using an RNeasy
Mini Kit (Qiagen Inc., Valencia, CA) and ¢cDNA was syn-
thesized using a Superscript 1T Kit (Invitrogen Corp.) in
accordance with the manufacture’s protocol. The sequence
of the primers used are as follows: vascular endothelial
(VE)-cadherin; a forward primer 5-TGGGCTCAGACATC
CACATA-3" and a reverse primer 5-TCACAGTCTCCCA
TTGGGAAT-3', platelet endothelial cell adhesion molecule-
1 (PECAM1); a forward primer 5-GCAAAATGGGAAGA
ACCTGA-3" and a reverse primer 5-CACTCCTTCCAC
CAACACCT-3, interferon «1 (IFNA1); a forward primer 5'-
GGAGTTTGATGGCAACCAGT-3" and a revsese primer 5'-
CTCTCCTCCTGCATCACACA-3, interferon 22 (IFNA2); a
forward primer 5-GCAAGTCAAGCTGCTCTGTG-3' and a
reverse primer 5-GATGGTTTCAGCCTTTTGGA-3, inter-
feron BI(IFNB1); a forward primer 5-ATTGCCTCAAG
GACAGGATG-3' and a reverse primer 5-AGCCAGGAGG
TTCTCAACAA-3". As a molecular maker, DNA MW
Standard Marker 100bp DNA Ladder (Takara Shuzo Co.
Ltd., Shiga, Japan) was used.

Wright-Giemsa (WG) staining and special
staining procedures

Viable cells in the dishes were observed directly using an
inverted phase contrast light microscope (Olympus Optical
Co. Ltd., Tokyo, Japan). Alternatively, the cells were fixed on
glass slides using a cytospin centrifuge (Cytospin 2, SHAN-
DON, Pittsburgh, PA), stained with WG solution (Muto Pure
Chemical Co., Tokyo, Japan), and then observed using a light
microscope (Olympus Optical Co. Ltd.). Double esterase
staining was performed using the staining kit (Muto Pure
Chemical Co.) according to the manufacturer’s protocols.

Phagocytosis

hESC-derived neutrophils attracted to the lower chamber
of Chemotaxel were suspended in HBSS containing 2.5% FBS
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FIG. 1. (Continued).

and incubated at 37 C for 1h with 5 ;L zymosan (1 mg/mL)  Nitroblue tetrazolium reduction assay for respiratory

in the presence of 100 nM fMLP. Subsequently, the cells were  burst activity

collected using a cytospin apparatus and stained with

WG solution. Phagocytosis was determined by a microscope The floating cells were collected by mild centrifugation of
observation. the culture supernatant. After washing with PBS, the cells

<
FIG. 1. The VEC differentiation of hiPSCs. (A) Phase contrast micrographs. Morphologies of hiPSC-derived and hESC-
derived VECs were shown as indicated. Numbers on the photographs in white letters indicates the passage number of each
VEC. Scale bars indicate 100 um. (B) Growth curves of various VECs. Average data with standard deviations from three
independent experiments are shown in the cases of hiPSC(253G1)-derived VECs (closed triangles), hiPSC(201B7)-derived
VECs (open triangles), hiPSC (#25)-derived VECs (gray circles), and hESC(khES-1)-derived VECs (open circles), whereas
typical results from one or two experiments were shown in the cases of HUVEC (gray diamonds), HAEC (closed squares),
and hESC(KhES-3)-derived VECs (gray triangles). (C) SA-f-galactosidase assays. The hiPSC (253G1, 201B7, and #25)-derived
VECs, hESC (khES-3)-derived VECs, and HUEVC at indicated passage numbers were subjected to SA-fi-galactosidase assays.
Scale bars indicate 100 um. (D) Expressions of senescence-associated genes. The hiPSC (253G1, 201B7, and #25)-derived VECs,
hESC (khES-3)-derived VECs, and HUEVC at indicated passage numbers were subjected to immunostaining studies using an
anti-p16 or anti-p21 antibody as indicated. Scale bars indicate 100 gm.
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FIG.2. Evaluation of hiPSC-derived VECs. (A) Ac-LDL-uptaking assays. VECs derived from each hiPSC line (253G1, 201B7,

and #25) and HUEVC were subjected to Ac-LDL-uptaking assays (red; dil-Ac-LDL, blue; nuclear staining by Hoechst dye).
Scale bars indicate 100 um. (B) Cord formation assays. VECs derived from each hiPSC line (253G1, 201B7, and #25) and
HUEVC were subjected to cord formation assays. Scale bars indicate 20 ym. (C) RT-PCR analyses. The message expressions of
VE-cadherin (vecad), PECAMI (pecam1), and f-actin were determined by RT-PCR in undifferentiated hiPSCs (253G1, 201B7,
and #25), as indicated “U,” or VEC-differentiated hiPSCs, as indicated “V.” As positive control, cDNA of HUVEC was used as
indicated “H.” “M” indicates the molecular marker. (D) The expressions of the eNOS protein. The hiPSCs (253G1, 201B7, and
#25 as indicated)-derived VECs and HUVEC were subjected to immunostaining studies using an antihuman eNOS antibody
with nuclear counterstaining by DAPI. Scale bars indicate 50 um. (E, F) The expressions of Tie-2 and VEGFR1 proteins. The
VECs generated from hiPSCs (253G1, 201B7, and #25 as indicated) an HUVEC were subjected to flow cytometric analyses
using an antihuman Tie-2 antibody (E) or an antihuman VEGFR1 antibody (F). A typical result from two to five experiments

are shown.

were resuspended in 1 mL RPMI 1640 (Sigma Chemical Co.)
supplemented with 10% FBS containing 1 mg/mL nitroblue
tetrazolium (NBT) (Nacalai Tesque Inc., Kyoto, Japan) and
100nM fMLP for 30 min at 37°C. After washing with PBS, the
cells were resuspended in 10uL PBS and dropped onto
Matsunami Adhesive Silane (MAS)-coated glass slides
(Matsunami Glass Ind., Ltd. Osaka, Japan) and the formazan
blue-black deposit-containing cells were observed using a
light microscope (Olympus Optical Co. Ltd.).

Results

hiPSC can generate subculturable VECs

We previously established a feeder-free method for the
vascular endothelial differentiation of hESCs (Nakahara et al.,

2009). The unique points of our method are (1) it is a two-
tired differentiation system with a sphere-forming floating
culture and a subsequent attachment culture, (2) it uses
multiple hematopoietic cytokines in addition to a conven-
tionally used cytokine of VEGF, (3) it enables high-purity
production of VECs without contamination by growth-
competing pericytes, (4) it enables the production of VECs
that can be subcultured up to 10~ 20 passages (Nakahara
et al., 2009). Applying this method, we performed VEC dif-
ferentiation of the following lines of hiPSCs: 253G1 and
253G4, which were established from adult human dermal
fibroblasts by introducing three retroviral transgenes of oct4,
sox2, and klf-4 (OSK) (Nakagawa et al., 2008), 201B7 and
201B2, which were established from adult human dermal
fibroblasts by introducing four retroviral transgenes of oct4,



