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st Alx= sttt 1 5 AT A2 ES A5 A (Totipotent) S
7FA1 a1 Qlar o] & wkdk || 7} ﬁf’gﬂ‘ﬂ/‘ﬂ A HESE 7} =) H 4 Al E 3 (inner cell
mass) @} HFEE: AL EZ :rLl".f:O] 7}hs gk ofwj o] W M E 1 M| EE o] Hljo}
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Alg ] A A} (in vitro transcription)©l] 2] 3l A AFSE W] A A RNA, B U &F st
Al el A ik @l o] e s ARE S 4 Jdrh B g o] A A<l
AA el el A, AR A ER O] A7) st 2te] 912 Octd, Sox2, KIf4 2
Glis1Z 8= DNAQ| Aol o] 8] AJ2kg w214 RNAS AR&-3sF3ith

371 AAL A E WA A RNAE 31 Al o] A3 F sk Wi
FAAl TAE d oo WH g AEsto] ALgS 5= 9l o, o]l A §HE] A=
o o 1}, 1] A =) HH (microijection), % 7] 3 & (electroporation), ¢ A}
AL (particle bombardment), 2 5 55 4, <1< @l ©] E (insulator) 2
ENEFES ol & WY TollA A AstA AEste] 485 = At
TA A 0w Eodrg o Aol A i3] 1] w414 RNATE A7 &
o] gato] A Lol = ¥ At

371 @A (c)ol A Octd, Sox2, Kif4 2 Glisl ©H8 2 & 3 3F= & 2lko] =
AMAEES AASVIMER Foste A RAS7IME 5 2=
DMEM/F12 1l A] €} Neurobasal H| A & 1:1 F3) 8] & 4] 31 47| wlj#] Z 350
1xN2, 1xB27, human LIF, TGF-beta inhibitor 2 GSK3-beta inhibitorE 3 7} 3t
AL 4= Qle}, B} 4 & o7 A}7] vl A= Shh agonist, adenylyl cyclase
activator, histone deacetylase inhibitor 2 ascorbic acid 2-phosphate 5 3} ©] /S
Z7bE o] E3He 5= Qi) Boubw o] G- 2] Q1 A Al o] o]l A1, Shh agonist, adenylyl
cyclase activator, histone deacetylase inhibitor 2 ascorbic acid 2-phosphate & 2+
A7Fa Aol A e A AEI AT ARFol e Selsl
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TGF-beta inhibitor & GSK3-beta inhibitorE 7 7}t v <] 5= glth. F=7F2, A7)
52" AAE7] M EE 0.5mM EDTA 89 28 Accutase £ 92 o]-83}o] At
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23+=9] 1xN2, 1xB27, human LIF, TGF-beta inhibitor % GSK3-beta inhibitorE
A 71et ) x} o 4] Shh agonist, adenylyl cyclase activator, histone deacetylase
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71(5% hypoxia)ll A 417 & 7] A 2
(21% 0, )& o & sho] v ek
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re x5 o

inhibitor ¥ ascorbic acid 2-phosphate % 3} ©]/d-& 7= ] 32§83 -& o
NAE7IMES] 5 a8 T7behe= A& F<lgh 7ﬂJ_’JrolfJf Shh agonist,
adenylyl cyclase activator, histone deacetylase inhibitor 2 ascorbic acid
2 phosphate 25 A 7Fat W Ao A o] A AZ A E A FO| 71 $53<
gteratolt.
drgo] A E AR HA I
olst, ¥ g2 AAldol o] 7 ste] B} A A e drgstaiat ghet e
at7] Al = B g g Jh A o] s ahy] 9lske Zﬂ%ﬂ% AL
g o] 3] A ool g ¥ = A1 ot

AA e 1: 22 2R 42 A X (Urine cell)9] 2

1972 ¢4 = 2] Sutherland ¢} Bain7} 7|3k 7] <& 7|2 0 =2 &l A 4 o2 =
oS3 o} | A Fo] zpol Al Al F k- 28-S 1000go] 10%-3F
At dsaNe AA F stFel F2 A S 1%
Penicillin/Streptomycin/Amphotericin B &4 Al 7} 3 31% PBS -8 < 20ml°]]
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S AA A v 314 PBS+E S 8915 1000g°] 107 142 8t 3l
OA G4SN e Al A & sF5ol B2 D8-S gelatin®] 8 ¥ 12 well cell culture
dishel] 7] ¥-1 #] (DMEM/F12E 7| -0 & 3}o] 19
Penicillin/Streptomycin/Amphotericin B &4 A, 1% L-glutamine, 10% FBS7}
3 A ImlE 3] A ske] A ettt o] & 3U gk 7] 2l A & Im1¥
d7vetol Wi ek 5 444l (DMEM#} REGM = 1:12 412 WA & 7| £ o=
319 1% Penicillin/Streptomycin &4 4|, 1% L-glutamine, 5% FBS, 10ng/ml bFGF,
10g/ml EGF-g 323 g v Ah) = ¥ 74 5 o] vl ¢Fst et

AN G 2: AV A FEE o] L 2AAER GEF AR =9

AAT o 1o A vl E AR MEE A7 (electroporation)S 53 3
mRNAE S YA 7] &= Wi o & 742 0 &2 = t}&-3} 7t} 34 mRNAS] 79
B34 <1 Algl & A AKin vitro transcription) kit (RiboMAX#)| Large Scale RNA
Production Systems, Promega)< 53l 3/ =™ ¥4 ¥ = mRNA 2] W &
(backbone)©| %= DNAT= T7-VEE-OKS-iG (Steven Dowdy, Addgene) =, OCT4,
KLF4, SOX2 ¥ GLIS19] A A& £ 385t ar Jth(% 1). 4H7] OCT4, KLF4, SOX2
2 GLIS1 A AHE 2] A 92 Nature. 2011 Jun 8:474(7350):225-9. o] 74X H AL
ARESER AL, S A A A D 7 mRNA 48512 Cell Stem Cell. 2013 Aug
1;13(2):246-54 2 v =53] US 9,862,930 B2 & #3135}l T}

34 H mRNAT 0.5ug S 1A {H&9F0.2ug/mle] B1SR w2 2 2 21 €] ¢
1x1076 71 2] 2R F-2f Al F ol 1600V, 10ms, 33 2] A7 HFH 2 Ao 2 H
Edstgith =g e A A M 3E = 0.2ug/ml12] B18R protein®] - &HH
A7 A ol A 2 3wl F st T

VU AES AV EE S 299 28-S 7HAIslste] wd A FEh]

1A

AA e 3: 2R 2] ADBE7IAE =

") E 2] A (Matrigel™) o] ¥ 8 Al E 1 F Aol mRNA7ZF 5= 9f e 2 -2
M EE A T ANAH =7 A E 8] 2] (DMEM/F12 ¥l A] 2} Neurobasal (Gibco)
WA & 1:1 & 4] 31 1xN2(Gibco), 1xB27(Gibco), 10ng/ml12] 1%}t LIF, 2uM <]
SB431542 (TGF-beta inhibitor) €} 3uM¢] CHIR99021 (GSK3-beta inhibitor) &
A7k a2 E 7] 2 S 2 0.5uM 2] purmorphamine (Shh agonist), 10uM£] folskolin
(adenylyl cyclase activator), 100uM2] sodium butyrate (histone deacetylase
inhibitor) 2} 64ug/m1®] ascorbic acid 2-phosphate & H7}Fg A A S 7 A E F %
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o

A 2 7-1094 2 vl Fs Tk, 5 9hsm A AAESVIAE ey o] A
o AT (= 3).

3 =714 0 7 1xN2, 1xB27, human LIF, TGF-beta inhibitor 2 GSK3-beta
inhibitorE A 7} v x} o] 4] Shh agonist, adenylyl cyclase activator, histone
deacetylase inhibitor % ! ascorbic acid 2- phosphate = 5 ol S R Y
el o AR A 3 el M0 2 s s
agonist, adenylyl cyclase activator, histone deacetylase inhibitor 2 ascorbic acid
2-phosphate & 2.7 H 7 v Aol A o] A Z7] A2 AgEo] 7MY S-S
elat A Th(Ee 21).

A7 R AAEVAE Z2YE A F 5] Matrigelo] 8 E Al E 0l %

XX

Ao AAE7|ME A E Yol msict fFud AES7 A E= o] %
0.5mM EDTA 29 &2 Accutase NS o] 83&fo] Al vkt 4= 91, o] &
o] AAldo| A 7] FrE ANAEV| A EL vt EA S ATl

Age APl

AAd 4 FEAAFE7|AE BAYESZ 54 £4

g o 2R FhH AAE7AES] FAA =4 SAE ASsH] A g
Ae& skt

<4-1>

HO ol 7| M 2o A -2l 3+ A7 =& 7] A| & positive control = §F RT-PCRE
=3 mRNA 5 7l A7 A E7F SOX1, SOX2, PAXG,
PLZFS} & N7 A U}ﬂ FAAE LA S-S Il AT (2 4)
Ao AMEH ol ME S ohg- 2ok
SOX1(forward-ACACTTGAAGCCCAGATGG; A= 1,
reverse-ATAGGCTCACTTTTGGACGG); A AH 3 2,
SOX2(forward-TCAGGAGTTGTCAAGGCAGAGA; A€ % 3,
reverse-CCGCCGCCGATGATTGTTATTA; A € & 4), PAX6
(forward-GGCTCAAATGCGACTTCAG; A @ & 5,
reverse-CCCTTCGATTAGAAAACCATACC; A €™ & 6), PLZF
(forward-TATACAGCCACGCTGCAAGCCA; A2 5 7,
reverse-TGGTCTCCAGCATCTTCAGGCA; A ¥ = 8).

ﬁ,
mlo
ol
p‘ﬂ
s
:[0
ki
At

<4-2>

HAFMHE o] G35 b =5 —E‘rﬁ% FAAE FEE ANASVAE7}
SOX1, NESTIN, SSEA1, SOX2, PAX6 & PLZF®} & Al A= 7] A 3£ n}#
FAAE ddEhal & gl oWD}( ). 2 Ao AL A o] -5

&7 2t} SOX1 (AF3369, R&D Systems), NESTIN (MAB5326, Millipore),
SSEA1 (MAB4301, Millipore), SOX2 (SC-20088, Santacruz), PAX6 (PAX6, DSHB),
PLZF (AF2944, R&D Systems).
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[84] <4-3>

[85] Ki679] A9 AN S oA g AASV A7 R EsE S 7HA A &S
1A (5 6). & A3 ol AFSH A o] 45 oh2-7 2T} Ki67 (Ab9260,
Millipore)

[86] <4-4>

(87] qRT-PCRS 3 mRNAQ| QF4 418 Fal| A% HY wlolZ 7| Al E ol A -2 gt

NAE7AE dH] F 28 A4 =714 E7F SOX1, SOX2, PLZF, PAX69} 12
MNABZE7IAE vbA FAAE Edstar e gdsidth (= 7).

[88] <4-5>

(89] RT-PCRS 53 mRNA % ¥4 2 538 fud A4E7]A
forebrain, midbrain, hindbrain, spinal cord 5 ©] 4] Q1 v}# /-2 2}
A2 FASAT (X 8). 2 gl ALg-H Zefo]] A4
EMX1 (forward-CAGGCCCAGGTAGTTCAATGGG; A 2H = 9,
reverse-GCTCAGCCTTAAGCCCTGTCTC; A € 5 10), FOXG1
(forward-ACCCGTCAATGACTTCGCAGAG; A€M 3 11,
reverse-AGGGTTGGAAGAAGACCCCTGA; A9 H 5 12), OTX1
(forward-CTCAAACAACCCCCATACGGCA; A AH % 13,
reverse-GGTAGCGAGTCTTGGCGAAGAG; A €M % 14), OTX2
(forward-TTCAGGGCTGTGTGAATTGTGTGA; A 2 =% 15,
reverse-CAGAGGTGGAGTTCAAGGTTGCAT; A ¥ 5 16), EN1
(forward-GAGTTCCAGGCAAACCGCTACA; A EH T 17,
reverse-GTTGTACAGTCCCTGGGCCATG; A € & 18), GBX2
(forward-CGGTTAGCAGCCACCTTTCCAT; A ¥ = 19,
reverse-GACGTGCTTCACATGGCTCAGA; A € & 20), HOXB2
(forward-GAGACCCAGGAGCCAAAAGC; A EH 35 21,
reverse-GAAGGAGACGTGGCGGATTG; A € & 22), HOXB4
(forward-CTGAGGGCCAGAATGACTGCTC; A 4 5 23,
reverse-CAGAACTCAACTGGCCCCTCAC; A EH & 24),

[90] <4-6>
[91] total RNA sequencing<- -3l global gene expression levelol| A f 5%
ANBZ7IMZE7E Ef o] 2 F Y Al EE T HY wobz 7] Al 3o A el g

NAZ7| A E9}F FAHe mRNA 2 Inc-RNA 2He 9§1-& 29-& A5t} (=

9, 10).

[92] <4-7>

[93] VEE %1 #}-2] RT-PCR 2 genomic DNA PCR ¥-4] & Z3) §- 54
NBE71HE Well =Y A7 34 mRNA7F U] o] &3] ¢ 21 host

Fr A A ol integration¥] 4] 9 $k&-& FQIEATE (5 11). & Aol AH&H
Xgjol ] A A t}S-3 o} VEE (forward-ACGAAGGGCAAGTCGCTGTT;
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[94]
[95]

[96]
[97]

[98]
[99]

[100]
[101]

[102]

[103]
[104]

[105]

[106]
[107]
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DT 25, reverse-TTTCGTCGGCCCAGTTGGTA; A 2 & 26).
<4-8>

STR analysisE 53l Q17 AW R Mt f-od AA 7|7 5L &
AANIA 5 2391 & & 3T} (52 12

<4-9>

PP F FEE ALEI AT LA DAAE 0E L A SE

X

FEB NAEVNAEE NAGAER B33 A A AE vbA F-2A <1 TUTL,
< ol FAskTh (5 14). A G A FE

3P e v go) A4 &7 A £5 DMEM/F12 Hj %] o]l 1xN2, 1xB27,

300ng/ml1%] cAMP, 0.2mM$] vitamin C, 10ng/m12] BDNF£} 10ng/ml¢] GDNFZ

A7FeE A A E S Aol 144 7F w) oF ek = FA gk 2 Al A"

) o] 739 th&-3} 2}, Tujl (801202, BioLegend), MAP2 (AB5622, Millipore)

T3 § 2" NAES7 A EE GABAN A A E, S5 A HAH X,

S RIA A A R T3k = ks A WA S F3l 717 GABA, HBY,
THE AA35te] A8 = AT (= 15). ¥ Aol ALg-H A 9] 49 the}
2t} GABA (A2052, Sigma), HB9 (81.5C10, DSHB), TH (AB152, Millipore).

<5-2> NP AN TR F358 4

™ 9 AH -5 53k S100beta, GFAP 9412 53 f- 5% 24 &7 Al £7}
ANADAHE F A AGAER 738 5 A8 FASA T (X 16).

Ao A 32 o] F8bE 2 th5- 37} ok DMEM/F12 vl <] of] 1xN2¢} 1xB277} 3-8} %
Hlj %] ol] 2.5% FBS %=+ 20ng/ml2] CNTFS} 10ng/ml2] BMP4E 3 718k A] A A| 32
Hshul A o] 149 o] kg F A ghoh 2 Aol AR A o] A5
t}-&-3 2t} S100beta (S2535, Sigma), GFAP (SAB4501162, Sigma).

W o] ol AlH S E.31 PDGFR, OLIG2, 04 A& S8 f- 59 AN A Z7| A Z7}
A NAE F sl Sl Aok AR F31e 5 S-S FRlsklth (&=
17). g AE 7ol A E o] #3812 th2-3 2t} DMEM/F12 Hll #] o] 1xN2,
1xB27, 25ug/ml19] insulin, luM 2| Shh agonist®} 100nM <] retinoic acid7} 3 7}l
=] el] 5 o] nlj st T DMEM/F12 1l 4] ol] 1xN2, 1xB27, 25ug/ml<] insulin,
100ng/m12] biotin, 60ng/m1°] T3, 10ng/ml12] PDGF-AA, 10ng/m1®] IGF-1, 5ng/m1°]
HGF, 10ng/ml2] NT-3¢} 1uM2] cAMP7} 71 nlj ] ol] 7 o] nl &3k &

WA g 2 Aol AR A o] 9 the-} 2T} PDGER (SC338,
Santacruz), OLIG2 (AB9610, Millipore), O4 (MAB345, Millipore).

ol\
!

AAd 6: T GAE AAA FEALE7IAE 7= A =4
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Houkbyof] ARRE o E3) 912191 OCT4, SOX2, KLF4, GLIS1 -4 2] %3H&
EA 271 A etttV AEE 93 = 5ol &8 A A (v 535
A

AR =, 2 AN FENTEVIAEE st Ko
2 20 bFGF 2 WA -4 42] mRNA2] 2alo] & Q3 BI8R ¥ A2 nl 4| 3F
NASNAE GRS AL getg on g A q7tA Bag 723 s
A A FevtsEV|AEE FYyshi= Flo] Erbssi

EAR, B dyoA " MNASVINE7 YA = AV E T2 EEY F
B T 8YU AFE (5 3), A A FrunbsEV|ME7 A E = A7 =
&= A T35 ol 4tol " REY] uji-o Rkl GAIE A H oA Boe=
A A o =2 #@rt

A8 Fal ok o v @Al v /A Ad
OCT4, REX1 2 NANOG2] 1&gl o] 0 zFoll A 12 apol] A A v kel S
FrA 8k AT (5 18). B A 3ol AFEH Zetol v A E-2 o537 ZT} OCT4
(forward-GACAGGGGGAGGGGAGGAGCTAGG; A €™ % 27,
reverse-CTTCCCTCCAACCAGTTGCCCCAAAC; A @ & 28), REX1
(forward-CTGAAGAAACGGGCAAAGAC; A dH % 29,
reverse-GAACATTCAAGGGAGCTTGC; A € & 30), NANOG
(forward-CAGCCCTGATTCTTCCACCAGTCCC; A EH 3 31,
reverse-GGAAGGTTCCCAGTCGGGTTCACC; A1 2 5 32).

AR, FEE A7 ANEE H]ANE S T3l A%< v H
Hj ol 7] Al 3 2k 2e] OCT4 2 NANOG Q] &l o] 7HA] ¥ ] ek gk2-S
gl et (5 19). & Aol AHg-5 A o] 45 oha-7F &tk OCT4 (SC5279,
Santacruz), NANOG (AF1997, R&D systems).

719 A& EA ) whet, 2o o] HhH e AW A 27}
GAS AXA L vtE AASVAERE FES T &

= o
o=
1

|

l
o
N
i
o
o
i‘é
=

FEE AN AR 072 1x10857 2] AW S A EE 7 7] B
(21% 0,3 A2t 4 27 (5% hypoxia)oll Al A A Z 7] Al E -5 43
ol g A H & o] 85t N A= M E vbA F- - AF SOX1, PLZF ©ll
FEU FE AT A b 270 of2ne] A%t & FUHE HolE
A& 1A (= 20).
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