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(57) Abstract: The present invention relates to a method
for inducing the differentiation of nerve cells from stem
cells. More particularly, the present invention relates to a
method for inducing the differentiation of nerve cells from
stem cells by suppressing the bone morphogenetic protein
signaling pathway and the Activin/Nodal signaling pathway
of stem cells. Unrelated to the floating culture and attach-
ment culture methods and others used in the prior art for
stem cell differentiation, the method of the present inven-
tion is advantageous in that it can efficiently differentiate
all stem cells into nerve cells. Also, nerve cells that have
been induced to differentiate according to the present in-
vention may be differentiated with high efficiency into spe-
citic cells (for example, dopamine nerve cells) or oligoden-
drocytes, etc., so that the method may be applied in the fu-
ture to intractable nervous system disorders (such as
Parkinson's disease and spinal cord injuries) and provide
material forming the basis for the development of novel
drugs.
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ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, Z7:

MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM, =3

TR), OAPI (BF, BJ, CF, CG, CL CM, GA, GN, GQ, GW, N

ML, MR, NE, SN, TD, TG). A5 NS (7T 48.2(g))
E

AR ) NGRS 223} 9 (FF 52)

AzABIA gol FASH BN A5 F olF

=

EUHE 7 AZERY AFAEES 3 FEA ] #E Aot Ko AR R B Oy HYMEY 5 3
ZJ &1 & (bone morphogenetic protein) A1 & 7 = = MEH /= (Activin/Nodal) A & H ZE A 5l 7| ELZF-E
AABMERE BE FEste Wiel @3t Aojr}, B dw e F V| AE 2o AFEH Y F-f-v] & (floating
culture) 2 F-2Hvll % (attachment culture)s W ol TAGl o] BE SVAHETE FEFOE NAATFAELZE E3AL &
U= GRo] sivk ek 2w ojate] B3 e AAHTHEE ERAAE(AE EH, =37 A4 T) e &
YIAWERACE Fo8 TSR P& ¢ Jonz 5 WX 4247 28 E EV, 713 Hov HeEAd)
of A&% F glom LekA e Qo) 71 2A e ArE AT
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2 wge ZMEEREY 2AFAAER w3 fFEwHd 8
Aolth. Bt}h FAHoz, B W@ 343
morphogenetic protein) 213 ZA=2 2 AR/ (Activin/Nodal
ARE AAstd Z7MNZREE AAAMETRY EIs FEde Wl
Tg Aol

(i3 71=]

BMP (bone morphogenetic protein)E-< TGF-beta (transforming
growth factor-beta) superfamilyol £3l= subfamilyolth. TGF-beta
B FHREZAAN A4 g zdse GUR

pathwayvs #HF&E
A FZAHA & A k. TGF-beta familys A F

AT AL Eo
Mol growpoZ Ydtk EuE BWP growpol®, ©E  dtuE
beta/Activin group®lth, BWPE A& AalolA wiel AF FAHE FEste
gz 2alggoyd Z olE BWPEel HAFFTEHR FHF
3 = el A (morphogenesis)d o4 =d JTES
rAFYY 2 F7HA 2HElY C elegans v MTFEHE EFT 99
Zo| A 3070 o]A¢] BMPEo] LAXAF(Ducy P et a/, The family of bone
morphogenet ic proteins. Aidney Int.;57(6):2207-14(2000)).

BIPE S weol dF FAHL fEste 9NaAz g THHMUL

.L

II.

Gepe BPES AAAEE ETHW R 3R ATSAN gAY
24e zdsts AR ¥th.  dF TW, BPES AEXIAY 28,
ATAD, A7Aeluilel 84, FHGY F4, ARA B3}, oie) slwel
WY (2, A%, A87%, A, Aob), 2EH-U% ¥loy Sl ol

&t} (Wozney JM et al/. The bone morphogenetic protein family:
multifunctional cellular regulators in the embryo and adult. Fur J

Oral Sci., 106:160-6(1998)).
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ME)W /- (Activin/Nodal; TGF-B  superfamily member) A&
ARLE 9z7b uwjo}E AT 2 mpex FulF(epiblast) E7]AH Xl A
S FAEE=EY FFFHo|u. Tk, AN/ AE HERE

s
7|AE  (stem cell)H
(differentiation)®”] A A vEs HAEXEL FAsH, 54
A= (B dd EAF AEE 37t IdEH.
AEXEdo] AAE B3d Axoe g AXELA 9
ATXTE A (self-renewa)@ & Aol FA(proliferation;
expansion)sts EAo]l glon, w3 23} 3o JEAYE 5A AHAE=
Rilg=d e $4 £ g 23 A3 g bE AExzE 23
2= glo] B3lo] §AA (plasticity)S 7IX 3 A& Ho] SFolt.

A Z/HAEE AEASAZM 4FE wu ded, ABAZ
4o o8 fEHE o A% A(neurological diseases)d
AEANBAZAE B2 AF7} ojFoxzn k. 53] HAUBA A&
12t 9AA =,
AR wbgo]l AY glof,
%

i
L2
r
X
)
te
i
X
B
o
>
N
it
=2
N
2
n‘.?L'
18 of
ok
=
o3
e

=
= YAAA zFHo] v =ARE 97 ¥
DR AEE olAEE W ol4dE AE

ol tt.

olo], HZEZF, gmsto|wd, W&, 4248 (demyelinating
disease) @ HZ£4 (spinal cordinjury) 9 & X5 &7|AEE
Hgslele AE7t @A I3 Foltk (Isacon 0, Deacon T, Irends.
Neurosci., 10:477-482(1997); Studer et al., MNat. Neurosci., 1:290-
295(1998)).

3, AX XSARZAY E7]4
Z/MEE F8H02 EHAEE EFA
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WO 2005/0033202 Z7|IHEE ARAER £3 Fxis WHE
MAsn Qow, Bt AAEAE () EVIAEES E714 ARoE
ARAAZ wFss @A (b)) ©A ()9 AEE AfolE 4Ad
87 Sonic HedgehogZ Hi¥stE @Al (o) @4 (e AETE H-fdd
ARG} AR wigstE @A 2 (A 89AdA (09 AEE A
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BWP 413 A= dAA %

Ko
AE x3sleE F7|AEZEE

» wwdEe Z/AE, GEdsAE Arss E7HAEE
zgdoz AZAEE B3 4EAL 5 Y= PEe AAwsad
wdggon, 1 A%, F/AEZRE Bsd A

= Z7|AEAA
g E7)A XA

EgqzEz  g4Ads B3 FE8 AeET o}

ERAEze A BE3Hr A £ AN FA45E A4 A7 A (neural
precursor)? FAE T s ot Z, B ugo Z|AE £3
gz e VNI SAAEE ¢l RIHE AE AFRAeR
SAEEE @ Mok olue E7|ATAA AAAFAE FEATE Hlx=
e & #Z&HE e E3 BWP A%z A2 gAA H
MElEl /e (Activin/Nodal) A&  AEE A B3AFL BF
27 Aol wiel Aol glow 7]E9

ol g AAATA EIUAE 8755

B ougo] o] Balg £ e EVAEE Agte] flod,
z\AEe B4, = nig, 74 F4 € EHFNERY B AT
NEE B ago] 89 £ JdE Ao,  E7AEE wiolErAE,
RAZNAE, SEDSE/AL, dHolBAME B ol FFAEE
3y, nRASAE wWolE/AE 2 FERFSEIVIAECIT. £l
«9 wul=2Z7| 4| ¥ (induced pluripotent stem cell)”’E H-HEZST
AZ(E 29, ANLZREH 54 FAE Adstel 98422 €
ARgs =729 ot SERSFIALE E7AE FHAA H
gud wd, AAF wgs}, Hj7bA(doubling time), ®RobAl FA,
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, AEA gdE 34, o4 2 24 E e "lA
3% E7HE(EE W, "olE7|AE)Y SYFd Aoz FHAANA

Z sz ar19) AA deld dE@ whe Zol,
P

gL sZ7|AE 5 EE Z7]MXA HE s wnE

B3l T2 EZ S AFgues Aol

B o] maW, 7| XoA AFAEY] 35 At BIP A&
A2 2 AEN/eg As ARE AT "

BIP A5 AZE dAstE E2L A FAHA e BIT
BIP 413 A2 AAAE XTI B guaa fo] “BWP Al A=
AAAE R AEAE, BIP AAES JASAY EE BWP7F BWP F8All
At AL A EFS AU I B dgdo x| o] &&= BWP
ANs A7 AdAAE, vrEASAE ZAXEE3F(dorsomorphin), . Smadb,
Smad7, X3!

2]
(Noggin), ZE2W(Chordin), ¥ (Gremlin), Sog (short
gastrulation), =gl 2E¥(Fol

selected gene aberrant in neuroblastoma), AlZH|F2(Cerberus),
o+e] (Dante) 2 PRDC(Protein Related to DAN and Cerberus)E& X3gtt.
vl A AE A7) BP A3 A2 dAAE aREd, =7, 2=2d
= Aoy, Hu ¢ uvFAsAE TAEEA EE =27

HFAIAL Eaw ol

listatin), DAN(differential screening-

u
utA st Al= 3-10 u ];1, A4 v A A S 4-6 pMolth.
78 A FA=H Y&

g
2 AAAE E£IEH. 2 gAlA 8O
)

olu] g}, 2 oA go] «agul/wg A5 AR
SEASAE, AEW/xg A dASAY E: AER/wgo] 19
~gad A¥ss AL AAs
olgsE  dEw/xg AT

dl Z[1,3]tho] & 4&-5-Y-4-7 g d-2-2
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Benzo[1,3]dioxol-5-yl1-4-pyridin-2-yl-1H-imidazol-2-yl)-benzamide),
Smad6, Smad?7 = Z &) 2©e}&l(Follistatin)olA A&EE= AAAE o] &3t
MEIRl /= (Activin/Nodal) A& AZE AT Bl BRI =
A7 AAAE  4-(5-Ax[1,3]H0] §E-5-9-4-9 Y P -2-L-1H-o v HE-
d)-wl=olr| = e Smad7°]™, 7+ vl A stAls - 4-(5-
Z[1,3]t}o] & &-5-U-4-3) g -2-Y-1H-o] v T} E-2% ) -l = o} v =2}
e gulgo] ohd ARA 3gEo|H, o] BEFAL FAlA SB431542=
Eﬂxi A guwld Ay Boe AV ARA SFEEY A H

oA E71AEe dAgn/=g A5 F2E GASI] HstH

~(5-92[1,3]0ho] &%-5-U~4-3 2 P -2-L-1H-0] V| FE-29 )
zofr|E9] FEE 1-50 pNo] wgAsE, mo wFAsAE 530
aMolxz, ®oh o npRAsAE 8-20 uMeldw, 7Hd #igAsA= 9-11

7] 4-(5-az[1,3] o] &&-5-d-4-F 2 d-2-U-1H-o| | HE-29)-
1

(o]

SB4315427 E&3to] A&

® ool A Amd glojd, A7l st 12 FAIHE
2o

=

2 wrgo] uwgAg Fddd] waw, 47 E714Xe B A%

Az @ Mg/ (Activin/Nodal) AZ ARE dAAE GAE
Z7| XS Hjokste] dlolAE FAse A EE FAE wiopAE
marsts A AAHY A7) GA (a)el s AAFdugel FIHE

otk YAEE SAE FAHoE TFT.
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E odwo wigAgd Fddo mWEYW, 4] E71HMEE wYgEe
GAE (b-1) A7Augdo] Z719 wjolAlE bFGF(basic fibroblast growth
factor)9] EA 3tollA wigstd ABZATAEE FAANE @A, (b-2)
A7) NAATAEE &Y A =2(Shh) 2 FGF8(Fibroblast growth factor
8)el EA stolA Bt =l ﬂ?ﬂiim%EMﬂL @A 2 (b-3)

A7) =38Rl AFAETE NAJTMAE Fall AAGUYR(glial derived

neurotrophic growth factor: GDNF), -2l A7HdE <A (brain-derived
neurotrophic factor: BDNF) % o}x3 24Xl 4k(ascorbic acid; Sigma)9
A sollA wgste] = AAAXE FAPAIE GAE FHHOER
Cli=

271 ATAELE FAA7IE DANA H7bste bFGFe 2+
E%wOng%Hﬂ }%a%ﬁq 2o} uEAsHAIE 10-50 ng/meolsl, Hoh o
vl A5k A1E 15-30 ng/meol®, 7HF v kA= 19-21 ng/mbo] .

A7) E3u AFHAEE SAANIIE DANdAM  Hobste &M
A B9 %X 50-500 ng/mio] wlEAEH, Bl w3 AIE 100-300
ng/méol 1, BT} © wFAsAE 150-250 ng/meol™, 7HY w3 A=
190-210 ng/méo] t}.

A7 =3u AFAZE FHAAYIE BAAA HJkste FGR8Y
¥5E 10-300 ng/meo] vl sy, 2o} upgrA kAl 50-100 ng/méo] il
B o uEAE A= 80-150 ng/méol®, A uwlgA A= 90-110
ng/m o] T},

A7 EdR AAAMETE FA4AE BANAN  Frlsle  BINFY
FEE 5-100 ng/meo]l wlEAstH, 2o} uiRAsAlE 10-80 ng/meol il
B o erEASAlE 1550 ng/meold, JFE e ASAE 19-21
ng/méo]t}.

A7) 3wl AAATE FAAIIE BACA  H7lske GDNFY
FEE 5-100 ng/meo] ®FEAEIH, Bo ulgAsAlE 10-80 ng/meolil
Bt o wEAsAE 15-50 ng/mol®, I eigRE A= 19-21
ng/méo

H
i)

T

Ea;»%ﬂ o9 AAMAEE FAAIE GACdAM Hrlbsre
olAFTENIALY 2% X 50-500 pMe] viEASH, B uFASAE 100-



4-(5-
aoh,

1;_1

e+

)
ajotE 7] Al

PCT/KR2010/005892
1=

Nestin©] i
ANZBAE7A] A A

ol
=

u}

150-250 pMolwl, 7b& ®lmrA AL
1M E (A,

=
=

1—

T

L

T-& ol

2 571
5417]
choy

=
}
\=]
T

2} &l

Z 7)1 Al £ R} SoXl, Pax6
Z7|M| 25} [dl, 1d3, GCM1 2 GATA27} A

1

1.

[

AZAMEZ
wz[1,3]to] & &-5-d-4-5 gl d-2-Y-1H-o] vt} Z-2¢ ) -l Zolu| =&

1

T

1) obu

814 ot

0

5

W2(1,3)cho] §&-5-Q-4-3 2] 9-2-U-1H-0] o] } &2 )~ 2o} P = &
B

300 pMelx, Bt} ¢ u}
A

WO 2011/055899
190-210 uMo]t}.
Z7IMEE
= 2]

5
10

i
)

o

pul

o

-

B

(1) B wrge Zy|Hz28E AZAERY 3 F&

Ho

sto] AME-EHA FrafF(floating

=]
Rus

A E71AE

Bzl ok (at tachment

pr s

[¢]

b

o
Elar R

(i) £

culture)

JA Lol

S g

[¢}

A4

culture)

.

1=]

I THEZ

A
R

11

=

ERAM (A

25

MT
W

671e] hESC

10 A o]

o
T

|

T

7



10

15

20

25

30

WO 2011/055899 PCT/KR2010/005892

A EZ(H9, Miz-hES4, Miz-hES6, SNU-hES3, SNU-hES16, CHA-hES3)<} 3704
°o17} {PSC A|¥3(BJ1-iPS12, MSC-iPS2-3, dH1f-iPS2-2)9] &3 ZAF&
pRT-PCRS o] &3ty ZAlgh Ado|tt, T lae AZWMIY Sox1d
Pax68] Wd4EL Uehd Aolm, & 1be Fuwlgd9 Brachyury$
Cerberus®) 2daFZS Jeld Aolx, T lck uWuigde] AFPSE GATA49]
T 1dE mEg ]—710] Oct49} Nanog®l 23

s FolA ZF FAAY] FHF TR
Wi+ TFoaz Ul Aolg(lEg ddAHez 12 AA). /a
NEZES One-Way ANOVA(HIE EADH)o=2 tF nlustd FA4 #9974
B 7 ekt Elg] 1 &85 o7l ¢std AFE E4(Post Hoc)o =
2821 BAH(Bonferroni correction)S AL&3tAtHMiz6, Miz-hES6;
Miz4, Miz-hES4; SNU3, SNU-hES3; SNU16, SNU-hES16; CHA3, CHA-hES3; BJ1-
12, BJ1-iPS12; MSC2-3, MSC-iPS2-3; dH1f2-2, dH1f-iPS$2-2).

T 2a-2b= uiAA BWP 23 3EL oz JAAIE M=
z7 Ao st AAATRY EFE #aA Aok, DM EA
w BEg Fola] el B ¥3 F 49Ao] ZF vt 2] mRNA & pRT-
PRS ol&3td AHFsalAT. & 2aE £F-oF Haloz IME Al
o3t BMP A1E A9 EAIAR 1d1F 1d3 §Aze] wdo] Zad Ae
el AFo)th0.1-5 uM). SFAHETLE Noggin 1 pg/mE ARSI
= obe f-olE WAooz NS Aol 9t AR Ul vtA A Pax6t

rﬂL

p
o wjo

,4
sy

Nesting] wdo] Z7l5 AL debd ZIoln. JPTNA yEFS
DMSO(dimethyl sulfoxide) A @]¢} Hlawste] DM E= Nogging 2| & % 9]
Zv GARY AU =EL vebd Aol DN E=EARERAS

omsta, NOGE x=Z(noggin)S vl &@ch(x p<0.05, =+ p<0.01, ANOVA
HAE).
T 32 hESCse] BMPSF AE]Hl/x(Activin/Nodal) A1E BEE
o]zoz oA AA hESCs7t %X (trophoblast)E E3ste AL HAAZ
Agtoltk.  EBs< DM (5 pM)T SB431542(5-10 pM)E A= =
3 & 109 S wdstgoen, 2709 HEHA JALE mHA GATA29F
GCM1el @S gRT-PCRE o]-&3te] AE33t.
T 4da-4cE= BWPSF AE|W/xd 259 oF At fE ABAE
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=

3 FAY g4 204 ATeRY E3E ©S AT ZAFAE e
olt}. DMI} SB43154202 A T ulAHE 3 F 4UF widH EBsE
Wlor tajel Aol mgon EjpHo 6UZ AR HE WA (20 ng/m
bRGEZF A7HE N2 wix)oll A AFA AT, HOSH Miz-hES6E oF 90%9] 417
ZAE FR(EAE HYRE)E JIR BE 22YE LIt E la-1b).
dlw . Miz-hES4, BJ1-iPS12 2 MNSC-iPS2-3 AIEXE2HE LA 2.6-
25.569] Z2USL theks H-2AAMAE e oA AP ZAE F=E
Jergle,  olddd Adse Awd 2w 9 ople fE £
T2EZY AMEF FoE hPSCsEY £33 Aol A3 EATdHE Ae
gu T 422 ¥ HEI). a8y, =A%, 493 EBsol
A2 3hl e DM SB431542= Age] olg&d AEHE dREe Yol
84 2 =98 474 ZAE FAL FEIFIAHE 429 s9 H4).
-Nestin(ZE)3 -Sox1 (H=) FAZ AF =2AE F=2E
AMBIATHE 4ao] AFYD). T 4b:= DM} SB4315429] AHE EE
B2 g st A 5709 hPSC MEFY A 23 F 473 ZAE 72E 7
22U HAEE Yepd Aot T 4cE DMSOE A AEe}
Mlmate] 45 23} FAA DMSt SB431542% A&l Miz-hES4, BJ1-iPS12¢t
MSC-iPS2-30l 4] A1 79wl v}AQA Soxl, Pax6 2 NestinZ} F9Ho=
S 7tet 74a QRT-PCRE o] &3to] Jehd ZAxtolt}y,  oj¢t vigiE, Wulg,
zulo g%y 2 uEs wASe @@ DMS0E AT HMEESH

A el DMSOEZ &gt 8o DMe} SB4315425 AT
agoA ZEd %?ﬂx}gl A A wlg F71E ZaXEZ YERAAH.

3

ML

39

= AL &5 tH(Scale bar: 20 m).

T 5a-5¢ BMPe} AEW/x=g AR Al st Aibd
NPsZ2E DA HFde adae E3IE yeld Aot T 5= B
AL A o] &7 =Ty AA &

3 ZzEZo YHFEE Jehd Holt.
T sbi oz HlmE A%, DMF SB4315429] Aol st Tujl- R
S = {29 EH=EA Fol=EigtolAE
Wgsls Fe)o] Aws Z/kE FEe "Mz BME Fsho
el o] R o] T}, T 5cE DMSOE HEF AT (3He AFoERH
A" % 9233709 ME 2.6 0.5 Hlaste] DM SB431542%
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A2lg  MSC-Y2-3-iPS AME@BHY SHHA Agozdyg AM4E F
17,7110 HAE F 50.7+ 2.20)2%H wFH(Tujl =
Vel Aol Tujl-¥Ad AIXES ATT FE49.
T ol TH AZAAEEL DMSOE AHEdE gz 284 79
AZH A FPth(#* p<0.01, Scale bar: 50 m).

T 6a-6d= BWPT AEWl/w=gd AT A2 - ¢ste] hESCs
(H9)2] AALuMY Aoz B3 st AL Ustd Addolr. = bac
EB wixlo]l DMS A7ler 3 109zF wi%s A$ AALu whA (Sox13
nestin)e wa@e =78 9w, S (Brachyury®  Cerberus),
UJH] S (GATA49 AFP) 2 w238t olA(Oct49} Nanog)E2 A" ZAFHE
Ueld Aotk & b= wEst®E AlE(0ctd-T} SSEAL-S] o]F ¥) B
el A E(AFP-9A; dl= SHAE o)zl 1093k 5 pM DME AR
EBso] BRoA A&d ARES HAMEF BA4E Tt v Zeoln.
% gc= EAlo] DMT SB431542E 10¥3F A dd A AF wiAe EHol
He 245 AL Jeld Aotk olg ddz, & AT % UL

npASe WL @A FAHIG. T 6d= DMSOZ A3k EBs%t
nlwale] DMT}F  SB4315422 A @ §k EBsolAl  Pax6%  Nestin®] EdEol
zZ7l = AL Qg WM EsE £4 ZAioln. = 6a9t = 6¢9
g ZoA yES zhziel 3w AFdA Az 2 dET AEIA
eAA LA 9o} Z7t wlg(fold change)S YERH ZHoltt DM

dorsomorphing 9]u|sl¥ SBE SB4315425 ojv|gtt}.  Scale bar: 100 /m.
% 7a-7be §% B3l AL sk o hPSC AIEFOl BMPe
Bul/xg AE ARE FA A AFAE E3E FEAL
Ans Ueld AHolth., E 7a: hPSC AlEFo| DMI SB4315428 AT
H atgo] of$ FUkE ubd, FUE/AE R
golmoz Zad ARES Ui Aot 23
Batz Hs AE 2 DMSOE Hed AlFEelA
gz 2@ AMH =7 wEgg HEx FEFEAE UEW
Aolh(7|& S 12 dd¥ez AA). T 7be 4719 hPSC Al EF(H9,
Miz-hES4, BJ1-iPS12, MSCiPS2-3)Z%-E] EB T&& #-Nestin A2 U
A st el ZHolth,  DME dorsomorphing &W|EkH| SBi= SB431542F

11
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olujgtt}.  Scale bar: 100 gm.
T 8& Azruol=7|AIE (Miz-hES6)et Q17F IEFE7IHE (BI1-
iPS12)=22E zkzt BMP 2 AEWI(Activin/Nodal) Az2EE& F3td

AAATHNEE 580 o|2FE AZBME(Tujl), ABRAE (GFAP) H
HAE7|lRAE(SYALNEZALE, 04)7} 23 E A= g2l st

ZA3}o]th(Scale bar : 25 /m).

(A A4l
As 2 i
o1z} EIIME(RESC) ¥ 17k FETFSAHE(IPSC) WY

Z g/e A Z7] MAESF H9 (P31-45, WiCell Inc, Madison,
Wisconsin, ©=), Miz-hES4 (P67-75), Miz-hES6 (P34-45) (m|=wlt] 4,
tjahul =) CHA-hES3 (P88-93, 2 #H{, di&d¥l=) = SNU-hES3 (P30-36)
2 SNU-hES16 (P71-76)(M-&distm #HY, HIW)E& 20% KSR (Knockout
Serun Replacement; Invitrogen, Carlsbad, PI=), 1 x v g4
ot .= AH(Invitrogen, ©1=), 0.1 mM WEl-PZtEo| &2 (Sigma, St. Louis,
MO, ©]=) 2 4 ng/wl{ bFGF (basic fibroblast growth factor; Invitrogen,
o]=)7} d7}8 DMEM-F12 #ixlel A siefstsitt.  STO (ATCC, Manassas, VA,
m2) o M T2 ml%AIZ] SNU-hES3 (P30-36)9} SNU-hES16 Al EFE
Aslstn, WEE HSCFES HAHEIHoz AAE whex wjo}
A &0l £ (mouse  embryonic  fibroblasts:  MEFs, MCTTA}, A&,
=) Fol A AR 579 B WY FAE Aiuid Pl
9l5te] hESC FRUEL AAE HAr Fo FHH. Tk, 3709 Az
S Tul= T F(iPSCs), F  dHLf-iPS2-2, MSC-iP52-3 = BJ1-iPS12°
AEZ=2 A7) hESCY A3 wiR 2A4E bR wiAoA wi g AT (S

12



10

15

20

25

30

WO 2011/055899 PCT/KR2010/005892

o
o
1o
‘o
)
Jo
I-ﬂ
s
o[r
Pﬂ
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st =t er o] George Q. DaleydhAlel]l 23|
Bofukgrom| 9 tHf:f} DaEHE e e; Nature. 2008 Jan
10;451(7175) :141-6, Nat Protoc. 2008;3(7):1180-6).

o17F AP35 57/Xf/_-5£«/ Apgrz 23

308 =oF 1v& ZatAlJolAl(Invitrogen, "F)E 2 mg/mE A&
5 3o Aﬂg%giTa hESCs 2 <Izt iPSCs E=UE EIAA
o} (embryoid bodies: EB) BAL I=F stgen, =ZAANA
ExR o7 Al4sHE bFGF7E §1E BSC Wl wixlyh Edd sEZ HHA=
o] E Al AT}, EBE 3AA7]E= %<+, DM(dorsomorphin; Sigma, oz) %
SB431542 (Calbiochem, San Diego, CA, ®B=)9 43t F=& Hix|l
A7lstgom, oF 109 o 2g0] @ wiXE wBUT.  RT-PCT R
HAMN LS Sato] nfAEY FHE AR,

o]z} HEFS Z7]A)E9 DA(Dopaminergic) L 22 #3F

1020 z7te] zpdtaoel B3 F NPs (neural precursors)®9 3
915t 8-10¢ < bFGF 20 ng/meo] H7hd N2 ®i A ((DMEM-F12(Dulbecco's
Modified Eagle Medium: Nutrient Mixture F-12) 2 1 x N2
(Invitrogen))ol Al EBsZ F7td oz wjgstgony, Xa #A Ft 2d

(17

sty wix S wEsSiTh gdolsloz Brj woldllgsled NPsE
dilz 2aagien, o & 0.52 x 10° AEF/ard YEE
olEg AMatrigel )2 ZEE ZdolEd HAIF3Tt. 200-500 ng/mé

A4 3| &(Shh; R&D Systems, Minneapolis, MN, ®©|=) = 100 ng/ml
FGF8(Fibroblast growth factor 8; R&D Systems)o] XZ ¥ N2 Hjx|ol|A]
847t DA(dopamine) ATFAHEE LTAAIZH. AA3] s DA wie
2 A 7] 7] 3514 1 x N2, 20 ng/mt AAFolAE  FH
A AGokolzt(glial derived neurotrophic growth factor: GDNF; R&D
Systems), 20 ng/mé ¥H-F2 AH9Y <dAH(brain-derived neurotrophic
factor: BDNF; R&D Systems), L 200 uM ofZ~=3ERWIAH(ascorbic acid;
Sigma)o] X Z¥ DMEM-F12 ®jx] & wEupd uix](Neurobasal media;
Invitrogen)ol A DA ATAHEE B S3tith.
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%Zl% Hc}ﬁé'% e FAs AR Aegs V1M

Z, 5 uMDME 10 pM SB4315429 EA EE

—rzﬂ stell A EBsE 443k HH%‘:‘}%iQU%, 7 o 20 ng/mé bFGF7} BZ € N2
A7 5o Qe PtEZA-3Y d4 A 6943 FH R wldEglin.
Oﬁxﬂzﬂi‘ 2 RT-PCRE o838t HE=

BSE o]&3dle HEES IHAZAT.
3 AAI, 20% TIARL2(sucrose)E
T. &3 = (Tissue Tek, Torrance, CA,

o)A A% T, g 2 2EE(cryostat)E o] &3t 10 m FAR
s

=
&d, EBsE L IAASZ 1
.C.

F4359 178 0.01% ETE X-100/PBS(AIEZJH vtA)CE
Ae)sta, ALdA 1Az F< 5% T @74(Ca1b10chem CA, U]=)o =2
22271 & 4CoA dx FAZ s SAIZGH. B AN

=

23 AxgA= g3 Zoh: Oct4 (1:100, Santa Cruz Biotechnology,
Santa-Cruz, CA, ©]=); SSEA4 (1:500, Santa Cruz Biotechnology); Soxl
(1:200, Millipore, Billerica, MA, ®l=); Pax6 (1:200, DSHB, Iowa, IA,
o)), Nestin (1:1000, Millipore); a-®|EZZ¥l(a-fetoprotein: AFP)
(1:100, Santa Cruz Biotechnology); Tujl (1:1000, Covance, Berkeley, CA,
m]3); GFAP (1:300, Millipore), 04 (1:200, R&D systems), % HEA
slo) == A g}o}l A (tyrosine hydroxylase: TH) (1:500, Millipore or 1:300,
Pelfreez, Rogers, AR, ©l=).  dx A AFwold 5, AZA LA
A= AZ3}7) 28t 8 F(Alexa-Fluor®E+ 594)-A% 22
&4 (Molecular Probes, Eugene, OR, ®lZ)E o]&3tsict. & AE3H7)
9]5te] DAPI (40J6-diamidino-2-phenylindole, Vector, Burlingame, CA,
n=)E s Fo. £¥F2~ X7l @vA DP71 HAE JhHSE
Axoluxe BAsIger, onx-Tz Fex ver 5.1 (Media
Cybernetics, Silver Spring, MD, ®I3)E EAqct. HAFEAE AX

14
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T AR gE 39 AgdAe ERYE TRt A¥H WUbE
A A+ AFAER #FE BTG FAH F8L
AREE ~HZE EE PSS AZE BAH 12.0& o] 83 One-Way

GRT-PCR(Quantitative Reverse Iranscription-Polymerase Chain Reaction)
% o] #4

AZALY ZREZC wg o)x-2¥ EY RNA A 7]1E (iNtRON
Biotechnology, Seoul, W3H1=)L o]&3le HAEUW EAlst= F RNAsE
223 % 99 cDNA ¥4 71 E(iNtRON Biotechnology)E °l83td 1 ug

A AALAZATE.  SYBR Premix Ex Taq TM (Takara Bio Inc, Shiga,
QB)Z o]l&3le] RI-PCRE AAEFed MyiQ EE CFX9%6 #d-8dd
A ~8 (Bio-Rad, Hercules, CA, ®|=)E o]&3}lo] HHZAIZT aRT-

79C 2022 1Abo]E % 3lo] F 40 AlolF(cycles)(2€Al), 72T 1% HF
A2 dl A (3HAD. Eold wtA fHAEe TE  F(Ct values)=Z

T p-A4d go= FFsE O Bg AACt UWiez
g#3td sAEY 2d F£EL dgH-AE AF % BW dE2T A2
Hastgitt. Hol® 33 o] EYPHA H4FE st EE HelHE
A% FAatden, Zeholq AEL E 1 YEAG

(£ 1]

15
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4 &t ZzlolH FIIAE
I4-1® Aursk | ggtecectatctatctgag(AHEH E 1)
oAubsF | cteatctcaccetteagg(AHEHE 2)
e Aurer | ctegaceacatgaaccacta(AEHE 3)
outer | gtagtceateacececteta(AEHE 4)
Awursr | gagattcatctcageatigagattcta(AEH = 5)
ol outsr | gecctactgtaatctttictccac(A €W = 6)
Autsk | gcgganectecaaagaaata(MEHME 7)
Pazb oursF | ttteectectastctitctca(AMEH = 8)
, Aubsk | tgcegectacteaaaasttc(AEHE 9)
Nestin outsk | agacteagesacatctteag(AEHN = 10)
AursF | aggtacccaacccteagga(XMEHE 11D
Brachyury outsk | gcagetgastiatcagaataget (HEH S12)
Aursk | acagtecccttcasccagact (M E¥M = 13)
Cerberus odutsr | acaactactttttcacasccttcgt(HEH S 14
AFP HursF | tgcaaaceateaascaagag(AEH = 15)
olutsk | aacageccteagaaatctec(MEH S 16)
AutsF | gtcatcteactacgggcaca(AEHE 17)
AT AutsF | cttcaggecceagaggac(AEHS 18)
Autsk | ggcecagcagaatccaga(AEH = 19)
soxl? odutsr | ccaceacttecccageat (A EH 5 20)
- Aursk | ctctemagctcatcecttecc(AEH 5 21)
o outsk | tggaceccttectegaaagac(AEHE 22)
" Aursk | agaaocgaccactcatcaagcc(AMEH = 23)
caThz” oItk | tactcticttegacttettesac(AEHE 24)
AursF | tgsactceagaageatete(A M = 25)
et ourer | gcatastcectacttgatce(MEH = 26)
Autsk | ccaacatcctgaacctcagc(AEHE 27)
Nanoe oubsk | gctattcttceeccasttet (HEHE 28)
, Aubsk | gctcttttecasccttectt (A EH E 29)
B-actin adutsk | cttctecatectetcascaa(AEH = 30)

A7) dERE B AAdd 38 F2EAS ey
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5 Xz =9, hESCs¢t AZ+ iPSCs)7H EA

x gxoz E3}g £ v FYol EVAEE AR

23l7] 93 AA ZAotk.  HT HuMoMi= QztujotEr] MEFT}

= A AL Jdoka BasAe®.  EY,

o] y1BozrE FHH 6709 hESCAA &3 A

s ] o] AANZZRE FH€
3

WA Agdol EAGTE AL dste AE AToR BHAsE I
gRHon QP vxmz, AxAsgezd 8ol o AYD
ATFE Agstr] st ol dld 2A}
gesgin.  olE ¥ 23d FHEL =¥, A =&
resEz, 99 AAn g B AFH gBglel ZE WXEEL 54
AT Aoz B8 A58 5 dE gel Adw He 2 =g 2
Aolth, ou] AT Aoz, B ATAEL OFE £F FAFE HAm
9= ZE WPCES A7 AS(dE W, 47 ATAZNP)Y FR)o=
2aAyle RUd Z2E2e AYsnd AT, B dFAES AP
2ag Al7led Qo] T ¥ H8¥ § e LREFS A7) At
AR HFFEES olgsl o4 FH F AA A= LA
#Aaso] 9Ex AH  AZES(signaling pathways)S XA Ae
A8,

oM, AR BIgE £EA77] ¢sd H9 hESC ERYE
gaAgol 93] wobA (BBs)S BAAA H& wigsigc.  diHo=,
e qa 84 Wy} zzte] WESCES Bat Aol meh A9 sriets
qHE AS-4E AF AAE TIse A @S AWHY ¥
zAslA MFE EBst W 47 ®d 5gAe zet. OE AE
ATozel Bar} obd 274 AEaure] Ratg £A717] ste], 27
EB ®A 7|7+ ZoF & 334 @A (bone morphogenetic protein: BMP) A&
422 odAsAT.  BP A% JAE Z7] djol @@y Tt AU
$Ed Fed dge ddn A YT BIP AE AAE HF

17
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71Z9 AFAEL Zgelel= BWP JAAQA =7 (noggin)E FE
AHgaEd, 2 ATAEL o] 2 dald AR FFEE0] EBS’

Foz Bt A WIT + A1 AL AsA2L EPHoE 2FY +
goke  Hel  Zeks) AR A¥ET P Hd&y B AA

DM(dorsomorphin: &=

SAAY B FFo] ZAHE AL B39 MY EZHE FIFHAHE
2a). o og, DM-HErt fF-gEHo2 E83st= EBselA Pax6d
Nestin® 2 A4 wlA9 2@dS F7kA171a, DM AHelel og BWP A=
Az A7} H9 hESCse] A7 AFoze RIE FAAAGE As
A AT (= 2b).

BIP A& oAl AAME E5dE FE3F F=ARH FA &
AZozol B3E ZaA7EA ZAE7] 9189, hESCsel E3 £%9
Bisto] ¢lojx] DM &EFHE Bt W3 AFeAUT. 109 T DM H 5
ol Tatd A Bl wjAo)r EBsE wisglom, vlEshd hESCs
mol opal  3ulgEe] WEAHY vAEY 2dE AFH  RI-
PCR(quantitative RT-PCR: qRT-PCR) % WM Esist #dg o83
gol5tdtH(E la-1b). EB @A NS AHstes A¢ §F-d&He=
ANAMNE v}A(Soxl 2 Nestin)e oL FoHe= F
Zw 9 (Brachyury 2 Cerberus), ¥ (alpha-fetoprotein (AFP) %
GATA4) 2  ul&3d hESCs (Oct4 and Nanog) FPIHAEY 2ALS
ZAHUANE 1a). gy, UEid(dE W, AFP)T PESAE

nAS(E EW, Octd D SSEAL)S A3 HAEHJD(E 1b). ol
Anse B Az dAvoz: uuMg, FUE 2 9 vEsd
ANEF AA22 TFdE E5(ure) A AXTE =4 ANT £ flde
A& dujgth. o2 EUZ 3o, B JdTAEL hESCse A7
Aoz Haz B XA F dE F/HEA AE A2 ALY
sl A7 MEI W /= (Activin/Nodal) ZAZE g %2

2719 B3 Sxo 9§ x7] wiol wg AN FFHA ATL 01’
G

18



10

15

20

25

30

WO 2011/055899 PCT/KR2010/005892

@ dug @gm wahYt.BY gz, 2 dTas
Z

Q
AEN /g Ao AAY e AT R vEsd AL F37= A
N

tlo rlo

olgldt HWAUZSL 7|2 dd, BP A=E9 JA® T oy

W/w 59 oAlE Buste Aol WsA e MER Eslait

0 A7 HEE B3 f:2 & F JdEAE HZE
st AERl/x=g AT A9 5ol AR SB431542(5 = 10
LS DM (5 pM)E EdeE A 23 wjAdd EBsE wWi¥st= B,
NAXE o7 (Soxl, Pax6 2 Nestin)e w@o] HoHo=z Frigh ¥,
w3 (AFP and GATA4)¥ ZvH%d (Brachyury 2 Cerberus) wtAELS 5
e AAHAE 1o). Zontk 3 AL, viEsd HESS
Aol W wASOctd 2 Nanog)ol S ZAHATE RoJTHE 1o)
wa, B Ao AAMNEY FUME WIHEgste s FAHSIATHE
1d).

BP ZA=zZ= odA(M ) == BP 2 AW/ =g BEE
ol 7 (DM+SM431542 A e)AlZ o2 M F %X (trophoblast) w7 (GATA29}
GOMD) e wao] ZAHUTHE 3). ol Az BWP A2 E4sd
wjuk MElEl /g AZE7 hESCsTF GUER BIE ol Bud A
297 e #Wao] kP
AT7h, 2 AFE hWPSCsEHE agdoln wjietA
o] o] BIWP 2 HER/x=F AF A2 AATJ} 87
toitk, o3 AB/ESL BP 2 AEN/=g AT A2 FAH R
olA7} Xenopus Wo} ol oM AF fFEE  HAstA
T RuE HZ AT A
e ogEde Az B3 Z3F(innate differentiation
propensity) @ TA¢lol DMT SB4315429] FAl AEl7b EE hESCe iPSCE
N7A Aroze EBIHE FEAIE AAAA dF AHolH. ol 2 &
duAe  #zsty] st 9/le]  hPSC(67F  hESC R 37HS Azt
PSO)E2RE wEO R EBsE A EFzAdA wiYgE stdA DM
uM)e+ SB431542 (10 pM)e=Z 3. qRT-PCR £l A& DM
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SB431542¢ A @d Aol ©E AE AXTE EIE ZTAAZIHEA
AANERY $E2 FoHor YA Aoz YEHYHE 2a).
Tu|E2A%, ZZ(dimethyl sulfoxide: DMSO)Z Agl® AX)% DM Z

SM4315422 A2 E HEF ApoloA ] AFAE WA LE T F2
Miz-hES4, SNU-hES3, SNU-hES16, CHA-hES3 % BJ1-iPS12 AZE% ZZ
AANEZ B35 g WA 23 3FE 7 AEFEclAe 2
z7} Zo] EA UBIRTHE la ¥ = 22). HIAEss EHdMe
BWPS} oiElwl/xg AE ZA2rt AAHNE W, 2o w2 AEse] UA

AFANE vlA Nesting 2@ Aoz YelAci(= 2b).  DMI SBE
s To= oy nisdE ANTEE WM EFS ot HEHXA
ersrtt (dlolejo] TAISHA ).

kA 23 gAolae] olgjgt AdE ¥ vk ofz}, hESCsEH-E
NAANE EBIFE FERAVIEE dad A = B3 ZEEZS
Aests AL AE, DMF SB4315422 AAAE LA

AgeA] A" AF AFAEELS FH, ARAEL X

2aa Aol LA wE  AFH(directed)o]E  BAIRl, BWPS
dEjul/ g AE PR BA 2FE B SHo| w5, F
zA8M BE WPCsEL AEHoR ABAE ATz E3HAT.

=0 ojA|ste] LA"E NPs7b 54
= 598 fAsZ JEAE A
gt E271Foz B AFAEL F T2EF met =37 (dopamine:
DA) Frdezel Bis ARIFUTHE 5).%°  WHANEHE FHAM=
DMSOZ Had ME(E MESFY 2.6+ 0.5%) 3 vlaste] DM R SB431542%
Agy® A7+ iPSC (MSC-iPS2-3)(&F MEF9 50.7+2.2%) 1A Tujl-¥4
NA A Frb F23 wE Frhsldti(E 5b-5h). Tujl-¥A AlE9
ArEh BE(49.5+ 6.8%) TH' FHA(=Ed9& FAdste aLd HEA
sto|==AalolAl e HdsE Fa)oldo.  EE, ol2lg Zi= BIPY
MER /e AE AR zZo] A 24

o]
=
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L
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