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Human Embryonic Stem Cells (hESCs) and Teratoma: Evidence of Stemness
and Research Tool for Tissue Engineering
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Abstract : Human embryonic stem cells (hESCs) and recently introduced induced pluripotent stem cells (iPSCs)
are stem cells with an indefinite self-renewal and the potential to generate any mature cell type. Because of these
properties, pluripotent stem cells hold great promise for regenerative medicine. One of the critical issues, however,
is the risk of teratoma formation after transplantation of derivatives of these pluriopotent stem cells. Experimentally,
transplantation of hESC and iPS cells into immunodeificient animal led to the formation of tumors composed of all
three germ layers, i.e. teratoma. This property is considered the gold standard for demonstrating pluripotency of a
given cell type. At the same time, the same type of assay hold promise as a standard for assessing safety of the ther-
apeutic cells intended for clinical applications. This review article describes the key aspects of pluripotent stem cell-
derived teratoma formation and utilization of teratoma as a research tool for human embryonic development or dis-
ease pathogenesis. The promises and limitations of current ES cell-based therapy are also discussed.

1. Hio}E7| M =2 MESIST

7

o2
OR¥

QI7H HH°]%7]/‘1]E(human embryonic stem cells,
hESCs)= 78 23 o] x¢] ujukaE (blastocyst) THA| oA
38t %‘_—ri}%% z+= WA EF (inner cell mass)oll Al
g AEEZE in vitro n| 23S
FAFAY E5hed EA4S et A7jolE7)
MEZ] R7|AAY (self renewal) viole] RE ZZ O 79|
13} 58 (E3ls, pluripotency)e|Ehs F7HK] EA402 <l
5 3}71<=2 %}k (Parkinson’s disease)o|U SFA17 £, 4

T+ in vivool Al

2= ol =
—l‘})\\__

ol

3 7%1‘_’ g E3 e q.ok?s]- Ago] X7 ] a3
F O ATFTFACE 2 /0 B Yk o)HB

*Tel: 02-2228-78231; Fax: 02-2227-7850
e-mail: hansk@yuhs.ac (Han-Soo Kim)

1349

7ol WglFeo], W AFAEC] IZHolET A EE Al
AAE, AZHE, QlEds #H] 0}—,: A7l et xS} 7151'
2 AW X858 MERe E3lE 98 71E ML =
< 7AFstal Atk

7ol 7 M EE w2 ol M 2oL Al in
vitroo| Al WAL Dt TATA A FEEE U
IS, S, 9uigel 3uiE 2AS zhe ol

(embry01d body)= Aoz F3lat= 540 A7) o
P E7NEY AR ’\]5”*0”"1 FREHoR F
T AUtk A7 et 2] HEssol 7P W
s FHEE B H44 U}—r’\g} e Aol o
A wf ool A AFEE oA FF O] xZo] FEA

Uﬂsl—

a7 WAE Ak £ (18F, teratoma)®] AT}
Avsse 2 AEe o4 Fa) APHon frw

2iles <
718E2 Mxe AR F2S 585t olaFg o]

<)



ol 4] -

5 Z7IMEZEE 3449
71&8] wljolE7 M 22} wh
gRlst7] fI8f o] &-ah=
o|9]o] 71} Fa% 7IE
oo 3 2o
Hzo] QIZF wljolE7|Al
BAZE =lom, 17kolE7]
d Ay 7;3% (scid) PR o] & A 2
le—: 3ul S

e EsE=

riu

7R = A7k obE7 A
7hsAdol e wiEshAl e FA7F B
J__g.o] E3do] Qe NTe
2] 7] el A A
goll Fagh o7t drt. ol
< wjolE7 M EY 7]EE 27143
71501’ FAlel Z71ulo} i
5& RS 7HAE AY
ol | A 329 o] 2o ¢ FE ol9ol=, A
o X}oqxq—i P E7= e 718F2 germ cell tumor

¥
X

o
1‘—1u:
2 ol
N
-
n
dy
[ o o

=l

i

ALA o]
b B ES

erN m{u

Ol’N o, v

m
1o 10

ol o

)

d

],

30

o

al

S

“

al

r° 1:0 rlr

i
oBL

(GCT)E EREY, 3094 292 tEsts AEEs =
Moz FHHol glo] 19F WA Aol ARS Z

Al

prae) leX Z.Uﬂ |

NAEQS FHa YokS AA= AAe] Al FoF
o] GCTEHE 23 2742 AT2RE Aoz A
B7F R R vk wjolE | 2} QlihuelE
Az 73 W F2 A7 Byt HYU 5L =
Aot oz Aast o] & FAH] e LD (solid)
718%, Mxet AAoz FAE P4 (cystic) 71FF E
© 8% 1A =Fo] £Aske EAF (mixed) 719

¢

TOE FEY FE UoH, ooty MR XF ] wd
Ax (&3} ), A, Sxe] A%, 44, 98, 4
1 e FARAA BAA 55 VTR v &
Falal ok frF o Al dzhelEr | EE +
AR AEg E’_-ﬂ—é}l UE HHéPZ“”:(Embryonic
carcinoma)Z= 718F F4%T, AVIAA, dEstse &

A& Zt7] e, " GCT 59 4% 34 #8< °4'TL°ﬂ

28 o ik

2. 76T e U

7rEI M Ee] EAFHE B3 2 n|E3 AeHE 4
Asle Tkt riAES] 2d o5, 93 E4) telomerase
a4 A, ANgFANA T AlxRe] B3 58 24
I AA A 7EF P2 B3 ARSI IS &

1350

e

pil

_SH 0];;-_ 7‘<_]_E]—111 13 7]753z —(503
Aze] HEskse JﬂHHO}aW]E
xo} 2e AEsts =/HE)ES
2] 3te] o] 2 9o ek 6'10T %
AZE e FYo7 AdH o
© 2 scid, nude, scid-beige 52l E}
o] &5y Ut} u]= o] Hd ¢
o] Fx7} FAXMG ZloR 110111
ozl B3lrt ¢eojAel Aol o
5o 2 71A] QIAE] <3
(1) Stem cells

ESCe] Al2F 50| 4 43; TYA ¢
ZRE ogst 7l o) 21
o2 wWgH FAd ol&E= A]%
af, EMOE 48E= 7Vﬂ“ I AE Eﬂ

QAW 7t ESCEo] ApkE <l
S04 z}om A& Ao la}% w7} 8l
ESC—J A 2418 F3ll hESCE©]
& ‘—% E?Ji’% A"

(e}

7+o.
T

01%1 L:aazu}.
o] 7] &
L e e I = P R FrAA
(epigenetic change) 522 AZFE T} o] 3k v|A|g Z}o]
AEEYI BHS e A BT Aol g §
7o) HE % /19Fe B4
P ol 9% Wel 2450 59 A e
SANTAG AT SR ATk A 4 wa e
iPSC '#Y9] 79 Ao F4), 23} EB 34 3}
5 Sé*é ol hESCSF w9~ frAlRE #3h, EB ¥4
3 AL Aoz SAHAT. A volgx oldE
plasmid " transposon,”'

aTERE
T=

T= e )

Z A

=

chemical 2 protein transduction®

O] oFe Ao m A e iPS AEF7E ESC
T T P S
HA §57F P Ee8 98 st Yt

HAEsks AEETH frefste BAE vl £3EE
i RS el mE A= F4E S8 A
o= A FELPAA ST eAre] st v
T3] FFERSeE71HES] F)elth. Nussbaum &

S C57BL/6 S8 Hlo}E7 N EE TF9] A9

7% 5x10) ot ALt MAAY vh-20] 47 o]

12

4 0 /19T F4 Bk ohlet 4E o4l 2

o148

Z A o} o|2M| x| vlgste] 718E Pl fi,
221528 3t ? w3 Brederlaus-< ratol] A|ZAME 23}

o] ofg] &3} ©Ao] = hESC FHlel AES 371E



[e]

A7 olE7 A 29} 71 9F: HEsks

=.
<

mdleo] wiajof] o]2ste] 718 o] wiFHEShHA 719k vt
v S w3lok o)8g A= \_ZJ'HHO]’€7]H]*LT§‘ A ]
oA Q& EIAAFE WA Ax Fol nliEsiHxze] g
Fo] Zol59] 719Fe] I 7%”0] FolEt= A4S
o3t} Lee & scid #9229 A2 FA 20 o]2
st 71952 FAs] S8 A& hESC Mxe] 5 7+
z+ 103 10702 Baskdeh® 22, Fujikawa 52 v}
-2 wjotE7 M E fraf el A B-cell oAl o3 B
AN 5 ZdodA 02% THe] vESAE oY
22X 719%F0] FAEL FAF vl glo)* 2] 7F 1)
e ERe R E 7]3E A9 FAel IS B
th. HE&o], van der Bogt 5 1007} 2] hESC Rte
2% 73} o2 o3l 71FFe] Fgo] S T
k=

=7IA2e] 71l mE 719E ¥
o YA FEEY Miura 52 11714 T2 W42
2 AZE 367019 w2 iPSCs2HE fe 23
neurosphere®] 718%F P45 H|ZE F3| embryonic
fibroblast 2]l iPSC= ESC 2 2% neurosphere$}
AR 718 §4%S B Wi, & 24 f9¢
iPSCE AH o= o] Woix|u * o]t AL o
o] W Ao =9 H}O]EV\
WstE fAl7l= iPSC fr
Aoz FHAHT) O]Ei?ﬂ
g IPSCOl 44 &8> o
o] A 7FsAl s ®Bot

Qo] "o

g5l Ael= iPSCs

HZ
<)

Q

% 71gFe] @ 8
<] 0}‘47} A= S50
e fr=she ESC7F WHEA] BE FolX =
et AL on|Ekx] . AR-2=9] wjolET M| 29}
hESCel| 93 7194F @49l Aole ke 2ol o

S vhg-20t AR AES] F2F Aolo® Ay s,

HA NV Fo
JENEC IR
718=

<]

I

[SIE
51

- 27T

hESCv‘: o]NE] u]N?_J\_Q] z;ﬂoﬂ/q ‘I‘H:L/] /Ké?(}-o]x]. 63_,,].
]irs]- Zli]z;d_,,]_/] A]—EXI—B._,,]_ E—cﬂ-_o_ H]Ets]— oqa
Az sl vhe-2o] Z71A| ] Bl FHZ gl of
Aty v ESCe vhe-2o] S HollA o
1 DU, Rt A 0155 43

29 53 oldolt /FES FHIA FE Ao
ALY o9k A, mESCE Pl-2ae] £
o 4L A% 1BFo] FHEA owu}w
oe d7AEe] 234 v o Al
zpol7t 718F B8l dFS

FIO md

el

N
J&,OLJ

1

42N ok ot r“l

f

O

i

_E_/H 3}k

‘0,

o9

=)
rO o
r\l :Lr

=
R

ol E A E frefel H3hAlE

9l

1351

275t 2435 PN BZA S A

A2 w9 Fol 5 7lsof &

AlEA W (cellular
WY (humorla immunity)el] 2] gk
7] i 2oll, 71 oAl e <l
e
=

215 A Al
=)
immunity)32
o] thidel 2 A
M el &F7F W #E (immune tolerance)S
sh= Zlolth. Drukkers-> P13} hESCE thfst Al5<]

T 5739
AZ7} wpg-29

jﬂ ol /K-l

o

HAAY vl-2~E9F HA) v kidney capsuleo]] ©]2]35}
o 718% FAS vlusiint’! AAvkeone 78S 3
gol s PFEA g, M9Ay vhpAEE NOD/

scid mice (B and T cell-deficient)= 71dES At T
HZT7} o] 24H o]FAEMESC)S] AA 7P 2 T
TR, AASHAEINK AE) AFeke-29t B €
T AFrR-2ollM = 718F S FEHA] ot 59 |

270l we hEsc94 7FEgolA o] Zpol 7t LEME} HP

Holl, Tian 5 hESCY U FA12 B3] THZ 79}
NK 2] 9l SCID vl-2ol|A] 7182 §A4o] ¢S

olo LA

A& S NKAAZS] EA)7F hESCE| o] FAIE A5t

(xenorejection)oll 7]1e3¥HS )

Dressel 5 B3 F7ke] 7195 @4 Aol 46
o AAA ] HAMEZ] ATS FH3H] A3l v
°] ESCE %%, %=°|4l (allogeneic) % o]F

% 719% AN 52 A4
7 5Ee] AAGIAN 7%
BEH o127

(xenogeneic) 7l Aol o]t &
°| A= HHO}‘€7]/H]
Fo JA THol oM, o
ME)7E S50 NKAE ofsf AA=E7] Wi W3
o ok, Wejelal Sl slelE AR fehel wa
oA HYS AL o3| AR ke WEZ 7
ste] ol =7 A E BA 7} ok Bala Eul
Az F7F T4 Xﬂ7%7} A SRS

FHolgl= Aol SHEATE Sl7|olE7 A X
<] fﬁw | Zl A olg|dt A4S Zte mESH| 250
EAtEAE FHEEA DA %

= B
al‘}ﬁl

p

= °|F 1l

=

o_)t, of

Q)

A Ul

AHS iAo 3k hESCY] 71dE FAdd ik 2E
Aol FHe A7 FA0] |17] W), 2 tjetez
A5 Ado] AYPH Y Yk T T Yigtow Wg A
scidoh$-22 2ol <17k glolx3] (A, J 2 AF =
2)S o]25F the o 7)o hESC %= hESC-H#1¢] #3}
AEE olste] 718Fe] AL Fdsle oz o

785 hESCe] 7|9F @/do] X1 BjokxAo] gle o
Ztol] vlel oA mEst T FHHE= 54 BT

(3) oA <

o]2] F91¢] ARl 2Rl AR 540l 71¥HE ¥
e Frdte Alxe] F23 3ol e o3 93
Sto)h, @e AFENA H&, A7 subcapsular 0] o
2 NASZEe] zpol7} HlwA How, FU3 S Ay
g o o)A AEEo| o)A Aol FgkEo] EAsk= 7t



olf+%

4 AR 2H o AxFo] g M ol

A

TF6 a8, o]4] F99} o] wo] 71¥E Ao &
g HHE FIF digk HARe wl$ AdFHo|d
Prokhorova 5 WAy w29 xZF 9xo u}

kidney capsule(100%)°] ¢~ &4 o], I3} (25-100%),
A (60%), =5 (12.5%) T2 7182 FAo] AR
Aol g HYE THEAUEY Cooke 52 hESCE nudet
Q20 et} 7+ 0)AS B3 718E9 e A
FAEEANA o] AM T FH wAEA ] o7 wEEE
zpoloF Aol @ Jﬂ%«l w3 FRlshs
7ol o] 9] xZFo] 7} T3

AZR1 A A ﬂﬁo] 719859 ¥
ATk 53] 7k} o] A AjAY o)
HH|EE= stem cell factor, hepatocyte

JPe T 4D

pu
=z

1o =
o= © 0°

ﬁ'\_O

o 224
growth factors3 722 718% Aol
4 Edo] 4Edt 93 FYste AoE o dHT
AAZ7INE e AFAED] o] 799 -r‘ﬁ Al
% F3tEo] AR Eslete AEETE il
3} hESCE o] zZ 9| s|dsl= MlEZ Eﬂ- 73 8Fo)
ui} ¥ g3ew Balar, hESCY] AJA] Esls o) o
M EE0] _2,_1591 ggre mwo}l wds= IEd
njA| gl olal] FaFS o
gt o] Al 7%

oJ% wEnt $-9% 28 A

&

2 fo

-
x5

JE) R
e WY

ul9-29] knee joint space®} I
Wakitani 59l 2J3] B3 o] —2,—1_ w) A EH7 9
e vl grh ! v, X
o] o5l FAE 71FF2
Hlsl 5383 42 AlFe M9
o]#] gko}? FHzAo| ofa] |
Z=het =R o=

S g dA@R)= 71EF ¥
T giEe] Agelxde 859 ol
G-&7F AREE L St x2F 9w
£9 7Fso] wjopdAy 7o 2tstr]
ojA ML 7|¥FE P AT &
A + Ao, ofF 7FES] §
29k A 710l i 7S g E ]01 UA
£ A scid w229 Tkl o] A7k - wstol A e ¢
o Hls] ®o} e}Aolal wE3E} 7P Fo] A= whE?

hESCe] A2 149 ul$-29] X lateral brain ventricle)
olal& Alaxre] 22 F33} neuronal ¥ glical AlE2] 4l

3 28E g, N18FS FHHA Go Wl
AT el ol4Fl hESCE] F43 HHE 19%

A

1352

AE7F BE AL Bk

NBFe] ¥Hol BaFe

RL

ot itk st 2
ol mA sk
°l gtk W] &
oA B A
‘%‘*351715 s Ae= HoH
7§)§1—§:]— x}}\ (_Z’,uq 211)7} oﬂ
st w}aw AR E EERRBESR)
ME} = oa

=
—

A7

7

201

A Hy
| W2 trisomy,
, microsatellite mstablhty 5 oS oS
BYFAomH o] e A4S teratoma
Holx] et 7] wide A%, o
oA ARl 12, 17 2 X AAH 9
A o] oy 355 G
sl B E vp Yk Holdt He o
} Aol GCTY teratocarcinoma cell
Aoz A#Eo] ® hESCE W3R <
gk SAES7t GCTvJ e} AdS Adoks F7g0] A
Th* g4 hESCOll ]38 ©]E culture-adapted hESCs: WA
& 718%S ¥AeH ¥4 424 W7t 9% embryonal
carcinoma®} FAFSHA 718 ol mR3} Z7)14 322 &4
71 ERlE), o] gk nESHE] F4]= GCT9} embryonic
carcinoma 4] #}## E= Nanog F-3A7F EA8l= &
AA 1209 oVdu FAEA] ek Ze2 Hrh® Nanog
3} A wjolE7 | Ee] u|E3F Al HA] (self renewal)
o m$ F23 Octd?] 7%= human GCT] Zdhe] &
45 ™, teratocarcinoma®] ol @dsIti= Ao 85 A Q)
o} 28 ECY teratocarcinomadi| Al HL&]Q‘{‘ olE FHA}
7} ol& AlE9] it wZel 74% He A
% °J£Eﬂ—£’\1 s A
g ol fAAE A EE A
Hshe & «] %ﬂz}a}g I A=
Az el EQ ﬂ% Ale] shtE v A<l
oxidative stress% E4 AUdh. Schieke 52 w2 Hjol=E
71A| 32 2] 7oA mitochondrial oxygen consumption =
(mitochondrial membrane potential”} &) vjo}&E71A|
Y AERS] E3bso] WA 7EE TS
up uk’ WEZEgole] 7% o]l 2|3
2% (reactive oxygen species, ROS)°| 4 I|o]

Kuf ruln

=
—

rﬂﬁiﬁl

El

[e=]

=4

>rul

Z

At
‘é'w}?i

oo d

ok HiE R rlo
rl o o

o,



Az o= 714

Eoh 7195 A

3ts

FAE= A9l oxidative stress7} -FAA] BoPdAle] A
olo] ® £ gl&e AYPHor Fio] Fr}.
=

53], 4o wE FUdS Warburg effect”Z 3]
aerobic glycolysis®] H]&©| ¥9H, hypoxialh ¥ &t L

B3} 2 A AFAIAE B9 4BS AT HEE

TG FHe ol g A, B3 et BAYAE
DNA €47 x3lo) 93-S F5 A AAF (reactive
oxygen species)®] LS FEgTh wEbA] wjolEr A £

of FAUA F7hsh BYRLFY] WO R A% FAW

oje} AMA| 9 EAFo]l FHAY EMES st 7]
FEe] FAol 71T 7T ATk olg Ate 4@
A EQPEAL] A1S AU, AMER S7AES 5
/d (stemness; self renewal®} pluripotency)oll &41Zel
&5 dte At ARk 8ol & oAl Ak F
Aol 714 Ho|th,
3. E7IMZE AF0M 7[8F Q&
hESC7t 144 ®Eo] Qlole 7dFS I se X

o

=Z0

=0,

AT AFAEL T4 FHLE B Hihes ST
o MES] RAGE AP AA ARl T B4
opaye] Asz setshlw ek, ofe] ZHIME hESC
o) FFC1F%)34 5ol 7] 7k wjopy A7l )
$ BIHQ =itk 53], A W) Z7] A%k wjo} @
4 A7t 9RGo R Brbsskn Az vk WAy
o] zpol7} & A& olA hESCE 7FE o422l A7k H)
opAll Aol YT tigtolR}, g wAGA A A
o] mdo] & & gl

(1) 7 Ay d

Z7) WS A2 F2, st} o]Fo R 44T F
At wiole] 2d & Y E= @l 7] (Gastrulation) THA
oA 3ujge] dEHEM 71H LS ST AEES &
} X7 AR A olgjgh Al7lel| F8H= hESC £ F
Hol Ao Hkedle] A3 B2 £l %F] AL A
Lok Aol 7EFLeR ‘f’mo}b Aoltt. =& AW
e Al 37 Fo® & ATEF ATE o)
e FaAEo] 285 daelARt, oldd Age A
Aol A #A87] ofH 7] wiol, 7] wiEE AlEd el

;G

=

Az Bdlo] Fgstd], 713F2 oldd SHAA] w4
A gigtelth v 5 o] Z7|HEES A F7F Ho=
H Y S o} 22 S =EE o] U] %7] wEel F
H A ] Bibo] o]Ffo] AR ke @Hlo] o, %
7] WAy o] mdl 2 A e 716ﬂz—°— SAA] Ao Wy
AT 2 FAA MEe] LI w3 FH e &
AA 1 71l gk ols & FXIAIZIT

Gertow 5 % Z hESC 7|99 7|8%S td3 &

1353

719k 24 F5 PM A E2A 9] 71

AAE Egate] Ao R FA 5] W
AT o] Aol AREL 71HF]
PZol Bt 23] TR0 IS F
Skt ol2gk A2 Lavon Tl 9|3
213k hESCEHE FA4H 718FollA 7 E (hepatoc
AR E9] BE g XA E W o] AFHEL 7]
A7 o} HAY A = FF Y vz
A|AbgiTE,
iPS A 9] o]2F 7Y Fe] e Aol A
3 (Nanog, Octd F&)E°] 71FF2 SAlol A8,
£Ho 7 FA8IHA Fap vigEo R R F2eh=
Z2of ofa del7tHA T ASR2REH HojA]
Tl 7b Az o] HX1A 28 x| JEFE T
o7 B
(2) A A Ak A+
Eiges &< < fragile X syndrome = X3 njjol=
8 hESCE &Y3sle], FMR19] silencingd 7ol 283}
Aok E3] o]Hd AT w0l FA AFS A
6‘]—% Z—lo] %7]—-‘1’@— 73._?_ 7}-11- O]AP)HO] EHO]'OE_ ]‘4.01:
ATA A o] 54 Agho] i Aol & T A
”H—?‘ 2% ZRtolnt. ol M e XL7]“H° g o)
,:4;(4 §]rz‘ﬂ-x_4' = /Kg U]-;GO] Qojo =z o]oH =9
A o] 1 Aol 4
o] WIMalA HIE Ut 23l o]gh
ZE0] x%x\bq]_,_aoﬂ Hal] Al 274

=

el
=

Hl—l:

o35}

L

e r

<]

az

'6
=

O:

e AT FAHe

Folr} Babe) %
71, A2 AR AAEE719 5&1} %7] b Alzheimer
AAEGPSo] Ao 7o WA IS5AS AXEE 5 2

i)
rlo

o] mu WelEIAE feel 18ES FEakE 2
o Fsateh. Th, ol @ Ao B wjojolA] fo)

3 hESC T 3210] A7) M EZEEH AZEHE PSCE
o]-g-atH EE]— a4 Oi B o] ].‘:.—;ﬂ. 7ot}

7]

EE‘ & }}1 uﬂuug omJ)r =

T3l gokst EA01RE 9]

T Tr%@ Ero]m 0 ok} wlA) 8k



1)
T
o gl

do q

o
ax

=

il

Mg o

Y 1o
g

18 1

m
r
i

N
L
rir
>

gap R

7% 5%

°

== ixg

N

153 zx]oio] uh:Lg 853t

Ao} 33 @Al (scaffold)e] 7
dME Brbsd FANEZE) *‘E;ﬂrﬂﬂr Al
ZWRR 7} 7RSS EE Sle] A E A uje =
2 Yep® 71335% /‘ﬂES’J E3hel 249 9§
A o] AR S A

gk Fx8] AFE
3 o] thd
A2 el AEZE A g
2 7154 Bl E A ES )
It T8 AES EFAC

2
)

3}
=

=

Zo] ATZREH FREE gt Axst 714
of tlst ARE nigoz no A} 7S 7
A3 F25 53l oA 22 e (morphogenesis)Z}
/@71'1— U% 7]}0:_94 7H/H_0_ 1;1—}\46]- /‘ 011;]_

Sl AREE HlopAls) PRI Bl

<

r:l

1354

B

Aol Y= Az AACRA 77k Ak FHE 71
Foeny 59 2AAT e PAS o|gal] BE2
She AES) &4 Rl AKsae, ol AEEE A9
wjgol olaf wEelzl RIS uek o A EA%
= el Aashl wase] ) A, AEAR
Ao AZFTFACE Bake o] Fhssit. T, o2
QaAE 71BE] B4 I oIBAE, o] Ral
S, volel 28 TS AAZCl HAY QA & o

ge) 7P549] WA} wEA AAH ofok Fiet.

H

—

foh

4. MEsls &7
[=1 X=X

=T

|MZ ol&d

[=]3
=

A= 2ﬂ7l ?{PE}. hESC7} Hl
o) H}U:]oﬂ o]/d ]

RS

<
T

=0
€]

93*—4.‘5”q (1mmune—compatible) A3
HA ARG 73 o) W
q_ 1 %_’ quﬂ 7(-]’0‘]—/%]‘_ &
HjolE7 M 29 75, x| Z7]4 L]
g2l ogH Hﬁo%ﬂ‘ﬂﬁi— T
oA 7] W o= sfde] RAEL
a8y, 71850l tig el A Aol wiok=
TMZE PiEst dEE A sEd oIS o
Parkinson 2%, =Wz 738 EgA Agke] sfMde] &
QAE wp YR . o]2jgk mEs} wjelET A E B
HHO}%ﬂAﬂ Aol 54 Ax2 E3HAZ] S
Ao oy 7PSE Y F A
9)\7] w0l 27wl o} 7] A
Z-§st7] fIsfx S
o] AA7F

_‘_ré:
_/,: [T}
o7 T
A2, iPSCY A2},

ol

-
2

=
=
} 22

%5} &l —,—§}-/H | 3Z 2]
A7) wEel 719E
M= w¢- AgE A
wmo] Fd S S
TAE 100% o SEAES] A2E G X
slom, Hx AERe Rk o)Xt AFage 1
g S A5 tigel SHAE (HE 23 E)
2o AEA w3t oMz BFA A

o 71

m?L' %
o
fru
s
M
b
I

ﬁ
'S



AZbolE7 1M 29t 719 S AE 3t

2 guskA Rk olF B 98 Aol Fo
AFALR) 23} FEsh viRAL AA B4o) )
2E 3 9o

(2) FAG wACd ot vlEstA ] AA HE
Az o] A

71 tigH o= FAE o] &g TS xS AA T
= E3pA|ze] Adtolt}, hESCE globo-series?] T2 91
SSEA-3,49} keratin sulfate @& 32 TRA-1-60 and
TRA-1-815 E&stH 37t JAPEHA o] ] o
o] FA #Asp7| wliel,” SSEA-49} 2 NEFEH &
ol 71 o)Al wiEshM 9] AAE flg H3xrt €
ok AAR, d5o] ESCAlM Fefdh 2EE27M29 ds
o] o] A olfgt W2lo] 7|YPFe] FAHS A T
|

of thak

&3}

p
.

p

B3E v ¢lth3 hESC ©HAldA wE == PODXL
A (mAb84)7} W ESA L] A EEAS

A
7 =2
7ago] BE ) 9ok Fale

ok W
=2 promotere]l 93l A FHAE Y=
stod AEE AdslEe AEEel AUth”

(3) HAlel <Jgh mEsAES] AME f &

Ceramide AIEe] °FA|Ql N-oleoyl serinol (S18)&
prostate apoptosis response-4 (PAR-4)2}= ©t|&E3} ESCel
Mg Aol AEEA G35 Hol7] ulie E3H x| X
e S THeAol A= mESIES] A A aHH
ol Zog HAEHAL” Tk o] oAl %S w7l st
T o] W o] ESCOll =gk HoldeAs gelo] H
), 55 A3 53 vlEsAlxe] AA &3 9 7]

T AN Ee Adsjo] Hasitt

Mitochondria®] iAo =& 749 A= ROS7T
A B8-S =Ithe 5432 mitochondria €/d9] =}
o] & o]&sle] mESETIME (HjolETA )2t SE71A
XE (cancer stem cells)E ZXE 3t AL A A AL v
2ol 7RSS AAETE o] ol9jox ol A
thymidine kinase®} 7+©] drug-sensitive AH A= Oct-
42| promoterol| 93 FEFHEE dto] E3} ME Fol 7t
e nE3 AEES drugl 2 AgFog A=A A
7l A W 22 AR AgEy 9k o
o], GFP %2} TH promoterol] ]3] ZHETE slo],
IR ARAE AN FHE B2 E4A] B3

T —

=
=

ofr

ot ko i ¢
N
o,

¢

=

=
=

=
=
s
a
iz
s

o] SA 22F3 ZYAM A EZA 9] 7]
SRR g S glou ) dAFe HolM ojef i
2 =olgte WAl fAZd A wlEel Al #
Aoz AAE7E= ofHE Blolnh
5. SERHUAMe J7|8E FHAIEO|
Mg EEsI=71?
Zhang 52 HAJAAE *2]$ newborn F}9-2=¢l] hESC

1355

frefe] AHFAIRES] )22 §F 79 intracelebroventricular
region oA hESCHE AAAMEE0] vle-229] AAMEE
I F2A Ao R FAFA g B FES V)
Pl Aol HA| kS BHargh vt
123} Aefe] mESCE 384 &)
0|25k o]F7k o]2] mdlofA MEe] o]FI A7
Zl Bpo] a3E BHon 7|@Fe] dAol A
B3R vhdel, FUg mESCE 5% vt
o o]2lgt 739 o9 glo] o] -glel Aztst 7]
A=At o] Abe o]F7He ool 21
o] WS AleE= 2lvdth. 2%, hESC
ESC fel¢] AIXZE o]2e Ay Ay whg-2oA
&0l AR ¥UTh= AHrt o] AEXEA L] b
dualrl

hESC frefe] AR ZAIS o]2uhg Aol Z4d) H|

= O
o U

=2

2

o

EQ W
o
tlo

O

[*]

oft 1o

opl |

"o
o2

=

¢

o N IH O ot Ho lo b &
o o
! }N

o i
2
o
=
=
g
=
o
2
2.
=
N
Fi
§:)

S
e,

=

4y
&
ol
o
o

(e]
o
=

5 2
Mo
rlo
N

e
o

=

2

off oM DL N R o ng o
O

oN do ©

ofl

uth of
e et wolIA
A ARG wolE AR B

Ze2iY 54 ZspEE Ads

o
b
o

VA=

EE o

REENURESR)

Ae] gast, ol

- =z
— -

A AT, ol F /19FT e FF B4 4
Za1o) Bad AaWe 717 B3 g Fue] Huo
4 o] 2athe Zolth

6. MEsts, 7183 J21 % MY

H|E 2o W] FDA7} GeronAbe] hESC ref9]
oligodendrocyte MFHIEE FF417 &4 S dde

=
2 AR JANES SAsT, SERDeINe ki

AN



EAZ Q5] A o] Aol U] F+ Aol dort, A
ZA5A 2] hESCE] S e vl 27 &
o & sjAsloF it 2 syt WY AR HkSoly thE
shbe 7185 T4 ¥4 etk A2 Dighe 5
AmsheE @Al o3 Er|MEe] A
Takahashi 53 Yu 5ol 2§t AAA x| GiEsle] o]t
iPSCS] Alto 2™ WA AR gisiMs £A sidel 2
A& ol FAeH, ol2 s 71FFe I =AI7t
A 2 olep7t L vk WY AY Rl sk
Z\MEE oAt FAQEE Tk ¥z 4¢
FEo) M AEskse] Fad S70)7] wio)!
FJFo] AR AP= W ,éo] ]L 718= A9
F7F HZIg Bl o] XM 29| F, TS| FTAE,
g9 olsfol e ARIE B3l 71 Fe] 2t
/\gz‘sl-ﬂ Bﬂa]t‘ﬂ-;ﬂ 225'1%6_!-%_4’

=

o]

5:/\}0]1,]. E]ag;ﬁ ;<1‘
9 HPE AT AAs 2k
XH*§46P°1W niEShA 3R] o] 2ef] o]gt 719l ¥
CuEsA ] AE A A AY
2e HIZold, 719E ¥4 7t
82 At AL
= o)l A] hESCS hEGCSH

2 Y4 5 Y= 2]

A

oL
M O fr my

§]-/\ﬂﬁ£
540l
%EH%
o] Hla B0 o]45E 7]
Aze] A elre] g olaal, 7185 Bd A
Aol gt ARE ATE AR ARt o4 F w7
7l BAes 718F SldE, o AMEE] 3717 A
A ZER she AZY 240 opd o4
Hole] AlE/ZFo 7] W JSAE

q0
o YAge

o rlo

—uHélrn

-

pud

Z

i

X ox i o
R i A o% i
M 1o ot I orfr oot L Hor ot

rob

L—l

Aol M H*@

153%-91 Kiel —Lr%ﬂ

1o

B zde yendy|el 21471 ZHEe] At
ol A|EZEZgATARITE] A x| (SC2130) <]l

&
= AFU

A4
I
I

By
H

1356

References

1. JA Thomson, J Itskovitz-Eldor, SS Shapiro, et al., Embryonic
stem cell lines derived from human blastocyst, Science, 282,
1145 (1998).

. AG Smith, Embryo-derived stem cells: of mice and men, Ann
Rev Cell Dev Biol, 17, 435 (2001).

3. ] Itskovitz-Eldor, M Schuldiner, D Karsenti, ef al., Differentiation
of human embryonic stem cells into embryoid bodies
compromising the three embryonic germ layers, Mol Med, 6, 88
(2000).

. SA Przyborski, Differentiation of human embryonic stem cells
after transplantation in immune-deficient mice, Stem Cells, 23,
1242 (2005).

. MW Lensch, TM Schlaeger, LI Zon, ef al., Teratoma formation
assays with human embryonic stem cells: a rationale for one
type of human-animal chimera, Cell Stem Cell, 1, 253 (2007).

. TP Zwaka, JA Thomson, A germ cell origin of embryonic
stem cells?, Development, 132, 227 (2005).

.MJ Evans, MH Kaufman, Establishment in culture of
pluripotential cells from mouse embryos, Nature, 292, 154
(1981).

. LH Looijenga, AJ Gillis, HJ Stoop, et al., Chromosomes and
expression in human testicular germ-cell tumors: insight into
their cell of origin and pathogenesis, Ann N Y Acad Sci, 1120,
187 (2007).

9. JW Oosterhuis, LH Looijenga, J van Echten, et al., Chromosomal

constitution and developmental potential of human germ cell

tumors and teratomas, Cancer Genet Cytogenet, 95, 96 (1997).

PW Andrews, From teratocarcinomas to embryonic stem cells,

Philos Trans R Soc Lond B Biol Sci 357, 405 (2002).

11. SK Oh, HS Kim, HJ Ahn, ef al., Derivation and characterization
of new human embryonic stem cell lines: SNUhESI,
SNUKES2, and SNUIESS3, Stem Cells, 23, 211 (2005).

12. N Heins, MC Englund, C Sjoblom, ef al., Derivation, characteriza-

tion, and differentiation of human embryonic stem cells, Stem Cells,

22,367 (2004).

M Aleckovic, C Simon, Is teratoma formation in stem cell

research a characterization tool or a window to developmental

biology?, Reprod Biomed Online, 17, 270 (2008).

M Mikkola, C Olsson, J Palgi, et al., Distinct differentiation

characteristics of individual human embryonic stem cell lines,

BMC Dev Biol, 6,40 (2006).

15.Y Liu, S Shin, X Zeng, et al., Genome wide profiling of human

embryonic stem cells (hESCs), their derivatives and embryonal

carcinoma cells to develop base profiles of U.S. Federal

government approved hESC lines, BMC Dev Biol, 6, 20 (20006).

O Adewumi, B Aflatoonian, L Ahrlund-Richter, et al.,

Characterization of human embryonic stem cell lines by the

International Stem Cell Initiative, Nature Biotech, 25, 803 (2007).

17. K Osafune, L Caron, M Borowiak, ef al., Marked differences in

differentiation propensity among human embryonic stem cell

lines, Nature Biotech, 26, 313 (2008).

K Takahashi, K Tanabe, M Ohnuki, et al., Induction of

pluripotent stem cells from adult human fibroblasts by defined

factors, Cell, 131, 861 (2007).

19.J Yu, MA Vodyanik, K Smuga-Otto, et al., Induced pluripotent

10.

13.

14.

16.

18.



20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33

34.

35.

=.
<

Q7kaolE 7| M E et 7| 8% A

stem cell lines derived from human somatic cells, Science, 318,
1917 (2007).

K Okita, M Nakagawa, H Hyenjong, et al., Generation of
mouse induced pluripotent stem cells without viral vectors,
Science, 322, 949 (2008).

K Woltjen, IP Michael, P Mohseni, ez al., piggyBac transposition
reprograms fibroblasts to induced pluripotent stem cells, Nature,
458, 766 (2009).

D Kim, CH Kim, JI Moon, ef al., Generation of human induced
pluripotent stem cells by direct delivery of reprogramming
proteins, Cell Stem Cell, 4, 472 (2009).

J Nussbaum, E Minami, MA Laflamme, et al., Transplantation
of undifferentiated murine embryonic stem cells in the heart:
teratoma formation and immune response, FASEB J, 21, 1345
(2007).

A Brederlau, AS Correia, SV Anisimov, ef al., Transplantation
of human embryonic stem cell-derived cells to a rat model of
Parkinson's disease: effect of in vitro differentiation on graft
survival and teratoma formation, Stem Cells, 24, 1433 (2006).

A Lee, C Tang, F Cao, et al., Effects of cell number on teratoma
formation by human embryonic stem cells, Cell Cycle, 8, 2607
(2009).

T Fujikawa, SH Oh, L Pi, et al., Teratoma formation leads to
failure of treatment for type I diabetes using embryonic stem
cell-derived insulin-producing cells, Am J Pathol, 166, 1781
(2005).

KE van der Bogt, RJ Swijnenburg, F Cao, ef al., Molecular
imaging of human embryonic stem cells: keeping an eye on
differentiation, tumorigenicity and immunogenicity., Cel/ Cycle,
5, 2748 (2006).

K Miura, Y Okada, T Aoi, et al., Variation in the safety of
induced pluripotent stem cell lines. Nature Biotech, 27, 743
(2009).

F Erds, C Biihrle, J Blunk, ef al., Host-dependent tumorigenesis
of embryonic stem cell transplantation in experimental stroke, J
Cereb Blood Flow Metab, 23, 780 (2003).

AS Srivastava, S Shenouda, R Mishra, et al., Transplanted
embryonic stem cells successfully survive, proliferate, and
migrate to damaged regions of the mouse brain, Stem Cells, 24,
1689 (2006).

M Drukker, H Katchman, G Katz, et al., Human embryonic
stem cells and their differentiated derivatives are less
susceptible to immune rejection than adult cells, Stem Cells, 24,
221 (2006).

X Tian, PS Woll, JK Morris, et al., Hematopoietic engraftment
of human embryonic stem cell-derived cells is regulated by
recipient innate immunity, Stem Cells, 24, 1370 (2006).

. R Dressel, J Schindehiitte, T Kuhlmann, et al., The

tumorigenicity of mouse embryonic stem cells and in vitro
differentiated neuronal cells is controlled by the recipients'
immune response, PLOS Orne, 3, €2622 (2008).

H Shibata, N Ageyama, Y Tanaka, et al., Improved safety of
hematopoietic transplantation with monkey embryonic stem
cells in the allogeneic setting, Stem Cells, 24, 1450 (2006).

CC Shih, SJ Forman, P Chu, et al., Human embryonic stem cells
are prone to generate primitive, undifferentiated tumors in engrafted
human fetal tissues in severe combined immunodeficient mice,
Stem Cells Dev, 16, 893 (2007).

A skse]

1357

ol\

At 2238t 22 B=A 71

36. B Blum, N Benvenisty, The tumorigenicity of human

37.

38.

39.

40.

41.

42

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

embryonic stem cells, 4dv Cancer Res, 100, 133 (2008).

TA Prokhorova, LM Harkness, U Frandsen, et al., Teratoma
Formation by Human Embryonic Stem Cells is site-dependent
and enhanced by the presence of Matrigel, Stem Cells Dev, 18,
47 (2008).

MJ Cooke, M Stojkovic, SA Przyborski, Growth of teratomas
derived from human pluripotent stem cells is influenced by the
graft site, Stem Cells Dev, 15, 254 (2006).

DJ Deacon T, Costantini LC, Ratliff J, Isacson O., Blastula-stage
stem cells can differentiate into dopaminergic and serotonergic
neurons after transplantation, Exp Neurol, 149, 28 (1998).

B Blum, N Benvenisty, Clonal analysis of human embryonic
stem cell differentiation into teratomas, Stem Cells, 25, 1924
(2007).

S Wakitani, K Takaoka, T Hattori, ef al., Embryonic stem cells
injected into the mouse knee joint form teratomas and
subsequently destroy the joint, Rheumatol, 42, 162 (2003).

. A Tomescot, J Leschik, V Bellamy, et al., Differentiation in

vivo of cardiac committed human embryonic stem cells in
postmyocardial infarcted rats, Stem Cells, 25, 2200 (2007).

AR Muotri, K Nakashima, N Toni, et al., Development of
functional human embryonic stem cell-derived neurons in
mouse brain, Proc Natl Acad Sci USA, 102, 18644 (2005).

MP Imreh, K Gertow, J Cedervall, et al., In vitro culture
conditions favoring selection of chromosomal abnormalities in
human ES cells, J Cell Biochem, 99, 508 (2006).

JS Draper, K Smith, P Gokhale, et al., Recurrent gain of
chromosomes 17q and 12 in cultured human embryonic stem
cells, 22, (2004).

DE Baker, NJ Harrison, E Maltby, et al., Adaptation to culture
of human embryonic stem cells and oncogenesis in vivo, Nature
Biotech, 25,207 (2007).

C Spits, I Mateizel, M Geens, et al., Recurrent chromosomal
abnormalities in human embryonic stem cells, Nature Biotech,
26, 1361 (2008).

A Maitra, DE Arking, N Shivapurkar, et al., Genomic
alterations in cultured human embryonic stem cells, Nature
Genet, 37, 1099 (2005).

AT Clark, RT Rodriguez, MS Bodnag, ef al., Human STELLAR,
NANOG, and GDF3 genes are expressed in pluripotent cells
and map to chromosome 12p13, a hotspot for teratocarcinoma,
Stem Cells, 22, 169 (2004).

TD Jones, TM Ulbright, JN Eble, et al., OCT4 staining in
testicular tumors: a sensitive and specific marker for seminoma
and embryonal carcinoma, Am J Surg Pathol, 28, 935 (2004).
SM Schieke, M Ma, L Cao, et al., Mitochondrial metabolism
modulates differentiation and teratoma formation capacity in
mouse embryonic stem cells, J Biol Chem, 283, 28506 (2008).
CL Limoli, E Giedzinski, Induction of chromosomal instability
by chronic oxidative stress, Neoplasia, 5, 339 (2003).

MG Vander Heiden, LC Cantley, TC B, Understanding the
Warburg effect: the metabolic requirements of cell proliferation.,
Science, 324, 1029 (2009).

MW Lensch, TA Ince, The terminology of teratocarcinomas and
teratomas, Nature Biotech, 25, 1211 (2007).

K Gertow, S Wolbank, B Rozell, et al., Organized development
from human embryonic stem cells after injection into



56.

immunodeficient mice, Stem Cells Dev, 13, 421 (2004).

N Lavon, O Yanuka, N Benvenisty, Differentiation and isolation
of hepatic-like cells from human embryonic stem cells,
Differentiation, 72,230 (2004).

57.M Wernig, A Meissner, R Foreman, ef al., In vitro reprogramming

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

of fibroblasts into a pluripotent ES-cell-like state, Nature, 448, 318
(2007).

R Eiges, A Urbach, M Malcov, ef al., Developmental study of
fragile X syndrome using human embryonic stem cells derived
from preimplantation genetically diagnosed embryos, Cell Stem
Cell, 1, 568 (2007).

A Mensah, C Mulligan, J Linehan, et al., An additional human
chromosome 21 causes suppression of neural fate of pluripotent
mouse embryonic stem cells in a teratoma model, BMC Dev
Biol, 7, 131 (2007).

P Menendez, C Bueno, L. Wang, Human embryonic stem cells:
A journey beyond cell replacement therapies, Cytotherapy, 8,
530 (20006).

ID Davis, J Desai, Clinical use of therapies targeting tumor
vasculature and stroma, Curr Cancer Drug Targets, 8, 498
(2008).

F Ahmed, JC Steele, HI M, et al., Tumor stroma as a target in
cancer, Curr Cancer Drug Targets, 8, 447 (2008).

H Kiaris, G Trimis, AG Papavassiliou, Regulation of tumor-
stromal fibroblast interactions: implications in anticancer
therapy, Curr Med Chem, 15, 3062 (2008).

M Tzukerman, T Rosenberg, I Reiter;, ef al., The influence of a
human embryonic stem cell-derived microenvironment on
targeting of human solid tumor xenografts, Cancer Res, 66,
3792 (2006).

S Levenberg, NF Huang, E Lavik, et al., Differentiation of
human embryonic stem cells on three-dimensional polymer
scaffolds, Proc Natl Acad Sci USA, 100, 12741 (2003).

LM Bjorklund, RC Sanchez-Pernaute, S, T Andersson, et al.,
Embryonic stem cells develop into functional dopaminergic
neurons after transplantation in a Parkinson rat model, Proc
Natl Acad Sci USA, 99, 2344 (2002).

JH Kim, JM Auerbach, JA Rodriguez-Gomez, et al., Dopamine
neurons derived from embryonic stem cells function in an
animal model of Parkinson's disease, Nature, 418, 50 (2002).

T Barberi, P Klivenyi, NY Calingasan, et al., Neural subtype
specification of fertilization and nuclear transfer embryonic
stem cells and application in parkinsonian mice, Nature Biotech,
21, 1200 (2003).

T Ben-Hur, M Idelson, H Khaner, ef al., Transplantation of
human embryonic stem cell-derived neural progenitors

1358

70.

71.

72.

73.

74.

75.

improves behavioral deficit in Parkinsonian rats, Stem Cells, 22,
1246 (2004).

JH Shim, SE Kim, DH Woo, ef al., Directed differentiation of
human embryonic stem cells towards a pancreatic cell fate,
Diabetologia, 50, 1228 (2007).

MS Cho, YE Lee, JY Kim, ef al., Highly efficient and large-
scale generation of functional dopamine neurons from human
embryonic stem cells, Proc Natl Acad Sci USA, 105, 3392
(105).

S Arnhold, H Klein, I Semkova, et al., Neurally selected
embryonic stem cells induce tumor formation after long-term
survival following engraftment into the subretinal space, /nvest
Ophthalmol Vis Sci, 45, 4251 (2004).

S Chung, BS Shin, E Hedlund, et al., Genetic selection of
sox1GFP-expressing neural precursors removes residual
tumorigenic pluripotent stem cells and attenuates tumor
formation after transplantation., J Neurochem, 97, 1467 (2006).
H Hentze, R Graichen, A Colman, Cell therapy and the safety of
embryonic stem cell-derived grafts, Trends Biotech, 25, 24
(2007).

J Pruszak, KC Sonntag, MH Aung, et al., Markers and methods
for cell sorting of human embryonic stem cell-derived neural
cell populations, Stem Cells, 25,2257 (2007).

76. AB Choo, HL. Tan, SN Ang, et al., Selection against undifferentiated

77.

78.

79.

80.

human embryonic stem cells by a cytotoxic antibody recognizing
podocalyxin-like protein-1, Stem Cells, 26, 1454 (2008).

E Bieberich, J Silva, G Wang, ef al., Selective apoptosis of
pluripotent mouse and human stem cells by novel ceramide
analogues prevents teratoma formation and enriches for neural
precursors in ES cell-derived neural transplants, J Cell Biol,
167, 723 (2004).

A Hara, H Aoki, A Taguchi, et al., Neuron-like differentiation
and selective ablation of undifferentiated embryonic stem cells
containing suicide gene with Oct-4 promoter, Stem Cells Dev,
17, 619 (2008).

E Hedlund, J Pruszak, A Ferree, ef al., Selection of embryonic
stem cell-derived enhanced green fluorescent protein-positive
dopamine neurons using the tyrosine hydroxylase promoter is
confounded by reporter gene expression in immature cell
populations, Stem Cells, 25, 1126 (2007).

SC Zhang, M Wernig, ID Duncan, et al., In vitro differentiation
of transplantable neural precursors from human embryonic stem
cells, Nature Biotech, 19, 1129 (2001).

81. V Dighe, L Clepper, D Pedersen, et al., Heterozygous embryonic

stem cell lines derived from nonhuman primate parthenotes, Stem
Cells, 26, 756 (2008).



