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B A A
F749)

A+ 1

= ¥4 A 4(Bone morphogenetic protein 4, BMP4) 2 449 #X&2(Sonic Hedgehog; SHH)S] FEA] 3lel
A % A7 Al (enteric nervous system; ENS) AZ2S Alth wisio], 7] & AAA ] =S s dAE
Zatels, A ovlwolmol Az Wy,

A7 2

A4

A+ 3

A7

AT 4

A1zl glel A,

d71 A AARAENS) MEE AHEAM ME(neural crest cell)$t F&(hind gut) MEE I F(co-
7

culture)sto] &3t Frxd A, FH e7hwmol=9] Az WY,

A7) Fulke & PA dwldBMP) 2 A AAH(growth factor) F Hoj dhte] EA stelA S, F

A5&e] o] A,

A7) A7 91&}+= bFGF(basic fibroblast growth factor) @ EGF(epidermal growth factor) % Zoj& &pifel,
Ay erbwol=o] Az Y.

471 A Axs ol d AlE(ectoderm cell)E  2E ](3Ct1V11’1) AAA B Wnt Ale ZAAH(nt

signaling activator) & Aol slbe] £4) slelA wigste] 23 fmd ¢, ¥ erhwolmo] Az
KR
7% 10
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A7) HEJHl A A= SB431542, E] ~Elel(Follistatin), A8301, DMHI1, K02288 % SB505124& o] Fo]zl o
¥ Ql, A Ulwol=9] Az WY,

7] Wnt A& A= CHIR99021, BIO((2'Z,3'E)-6-Bromoindirubin-3'-oxime), BIO-o}Al&EAI((2'Z,3'E)-6-
Bromoindirubin-3'-acetoxime), 3F8(5-Ethyl-7,8-dimethoxy-H-pyrrolol[3,-4-clisoquinoline-1,3(2H)-dione),
A070722(1-(7-Methoxyquinoi in-4-yl)-3-[6-(tr-ifluoromethyl )pyridin-2-yl Jurea), AR-A014418(N-[ (4-
Methoxyphenyl )methyl ]-N'-(5-ni-tro-2-thiazolyl)urea), SB216763(3-(2,4-Dichlorophenyl)-4-(1-methyl-1H-
indol-3-yl)-1H-pyrrole-2,5-dione), SB415286(3-[(3-Chloro-4-hydroxyphenyl)amino]-4-(2-nitrophenyl)-1H-
pyrrole-2,5-dione), TC-G24(N-(3-Chioro-4-methylphenyl)-5-(4-ni-trophenyl)-1,3,4-oxadiazol-2-amine),
TCS2002(2-ethyl-5-[3-[4-(methylsul finyi)ph-enyl]-5-benzofuranyil-1,3,4-oxadiazole) 2 TWS119(3-[[6-(3-

Aminophenyl)-7H-pyrrolo[2,-3-d]pyrimidin-4-y1J]oxyphenol ditrifluoroacetate)® o]Fojzl Foi] Meg 1
T o], A eUtol=e Alx WY,

AT 12
A9gholl QJoj A,

A7) A AES] i 717k 12 AIRE WA 6 ARl g 27t

b
S
[
o
2
BN
o
oL

A3 13
A9glell lo] A,

7] A MlEE 2VHAESE 2 JA A (Bone morphogenetic protein, BMP) AA], 4E]Hl(activin)
AA A L Wnt A5 A A(Wnt signaling activator) T Ho syl &4 stollA wfsle] 3 fied A
e, A Ubwol=e] Az Y.

AT 14

A3 AolAT,

7] E7IHEE Az wlo} Z7IME(RESO)Q), 3 rbwol=o] Az iy,
AT 15

A138el oA,

471 Z 84 ad AAlAl= LDN-193189(4-(6-(4-(piperazin-1-y1)phenyl)pyrazolo[1,5-alpyrimidin-3-
yl)quinoline), =253 (Dorsomorphin; -[4-(2-piperidin-1-yl-ethoxy)phenyl |-3-pyridin-4-yl-

6
pyrazolo[1,5-alpyrimidine) ¥ %=%1(Noggin) o2 o]Fojz oAl HABlE 15 o]iel, A Q7lwol=9 A
Z W

A7 16

A48kl oA,

A7) T AEE WuldA A E(endoderm cell) S AFEAME A2 2F 4(fibroblast growth factor 4; FGF4)
2 Wnt A& GAAF(Wnt signaling activator) & A& 3hbe] &) sl A wjdsle] B3 5% A,
Q7bol=9] Al WY,

A7 17

A16ge] A A,

471 WA AlaEe] wiF 717k 1 D WA 10 L)1, A kol =o Az Y.
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A3 18
A 168l oA,

A7) WA AlEE S7)AEES TGF-8 9
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AT 19
A 188l gloA],

AH7] TGR-B #ide] @ de TGF-B, NEW (activin), & FA oA BWP) 2 A3 3+ Ax(Growth and
Differentiation Factor; GDF)® o]|Fo|Z oA Agld 1F o], A¢ rlwel=9] Alx Wy,

A% 20

A18%el Aoi A,

A7) F7INES] WF 7170 12 ARE WA 7 491, A ekl =e] Az Wy
A7 21

Al 9 A4 WA A20F F ol @ el g AxH W 9rhwol=.

AT 22

A21ge] Fo Qrtwol=E Edtes 27 X84

7% 23

A217ke] F ebmol=E o] &5t F ¥ A3 N uAE 277 dee WY
AT 24

w3ty ZF7} == 7t Sl , =4
g3dste= .

AT 25

A|238 o] QloiA,

271w Agke A5 A&BD), A W S5 (IBS), A& (Crohn's disease), AYE A
(UC), =& S5 (short bowel syndrome), & (enterocolitis), FHH FH&A =2FFZFT H
(hirschsprung's disease) @ Agjel W (Celiac disease) L2FE ML= A, ~3g|dsts Wy,

e 4y

o

@bl S (organoid)E A7) FAHNRA, F/AEY 7] 719

$ - AzFFe] WE 24 wL Jne] U /5 REE

% EE 24 TYHE ol Sold AL AUES T
A

— s B A
Yo FEA 2AE olFoA gew, 24 lwel AL e N AQE F A OrpeolEh B
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A 49 A 93 FAHH =, Ve g2 AXETE
o] #EE Fol= = AFAS B3t dojur}. o] AlF 543} (lineage specification)ZFal sk, A A
] T F T AFAVF AT A NER B3}EHE Ao,

o
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RS)
Y
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|
il
lo
=
Jet

Q0 Utwole Y HlY =9 S tdst $8& FokR HEye] AW REE ) oF 78 HAE,
7] WAl A& (organ replacement) wol E&F F . Utwol=e wEE o H(personalized
medicine)9] 7=t ez 23do A wHE MX A HT Aok <tHAdT &%

=N
W, $4 EE i g 499 RS HEES E9E & e Aow 7]
o
~1-

eld Qar, webd e Al ol b5 oz Jvisel A Al

W x| = FAl ol

7129 3 ebwol=E 20099 Hans Clevers AT #elel 3§ 7ML phE AL ol &% 339 wj%
of Aeow HEsel F B AZZVE AA W gel Fas wzl FAs-§8 FEE D dE A
erbwolmg £am PHUTHE AL HelE vl 9ow, ol@i YHYE F erbwolmt MYHE + W ¥

L BAEAT. o]gd ebwol=e A A=\ NEE o] &3}
ZRE S8 orlwolus 2do] r|EA HA
%!

2 widd v Axs 94E 5 A, =
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=
N
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Y
e
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ox

o 2 Ade] #AE + 9
ke A E71AE

71 MAEZ} ZE= niche ¥
g o= AE(nt) As7} ofF S8tk 2YRE Wnt Aee] &
TS A SVIAE Y ZEEF Fa3 248 23T, o]y uf
Hok. o714 Lerbe Wnt 4159 34 ARzt Wnt AeE F3A7]
olar, AFA E7IMEY GHEE YERE Axol7|E it Larbt AlE
7twolE YA HEEE wg Fad AAETIAET. AT A
3 Atat Aol Agte] glomm o] v B3l 9 Aol Ok o

1,
v
b
o>
(o
fr
-z
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do
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S

A 27 AEe] GAFE el
21 Wnt3a, R-ZEW (R-spondin)
o A Lgrs+ AE7F &2 e
R-spondin®] F&AZ 2gshs AR
o] 224 8 A7|elA et

FAZE el &'

2]

()
o

i o2 ox |
rles
o o

2ol = A3 viol Z7]A3E (human embryonic stem cells; hESC)$} €17F #% theA Z7|AM 3E(human induced
pluripotent stem cells; hiPSC) &2 1%t ths/A 7| A% (human pluripotent stem cells; hPSC)ZHF-H 24
el E3l(directed differentiation) TEEFE AFEsle] 3x09 2zF A# 9 7}w-o]=(human intestinal
organoids; hIO)E A&gre = AA 9 (in vitro)elA WY F# e 3 =4 A Bye] syt
(Spence et al., Nature 2011). 12} o]ZA Azt hi09} A& QA9 &% tixw (hSI, human small
intestine)9] Fx9 7]%50] AA FAFGOlE BEtal, hPSColM freldt hioe 43 7%, WY 7% 9 OLFM4
o} 22 ¥ Z7|AE(intestinal stem cell) wkA FH=FE] Wdo] FE31A] 42 wAd<s3k Hok(fetus) &%
o] BEAE 7K. ol AAl #(in vitro)olAl el AgE Alto] o A, Fu dxol a3 2%
T HAs s P/EE WY, I3, NS ATFAHE 22 F83% AX 73
o] HAd<% hi0e AlgFw Yl o2l £ A W(in vivo) BANA wMdHAY e =5
S|

I
A Agolnt A A 2 2 VleA8S 2E s Ao dad ¢ s 24
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Follde ¢4, S7IAEE AR xR Eokste dAE SIS 5 9

Wol A4 7] "ENAE(sten cel)'E A7) BAl $HE AAUA T o) ol ge] AER BEu -:— &

ar
=
ar
=
Zt= AZE W, w5 Z7)AM|E(totipotent stem cell), HE3I% Z7)ME(pluripotent stem cell 2
l(—:):_ 1=l
a1

=

2
o
2
JL
0?

N

Z7]M¥E(multipotent stem cell)® #F & g}, T3, = ]Eﬂﬂ¢txmm%1OQﬂ
FATNA K= W}%ﬂﬂ¢®mewsmmuﬂbﬁ}@ﬂ ]LHdP PR RS PR [ R
Z7)ME(adult stem cells)Z s 4 tl. & whgo A7) ZVAERE Q7 sjo} Z7]AE(hESO)E
AHEE 4= 9lot, o]d Z%]SLE]L AL ofr}.

B oo = A7) E7)AEE F 34 W (Bone morphogenetic protein, BMP) A|Al, ME]H(activin)
AA A L Wnt AE ZFAA(Wnt signaling activator) & AHo= 3] & 3lol A wjFsle] uidA AE=
1=}

Eowgol Ay F YA E}ﬂﬂﬁg AAAZE= LDN-193189(4-(6-(4-(piperazin-1-y1)phenyl)pyrazolo[1,5-
alpyrimidin-3-yl)quinoline), A= (Dorsomorphin; 6-[4-(2-piperidin-1-yl-ethoxy)phenyl]-3-pyridin-
4-yl-pyrazol 0[1,5—a]pyrimidine) %l =71(Noggin) 0.2 o] Fo7 oA MElwE 15 oAU & Jdor}, ofd
Ay = 3L ofyrt.

2 Aol A A7) dER A A 2= SB431542, E2]~Eld (Follistatin), A8301, DMH1, K02288 % SB505124%
|FoAZ TolA Aele 1% o]dd & Ao}, old AgtE= A2 oyt

[}

Boultgoa A7) Wnt AlE A A= CHIR99021, BIO((2'Z,3'E)-6-Bromoindirubin-3'-oxime), BIO-o}AlE A
((2'Z,3'E)-6-Bromoindirubin-3'-acetoxime), 3F8(5-Ethyl-7,8-dimethoxy-H-pyrrolo[3,-4-c]isoquinoline-
1,3(2H)-dione), A070722(1-(7-Methoxyquinoiin-4-yl)-3- [6-(tr—ifluoromethyl)pyridin-2-yl]Jurea), AR-
A014418(N-[ (4-Methoxypheny!l)methyl]-N'-(5-ni—tro—-2-thiazolyl)urea), SB216763(3-(2,4-Dichloropheny!l)-4-
(1-methyl-1H-indol1-3-yl)-1H-pyrrole-2,5-dione), SB415286(3-[ (3-Chloro-4-hydroxypheny!l)amino]-4-(2-
nitrophenyl)-1H-pyrrole-2,5-dione), TC-G24(N-(3-Chioro-4-methylphenyl)-5-(4-ni-trophenyl)-1,3,4~
oxadiazol-2-amine), TCS2002(2-ethyl-5-[3-[4-(methylsulfinyi)ph-enyl]-5-benzofuranyil]-1,3,4-oxadiazole)
2 TWS119(3-[[6-(3-Aminophenyl)-7H-pyrrolo[2,-3-d]pyrimidin-4-y1]oxyphenol ditrifluoroacetate)® o]
ol oA dEE 1% oY F A2}, o] AgEE AL o).

oagola 7] ejuidd MEEe E3h Al v wixle 58 AlgetA] o, o E =W DMEM(Dulbeco's
Modified Eagle's Medium), IMDM(Iscove's Modified Dulbecco's Medium), a-MEM(Alpha Modification of
Eagle's Medium), F12(Nutrient Mixture F-12), RPMI 1640, 22|} #i#] E(Williams' s medium E), @]
5A(McCoy's 5A) 2 DMEM/F12(Dulbecco's Modified Eagle Medium: Nutrient Mixture F-12)& o]Fo]zl oA
AEE 1% oo vl wiAE AR&ste] FaAlE G oy, oo AFEE AL ofyth. oA 7] wjAd
Yol2 &3 A A (Knock out serum replacement)E 712 o] £33 4 9},

Tk, 2 oA 7] ouldd MERe] B3b A vl ke EE3E] AdeA gou, & EW 6 Al U
A6, 12 AZF WA 4 A, 24 A7 WA 39, == 1 9 YA 2 4 EoF 3" 4 glo), ol ATEE
AL olYt}.

2 Ao e Arlel Zo] uidd MERe Bl fRHW, A7) s MEE AE R (activin) FAA
2 Wint A% &AAH(Wnt signaling activator) & Zol% sfupe] Ea] stollA] n|gste] 21754 A3 (neural

crest cell) & E3}1Z FEste dAE =8 5 .

Wodbmgo) A A7) HENE A A 2 SB431542, Z2]2EFE (Follistatin), A8301, DMHI, K02288 % SB505124%
ojsolzl ol MEE 1% ol 4 govt, olo] AgEE AL oph.

2 oo A7) Wnt AlE A A= CHIR99021, BIO((2'Z,3'E)-6-Bromoindirubin-3'-oxime), BIO-o}A=A]
((2'Z,3'E)-6-Bromoindirubin-3'-acetoxime), 3F8(5-Ethyl-7,8-dimethoxy-H-pyrrolol[3,-4-c]isoquinoline-

1,3(2H)-dione), A070722(1-(7-Methoxyquinoiin—4-yl)-3-[6-(tr-ifluoromethyl)pyridin-2-ylJurea), AR-
A014418(N-[ (4-Methoxyphenyl )methyl]-N'=(5-ni-tro-2-thiazolyl)urea), SB216763(3-(2,4-Dichlorophenyl)-4-
(1-methyl-1H-indol1-3-y1)-1H-pyrrole-2,5-dione), SB415286(3-[ (3-Chloro-4-hydroxyphenyl)amino]-4-(2-
nitrophenyl)-1H-pyrrole-2,5-dione), TC-G24(N-(3-Chioro-4-methylpheny!l )-5-(4-ni-trophenyl)-1,3,4-
oxadiazol-2-amine), TCS2002(2-ethyl-5-[3-[4-(methylsulfinyi)ph-enyl]-5-benzofuranyil-1,3,4-oxadiazole)
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9 TWS119(3-[[6-(3-Aminopheny1)-7H-pyrrolo[2,-3-d]pyrimidin-4-y1]Joxyphenol ditrifluoroacetate)® ©]F
oA AdE 1% o]dd 4 o, old AgkEE A oyt

2 doA Y] AAed AERY 23t Al #F six= 5838 AFEtA] &ov, oE E9Y DMEM(Dulbeco's
Modified Eagle's Medium), IMDM(Iscove's Modified Dulbecco's Medium), a-MEM(Alpha Modification of
Fagle's Medium), F12(Nutrient Mixture F-12), RPMI 1640, €2]<t wix] E(Williams' s medium E), "izio]
5A(McCoy's 5A) 2 DMEM/F12(Dulbecco's Modified Eagle Medium: Nutrient Mixture F-12)& o] o]l oj| A
AE 1 o] e wig viAE AREst] FadE ¢ o}, ol AgEE A ofyrt.

Lk, B oddda] A7) AT AERe 23k Al g 71k 12 Az UiF] 6 Y, 24 AIZE WA 5 Y, 2 i
A 4 4, B3 Y UA 4 d 5 FEHE Aol vigA s,

2 oA Aok Zeo] AA T AERe FIUt FREW, V] AFsAH AEE 4 (hind gut) MES F
v % (co—culture)dte]l & A7 A (enteric nervous system, ENS) 2] 32 fE3l= GAZS =343 4= ).
2 oA A7 G AAAR 23 f 2 Al F F3A4 A BWP) 2 A AR (growth factor) 5 HoX s
o] EA stellA FHE = ATt

Bodol A Ay] F ¥4 dmAz = BIP djdE] el &l 3 FAZQ FHE 5EHS] AR go
U, el= o] BWPL, BWPZ, BWP3, BWP4, BWP5, BWP6, BMP7, BWPS, BMP9 2 BWPIOS o]0l wolA] Aeld 1
T oldd 4 dar, v HEAE BIPAE X8 4 Q).

walk, B wyoa Ay AAF 21x}= bFGF(basic fibroblast growth factor) % EGF(epidermal growth factor)
Z Aol & AT = o, oo AgE = AL ol

2o A A7) e 3k wiek W g e g k. o7]A A7) A wlds s FAE =
e 53] AR o ] v|sitokdA] drkgom Falvs Wil oF 4 gtk oE EW, IuY
g AT AE 2 3 AEE A AANGYEAE 2AF=e} A ALHeR v ddE 5 AT
oA71A 7] BAAFA 2AMEEE AES} JAsPdS AT ol2uk 'HE HEAAG 'S ZHE AW ARE e
oAxw MAEE 3AYH o2 F AL YA A = v AAAE ouigitt. B dEoa] A {2 AR AL o
2E dAMolE, dud FZgAl, FBEd, SYFEN, AERQ A To] Jda, FA mEA AAAY 48 E
W E(Lu-slo|=FA1M) Ald, 2 (HLdLF), EEdstol=gtol= So] o, o]d AstE = AL oy
=

ool Y] A AAAIRe] E3t Al alY wiAlE 588 AlgdstA dou, dE 59 DMEM(Dulbeco's
Modified Eagle's Medium), IMDM(Iscove's Modified Dulbecco's Medium), a-MEM(Alpha Modification of
Eagle's Medium), F12(Nutrient Mixture F-12), RPMI 1640, €#]¢t wix] E(Williams' s medium E), ™ 310]
5A(McCoy's 5A) 2 DMEM/F12(Dulbecco's Modified Eagle Medium: Nutrient Mixture F-12)& o] o]zl oA
A 1% ol4e W MAZ gl FHE 4 Qo ol AFHE AL opth, EH, 7] WA

B27 ¥ (supplement), N2 HEA] ® (5 BHEA £ Hoj= dUE F7I2 ¢ £33 4 vt

A AGARS E5F Al wiF VIS 2 A WA 14 L 4 D A 12 L 6 D WA 10 Y, ®

]
WA 9 U Eek FAEE Ho] uhak s,

Wrlg A Al E(endoderm cel)E E31E F23 5 A7) WuidA

B odgo A A Z7]AE(stem cell)s= wio} =7] A ¥ (embryonic stem cells) T AA E7|AEY ¢ 3o
U, v sk AlE QI wjol &7 MEZ(hESOY 5 Atk
B kX 2} (Wnt signaling activator) % Aol%=

Bodgo s A7) E7IAXEE TGF-8 dide] dd 2 jnt 215 &
st EA) sholl A wjYkste] Wulgd MER E3E FES 5 ).
A 7] T6F-B sy did 2= T6F-B, AE|Wl(activin), & 4 @A BWP) 2 AF &3 A#
(Growth and Differentiation Factor; GDF)®E o]Folx oA MElE 1F o]dd & o}, o] Aty =

t
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AL ohitt,
Eodgo A A Wnt A& ZAIAE CHIR99021, BIO((2'Z,3'E)-6-Bromoindirubin-3'-oxime), BIO-o}A&A)
((2'Z,3'E)-6-Bromoindirubin-3'-acetoxime), 3F8(5-Ethyl-7,8-dimethoxy-H-pyrrolo[3,-4-c]isoquinoline-

1,3(2H)-dione), A070722(1-(7-Methoxyquinoiin-4-yl)-3-[6-(tr-ifluoromethyl )pyridin-2-yl Jurea), AR-
A014418(N-[ (4-Methoxyphenyl )methyl ]-N'-(5-ni-tro-2-thiazolyl)urea), SB216763(3-(2,4-Dichlorophenyl)-4-
(1-methyl-1H-indo1-3-y1)-1H-pyrrole-2,5-dione), SB415286(3-[ (3-Chloro—4-hydroxypheny!l )amino]-4-(2-
nitrophenyl)-1H-pyrrole-2,5-dione), TC-G24(N-(3-Chioro-4-methylphenyl )-5-(4-ni-trophenyl)-1,3,4~
oxadiazol-2-amine), TCS2002(2-ethyl-5-[3-[4-(methylsulfinyi)ph-enyl]-5-benzofuranyil-1,3,4-oxadiazole)
2 TWS119(3-[[6-(3-Aminophenyl)-7H-pyrrolo[2,-3-dIpyrimidin-4-yl Joxyphenol ditrifluoroacetate)@ ©o]5
o Lol HAEE 1F o]dd = Aoy, o AlgH = AL ol

Woagola A7 el AERe] F3h Al vl viA= 588 AlgeA] oy, o & =W DMEM(Dulbeco's
Modified Eagle's Medium), IMDM(Iscove's Modified Dulbecco's Medium), a-MEM(Alpha Modification of
Eagle's Medium), F12(Nutrient Mixture F-12), RPMI 1640, €&]<t wix] E(Williams' s medium E), "izio]
5A(McCoy's 5A) 2 DMEM/F12(Dulbecco's Modified Eagle Medium: Nutrient Mixture F-12)& o]Fo]%l oA
AEE 15 o)) vl MiAE AbEste] FaE 5 9lou, ofdl ARy = AL obyrh. Eg, A7) wiAel] &
2 (FBS), B27 BZAl(supplement), N2 HFA 2 G5 HFA T A% s 712 o] £ & ot

wa, B ool A7) g AEee] B3 4 Y e S AR Fouh, AR S 12 A0
WA 7, 1Y A6, 2 UK 4, EE 3 WK 4 B paE S gon), oo AwREE AL
ol e,

2oyl 4] Wy AZRl B3 A ndAslt Bre AR A 3] F
g WM Wit A% B EA SolA 12 A7 WA 2 D B S 1, & BFo] 37
TG = Els

P-p dWel 9 9 e A% Bl EA) selA 12 A% A 2 A B FohE w
Hol F7hel WA TGF-B el wud @ ne AE B B4 SA 12 A Ui 2 A Fer Frhe
wipste] apm 4 gln,

2 g A = Arler ol Umgd AxREe] Est fFREYEW, AFEAE AR 4(fibroblast growth
factor 4; FGF4) 2 Wnt A1& A 2}(Wnt signaling activator) % A= 3} FEa) sfol A wjdsie] 23
NEZ #3t8 =T F .

Eoubgo| A 7] Wnt A& AR CHIR99021, BIO((2'Z,3'E)-6-Bromoindirubin-3'-oxime), BIO-o}A| 54
((2'Z,3'E)-6-Bromoindirubin-3'-acetoxime), 3F8(5-Ethyl-7,8-dimethoxy-H-pyrrolo[3,-4-c]isoquinoline-
1,3(2H)-dione), A070722(1-(7-Methoxyquinoi in—4-yl)-3-[6-(tr-ifluoromethyl )pyridin-2-yl Jurea), AR-
A014418(N-[ (4-Methoxyphenyl)methyl]-N'-(5-ni-tro—-2-thiazolyl)urea), SB216763(3-(2,4-Dichlorophenyl)-4-
(1-methyl-1H-indol1-3-y1)-1H-pyrrole-2,5-dione), SB415286(3-[ (3-Chloro-4-hydroxyphenyl )amino]-4-(2-
nitrophenyl)-1H-pyrrole-2,5-dione), TC-G24(N-(3-Chioro-4-methylpheny! )-5-(4-ni-trophenyl)-1,3,4~
oxadiazol-2-amine), TCS2002(2-ethyl-5-[3-[4-(methylsulfinyi)ph-enyl]-5-benzofuranyil-1,3,4-oxadiazole)
2 TWS119(3-[[6-(3-Aminophenyl)-7H-pyrrolo[2,-3-d|pyrimidin-4-ylloxyphenol ditrifluoroacetate)®@ ©]5F
o Lol HAEE 1F o]dd = Aoy, oo A= AL ol

2 oA A7l 2 MEEY E3F A uig wiAE 589 AgeA ko, d& &9 DMEM(Dulbeco's
Modified Eagle's Medium), IMDM (Iscove's Modified Dulbecco's Medium), a-MEM (Alpha Modification of
Fagle's Medium), F12 (Nutrient Mixture F-12), RPMI 1640, €&]¢t wi#] E(Williams' s medium E), ™zL0]
5A(McCoy's 5A) 2 DMEM/F12 (Dulbecco's Modified Eagle Medium: Nutrient Mixture F-12)& o]Fo] & tol| A
AeE 15 o] wig wiAIE AMEste] F3E & o, ol AlgtHE AL ofyrth. wgh, A7) wjA e &
A (FBS) & F7F= o] x§3 + it

BEfz, % wol 7l 4 AERS 23 Al Wl 71k 56 l‘i?‘f} A oy, dF 89 1 ¢ WA 10
2 A WA 8, 1L UiA6Y, 2d A6, E=3d WAL I S FFE 5 Ao, ofd A

oA A7) AT Al U] 34 Are] Fujgo R g AAARY] 3
4 (BWP) % 3s|A] 2 1(Hedgehog, HH) 5 Hol% dlufe] &R stollA 7] & AAA Al
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g AN %e FESRE wAR 29T 5 Ak
woagel s 7] 4 ABA AE] A Mg 9AS FAA G AP, rederon)e] FoiAM o ol
HASRA W BAR WA = ek,

W ool 47 # 94 amAzs B 4de g S3 & TAH TRE 588 A

-, olE E°] BMP1, BMP2, BMP3, BMP4, BMP5, BMP6, BMP7, BMP8, BMP9 & BMP1OZ o]Fojz oA A=d

F o199 & Qu, AL BPIE £8F + o,

ﬁ
o
anl

Eodbgo A Ay ExE wwA=zE AY X5 1(Sonic Hedgehog; SHH), <ltjel &fx & 1(
Hedgehog; IHH) 2 BlAE 3&|A 35 1(Desert Hedgehog; DHH)E o] Folx oA HElgl 1& o|4d F glor},
olo] AFHE AL ol r}.

ool A A7l A ABAC Aes = Al AW wgE g wiAe 588 AlgkelA] oy, dE =W
DMEM(Dulbeco's Modified Eagle's Medium), IMDM(Iscove's Modified Dulbecco's Medium), a-MEM(Alpha
Modification of Eagle's Medium), F12(Nutrient Mixture F-12) 2 DMEM/F12(Dulbecco's Modified Eagle
Medium: Nutrient Mixture F-12)& o]Fojx oA A& 1F o449 v vix & AlEsle F#ad 4 9,
7)ol B27 HF A (supplement), N2 BFA] 2 5 BFA] T Hol= suts F712 o 23T 4= o).

woaol 37] g A A% FE A A W A1e 2 9 A 14 D, 4w 129, 6 WA
109, EE 79 WA 99 B FAEE Aol mpgAai,

WoueAE A AR %S FEFOEA AA(adul07 s A AA g U 9 ok B
e, Ao wu), B2 B B A4 /1SS B S Qe A A4 gustd fAEL B 39 ot
wolEg A3 4 ek,
A% osbwolEel 4 NAAENS)S A% HES ZHE
wodge) ® e 7@ o M2y, 2 94 BuAEP) 2 AA510 F A0 s, Madae 4
) E Y ANAEP) 2 AAETIHNE BE e, 3¢ erbeols, ugst 33 erheolse
g ARAENS) ) A% FEg 2YEA B Aol

Wgeld A7) B 94 emARs B EY wudel Sah @ 1AL TRE U ARSAe @

EY
= = T
, 9& £9°] BWP1, BMP2, BMP3, BMP4, BMP5, BMP6, BMP7, BMP8, BMP9 & BMP10R o]Fo]xl oA AMeid

olgel 4 Qlan, whEASAE BIPKE T3 F Atk

Ll

o L iz

2o odbgo A Ay dxE wwmA=zE AY X35 1(Sonic Hedgehog; SHH), <lgjel &)X & 1(
Hedgehog; IHH) % ®IAE 3d|XZ1(Desert Hedgehog; DHH)ZE o] Fozl oA Aelg 1% olA4d 4 9o},
olo] AFHE AL ofr},

28 o JlxolE

2 odge] k£ tE FE de mEd, B dyge] o w AxE A erteol=E AT dtt

2 oA AlFete A QUbwol== QIR Al el wig- FAREE Ve R FAAS 7HAI Qo] A A
A FEAY oA mele] tiF a7 glolx 4 B A meld) digkew AHgd S v

Z37 AEA

2 o] o gE g o mEw, E dRdA AFste FH etwol=E xdele XA X B Ao #gh
Zlo)tt.

oA 47] 24 AR 248 o 4 glont, ofd AdEHE AL ofur)

Z B A3 xg 8

2 e & & FE o wEd, E Iy AFste F# Qb= E BAsE A oA se @A
g s, & Bd 48 A YL AzIT

2 oA A7) BA e AR, A wE Aol ey W E £ e A7k, deol, &, 2, 4
A, o, AHE, wFer], agkel, Ui, vk, H, E7 B VYol v 5 2 BE =S5 vt
B AR, B Uy B¢ ehwol=g AN Felfons 4 Bd A9e FRHon Ax¥ £ Avd
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Wy A7 Hek FAF g

oz, & WS 31719 AAldel o) GAMs] Ayt ', 7] AAdes 2 3ys dAstE Y 8, 2
g o] jgo] 7] Al &) A= A2 ofr).

Ao

AEFo] 1 9 {4

olate] Ao Izt wio} ZVIAIEE AFESEII, BiAIE Stemfit AR o] Fell AR WA FTE.
@, A7) Stemfit WA 2 b-FGF(20ng/ml)E X338l AE AFESIAT. MEE 5% C0, 2 37CY 2% =1

srel A Wkagla, AEE 79 olulz An) wkasld.

k1

[HAlef 1] &7 AERe] w3} F

fU Ho

FH A AEEe] #3F =

E 1 AT QARE ol EYIAERRE el AMERe] 23S FEshy] A% Y AAER, V] = 1eA
7 ] =

BE ule} Zo] AgWl A(100ng/ml) 2 CHIR-99021(3um)E A 7}sk RPMI1640 wjA|of <17+ wjo} E7|AZE
200,000 MEFZ AES F kel HuldA Alxze BslEs FEsct. 83 7|7 F 392, 2d Ao
A7) iAo FBSE 0.25%% A bstar, 39 Ao A7) Ao FBSE 2549 o= Hrtsiglow, 19 o

HEAZ B27 BEAES A7

R A3 F Gy ALz Babh FEHQEA B Aste] 7] £ 19 ZeolWF ) aRI-PRE

w

e #= vlAQ 0CT4 2 NANOGSF WividAd =l mbAQl SOX17 2 FOXA29] e 59 WsE &lste] 1
ARE & 20 VERATE. o, RES Q17 vjol E7 A ettt
T 201 HiE wpel Zol, 3U7 £3I fE 3 dsA EVAE vbAQ 0CT4 € NANOGE] ¥ 4258 743k
ARk WeidAl mhA el S0X17 = FOXA29] HE =8 A FrhekdE vl Az wiol EVIAERERE e
Ad AEZe B37F g H o2 FEHASS FATE 5 AT
F 1

2k Ak A3k

S0X17 5 ' ~CAGGCCTGCAGOGCCATGAGCAGCCCG-3'! 5' -CTGGGGCGGATCCGGGACCTGTCACAC-3!

FOXA2 5’ -CTTCAAGCACCTGCAGATTC-3’ 5 —AGACCTGGATTTCACCGTGT-3’

0CT4 5 -GGGGTTCTATTTGGGAAGGTAT-3’ 5 —TGTTGTCAGCTTCCTCCACC-3’

NANOG 5" -CAGAAGGCCTCAGCACCTAC-3’ 5 —ATTGGAAGGTTCCCAGTCGG-3
2. W|Ad AE2rRYH £ A2 83 f=

T 32 A7) UelgAd MEERRE F AXRe B3E R A A AARR, 7] & 394 2E vl
9} #ro] FBS 2 %%, FGF4(500ug/ml) 2 CHIR-99021(3um)Z 7}3 DMEM F-12 iAo A7 HuigdAd AxES
AES H 49 S B35 FESIT. 3 A F 2¢, 39 H 49 A F AEE duEe

= % 49 A, B ¥ C= YERIAL, 4¢ A ¥ a17] & 29 Zo|yE o] &3] gRT-PCRS 53
KLF5, CDX1 % (DX29] #d =3 &A% 2 232 = 5 € 69 Jeldeh. gz zs gt

AEE AHgaan.

% 404 mi us} go], B8 f% 7lgke] mabela Aol = (spheroids) @A F4 AL Ao, U
G 30709 sdlzoltsl FAHUT, wE = 5 W o)A mi uhsh o], 327 3}

=
=
*
o
o
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=
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=
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A [4ug of v o

KLF5 5 -GGTTGCACAAAAGTTTATAC-3’ 5" -GGCTTGGCGCCCGTGTGCTTCC-3’
CDX1 5 —AGGACAAGTACCGCGTGGTCTA-3 5 —CCTCTGAACGTATGGAGGAGG A-3’
CDX2 5'- ACACCTTCTACAATGAGC-3' 5'— ACGTCACACTTCATGATG-3'
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[HA]e] 2] A ME=ze] 3t f

L E7IAE25E oudd Alxzel 23} 7

T 78 A7) o7k viol EUAEERE duidAd MERY BEHES FEs] Y3k A8 AAER, A T golA
HE nle} o] 10% Yol dA thA A (Knock out serum replacement)Z 3l DMEM F-12 wix]ef] <17F uj
ol Z7IMEE HE 2L wjeka3ith. LDN(100nm), SB431542 2 CHIR99021S 2%t A 38litt.

29 A & 9uidy AExRe B3t FEIHAEA A Hste s ® 394 Zto]HE o] §38le] gRT-
PCRE 53f 91HH°“4 & A NESTIN % 0TX2¢] 2 e ®stE glste] 1 Z3E = 99
UeR AT, &, dxae A7 Hlo} 7| A| X4 3.

= 90l Eim whek o], 2913t 3} K F <A vhAQl NESTIN Bl 0TX29] Ed
= oub, QI wjol EVIHNEERE WA AERe B3l dHHoE FREISS T

# 3
A 4k A0
NESTIN 5' ~ATAGAGGGCAAAGTGGTAAGCAG-3' 5' ~“TTCTAGTGTCTCATGGCTCTGGTT-3"
0TX2 5'~GACCACTTCGGGTATGGACT-3’ 5' “TGGACAAGGGATCTGACAGT-3’

2. oA AE=RE AT AR £3) F

Z 9t A7) 9l AERRE AATA AERe BiE fEsy] 9% Ae AAER, A7) E 99 Hi
vie} zro] Yol A thA|A (Knock out serum replacement)Yf AEAHS E3H3Fx] &= DMEM F-12 wjx|o] A+
7] oA AEE AF 2 eigsiict. o)Wl SB431542(10um) 2 CHIR99021(3um)S 4 7F X skict. #3} 7N
Al F 4de] AHER S W 3] i 49 ZElo|wE o] 83l RT-PCRS T3l 4145 H Axe %7] wA<d
Z1C13, A%7) whAQ SOK10 @ FOXD39] wd 7S =A3te] 1 AxE % 109 YR EHZELRE—E
Azt wjel Z/MEE AMEERTE. EE, 23 AA F 4 Aol AEE dAvFow #FF AlS = 11 b
ERf At}

%1004 Ei mlep o], 43 ®3 f= F AA A AEe 27 wAQ ZIC17, A%57] vkAQl S0X10
FOXD32] W& =3zo] A3 =718k, 1194 B vpe} o] MATA Axe 3ds AT & Use
o2, e AEZREH AF =

¥ 4
T2 g ok
ZIC1 5'-GTCCTACACGCATCCCAGTT-3’ 5' -GOGATAAGGAGCTTGTGGTC-3’
S0X10 5'-CTCACTGCCCTGATGACCCA-3’ 5'-CAGCCCCTCATCTTTCAGIGT-3’
FOXD3 5'-GACATGTTCGACAACGGCAG-3’ 5' -CTGTAAGOGCCGAAGCTCTG-3’

[HAlef 3] AASH Aot 4 AFe] oS S5+ & MAAENS) ] e

T 128 A7) AASA Axe 3 Mz g T3 F AAAE FEs] 943 AF AAER, ] &
1201]*% B nke} o] 2% FBSES ¥38l= DMEM F-12 wixo] BEA=2 N2 2 B27S #H7bstar, A4 sa Axs)

F AEES 3P oz F 89 B Fujkatint. olul BMP4(10ng/ml) 2 EGF(100ng/ml)S 3% <t AelsaL,
1% EGF(100ng/ml)"H& 1%_1 < At 7, AMg A2 wAste] Fm BUP4(10ng/ml)E 49 S A3
. % 8Yel A¥stw, & A fF=7F HAE A A7) sk, s & 59 ZelolwE o] &3t
aRT-PCRE E3] FaE ﬂﬁﬂi(enterochromaff in cell)9] wFAQl LMX1AS}, A-&417 A2 (autonomic neuron)
A9l PHOX2B % GATA3S] W& &S &9lste] 2 ARE % 130 vehlar, % 2474 ##<¢] NDRGA(N-myc
Down stream-Regulated Gene4)9] W& 4+ FA3le] 2 AFE = 149 YeERYATE. ol R ozE QI
Hjo} 7| MEE AMESFITE. WE, Tl A1 £ 24 A[7F, 48 A[7F, B 96 AJFo] A AIIE wjel] AnA e
2 3FI AZE ARRE = 140 e, R RE AASA AES dEo 7 339 wjdd ARS

mlo
O.u
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it

O111] =13 % elA mi vle) o], 47 A% AZs $4 Aol 349 LS Ba rele] Haw B
A AZEUS Bulshe Ao® 2el FABASL A LIKIAS) BH £Eol @A FrAm, A4
AZAES] vhAC) PHOXZB % GATA3S] W SF ®@ @A F7hekgon], g AFA A NDRe] w5
FES O FE AL FAT 5 A T Slol® % 1504 ni vhsh o], AFBA AL FF AL
of 33l B A F 06 Aztol AAHAS Wol T F AFAL AFH A AL FAT &
AT, AT AFFH ALVE FEOR 339 WFR A9l F A B BRE 5 9

Z 5
[0112] 2k Ak A3k
LMX1A 5 —TCAGAAGGGTGATGAGITTGTCC-3’ 5 —GGGGCGCTTATGGTCCTTG-3’
PHOX2B 5'-CCAGTGCCAGCCCAATAGAC-3’ 5 ' ~TGGACAATAGCAAAGCGGTTG-3
GATA3 5'-TGTCTGCAGCCAGGAGAGC-3 5' —~ATGCATCAAACAACTGTGGCCA-3’
NDRG4 5'=ATGCTTTCCATCCACTCACC-3’ 5'=TTCACTGCTCTCTCCCGTTT-3’
[0114] [2A]of] 4] & AAAENS)S] F-=o o] BUP A5 o] g8 4+
[0115] ZF AAAL FEol o] BUP AlErt T3 AES s AE geslr] i, V] AAd 33 FL3 U
o2 Ads sy, Tl Al BIP JAAQl LDN-193189 (LDN)& F7k= H7kskdch. AAeH Axe &%
AE 3x09 Tl F F 8do] AH}EPS w RT-PCRS o]&3fe] LMX1A, NDRG4, PHOX2B 2 GATA3e] w3
Fog st 1 Z3E £ 169 YERdT. olul 7} mbAe I gz QlojA], % FE& LDN-
%,

1931895 7St A9-ola, 2 2% dL& HUISHA @2 ZAf-oluh. Fg, 8¢ A T AXE dvF o

f
)
b
o

[0116] 1604 B npe} o], AlATH MEe}r £ AXe] 3zl Fuld Al BWP AAAE H7FskAr HrlskAl &
7459} v 3te] LMX1A, NDRG4, PHOX2B 2 GATA3o] W3l mA] ¢k:= AL #Feldk = vk, =3k, = 1794
A 1

=
=
B viel o] BIP JAAE H7te Ae-= WA AR E F AAATE FEEA Fdes dAT 7 AN
o}

[0117] o5 &sto] BWP A57t & AR L3} ol T2 4TS sk AYS & AAH.
[0119] [AAlef 5] & AAAENS) ] frreel o] A Axe] #35 7]7he] J3F
[0120] o AGAe of Slol Fujel AR&at= Al

[e]

-
o 37 FUg < FY3tE, 3 qOAE 7] AAd 29 2,
3lE F=d AS A8, oFEA AT MEe) £ MEe 3xY Y & F 8Uo] A4S u
aRT-PCRE ©]-&3}o] LMXIA, NDRG4, PHOX2B 2 GATA3Y] w8 &S @¢lele]l 1 AxE £ 18] ey,
oluf 7zt miA <] WE o] oA, dF d Fuld Al 38U B3I FEsl Ao AT MEE ALE
gk Agola, SEE EL 493 B3 Rt Aol AATH AEE ARE"E FSolth

[0121] T O18oA W= ulel o], 897 B fFiE AASA AEES AR FA9E 497 B3 f 29 AASA A
TE AMEE Aok g 34 AEel Fujek F LMXIA, NDRG4, PHOX2B 2 GATA3o] A< wd=~A] ¢k A& I
A& 4 AAE vh, A AAAR] F3UF FEFHA GUSS 4 5 UG

[0122] |8 BTole] AATAH Axe #I F= 7|te] % ojojd I AMAARe #3I fxel T3 s FYs
= AYS & 5 Ay

[0124] [AA]e] 6] & AMAAENS) 2] A& 34

[0125] T o7l ol= o AZS dEA

H A 2BAGENS) Y] s Fgo] aHTE. o] wpEl = 199 YERd
A AAEe wek, 7] AAle 3 e

o)z A NAAEZ 2% FBS, BEAE N2 2 B27S X 3Hsl= DMEM F-12 vl el A A wjksf
of BMP4(10ng/ml) 2 SHH(20ng/ml1)E A Z|stict. 7d3F Al v & dv|d o=z #F3 A=
A& & 200 YERNLIL, oRT-PCRS ©]&-3Fo] NDRG4, PHOX2B % GATA3S Ed & =
of et &, olu gixTFozE A v Al SHHS AY3HA &gtk =
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[0126] T 209 (b)olA RE upe} 2ol A7) & AL Ad vl Al SHIE Azt 49 & AAAN 2 agdE 3
S B 5 AT, = 209 (a)ollA He upe} Zol, 7] A AEAL A vl Al SHHE H7shA] & A5
F ANAAZE dEA] e AL B 4 9
[0127] = 2104 Hi= wpel ol A AAAIY A wjek A SHHE H71eA] &= 7% NDRG4, PHOX2B % GATA3o] A
o] WA kAT, SHHE #7bet 79 NDRG4, PHOX2B 2 GATA37F &A3] & 7oz HdEAE v, &
AAAY FAE A% 7] A wlF Al AR s ATt o3 IS FYsE AYS & F A
[0128] 3, ek gol Asd A AAANA wrde] vl TS WY g ddsiig. FAdeRes A A
A A ik F 4% PFAZ 1Ag H, PBSOIA 0.5% BSAin 0.5% Triton X100 ©]-&3le] A% $ Fx}
(permeabilization)A]Zl 3 B3 Tubulin 3A)|(sc-51670, Santacruz)= 01%3} E87 (blocking)a}™ 4Tl A
WA wj ksl H 23 FAE FULstel GA| 4TOAA HA] wgEtiTtE. o] % dnFoR #FFS AE X 229
e AL, 7] 3 69 :E} 1HE 01%8}04 aRT-PCRE ©]€3 TUJ19 &8 +=F& FAH& o 2xE = 239
GERIAEE, o oju) iR o R Izt wlol E7|AEE AMESIIT
X6
[0129] 4k A3k oju)af
TUJ1 5 - GAGGGAGATCGTGCACATCCAGG-3’ 5 - CGAGTCGCCCACGTAGTTGC-3
[0130] T 22 @ 234 K= vke} o], SHHO] A shollA 2 AlAAY A wigeR sty o vkl TUI17k
Z BEEE AS 1T 5 .
=9
=97
" o g BFMI ot RPMIe FES 0,25 o g RPMI+ FB5 2% o g
i I Activie A « CHIRSS021 «827 1 Activin A« CHIRSS021 L] Activia A « CHIRSS021 i
g = Definitive Ensoderm
E02

-

an|eA aAlje|9Y
.
.

OcCT4 NANOG a7 FONAZ

Pluripotency Marker Definitive Endoderm
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