(2014, 3)

BHEERE T O - 8 O AR 227(747)
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BT AZ LY, BRI REOEE*ERTAENZEY.
v b ES #lifatk* v b iPS MMM & L7 BRiCiE, oL 5wl
RO BRI OME % Ro TV AN EMHRT 2 LEND 55,
Z OB, MIBOL DI ILEE, RERALSTYISHREBREL T,
DY ERNICB N TREEE CH 5 HHME (teratoma) VTR EN S
CERMERL, BRLULMBEAN - B SAREERO S T S el
LT AT ERRTIEICL o THRENTWS. 2%, b M EHE
PRI E R 2 TR OB E LTRIELTBY, ZoHde b
AR - AR E IKESRLE L. L2 -T, & MES/IPS
MR TR RICBWTIE, KoL E ES/PSHIaORE - BAITE
W BEHEEEAR) AT kb,

EREEERA I RT1 >

R EERE (WHO) OAWREFERILEMEE RS 47 Xk
(1998) (Technical Report Series No. 878 : TRS 878) 2% % Annex I
[ REER O in vitro ML LCOBWMBROMER OZH 1Y 13,
BAM—-FAETAEEEEERTA F54 v Thsbs (UF, WHO
TRS 878 &3 5). WHO TRS 878 i2d 5 &EEEREBEONEIL, X
FMCEDE, [X—=F3Y 2%08NY 10 LI 107 HOMZ#5 L
T16BMEET A, BENRE LCid Helafifa &2 HW5.] &
WO BDTH5, 72721, WHO TRS 878 D[k Xk o8 il xt
RiX, HLEFTYZF Ry U7 BEIR Y, P EIRIC in vivo
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7213 ex vivo THRE SN L AEWER % EET ABIC in vitro flifa2E
MeLTHwsNAE M EEEWHROMBKRTH ), BHICBHE
TAHAME, TAAbEBARREME, HREL TRV, T2,
WHO TRS 878 2B} 2 &EHHRBO HiviE, YRR AMEE
MEhbEl N7 OBBEBERORET I3RS EHICEET S
EIZHB. BNV N ORERICREVPEL L ERIBT A7
DOFRELT, BEEEEZMBEEOEED 1 DL UTEHEL, &
BEBICER T W)L THS. 2F ), WHO TRS 878 O
B, fifatk e v o BH— LMl ER O EEEMGEZ S RICLTEY,
BAERBRHES (FICELTPICFET S EEEEERICERTS) @
EEBEOFME NP ERL L0, 20 THATHI LI,
BREZ EOHETHEXS 5.

BAERMKICHS T2 EEBBE

BAERFRAR OB RMBEOMEE (B Ay, AMESll, PSH
faz &) 3L Ths. 61T, HRTIMEICOVTE, HE,
&, BLU HLA S ERGHOREOLD, EMHEINS. BE
ERESOBERAAICE LTI, 20K B MEBREnoma s
—bal) bEFEERLINLLY, BRERILICLELMIBD
Bz B WECEERZMBEL TR 1048, LHRRES T
100~ 10°f8). 205 2, BHOKK, BRI, RENHEOHH
DEE, BEORROBERZLIZOVTY, ST &TLhr— A2
EEIND., Lo T, THOXH) ZEMRECETE, BESEHOFM
ZBWTIR, REMBZEREIROONS.

B~ ES/IPS MM TE&GICH T 3 EEB MR

v M ES/iPSHIRI TE MOBE B 2 EEEEREBRICIE, B
BENz, © B - BAE (E2) ORBESBEO:O0EEEERE,
@ WETHR (FEES) FMo00EEERRE, O RRELO
REVEFMO 720 DBEEERE, O 3BEIEEINS. ML
DIEEEHE, B 5VIFHRER T OEEEEMELRETSRELT,
#ODD in vitro RER T 213 in vivo RBENDH S (F1) OT,
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INLEFA (BICHAAEDLETHE) §4628T, ZRhZhOBY
IS U723 ST BB CTH B EER DN 5.
1. Bf - BEMROEBEETE

 MESHifatRPe e MIPSHIlEMRE &1, XFEBD, v MES/
PSHIBEM TRIZOFERFZEIEMBTHSL. LT, B}
ES /iPS Mg THE & v ) EYEF O—F 2 8ET 5720 DFH -
EMEE LT, ZRODEN - AU 7 OEBEEE LG, SESE
ND1IDELTESZTHBLILEHFEETHS. b MES/IPSHMMMT
BEOER - BEMHORESHEO-OOEEEEICIB T, RASEE
X, WHO TRS 878 BT A LN - NV 7 DREEROEZFH LF
BRI, TV - N7 OBBEEPBEEOHBNIIH L] L) 2
2% A, & FES/IPSHINEN v 7 OEEEMNEOREICKIERZL
VEL%HE, MRREICHLPOREIRE 7280 ) T EATRERS
hz. 2%y, ERIZWTFRICE X, & FES/IPSHIENY 7 0%
EUICBREPEL LI L EZRITA-0DEFEL LT,  FES/IPS
MR/ N v 2 OREREE Y E MRFERED 1oL LT UE, BE
EHIERATEDZ LR D. FOFMEREIZOWTIE, WHO TRS
878 DH R EHT A LD TWRETHHEELON S,
2. BETIE (FPREEGR) FFED - o DOEEEERER

v MES/PSHIfaM THEEOPEE L L 22 MRERMIE, HH
M2 LZORERMR IS X, RS 5K51LES/iPSHIMES &
CZ DM BRI E TN TH B R H 5. LizdoT, H
BMERIZE, O Tl bwRpboe tES/PSHRMERFELT
Wahl Ewyzkk, @ [BEW MR L L CEBEEE EiRRE
BEINTVER] L) 2 5205, BETRE (PEES) FHIBY
LEBHEROBEFELE 2 5.

REESOFIZ, @ [EDL S5wRSED e b ES/iPS fifg 25
FLTWAEHR] L) Z LICBELTIE, ES/PSHlRD~—H—% >~

E2 DEFREICBVTE, EMAET L, CREXEHE 270k
L, TEERFORBIZERTLEMLEIMBOHRLELE L]
iy, ((EWHREREZE] CFE 156 FEEFYHEER 210 ) «©
X BESR)
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Ny /= H =BT EHRBT 5 &1L o THMEid 5 2 & 2STTRET
A, FEELTE 70— 4 b2 b —%ER RT-PCR #5%TF 5
NB. TNHIZEEPHNCZ EDPHETDH 5.

—J7, PEEGoRC, [THWHT S U C RIS Eim i i
PEEINTWER] b)) 2 LML T, M (R
LA ORRI) %, IKIER a0 = —IBRRERIC X 2 B IR
MBL oMM % &1 X - TEMliAEETH B, 272L, & bES/IPS
AL, bY Ty VB &I & B B0 L D TR -
VAERRTERGERZHOLD, BIFT S b ES/IPS M0
Moz, RER o= —BRRBIIRME Th 5 I & ITERI
HTH B2,

72, PRGSO [HAE S U Clig e Eimis i 2
HEINTOED) £ 2L ERIET 572010, in vivo DFEERIE
HTHZEdWHETHA. LaL, WHO TRS 878 iCdh b )ik (X
— K= X% EQHHY 10 PLIZ 10" B oMa % %5 L T 16 A M EHE 3
BHE) T, FERRRESICDTMICE T N5 EIEE M %
TERWIREIE L, BERIMBEEICRoTLE) BT DH 5.
ZD7=®, WHO TRS 878 OHEL D b THICREORE VREHW
BLENHDB., T THENRBERFLE LTETSNE D%, NOD/
SCID /yC™ (NOG)®, NOD /SCID /IL-2ryKO (NSG)* % L D&
BERERET T ARMEFE TS, HRIVIERELRHRTHA.
IhooxTAETHIRE, BHRBIUNKMEZRELTEY,
X = Ry A% EOWRDBEAES T A L LT Oz
DEZEBRIE L, M PAMREZEFICE R CAEFSEL I LD
TRELELNTVEY. TNOLOEERERAEYTAZFETSHI L
XY, BAEEESPICRYE - BAT 20T 2SR MR R
HT&EZMEEEEY. 2720, BN CREOHFEIIRMLTHY,
BRI R 7 SO 72 O IEBARBE G OEBREEO RO T
DBEE, TOEEBMPLETHS. RBRABICBIT 2 METHREL
LTI, a) RERROMBBR - RE - BEOSENHE, b) Bk -
oy bu—vodbbl, o) k5B d) B5ERE ) &S
FHiE, f) BEME, g) X—FIYRALORE, ZEPETFLN5.
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3. RREZORLSEFHED /- DEEFEHER

v PES/IPSHIBEMTHFOERARFOMBENR, T4bb
“BHMRT E, BRMRCmE, BAT 2B ERES T
BB L OZ MmO BHSAREAS TR TV A TREENH . &5
2, BRERESOEEEERBRICBT S EEEE 1213, N ToE
EWUCOBEEREEERTIMBTHD T EWERSINS. Lz
PoT, BREERIZBTZEEEEBEECBRSEHICIE, @ Dl
bk FMEREMRMBEABRELTWADY], @ BRI E LTk
BEEVEERMBRAS IR TWASR] ) 2 icmz, @ [#H5
MRS, £ETIMIRECTEEEER TS0 L) T EPBETFH
ha., © @izowTid, PHEMFMOSRE L R, Stk
DI—=H—F vy /3 —h—BEFOKREY (©), REAHBOKR
H B IE R REMR ORI 2 & (Q) T, ZhZNFRMH
ThsrLEZOND. —F, @ [H&S5MiH, £ETHMINRECTE
EEXRET L] LWVIHIBRITOVTIE, in vive SEEEEREL
Brhb, TOBECERTREFLLTE, a) RBROKHER,
b) 5%, o) FEEM, d) B, o) BIEEIM, f) B -
B ba—- VDb E, REFBTONSG. B2, RELRII,
WMEEREY, & N TOREMMICHLT LM ERBIRTRETH 5.
g, EFMOEBVICE o TEBERER, BEDOY A THER
BBENNDHY, & bONEEEEZ S L XICHEL 2R
HBH7:OThHAH. L, WHFNEEZETHILLEOHEMIILDY
FHEOLIC T AR S MBI RAY D 2 HE101E, TiEThE, #&
EMMEERTLOTIIRL, BWL e b OEOYZRS MO
SR o — VIS U7 5 MRS 2 EFNEE 25, b
b, EETAHMIRE LRSI OMEERIC X 2BERR O
ME2EETHL2ERT S, RERE, E BNZ L, Bk
58RI B T A MBOEEIZEWET VBT S in vivo TOFET
RINE, BEITHEPEELEILLTHS.
4. b ~IiPS fRMIERDFRE

MERMETIX, & b iPS MICHRT 2FEARERS (v b iPS
MR THET) ORRBIEICHHENET - Tw52%, v iPS M
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TS O, BOE - FREE LT PS Milas#oimEt, B
O B R AR B R ME IPS MBS R I I3 S ¥ S A EE
Db oTL A, bbb, & MPSHKEOHNEE % 2 Aifa 0
B, b MPSHIIaHIZB I A WEMERFERAOEFE, S 51Zi3Z0M
Naxk e & o B M~ O S LIRPTE % &8, EIEHIEET 5 v 2
Zbhn., HEGHIICSEMIMET 2 &) filakk, £/ 3E0E
B T L3 WAk DM @ 2 S P T B 2 LA, SHOR
HTH 5.

LALBRAES, ZOX) RHEOMRIE 25 &5 2iFHE (B 2135
FEMIETOERRFER L E) 25, HH@ 5 M PSHuMTREOR
EWDOUEFHELETH LD TER. 2F 0, & MPSHlahT
WAOEEEEE M 59 2T, TEHR - BEME L %2880
TERESE M & Bt LR O IESYE & O - REBROFEITRIFHD
BWVIREBBRE] &) HICRROEESLETHS. Thbb,
FRAEA B LT, BB - EME IR HETRERRFBELT
o T iPS MM TG O EEHE RIS R S BEE TH L LI, B
WKHEELZTNIZ 620,

2 i A e e | 2

BREROBSE T, Mla - HkoEBEEOFELNT L A L1TD
nTwianZ edb, v MR - ARSI Bk T 5 B4 ERR
ZDWTh, B - FAR 2 BRI T oA - ARSI,
— RN EERE ALV EEZ OND, Lo T, b MR - 4
RN TR OBBEEEICEL X, [REESE (v LHRHR
f) ORI B B9SHER & U CEBEB R sl MiasEA LT 5 2]
vy lEE e [HR5Meds, £5T2MNRCBVWTEEZRRT
] EVIH)BEIIOVWTOABETTIIZRY, W) I Lilhsb.

TTICHAE T MHIE - AR ICHR S 5 FAERRE G
DERIGHAPEATRER, IbOREFOHRSZERE L T2 EEE
BOFEM@LE LTOEMEL, & MEREEAEESEE WM
MEREEERFEDOREICL Y, REEIERINZETEID
L%, BABEOMH v UARERMR L R e LR
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234(754) BEERORFOES (FiF) KELBEERICH ! AEEME BHEF - 69% - 3ARHE

BRI, EESOMB L IATIE, b MEAHRGH - Ak
MBO®RE L ZEBEROBE ISR TWRY, BEICe FMEHESR
BHIIAD in vitro BER O BREN 2 BB AR 4 FRE ST
B0, OB 2/, BAMRKOI ORIV Y Ik -y
WCEBBDTHEZEPRIZHHLTYS, T2, BYo 2499 T
1%, in vitro BEBICHBEOFRHAIHERENTHRE., chbnZ L
X, BRES~NOENEEMEO s a3y I5—va VB, B
X OISR OBIBSEE TH AL L ER LTS, L2 T,
GMP (ZHEHLL 72k 7 TREHEOTIZ, ¥E - ML sh, MiakiE
BRI CREN W L B HRE L2 RARMMK - A h ko
FAERRRICOWTIE, FBRRZEUERRE L TREREY T AL
B EBEEEREL T LERERE AW EEZ 65,

B H WA

FAERREGEZNRIC U EEEERBRT A FI4 ViE, wERE
FELZ., BEERERORELBUICHET 2 7-0101%, B
WCEE SN A BEREIIH L, REERTERL) AHEZTEHHDY
BHEL) 2T, ElTREEZ DZERLINIEFR ENLITEE S
v, LA oT, BEEREGMOPTHHICEESHCEL TRE
DERVEFHIZOWTIE, KR TRIT274 TORL 2 BB 2 BREK
L, REWICHEIRETHLLEZOND. BYLAR (ZHAA
b)) R - FMICOVWTD, B M TOREZEERBEETS D0
TR, BRBREORDLBALEH L) 2T, VAZFHE -V
ATRATVAVIMNIRBIVPA YT x—bF -2ty bOFZHEEST
IILEHEETHS, LEZONS. B, HHNOBFTRIREE
HIFHIEHEIE, R - B B0, SRER, YAZTR
VAVINT VR EEBMELT, BEILICHN SN DDOTHS.

7., BAERRMROME, SEAREORSE - LRICELTE,
GE I, SETIELMEIETHTHY, BREATOMRERLNN
TWa, EWREE, BETS— 5 SRR SN B CHERETZERT
W RITIES B 2w,
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B BEEREERICSIIBEEROTREN

2. BEER - iaB0ORKRHR

N SERLETOEND D

MEOEH  EE BA

_KEY WORD [l

- SUMMARY

BDOHETE, BEERCE (FBEERSTCIGMITAE OFRALICIE, [HEKRR] 28T [HEE
B P [RERAZE] [CADSI—bhe, [BEERSHAR] ORRERTESEREZITDI—+
D530, BERO7 72 EVUT « PEREREVSEISEZ DL, FIEDIL—MOEDOHDOE
BEERRRBEEEENTVS. EL, DHEICBII2BEERFE ORI, EERLE
DEEAA RS54 VTR >t EREENDEUH BRI CTRIEVEERAZN SR — M DT &%
<, BONET— 9 ZHROERARRFENE UTZOFFEATELVEVWSHBEETERT S

CEDKRELRELLEO>TVD.

[FUsIC

BERIESTIE, Ectko &R &
N AR 4 OBIBEREERICT 5 BEOEMIT]
HEThY, 2, £bh-BEORE~DHRE
FAE WV, FEEOR MEEEME(ES M)
AT stk iPS HifE) 72 £ DL REtE#M
FOBBIZX - T, £bh/lkoBEE: i
THEEESBEENLNEL L TEZLNS L)
o TERE, Z0LIFHLVWEEEIN
FTCOEESCEEROBH OBMADOHTER
b9 52 LIZES TRV,

e EARE - ISEEORFEDER] w—

DOHEEICBWT, b FEEEoMEIcE
EFOEIPOMI LD EHWHFERE
B (BAEERT ZIIMBGE) 2 £/t
OOEHIIE, EELLTOEEIFS v 2]

BEossn

E[EHELLTOBB NIy 7] LO200DH
5. [EH - HRIEMAE b0 BEIC [EE] %
o e®ENC, e MEAEEYOMBIZE
il - EAEMAPEOMIZRL, Iz BEIC
BTk InFET [EME] [EEE]
HREQEBHEEHEL [ Mgz B2
IRWFFEICBS B 4a8t] 72 & OATEHEEHIZHE W,
[ERRITZE] BL U ZOBREBE L 272 [FEE
EIRBRZELOHFRAIED LN L REND
B)H b [RENZE] ELTITORTE
7o, BRAIE, FRR 25 ERLO [BEREED
REWOREICE T 28] (B [HAERRE
Pk ) MifTiRx, EA - RRHERISHEOMmT
ANERD (il T s EsE | &5ty
LI LNMERERB—FT, 20 A7 K5I
ST, BEERSRMEHEZEEFEHRE S
EICEHLZINER R k5.

—%, & MEEEoOMBICEESOEN,
OMIzEL, BERERESICHWONRAZ L

Ve d (ETERRRSEEMRMEEFRREES S5 &)U (EBIRESRAFEMEIMEETH

BERDRE, SHEMIAFAEREFMEHNEEAR KRAEAZREFMRIBEIE, AMNKPEAERES

MEREEHIR)
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EMY & L7 B (A L) % 98§ 5
b5y ycld, TSR] OBl % 20, Sk
WSS E, EERAITo 2 LTRHE, HREB X
Ogedlbmm L, RAET A O RERTE KRR
ZF RIS, el R 25 ETED
3831 | OREATICPE, W)Y TESES, &
RO M, AR OV OMEIREE 1
B9 % L (el TR 38 I MeaR Sk D 1o g
BENbEL DI, FAEEREHESGRETFR
BB E &), RIERD D b ERFES
SO LAE 30N T T) - LTHESh
5. FAEREFERRO ) H, Wb 5 HE

EREE LR — TR W E, TRERIC & D #hEE,

B E MR A B LHEE SR, Belo
MEEDTh Nz b D, 4B L OWIRA 3
BSERRE /LI ENRTEDL IR DR Y,
el s ER s D,

(G E LTORE T v o ] Tk, SEEEIC
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ing Practice (GMP)/Quality Management Sys-
tem (QMS), Good Clinical Practice (GCP) 7
ENREY BEDDH L. Thbbh, ZOLENR
W TEBRELTORSE T v 7] L~ #B
LMD AR A, 722L, [E#E] L LT
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[EER] &, BEEHL O [EEE LT
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—EERGIET HEE] 2B WT [hER] 11
[EEEREIED D EEOEESIM B
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ThnsGERL . [EfRE LTOREMNT
v 7 ) BT BRI, FHRERERAL Y
DHETHEBL D L ERPBNES THH LD
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Inn vitro Tests for Detection of Tumorigenic/Undifferentiated Cells in Therapeutic Products
Derived from Human Induced Pluripotent Stem Cells

Yoji Sato Ph.D.
Division of Cellular and Gene Therapy Products, National Institute of Health Sciences, Tokyo, Japan

Abstract

Human induced pluripotent stem cells (hiPSCs) possess the capabilities of self-renewal and differentiation into
muttiple cell types, and they are free of the ethical problems associated with human embryonic stem cells. Currently, a
lot of attempts are made to develop hiPSC-derived therapeutic products for regenerative medicine/cell therapy. There
are significant obstacles, however, preventing the clinical use of hiPSC-derived products. One of the most obvious
safety issues is the presence of residual undifferentiated cells that have tumorigenic potential. We recently characterized
three in wiro assay methods for sensitive detection of tumorigenic/undifferentiated cells in hiPSC-derived products,
i.e. soft agar colony formation assay, flow cytometry assay and quantitative real-time polymerase chain reaction assay
(aRT-PCR). The soft agar colony formation assay appeared to be unable to detect hiPSCs, presumably attributable to
dissociation-induced apoptosis, a unique property of human pluripotent stem cells. The flow cytometry assay using
anti-TRA-1-60 antibody detected 0.1% undifferentiated hiPSCs that were spiked in primary retinal pigment epithelial (RPE)
cells. Moreover, gRT-PCR with a specific probe and primers was found to detect a trace amount of LIN28 mRNA, which
is equivalent to that present in a mixture of a single hiPSC and 5.0x10" RPE cells. Our findings provide highly sensitive
and guantitative i viro assays essential for facilitating safety/quality profiling of hiPSC-derived RPE cells for their clinical
use.

Key words : induced pluripotent stem cells, regenerative medicine, tumorigenicity, safety,
quality control 3

TUBHIC
FEERE, BHRo—BofErae Rl E
BREELHEOLOOEHFNERTEL LCEH
ENTHY, REORSHFEHFTSHOETCHFO
[H AT SERaS | RO (e - BRI 2XiiBy

LB S SRR R

SHEERBAELESH SAF  ERBE2HRBA

THREEBREO 2L BN TWh, 4

FEBER - MIREFETOMR L B, 45 2H0
AT LT S N A8 TF RG] L0
N, FERGREAPHEEES - Z WIS D W TGS IO -
BEFThILTV L, Mgy —2 & LCid & MM
fisimA, REETIE e MRk, e (BS
). AT ZaeiEizfia PSHN) 42 oMl
WHRESNTETVD, PTLE MiPSHIEE HV
ToEEERIC BT AR OMSTEHEE Ly,
FORRSE  ihspdRE-E S IC X A RO R iPSH

Presented by Medical*Online

— 130 —



v b iPS #lfE sk AR b D FRASR T U Bl

B LOHEVH o DR FRI9ED I E75), B
LR 25 48 Hizid, #ME OB & &
Bt v ¥ —Mkls L A B I EINES S AR ORI
FHAYE Licw P ET PS MR SRR e 3 A i
T B e BRI E AR S AEO TR FT
Bl ES N Cvb, REEE T, BERETHIYE
L7 R0 iPS JIE R B O & P AR ER
TR ERELLITHORLITEL > Twh, Ll
A, IO L9 % iPS M SRR B
EBAP RGO HMBOERLZ L. L2d T,
DS FH R B SRR MR O AR AL %5 A 121385
PR AV - WM AT A b ANk
BOBELL > Twvd, FETIE, v b iPSHIEE
B SE - #EU0BEO L TEER, R4k
MR OBEOFEFEICHEL, BEEE Rz 5
WRADINETORBEHEMNTH,

b b ES/iPS #ifagskg a0 EiEst
[FEBEEE ] (tumorigenicity) & i3, BICBHESH
PSR EEASE 5 D RIS X W IEE AR T 2D
#E 9.  PESHIakER Y b iPSHMIfus R T L
Bz, Lol sveygiiitRoSiEtaionEz
Bo TR 2HERTLLENSLY, FOB, AR
DEREMEOTIILEY, REREIYISHIa 2L
TEWERTOF 5 ~—< (teratoma, ZEIE) O
AR L, B LM - - ARER o4
G OT A ERRT I EIL K TR ERNT
Vhe DF D, kb ESAPS M E RS 2 Tk
BlEE LTREBLTBY, Zofie M - 4
R ERECR RS, LT, & b ESAPS
MR R RIS (R BE) BT, oL
JadiE A - BRI & ST EEOE R BB R R
REINDIVA2HH Y, RREGFOEEEEOFME
EHAEELRBEE A, SO, TR
HEBTHCONS BB EFMILL, BET 215
L% ESAPS Ml 2 a4 2 THRIVETH LI L %
BIRL, ER FORHVMACHTIHEEIINET
WE LTS Y, :
EELATIEL LAV EIE, b b ESAPS di
HskfE M O FERL - REFHMEIZ BT, 2 LA
A & BRI, k9o BSAPS ML A - 18
MR ERECHERET L HEe, REEHICEAL B
B L 72 Rs ko ESAPS MRS o e S i 1o e
TAHREE LOMBEOFM A EFLERLE ) ZET
Hho LLEMS, & b ESAPS Hife B kR

VB A SR OB L FokR( - Eik
fbix, ESAPS Mg & 455w oM~y 2 51
FUEOMBL, BEEYPSHEOKREFEORSE
REHARTEHELLILENRTEBY, &k ESAPS M
FAHCRB R 2 W B AR - Mg ROERIC
BUAAOERE LCRsN-EFTORBICH S,
COMBOBERL LIZIE, 0L % r b ESAPS #
TafSfHskRchh, EAL - ERILEERT 2
CEATBIEARARETH B,

bk ES/iPS #ifadREHEHRh O
EEEEMRE, RMEBRBROBRE X

v b ES/APS Mifa B R RA A I s 2l E R i
DEMATIE R, B 4 550 2 O R BRI
RIRAF ESAPS e B X U2 oo BiS il E $
NTVLIREEDH A, 29 LHBERIC B 5%
TEBHEICH 4 2 ME EoBETHEE LT, [EDL
LHwk b ESAPSHIAREL Twih] bwi
& THB9SHIRE & U CEEEN R EERER G T
Twdh] v 2E888F5 15,

fEn vk b ESAPS AN RAE L Twa ] &
WG ZEICM LTI, ESAPS il v — o —@ETF R
WLT—h— & S R FERI L) MY
BIEPUETHL, FHE L TCEBET HERERD
PCR2 7t A b A P =R DT ENE, Sh
5 OFEOFEM OVTIRB TR,

FEBSH & U OB RHERRs &I n
TwhPIEwn) TEFFHET 2200 EE LT®,
P2 SHIRB SR O (R ORE) ik
R a0 = — R (R R IR M I oo 4 1,
freill) HETHND, EEEEMEORBE L L
RHEE LT, SRR RERLT B L CIEEE
BAEFMT S, Whwdmwo SEESRBRRLE
HEAZedbEZoNn), BHORIETLLES,
A AR 2 BN H 500, PSS
VIR (=TI EVCRIBIRA) 22 Tw A LEN
b, HRNLRERLEBYWTHLX - Fv I A%H
Wiz in vive SEEE R BRI, ek, &BHER oS
HWOLIARFELaRRO L - XY 7 O EER
THME LT EDEHORBRE TEBESR TV,
Ll THOAE RV — Ny 2 TEBYE
BATEA LR O EIEEEIERIBTETY, © FEY
iPS AHFLHR BRI O & 5 L BAE S I
PBAT L BB RIET 5 2 S dRTiEE
ST, BHRAOKGEEBRE LT, THR

Presented by Medical*Online

— 131 —



IimACBRMEB L (,}* NK #2224 L 72 NOD/SCID/
7 Cnull {NOG) 72 R Fwa2LnbHBEHD
T LRGSR ARMEREYT 5 2 E97E
AHNB T, ff L GEREIE 7L F v
LA, SRR A B BRI L B, F
Ias oS IV S TORAT I NEE S ¢ Aty X iwal
FBOBEESSIELEE SRS,

SRR RE i vivo 5188
MAL R O ERSE, &5 IS4 EP o S
U 2T 225 LTWw 20D in vvo 38R
FEH LN TIEFNID ﬁ?z?f%:ﬁﬁ??’}ﬁéés T FL
D CEE A PR L 22 EE R i ovivo BB L PR C

Table 1 12 ié:szbf;c, ek, Wﬁ%&ﬁ&&*@%&ﬁﬂ?&%
BEHBNT A A HBE T ARBII oW T, T

oL s ﬂ Twabbon, H5 hf;ﬁ%‘%&%’iﬁﬁfﬂ@f‘
WEHEME b ORI AN 2 2 28 (IR o dE
EHEFMT L) LD b, Bﬁﬁ“ﬂwnu’ﬁ@%‘&fﬁfﬁ
F 7 SRR B A R O BEO e Y ST
HEWVHOHWTEBENEZAZLDEHR 4.

Cytometry Research 24 (1) 17 ~ 11, 2014

AT D
IR DT 5

m:~w&%%i WA D% R
b LS IR AT I R

é:’rﬁ«?{;r;i,iuaé:?rww AT/ A4FR) FES

F eV e B LZREBAT,

FHRIZHAL
BThsb
K CoEs &
(i~ 05
e b

He DD :}3{.»:"}5;\

MR A LTk

RYIRET Ao 2 i3 5 35
ik, Mifao Ty TRERE
}i.f%’itﬁf}’}asiﬁlf"“ﬁﬁffgﬁ izl

IHETCH D, — }.‘J
iPS %‘:{ﬁﬁé}u k)T fst_F%

vk ESAN
ok A4

gvf?ﬁ%m?%%tw?%ﬁsﬁﬁx%ﬁwu
HMENTWhH, F2C, ¥ b iPS A e R E
TS A 8 leonTiHe MRE L2 A,

)
HiREL %0
DI

Gk

AL 7o e boipS M IR SR b Tl

%o fze ¥ b ESAPS #lliE
GEEE TR - AFIET A EEbR T2
ROCK PHEA Y-27632 {745 F Ty L 7236

L¢3

TR TOMAGIZRD SN oz TR 6O
A6, BIER o0 = IR R L b PSR

OB
R (A

A HEHBIC
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standard protein for gene for pluripotency
pluripotency
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The potential applications of human embryonic stem cells (hESCs) in regenerative medicine and
developmental research have made stem cell biology one of the most fascinating and rapidly expanding
fields of biomedicine. The first clinical trial of hESCs in humans has begun, and the field of stem cell
therapy has just entered a new era. Here, we report seven hESC lines (SEES-1, -2, -3, -4, -5, -6, and -7).
Four of them were derived and maintained on irradiated human mesenchymal stem cells (hMSCs) grown
in xenogeneic-free defined media and substrate. Xenogeneic-free hMSCs isolated from the subcutaneous
tissue of extra fingers from individuals with polydactyly showed appropriate potentials as feeder layers
in the pluripotency and growth of hESCs. In this report, we describe a comprehensive characterization of
these newly derived SEES cell lines. In addition, we developed a scalable culture system for hESCs having
high biological safety by using gamma-irradiated serum replacement and pharmaceutical-grade re-
combinant basic fibroblast growth factor (bFGF, also known as trafermin). This is first report describing
the maintenance of hESC pluripotency using pharmaceutical-grade human recombinant bFGF (tra-
fermin) and gamma-irradiated serum replacement. Our defined medium system provides a path to
scalability in Good Manufacturing Practice (GMP) settings for the generation of clinically relevant cell

types from pluripotent cells for therapeutic applications.
© 2015, The Japanese Society for Regenerative Medicine. Production and hosting by Elsevier B.V. All
rights reserved.

1. Introduction

in 1998 [1], more than 1000 hESC lines have been established and
are now utilized in basic and clinical research worldwide {2].

Human pluripotent stemn cells such as human embryonic stem
cells (hESCs) and induced pluripotent stem cells (iPSCs) have
remarkable developmental plasticity and therefore possess great
potential for drug screening and the development of cellular
models to study diseases. hESCs also have potential applications in
regenerative medicine as source for cell-based therapy. Since the
initial derivation of pluripotent hESCs by Thomson and colleagues
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Several clinical trials using hESC lines approved by the United
States Food and Drug Administration (FDA) are currently underway.
However, further research is still needed to facilitate the develop-
ment of safer, reproducible, and scalable culture systems for the
generation of hESCs for clinical and industrial purposes.

A key consideration with a cell therapy-compliant culture sys-
tem, including safe expansion of hESCs, is the choice of culture
media, matrix (including feeder layers), and passage procedures.
Early hESC culture systems typically include the use of mouse
embryonic fibroblast (MEF) feeders or medium conditioned on
MEFs in the presence of serum or serum substitutes such as
knockout serum replacement {1,3~6]. Human feeders and serum
have also been used for hESC culture {7}; however, the use of serum
or serum replacement, which contains undefined xenogeneic
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factors, is still an issue for potential clinical applications of these
cells. Transplantation of human cells exposed to animal-derived
products can potentially transfer immunogenic sugars such as N-
glycolylneuraminic acid (Neu5Gc) into the human body and may
trigger chronic inflammation and immune reactions {8~ 10]. Recent
studies have identified multiple factors that play a role in sustaining
pluripotency and have led to the development of several defined
medium systems for hESC culture and derivation {11—13]. Because
no reports have described the successful establishment of hESCs in
xenogeneic-free (XF) medium, it seems realistic to assume that the
most reliable strategies for the establishment of clinical-grade
hESCs include the use of a human feeder layer in XF medium, fol-
lowed by expansion in a feeder-free culture system |14]. There are
two strategies for developing hESC culture systems suitable for
generation of clinically applicable cells. One approach is to establish
XF, defined culture systems especially for future applications, and
the other approach is to develop safe conditions for hESC culture
systems while continuing to use xenogeneic products. In fact,
ongoing clinical trials using hESCs employ conventional hESC cul-
ture systems, including mouse feeder layers, under certain condi-
tions [15].

In this study, we developed a novel derivation/cultivation sys-
tem of hESCs for potential application in translational and clinical
research. To completely avoid exposure of hESCs to culture media
with animal products, we established an XF culture system con-
taining XF, defined culture medium with inactivated human
mesenchymal stem cell (hMSC) feeders. The XF culture system with
the hMSC feeder layers proved stable maintenance of self-renewal
and pluripotency of newly established hESCs for more than 50
passages. Here, we report the successful derivation of four new
hESC lines in this novel XF culture system. Furthermore, we eval-
uated replacement of a conventional hESC culture system with
high-dose gamma-irradiated serum and pharmaceutical-grade re-
combinant basic fibroblast growth factor (bFGF) to provide insights
into the development of a reproducible hESC cultivation system.
We examined the pluripotency of SEES cell lines cultivated under
the modified conventional culture system. hESCs were able to
proliferate under the modified conventional conditions while
retaining their pluripotency. Thus, our data provided clinically
relevant alternative platforms for clinically and industrially appli-
cable hESC culture systems.

A

2. Results

Since the first report describing the generation of hESCs by
Thomson and coworkers |1}, more than 1000 different hESC lines
have been established worldwide [2]. Nevertheless, there is still a
need for establishment of new hESC lines, particularly from certain
HLA types and ethnic groups | 16]. In this study, we derived seven
new hESC lines using different culture conditions and developed a
new hESC culture system using gamma-irradiated KO-SR and
pharmaceutical-grade recombinant human bFGF (trafermin). Since
our organization name is “Sei-iku” in Japanese, the hESC lines were
designated as “SEES (Sei-iku embryonic stem)” in combination with
numbers.

2.1. Stable derivation and culture of hESCs under serum
replacement conditions

Out of five blastocysts, three hESC lines (SEES-1, SEES-2, and
SEES-3) were derived from ICMs on MEF layers using the immu-
nosurgery technique; conventional medium conditions, composed
of HUES medium without human plasma protein fraction [4]
(Fig. 1A), were used in this derivation. The pluripotency of each of
these three SEES cell lines was confirmed by observation of typical
morphology and positive immunostaining of stemness markers
and differentiated derivatives comprising three embryonic germ
layers (Supplemental Figs. T and 2). G-banding showed that SEES-1,
SEES-2, and SEES-3 cells had normal karyotypes, i.e., 46,XX, 46,XX,
and 46,XY, respectively (Supplemental Fig. 1).

2.2. Isolation and characterization of the XF hMSC feeder layer

Primary hMSCs isolated from subcutaneous tissue samples of
juvenile donors undergoing surgical procedures for polydactyly
were derived and expanded in a complete XF media system that
contained an XF supplement, LipoMax, on a humanized substrate,
CELLstart (Fig. 2A). Proliferation analysis was performed, and cell
morphology was observed by light microscopy to confirm the
proliferation assay results. Our data showed that cells grown in
MSC-XF medium exhibited high proliferation rates and were self-
renewing (Fig. 2B). Flow cytometric characterization was per-
formed to compare surface marker expression characteristics of the

B

Immunosurgery Outgrowth ] ES cells

] Outgrowth 1 Laser ablation Primary Colony ] Laser ablation image
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Fig. 1. Derivation of human ES cells by immunosurgery and laser ablation A) The intact inner cell mass (ICM) was isolated from blastocysts by immunosurgery. Cells of the tro-
phectoderm are destroyed by brief exposure to antibodies directed against human cells in tandem with complement activity. Attachment and outgrowth of the ICM grew into an
ESC (SEES-1) colony. B) The intact ICM was isolated by laser ablation without any animal products. Outgrowth of the blastocyst grown on human MSC feeder layers. Trophectoderm
cells were targeted with multiple pulses of laser ablation. Typical morphology of ESC colonies was readily visible at high magnification. The image shows a schematic of ICM
isolation by laser ablation, which is commonly used in artificial reproductive technology (ART).
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Fig. 2. Isolation and characterization of the xenogeneic-free hMSC feeder layer A) Primary human mesenchymal cells isolated from subcutaneous tissue of the polydactyly were
expanded in xenogeneic-free media. B) Cells grew well over PD 30 under xenogeneic-free conditions. Two differentially isolated cell lines (red circle and blue triangle) showed
similar cellular proliferation characteristics. C) Mesenchymal markers such as CD29, CD44, and CD90 were observed. D,E) The cells differentiated into adipogenic and osteogenic

cells.

cells expanded in the MSC-XF medium. Positive CD29, CD44, and
CD90 expression was observed, while CD117 and CD133 were not
detected (Fig. 2C). Cells differentiated into both adipogenic and
osteogenic cells (Fig. 2D and E). Taken together, our data demon-
strated that cells isolated from polydactyly tissues could be classi-
fied as MSCs by flow cytometry analysis of their surface markers
and evaluation of their multilineage differentiation potential.

2.3. Derivation of new hESC lines in XF culture conditions

To derive an XF hESC line, we first developed an XF culture system
using XF hMSC feeder layers. We optimized an XF hESC medium
composed of KO-DMEM supplemented with KO-SR XF, amino acids,
vitamin C, bFGF, and two other growth factors (IGF1 and heregulin)
[171]. All components of the medium were synthetic, recombinant, or
of human origin. As a preliminary step, we confirmed the stable
cultivation of SEES-1, SEES-2, and SEES-3 cells on XF hMSC feeder
layers in XF hESC medium (data not shown). Twelve frozen human
embryos were thawed and cultured to the blastocyst stage, and of
these, eight blastocysts were used to derive XF hESC lines. Intact
blastocysts, without immunosurgery, were plated onto irradiated XF
hMSC layers in XF hESC medium. ICM isolation was carried out by
exposing TE cells to cell-lethal laser pulses from an XYClone laser
system (Fig. 1B). Finally, four XF hESC lines (SEES-4, SEES-5, SEES-6,
and SEES-7) were generated and maintained stably (Fig. 3). All of
these newly derived XF hESC lines were karyotyped regularly and
exhibited a normal diploid karyotype, i.e., 46,XX, 46,XX, 46,XY, and

46,XX, respectively (Fig. 3). To assess the expression of a subset of
stemness markers, these cell lines were analyzed by immunocyto-
chemical staining; all XF SEES cell lines expressed the hESC markers
NANOG, OCT3/4, SOX2, SSEA4, and TRA1-60 (Fig. 4). We also
generated human iPSCs from XF Yub cells by over-expressing three
reprogramming factors under hXF culture conditions using XF hESC
medium and XF hMSC feeder layers. The XF human iPSCs were stably
maintained and expressed the hESC markers such as OCT3/4,
NANOG, SSEA4 and TRA1-60 (Supplemental Fig. 3).

2.4. hESCs cultured for prolonged periods in XF culture medium
maintained their pluripotency and differentiation characteristics

To evaluate whether the newly derived XF SEES cell lines
maintained their pluripotency in vitro, we performed EBs assays.
EBs differentiated from the cells of SEES-4, SEES-5, SEES-6, and
SEES-7 cells expressed markers associated with the three major
germ layers: TUJ1 (ectoderm), aSMA (mesoderm), and AFP (endo-
derm; Fig. 5A). Additionally, in an in vivo pluripotency assay,
structures from all three germ layers were detected, including
neural tissues and pigmented epithelium (ectoderm), cartilage
(mesoderm), and gut epithelial tissues (endoderm; Fig. 5B). Sialic
acid was released from seven hESCs by acid hydrolysis and quan-
tified by DMB-HPLC. Neu5Gc levels were increased in SEES-1, SEES-
2, and SEES-3 cells, while the four XF SEES cell lines (SEES-4, SEES-
5, SEES-6, and SEES-7) either did not express Neu5GC at all or had
negligible levels of Neu5GC (Supplemental Fig. 4).
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