wO 20217235848 A1 |0 0000 KA 0 0O O 0

(m%ﬂﬁéé%ﬂﬂﬂ@%m%%ﬂ%%
(9) A A A 4 A4 7] Eég 0 OO0 OO0 R 00 A0

2R AP
10y A F/NHE

“3) A FTNL
o] 7z O WO 2021/235848 A1l
2021 11 €25 (25.11.2021) WIPO PCT
(51) ZAEHE (74) Dl E5HQ Fadld (NAM & NAM); 04516 A%
C12N5/0797(2010.01) Al T A E R 95, 3%, Seoul (KR).
21) FAESEN3E: PCT/KR2021/006248  (81) ]%%(Hggs] 4/\] 7F ¢l 8k, JhEsl BE G
(22) ZA=94: 2021 ¥ 5 € 18 ¥ (18.05.2021) H dele] B33 8): AE. AG, AL, AM, AO, AT,

AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ, CA, CH,
(25) E99]: 3= CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO, DZ, EC,
EE, EG, ES, FL, GB, GD, GE, GH, GM, GT, HN, HR, HU,

(26) F7H et Aol D, IL, IN, IR, IS, IT, JO, JP, KE, KG, KH, KN, KP, KW,
(30) SHAARR: KZ,LA,LC,LK,LR,LS, LU, LY, MA, MD, ME, MG, MK,
10-2020-0060552 2020 A 5 4 20 & (20.05.2020) KR MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PA,
10-2021-0064027 2021 d 5 4 18 & (18.05.2021) KR PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC, SD,
ool 21 o8 b EhE 2 ] SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM, TN, TR, TT, TZ,
(71) 99 1 N33 43 H gk (KOREA UNIVERSI UA, UG, US, UZ, VC, VN, WS, ZA, ZM, ZW.

TY RESEARCH AND BUSINESS FOUNDATION)
[KR/KR]; 02841 A &A] A £ ¢koF 2 145, Seoul (KR). (84) A A= (=2 4/‘1 bl gk Tbs e B e o

F2 3| A} 2 €9 (STEMLAB, INC.) [KR/KR]; 02841 4] vl feEe] HEE 93to]): ARIPO (BW, GH, GM, KE,

S A BT ko2 145, AH8FTH 7113, Seoul (KR). LR, LSC; I\E/I}W] 1\}/12 NA,RW, SD, SL, 8T, 8Z, TZ, UG, Zl\g,
ZW), 5-2H2 o} (AM, AZ, BY, KG, KZ, RU, TJ, TM), &

(72) HEL%’ A “OT,% @ (YOU, Seung Kwon): 17163 37] &= & @ (AL, AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
RIAL ARl @AW A} & 433, Gyeonggi-do (KR). & FR. GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MK,

43 (YUN Won Jin); 49361 - b AFS}7 2 2210 MT, NL, NO, PL, PT, RO, RS, SE, SL SK, SM, TR), OAPI

7 35, Busan (KR). £ %i (OH, Dong Hoon); 16860 7
715 & A 572 T+ A3t = 81, Gyeonggi-do (KR).

(54) Title: METHOD FOR PREPARING ORGANOID INCLUDING OLIGODENDROCYTES FROM NEURAL STEM CELLS
SPECIALIZED FOR DIFFERENTIATION INTO OLIGODENDROCYTES, ORGANOID PREPARED BY SAME METHOD, AND
USE THEREOF

(54 2 HA: &

|27 olnAEE B3y E3ld AASVAIREE SAZr|olunAEE T8I 970l
of Az, g7 g os

A zd Q7o = Bl o]9] &5

il — & —

; Neuroepithelium
Humzan #8Cs  Primitive NSCs Neurmpheres

- Oligedendricytes

e Astrocyles
Pre-OPCs Neurbspheres

(57) Abstract: The present invention relates to a method for preparing an organoid including oligodendrocytes from neural stem cells
that are specialized for differentiation into oligodendrocytes, an organoid prepared by the method, and use thereof and, more particularly,
the present invention relates to a method for preparing an organoid including oligodendrocytes from neural stem cells that are specialized
for differentiation into oligodendrocytes, an organoid including oligodendrocytes, prepared by the method, a method for screening for
a therapeutic agent for a demyelinating disease, the method comprising a step of analyzing whether myelinization has occurred or not
after treatment of the organoid with a candidate drug, and a cell therapeutic agent composition for preventing or treating a demyelinating
disease, comprising, as an active ingredient, the organoid including oligodendrocytes or oligodendrocytes isolated from the organoid.
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AZYR, A7 R oR AZFH 2Vlxo]l= H o] &5
7

ol % W e}l e Qlghe] BRso] Soubd A 1004 P
]l 2] ¢1 (centenarian) Al th 7} BF7hE-ol] whel 7] 91 5 E Al £ X 54 1=
hol Aol AFo o] H FEA Q1 48 AR Tl Tt opeFst
2173 7| (Central Nervous System, CNS) 2 3+ =, €+~ A) 2 3 (Demyelinating
disease)~> 1| A= =3 (Myelin Sheath) & & A 5=

8] 4= 7] o} 1L A 3 (Oligodendrocyte)l] ©]/-o] A A 2178 M| 3 (Neuron) 2]

A 73 & 7] M| EE (Neural Stem Cells, NSC)©& 2173 M| 3, A 1L A| 3 (Astrocyte),
Bl w7Vl obul AR 37HS] AIEE 237 7§ Bl SV AR
NAATE ART 5 A ARAZ RS U gen, ¥ah Y wAha s
ool AEE 5T 5 3l ol AW AA T, 5 2B 7ob AT
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Neket a1zl o & 2~ =1 2] 'd (Drug screening)S 5 319] A 5> 3 (Remyelination)
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A ARA o] o1 5 B7HE 913 AR H T 5 % A ZEeD)ol
VAl o) B4-HE AEAE DAY BA DAY JLE WY}
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[7] ofe], & I AEL IZF ol FVIAE H Fi3} SVIAEZTH
S AE7|ol A EE E5H AZF NAE7] A E(pre-OPCs)E T Y33 1L, ©] &
23 orlwolm 84 9 ¥3lE § 58 X0l A 9] 3D wl FubH S )kl
G717 glel) Sl AET| oA E7F E3E Qo] =E 3 AT 4 9l HhiH S
Sygtomy e sl
g o] AAR A
713 A

8] upel Bodbg o] Ko 3] A B ol E ' K3t E31E
NAE7|AEZRE S AaBEV|ol A RS E36hs Qutwol = A2y S
A& 8k= slol .

9] g e 542 Sy M eR Ay Samv|oluAEE
FEatalE Qbwol =S Al FEE Aol

[10] g e EoE 542 E iy slAasT|oluAlEE E¢ehs
Q7tmol Bl TR FES AT F, & A o E EA s HAE
23t Brx Aot N EAE 23 detE S Al gets Aot

[11] g ol o A2 2 g o S AET| ol A EE EiehE Q7o
L= 7] Lobmol oM el E L EV|ofuA R E FAEAT R e},
Bz Al o EiE X84 AEX 84 2AES AFsHE otk
Zled A2y

[12] B71eF g BA S Gty A 2 -, (D) A3 ¥ A E 714 ¥ (Human

Lol

pluripotent stem cell; hPSC)E- LIF(Leukemia Inhibitory Factor), SB431542 3} 3=
% CHIR 99021 3}31& & F3h8hi= LSC v A =2 nlj kato] 1A

A7 = 7] Al E(Primitive NSC; pNSCO) & #3841 7] = ©HAI; (2) 7] 9 A

N7 E 7] A & bFGF, EGF 2 ¥ ¥.3 o} ¥l (Purmorphamine)-&- 3 §3}5= FEP
WA &2 v gFsto] 15 ZAE B9 A7 & 7] M E(Ventral rosette type NSC;
viNSO) & 3}A 7] = @A (3) A7) 155 EAE B A4 =71 A 3 & bFGF,
PDGF ¥ 3 ¥.3Z o} 7l (Purmorphamine) & 3§18} FPP Wl X 2 wj| ¢ &} o]

Sl AE 7ol A =2 F-3)7F 53} 4174 5 7] M 3 (pre Oligodendrocyte Precursor
Cell; pre-OPC) 2 #-3 A 7]+ @A 2 (4) A7) Sl AE7]ol A E 2 #8317
E-31¥ 2174 &7] Al 3£ & RA(retinoic acid) $F- 1l A ; PDGF(Platelet-derived growth
factor), IGF1(Insulin like growth factor), HGF(Hepatocyte growth factor) %

X 2~Z (forskolin) $Hf Wi A]; © ¥ = ¢ (forskolin), oF 2~ F Z W] A 2
T3(3,3’,5-triiodo-L-thyronine) & Wl A, 2 =24 0 2 v A & LA 8} H A
Wkaho] 3|4 57| ol A E 8 Eatahe o 7beo] 28 A B WA
FeteliE, AE | ot A EE F37F 531 A B E 7] Al EEHE
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% 18 hESCs %-F pre-OPCs = & ali= o4, mjdz 1 2
543 pre-OPCs 2 -8 -3} ¥ sl AE 7ol A e 54 g1t A&

Ve 1A 02, 1AL hESCs Z-E] pre-OPCsE 23] 317] 93 7 v 3.9k
Dz 22 2 Ve Aolal, IBE pNSCsE &38| ¢35k
mokzAe Uebd Aol 10 29 pNSCs o] EA4S gl st Axto] i, ID
= pre-OPCs & 9 st7] A& w271 vebd sleolH, IE= g H ¥
pre-OPCs 9| 5402 2418k Al o] i, 1FE 2 H ¥ pre-OPCs | 352 2213517
Agt =& VR Aol W, 1GE pre-OPCs2 B 315 A A 319
A8 48 Zlo]al, 1H= pre-OPCs 2B H-31% 3] L& 7| o} ml Al 3£ 2]
545 g% 2345 vekdl sloln

L 2% AA AA 7 A E(PNSC) B S AE 7| A X2 #37F 53l

AN E 71 Al E (pre-OPC) 2 FE] 29| 2ol = FA o g A& et Ao =,
2A% pNSC 2 pre-OPC L 2B A¥| &ol= o] § A 2 F2(TUJL +), A A
(GFAP +), 3] 2% 7] o} 1A £(MBP +)2.9] ¥-3}2 93l 72} v & w2l v &
LFER Zlolm, 2} ofof o] ofn|i= th&-3 ) LSC= LIF, SB431542 3
CHIR99021E Y-l Al o] 31, FPP= FGF2, PDGF-AA X Purmorphamine &
e}l 4l o] a1, FSKs= Forskolin, T35= 3,37, 5—triiodo—L—thyronine%, AAT= ascorbic
acidZ YEFYl Aot} 5 2B % 2CE 22 pNSCs 2 pre-OPC ] &7 S PAXG,
SOX1, OLIG2 2 NKX2.2¢l] o8 el 831 A o & Fhel 3l A a2 Uebil
Aolt} & 2D E 2EE 09 3 39 A 2] pNSC(D) 2 pre-OPC(E)2] & Bf = &2l 3k
A o]l 2F 2 2Gi= 45 & <F 53} Al {bol] & Matrlgel droplets W ol A &] Al 3
315 &gk Ao, o o] Hof pNSC ¥ pre-OPCi= 200~300um 2]
ARTE AT AR ettt 2H= FEY A MY 25 5, pNSC =
pre-OPCE-E FA ¥ Z; v 2ol =of theh FFoluA & Yt Ao 2, Al
TA] o] VZ-like F 9 S L}E]-”J Aoty 21 Y 2] = vlEL A WY 45 F,
pNSC(passage 1 and passage 15) 2 pre-OPCZF-E A ¥ Z2} A9 Z o] = ¢t
&) g oln| A & e A o], 5-HT 5-hydroxytryptamine, ChATS choline
acetyltransferase, HB9+ MNX1, OPC+= oligodendrocyte progenitor cell, pNSC+

-

primitive neural stem cell€-, THT tyrosine hydroxylaseE WEFH Zl o T},

532 AGA o] A3 AAkS /18 pre-OPCEFEH S AR o] =
il ¥ A 72 A, 3AT pre-OPCEF-H &y ¥ A~ o= dH-3 TUJI (green) &
BLBP(brain lipid binding protein; red)°l] th$F &3 ] o =2 &1t A&
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5

Wl Aol i, 3B+= nhE g A Y F 7 AH o) thk & ol u] A & v
= S100B (green) 2 GFAP (red)®] & %
H 2| 2ol =E Yehd Aot} 3C= AR
& FAIE A7 2 FR1gE Al o] AL, 3D pre-OPCE - E1 RS
BolEE 67 M &, FojE 3 ol A& ved AR, SR E

AZ5 B ofo] AAAELE, 53 2o AYAELE 72 e Ao
3E+= H9-hESCs (nos. 6 and 10) 2 hiPSCs (nos. 18) 2+ E] -2 pre-OPCol| 4
AAE 2w Rol=o] Ff &3 o w| X & YEM Aol i, 3FE e i-3hd
&g ol A& YEb A S =, GFAP (red) & S100B (green)S 1 A sho] gkl gt
Zlolw, f Al 3 A& Baf F ) 23k 4w eD) B & g i
pre-OPCs 2 4F-F| @ 7F o] = o] v kb (3D)oll wh& A wl Al £ 2 o 314

LIRTACIIPAE- RS 2 A ]E}

—‘—4# pre-OPCE-H A H A¥| 2o =9 vk 3] 4 7] ol LA 3£ 9]

&5 YAk 7hHs et 6}% gelst A& Vel sl o R 4A= ntEL A

Oluﬂlﬂ 45 F, ¥ 2ol =5 SOX10(red) S A8 & o|n| =] Ax}olal, 4B E
4C+= pre-OPCEH-H S ¥ 454} ~ ¥ 2ol =(B) ¥ 6T7<]' 2RO =(O)F
et Ao s 4*% JoFnlA| 3 9] ¥ thE 1A 91 OLIG2, PDGFRa, 04 H+=
MBP2] &8 &13 Ao, 4D qPCRE 53l 8| A& 7| olnl A E 2] n}A
Fr A A= %%—’F%% H| 3 F-A13F A o) a1, 4E 2 4F3= pre-OPCEL-H gy ¥
852} ¥ E o] = E MBP, SOX10 == TUJ1 0 & A3 A2 vpepdl 2o,
4G+ DMSO, T3, Benztropine &= Miconazole®] Z+Z} A 2] ¥ pre-OPCZF-H
AAH 29 2o =E TUJ1 E MBPL 2 M A3t el Alolar, 4H X
4= DMSO, T3, Benztropine %= Miconazole A 2] o]l W& 5% A A=
Ak o 2 o A8 A1 E el A o] W, 4]3= Miconazole S 74 = 5&
pre-OPCs 2B WA | 2o R o] =0 A H-2] ¢ 3]l A& 7|olul A &5 F o

ol 21 gt AE pEHd Aol 4K= AAA W 4 o8 A Fsto] 2 53"3%

gl A& vebd Aot}
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AT HE3H -2 ol 1 Bk ar o A 7hA] w g 7HE EE Q1ZE S Aam vl ofal
AFAlEE S st Seshal ol

olof B A PAEL SamV|oluAEE NER 37t S5 Azt
ABZ7IAEE BHeRlaL, ol 5 ol gsto] dY|Rte] sl a =

Bl amrlob A7 £3E LUtwol RS YD 5 JleE T d 2N
gz dee AR 5 0= ARAA AZAGAE AT 5 AL, ot
37 @7bwmo| EE o] gote] B AR ABAE 2aY T F A= WHE
sttt

TA Ao R Eowga (1) 91954 < 7] Al £ (Human pluripotent stem cell;
hPSC)= LIF(Leukemia Inhibitory Factor), SB431542 g}st= 2 CHIR 99021
3}gHE2 E 3ok LSC A & wlf Fsto] 1A 417 & 7] Al 3 (Primitive NSC;
pNSCO)E H-3}A]713= ©@A; (2) 471 AT 2178 % 7] Ml 25 bFGF, EGF %
¥ X3 o} ¥l (Purmorphamine)S 3 $}8F= FEP W X 2 0| F3lo] 55 24| E EF})
A7 & 7] Al EE(Ventral rosette type NSC; viNSC)Z #3471 += &4; 3) 7] &5
2 A E e A7 27| N £ E bFGF, PDGF 2 ¥ 5.3 o} %l (Purmorphamine) =
3 3Fet= FPP Wi A &l Fate] 3] Aol Al R & #3171 5314
273 & 7] M| 3 (pre Oligodendrocyte Precursor Cell; pre-OPC) 2 w3} A| 7| &= WA,

L 47 slasTotu A LR H&7F &3k A 7] Al £ E RA(retinoic acid)
3k ¥l 2]; PDGF(Platelet-derived growth factor), IGF1(Insulin like growth factor),
HGF(Hepatocyte growth factor) 2 3 Z~3 H (forskolin) & Wl #]; 2

E ~F R (forskolin), o} = F =W AF I T3(3,3’,5-triiodo-L-thyronine) & Wl #|; =
TAHH 0B WA E aLA| s A wFete] Bl AEm T ol A EE E9HEHE
Q7bwol=E FAetE Al E EiletE, S| AEV|olu A X R H317t 539

NABSVAEZFE S aE7[ofuAES E95tE Q7o =9 Al 2y &

BT} A A 8H] B dbgo) & 3] Aol X2 B3l 5w

L =
NABZ7NEZRE SAEV| WA EE EoetE Q7o =] A2y e
[e]

WA, (1) 13754 £ 7] Al 3 (Human pluripotent stem cell; hPSC) &
LIF(Leukemia Inhibitory Factor), SB431542 &}31-= 2 CHIR 99021 3}3& &
E3FER= v X 2w okate] Al A7 2 7] A E(Primitive NSC; pNSC)E

§7) A REEA FVI AT AAE TASE DI AT BT
AT Bk om Wi, Silel, e T
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7
2 CHIR 99021 3}3}&-& ¥ 3Fal+= vl (2, LSC W A E o] & &t}
B dhg of| 4] A}-8-3F /47| LIF(Leukemia Inhibitory Factor) =, AEF71-6

Aol EFFQL Ald el &5t Y T SR A, Al 3ES] 2], W3 A Eo
Todsh= AR el A k. T3, 4] SB4315427F ALKS(Activin
Receptor-Like Kinase-5) & Al Al &2 A &8t 731 & f- 25 G2 A FAA] &
A 7] 935 e}, A7) CHIR 99021+ GSK(glycogen synthase kinase)

A A A 2 GSK Az A G A o] Fho] 3}L GSK1/22] ¢ 2~ E ¥ (upstream) - A}<1
GSK125 %4 0 = 3t &4 o]t} 47| CHIR 99021

o}n] = 31 2] ] Tl (aminopyrimidine) 2. & 3 A] H T},

- ag o A ARE-¥ B= wl X = 7] 20l A1 (BM:basal medium)E 7] -1l A 2
stH, 71z Aol 54 AW-E& tl £33 A& M EQ 7} a] % T A o A
AF-g-3t AT

271 71 2 A = DMEM/F12, T8 EF, vl ElTl A7} §li= B-27 54, N-2
HEA, dydd-~EflEnfolal L-FFEq 9 0] F f=olu| w2k E8a)i=
Wi 2] & whah | Bodkbg o] Q1 Al A] of o) A = DMEM/F12, 543 ug/ml 5 ¥H E &
1 x BIEFF] A7} 9135 B-27 5 A], 1 xN-2 BS54, 1% A A d-~Esl Enlo] Al
1% L-=FetHl R 19 v Eolu] m=Abo] skl 7] 2wl A & AR&3F3i v, gt

7]z A el] /7] LIF(Leukemia Inhibitory Factor), SB 431542 3} 31& X CHIR
99021 3} 3= F 3t LSC v Al ol A Q1ZF ks ] S VA2 S gt oz
A7) A REsA SVIAIEZE GA AB SV A LR 3 F-Esk30 ) v
ol = A= WA A S 7 A E 2] mh7] Q1 PAX6 B SOX12] ' dl &
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2,2) 871 #3t8 AA MBSV MEZE M Yeto] 55 ZAE B
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Frieatr] 8l AR V] & ghok

= J ANAESVIAZZ] F37 dEHH, T2 3) 55
EAE B AASVAEE SlAEV] oA L2 F317F 5314
273 & 7] M| 3 (pre Oligodendrocyte Precursor Cell; pre-OPC) = -3} A 7| = | &
T3y gy,

ol 47| ¥-3}& 93 vl A = bFGF, PDGF % 3] 5.3 o} ¢l (Purmorphamine) &
E 3Vt FPP Wi A & o] &3] nl Fgttt. 4] FPP vl <] = 7] 21| 4] oIl bFGF,
PDGF % 3 ¥ 3 o}l (Purmorphamine)©| 33 2] & i),

371 FPP WA & o] §ato Wi st Adf, 55 2AE g9 A A7 MEZTH
g aEv]ola A E R a7t Sl A A S
FAEV|T WA ER B3t 53l A A ET A
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273 & 7] M| EEE RA(retinoic acid) - W] A]; PDGF(Platelet-derived growth factor),
IGF1(Insulin like growth factor), HGF(Hepatocyte growth factor) %
X 2~Z (forskolin) $Hf Wi A]; © ¥ = ¢ (forskolin), oF 2~ F Z W] A 2
T3(3,3’,5-triiodo-L-thyronine) & Wl A, 2 =24 0 2 v A & LA 8} H A
NFe o 2H B AE /Il AT E EHoRE orbwol BE 4 urt
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WA & o] g3t 7Y &t & 3§kt

o] % %7| Wl | & PDGF 3§t vl Al &= a4 3to] thA] vl & =3 8h=dl, =,
71 Z ¥ A] ol PDGF(Platelet-derived growth factor), IGF1(Insulin like growth factor),
HGF(Hepatocyte growth factor) 2 3 2~ Z ¥ (forskolin)& & 7}k m| %] & o] &3}
F7FE 14 Fot w R

o] % t}A]l A+7] PDGF 3§t ¥l Al & LA £ H-3hul #] 91, 7] Zul #] o
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RA(retinoic acid)i= M| 323 ¢to]] EA) k= -84 ] RAR/RXR9} 2 2F-8-&
i A o2 delA dar, A A M Ee] Fsle) #dt= Aoz delA
EEE o) mE S AET| WA ER 37 53t A SV A EZHE
ZohE W, 55

Sl AaE7|ot A5 E5elE 7ol =& 21&38HA Al

?’._Xﬂ E E}Q] 2174 & 7] M| 3 E bFGF, PDGF 2 3 X o} 7] (Purmorphamine) &
3 3Fet= FPP Wi A 2wl Fate] 3w v| ol A& #3171 5314

274 = 7] Al 3 (pre Oligodendrocyte Precursor Cell; pre-OPC)Z #-3}A] 7] = W A];
! A}7] Bl AE VoA EE H-3H7F E 3L A7 = 7] A £ 5 RA(retinoic acid)
3k ¥l 2]; PDGF(Platelet-derived growth factor), IGF1(Insulin like growth factor),
HGF(Hepatocyte growth factor) 2 3 Z~3 H (forskolin) & Wl #]; 2

E ~F R (forskolin), o} = F =W AF I T3(3,3’,5-triiodo-L-thyronine) & Wl #|; =
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G5z AaS AT AZABAZ 88 A S 5 e Yoprt 2z
Agke] A BAE A&t A gt 22 dshy] A o N
ZAFORE AR 9lrt
Ao AAE AF

olst, Ao & Fote] 2 LS v & A3 A staral @ o] 5 A=
oA B uye Bl Ao r Aiaty] 93 Ao, Bl W)
ol = A Aol o 3) A g = A1 ot}

ORI S

pNSCs Al Z(PAX6 2 SOX12 &) 2 pre-OPCs Al 3 (Z3HA A 3£, OLIG2 2
NKX2.25 +3l)2] uj] %-& Matrigel(356231, Corning, NY, USA) ¥u] A, pNSC
A 35 LSC M A|(LIF, SB431542 ¥ CHIR99021 )& o] 8-3}o] nl|FabalaL,
pre-OPC A| 3£ 3= FPP Wl X|(FGF2, PDGF-AA X Purmorphamine &) ©]-& 3} ¢
ok al ATt Wl ok Al S 218 8he] pNSC Al E1= 15 Al tl(pre-OPCs ¥4 <]
Wby el MIEER =H]8ESITE Ml 32 Accutase(EMD Millipore, Burlington, MA,
USA)E o]-g35to] 0 A ¥-AMA] 7] 3L A 2 & o] E(Coming)oll #5738 3,
= w7}A] LSC == FPP Wl #] o] A - X A At} Al ¥ 217 (neurospheres,
> 200 um)i= 4 & A ol Matrigel @ 2 o] Jn]= Al ) A =w A7 = 543
ug/ml & EH4FL E F(Sigma-Aldrich, St. Louis, MO, USA), 1x N-2 X % #)| (Thermo
Fisher Scientific), B EF A7} §13= 1xB-27 E.% A (Thermo Fisher Scientific), 1%
HUAH-~E & Ento] 2l 1% L-=FEF (Thermo Fisher Scientific), 1% H| 2 4=
o} 5= 4k (Thermo Fisher Scientific) 2 5 ug/ml ¢14 ¥ (Sigma-Aldrich)©] ¥
DMEM/F12 (Thermo Fisher Scientific, Waltham, MA, USA) & -4 ¥
7|z Aol A 3 Fo u ket int. oL 5, A& enlE Aol = %7131 0.5
uM #l| E] =2} (Sigma-Aldrich)©] B5 ¥ 7] & v Aol A F7}F 1 5= 5ot
Al %3191 a1, Wil A1 & 10 ng/ml PDGF-AA(Peprotech), 10 ng/ml IGF-1(Peprotech), 10
ng/ml NT-3 (Peprotech), 5 ng/ml HGF(Peprotech) 2 10 uM forskolin(Tocris)©]
ShR-E 7] & M A &2 A sl Th o] & 9 A& 10 uM forskolin(Tocris), 60 ng/ml
3,3’,5-triiodo-L-thyronine(T3, Sigma-Aldrich) & 20 pg/ml ¢} 2= 5 Z 4] Ak(Peprotech)
2 7] = A2 A E o)l 73} vl A (glial differentiation medium)l] A 45~ & <F
| 2F5FSI o}, ©] 3 promyelinating 831 &2 ~7 8-S Y&, 454
2~ 3] & o] E(spheroids)E DMSO (Sigma-Aldrich), 60ng/ml T3 (Sigma-Aldrich), 1uM
Hl = E 2 9 (Sigma-Aldrich) J3= 1uM 1] 1< (miconazole, Sigma-Aldrich) = 85
Tk A ¢ 549 .

p)

@ A% Fu) D B

i
b




WO 2021/235848 PCT/KR2021/006248
15

[98] 23| 2 o] =(Spheroid) A &2 O.C.T. 7 3% = (Tissue Tek; Sakura Finetek USA,
Inc., Torrance, CA, USA)= 1 =38} 31, 20um 77| 2 W5 A H 335t
AHEL 0.2 % Triton X-1000] Z ¥ PBSelA 2 % A T+ 3 o= 123t
U ESA S s A, AAE 12 A (SH] E 1R 3 2)E 4°CollA

WA & g2 A] 71 TF-) Al 2o A | Al 7 &9 Alexa Fluor 488 B 3= 594-74 +%

o]z} &} A (Thermo Fisher Scientific)2} HH-3-A] Z T}, &2 lug/ml DAPI

(Sigma-Aldrich)Z 5 & & ¢F t 2 QA5 a1, M &2 PBSE 3 3] Al &AL

Olympus & 27 dlo] A 2~70d An|7d o= F&etqlrt. gk o] 2 npg-2~ i

8] 2 TEM ¥41-& Yun W g0l 9 &l 2% 5 Stem Cells Dev

1= 3-(2019;28:633-648) 2] 7| A1 W&ol ube} F=1] &k}

!

[99] [351]
PAXA 1400 Monsa DSHE {PAXG)
ROH1 1160 {Foat B&D Systems (AF3360)
OLIG2 1200 Babbit Merck Millipors (AB2610)
WEX2D 1100 honze DEHE (74.345)
TUI1 1000 Monze BinLepend {301202)
3ABA 1250 Babbit Sigma [AM52)

TH 1200 E.abbit Merck Millipore (ABLI2)
3-HT 15000 E.abbit Immunpster {20080)
HES 140 Mousze DEHE {31 3C10)
ChaT 1500 Goat Merck Millipore (AB144F)
ELEF 120 Fabhbit Werck Millipore (ABNId)

PDGFEm 1200 Eabbit Santacne (RC-335)
GEAP 1:500 Fabbit Merck Millipors (ABS80d)
100G 1500 Monse RIGMA-ALDRICH (82332}

04 12060 kouse B&D Systems (AB1326)
MMEF 150 Bar Abram (ABT34%)

hhditpchondria LA0D Mouse Dlesck Millipore (MABIZT3)

Alexa Fluor 488 (Fabbit Ig() Dﬂnkey Thﬁmu Fisher (A-21200)
Alexa Fluor 488 (Goat IpG) Donkey Thermo Fisher (A-11033)
Alexa Fluor 458 (Mdouse Ighd) 1500 Goat Thermo Fisher (A-21042)
Alexa Fluor 488 (RatIgG) 1500 Donkey Thermo Fizher (A-21208)
Alexa Fluor 3%4 (Mouse 1g() 1500 Donkey Thetrmo Fisher (A-21203)
Alexa Fluor 504 (Fabbit I7) 1:500 Donkey Thermo Fisher (A-21207)
Alexa Fluor 554 (Goat 1) 1504 Donkey Thermo Fisher (A-1L055)
Alexa Fluor 594 (Bat [gG) 15040 Donkey Thermo Fisher (A-21200%
[101]
[102] @ FA>x +A
[103] AR o|EE AccutaseE 0] &3] 7| A A o & ) elstal R8T} o] &
A 718 PBSE 33 M A el 5% A WU AHOoR 158 &9 557

F3 3 3 W 2] S100p 2 GFAPol th 3k 1 2} 814 & 30 ¥ FoF vh-g A 7] v},
Alexa Fluor-conjugated 2 2} A 2 30 & & 9F HE-3-A[ ), 4] 423 *7‘, 0.5 %
X5 U3 =2 NEE DAANAL MEE 557 3A oA 0.1 %
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[111
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[113]

16

X-1002 & F34A4 3} ¥ A1}, o] o] A A EE FACS Verse 41 % #417] (BD
Biosciences, San Jose, CA, USA)E o]-&35}o] 45131t}

@ gPCR 4]
4% 4 PCR(qQPCR) 212 cDNAE th4} 2 & 33] =833l &4 vjz=a&
A AE QAN =4 A R T fl= 88 e

vk 0] A oA U Ul 2T 0 2= GAPDHS] ¥

PDizFRm CAGTOCTGETGCTETIGETE Forward

COFGCTTAATCCATAGGCTG Reverse

SOELD AAGCCCAGG TGAAGACALAGAT Forward
CCATATAGGAGAAGGODFAGTAGA Beverse

MEE CCAGAGTAGCCTCTATGAACAA Forward

DOAAGTEAATEGAGOCGGTIATC Reverze

iFFAP GOCAACTOGTACCCAAATTTIOCAA Forward
TCACACGATTICTCCATCATCOCTOC Beverss

EABET GATTTTTGOCCACCCTCTITOCAA Forward
CECCTAGAGOCTTCATGTACTEAT Baeverse

B0 GIECAACTOGTACCCAAATTTCCAA Forward

CEOCTAGAGUCTICATGTACTCAT Beverse

LR EEHOlH=3~6 3 W 3 Hd + 5 A (SD)E BABI AL,
2 7} = unpaired two-tailed Student’s t A4 2 #4F A4 (ANOVA) S =2
A8k 0.05 || REE] PR B A A 0 = f ol gk Ao = g5l P
<0.05; **, P <0.01; *** P <0.001; **** P <0.0001.

<A A4 1>

Sl AEV|olwA TR #3171 E3lE AAZV|HNFE &

g 2= Sl Aol A RO HETF 53 A B SV A ES S|
Hell, thFdt v F Al =F 71kl A S sk 3lvh 5 1A= hESCs(Human
embryonic stem cells) 2 -] pre-OPCs M| 2 B st7| 70| 2 GAE A 3E 2]
BoF E oz vekd Aol sk & /13 "5 A =71 A 3£ (Human
pluripotent stem cells; hPSCs)ol| 4] 3] &57| ot WA £ 2 9] 3317} 53¢
AN E 71 Al E(pre-OPCs) 2| & 913 Al E S W2 7=t

T35 F o] Yste] v A & 7] M| E (Pluripotent stem cells) ol 4] -R-2l &
5= A= 7] & ¥l A (Basal Medium; BM) [DMEM/F12, 543 pg/ml sodium
bicarbonate, 1xB-27 Supplement without vitamin A, 1xN-2 Supplement, 1%

penicillin-streptomycin, 1% L-glutamine % 1% non-essential amino acids 3 ]&
7180 7 slo] vkt YAl A = 7] Ml E (Primitive NSCs, pNSCs)
g 3t7] 98te] whs A 714 EE LSC ¥l A [BM, 10 ng/ml LIF(Leukemia
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Inhibitory Factor), 2 uM SB431542 & 3 uM Chir99021 $}-f-] &8} 231 ol A
i et vh(5 1B #3). LSC v ¥l 2ol A i oF 64 ¥, #-3hE Al 3= A
2N E 7 A X v Q1 PAX6, SOX 1S HE3H= 21& A3} shad A
gl o}oﬂ EHE 1C ). 3 A A E 7] 25 LSC W 1
m & O] T nE A (Matrlgel)o] FEE A3 v ek EIR=E=REI PN
]737‘7] A EE A 71 2 53 ZA E ] 2173 =71 Al 3 (Ventral rosette type
NSCs, erSCs)?._ w3}317] 913l FEP Wl A [BM, 20 ng/ml bFGF, 20 ng/ml EGF %
0.5 uM Purmorphamine -] 2271 ol A vl ksl SITh v 8 & &, Z A E 2.4k
ZE Y7} et 8 S A E Vol A E R F-37F 53¢
21735 7] A E(pre-OPCs) 2| gH & 9 3ll, FEP vl & 9 ol 4] FPP 1l & <[BM, 20
ng/ml bFGF % 20 ng/ml PDGF $}-f-12. 2 LA 8o vl &l A th(% 1D #32).

Olt

-l 7ﬂﬂr, A7l i o R ey sl AEv oA EE S H3UF 53
273271 A 3 (pre-OPCs)oll A 8] &7 ol al A -FA 2 9] o 32491 vbA Q1 OLIG2
2 NKX2.29] el o] i 7k 21& stk 1E ).

=3}, PDGF 1] %91 [BM, 20 ng/ml PDGF, 10 n g/ml NT-3, 10 ng/rnl IGF-1, 10 uM
Forskolin ¥ 60 ng/ml T3 37122 WA sFo] 27312 &l (% IF #2),

F1He] W35 A v E A A a A o] Bkl Y= 74& gelskglar
oH I A FEE S A A Ee] thE Al npA ol GFAP 2 S100pE wHal 8l =
Ao PG THE 1G F2). T3, 82 m7|ofalA E o A 3= 04, MBP, MAG %
Aagt Jef o] ntAE Fd st Sl AETolul A R Y H 37 53514
N7 Z 7] Al 3 (pre-OPCs) ol A -3} ¥ 8] A~ 7] o] 1l Al 3 (oligodendrocytes) ol A
04, MBP, MAG7} 981 5] 51 9] &-& kol atol] whal, AF7] Hb o] o &

S| aE7|of A E R O] #3}7t o] Fo Xl A& Fle A th( % IH #x).

<A A4 2>

S| AET|oWAEZ S B3V ESEH AN ASIAEIZERH Q7w olE &Y

A7 AAT e 104 B ¥ sl AETV|oluwA 2 B3l &3l
N 7% 7] M E(pre-OPCs) ZHEE] Q7w ol =2 &1 7] o] ub o)) uha} & A A 7] o,
pre-OPCsZ B A1 ¥ Q7o) = I QIA] A A& 7] A 3E(pNSCs) 2 FH A =
L7twol=e) gk Bal A& ok & S Fal it

WA, 7] AA e 104 2 PAX6 E SOX-1S Ld st YA
273 & 7] M| 3 (Primitive NSCs, pNSCs)2} OLIG2 ¥ NKX2.2E& W& 3t
slasvloln A EE 531 278 = 7] Al E(pre-OPCs) 5 4
T(sphere) & A sHA g th, vtE ] Aol YW % (Embedding) % RA
W 2k B (BM % 0.5uM Retinoic Acids(RA) )l A 78 &<k ] st} o] &,
PDGF M| &Feloll A 14 &<t F7F v o 5, Aol upe} 5595 &<t
LA 3 (glial) -3} 1] &F <N (BM, 10 uM Forskolin, 60 ng/ml T3, 20 ug/ml
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o} 2~ F Z A} gyl A v FetiTh o] e g i EAloll gk BA R = =
2A0) YERA T 45 ok mltS bR st &, YA A A E VA e}
SaEmv|olnA 2Rl 539 NAESVHAERLE dojHl 27l EE
et 5742 B4t

1 AT, A7) A g e AR A A7 = 7] Al 3E(Primitive NSCs, pNSCs) <}
sl aE7 ol 2 53)E 474 S 7] Ml 3 (pre-OPCs) 2] 57 &
HA g st M-S T8l gl =, YA AEE 7] A E = PAX6 E SOX-1<
ks 1S B 5 AN AL, Sl AEV| ol A ER S5t E ARSI EE
OLIG2 ¥ NKX2.25 &&= 218 318t 4= It 2B 2 20). T3k A
NAZVIMES} slaEV|olu M ER ] 53t A A SV A 22 EE Aozl
QtwolEEe] kg A or #as Ay, o5 F 7FA 9] AlET}L
AATE A= A S T F oy 1 = gE de=
ol ¥ Q% 2D @ 2E %), 3 RA # 8] 7 F o] A A ao A, A
NAS7IAEZRE PAE Q7o =i= 1 Q7o Zo A #y = & A
gy B e 3ol Felx = Ao vpeld ub, B ok o
S rEvlolnAEZe] 53 H NASV|HNEZREH AH Q7o =iz A

M7t ef A Ak WAL o EEE ZEA
2G Fx).

HA QMg e FAA T AA] A ASV|MEZRE oj3 Q7o Es=
VZ(Ventricular zone)©| 7| & A ¥ = 1 0 2 Vel TUTI+ YA &5 7S
EbelE AS R YEhd b, sl A s ol A R 2 o] 531%
NASVAEZHEH doj Xl Q7tol=of A= w254 o] 212 vZe] 3 A&
st AT &= 2H Fx0).

o, Ok A A A vpA B AT S A ET oA ERE ] 535l E
ANAES7IAZZRE Aozl e7bwmol B A= &gk A A ] nhA 1 TH2}
GABA7} YEH = A A A EE F317F S 91 A e 4 a5 21
Z2), Yol7t 57 d e nA <l OLIG27F o] A 8] L ¥ = A o= 2l a1,
B 2 E H uhA 1 HBO+= A & 3hth(E 27 #x).

olel g AHE E R, E IEAES & Uy e
W37t S5t A SV A EERE PAAE Q7o = A
ZIMERZFEH JAE 7ol =B F3p7 wh= A X8y = Al

= A~
Qs o= 9l

I
fu
)
{0

o

-

2
o
i

J

<A Al 9 3>

ANAEIAEZ2RE AH erlwolsd NARANTERS] B3 A=

Sl AEV|ol A ER E31E 417 7] Al 3 (pre-OPCs) ZF-E doixl
Q7o Zol| A A H WA E 2 (Glia) 2] ¥-3}7F w2 A A EH A=A =
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RS

olt

udgjﬂoﬂ}\

SEE LR

= S
1A, A7 LA EE O] W3} 25 2ol A7 1l Al 3 (Glial progenitor
cells)®] 7}# €1 BLBP7} pre-OPCs 2 F Al ¥l @ 7F o] =( | 2 o] =)ol A
WA = & A5 A1 (% 3A), 372kl = A 3 A| 3 (astrocytes) o] & A <1
791 S100p ©F GFAPS] &l & #4158} 8h (12 3B) B A1 E BATY (%
30)2 wall Eeled = AT /b, A NG S 7] A E(pNSCs) Z4H-H &€
LI7bmolEo A= 3t 47 A e A & o] 2 gk mhA o] S El T 4 glsl o,

w3} 552ke] 45, S100p €F GFAPS] {l = vl - v B| gk 21 o =2 Vel
Q7bmolme S o= Azl Fujety o & vheFet Al £}

| 1
S Chp e A A 7 E g of 9l A
AyA

L7twol=g P Mg W 715 2D w8 i ol vl s o s Al
SIbmol B2 E AduAEze] 78 a 82 45 ud 7= dew

U ERS TR 3F 3

EN

).

whelA] ol uhE 5 2% 7] ob A R S 3hE NS A ER Y
Srbwol =S YA & g PPy B 3y PHoR PR erbwmolmE
A ZE S B8k whE 5 o] 9lan, A Q1] W sk FAbatA) thE
A S EFehel EAISHE S0l Qol, M ABe] AR E A
AZARAZA U5 B0 AEE 5 9082 S 5 9

<A 4 4>
ANAZIANTZ2E FAHH 27wl =i SlAET[oluAERe] £3 2
il b ol s

Lpol7h P b 2SS Bl o] W S| A ET]oluA X R 53
NSV AFEETE dojdd 2 =

w27 P E =AE d Gl o g2 A S

u

1A, S AaET| kA ER 53HE AV EZTE Holxl Qb o=
Rboll A -3} 45 2pol) B w7 obal Al 2] mb] ¢l SOX109] Hd =
ISR (5 4A), SOX10 ¥4 4| Fo| 4 OLIG2, PDGFRa & 045 &l &=
A& FATD 7 AN H (5 4B), 65730l = 3 am 7] ol ul A 3 mhA ]l MBP2]
B gl 7 AT 40). 3L, 8542 R Vb o] Bz 4572k
O

Faboll iz 2.7hwo] = ehol A A gl 42 (n
o A= A% FFHATHE 4E T 4F).
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&) A (remyelination) f- %= %= 2 ¢2] % T3 (60 ng/ml), Miconazole (1uM) 2

g A

<1 DMSO

N

Benztropine (1uM)£ 7] 2. 7}%9]

&

A 2

KeN
=

ol A £-3] Miconazole

A

S A7 Qb ol oA
Z7F 8

Miconazole

P A E S
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41).

2 7} MBP+

A%
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AT
(1) 213+ 954 & 7] Al 3 (Human pluripotent stem cell; hPSC)E
LIF(Leukemia Inhibitory Factor), SB431542 3} 31 2 CHIR 99021
shetE 2 23Sk LSC v A &2 v Fsto] | A] 4178 =71 Al 3£ (Primitive
NSC; pNSO)Z #-3}A1 7] = &4,
(2) 471 A 417 & 7] Al 3£ & bFGF, EGF %
¥ B3 o} 7l (Purmorphamine)-S 3 §}3F= FEP W X| & 1| &3] 5.5
ZA| E BFY 2173 & 7] M| EE(Ventral rosette type NSC; viNSC) & w3} 7] =
A,
(3) 7] 55 ZAE B 217 =7 A X & bFGF, PDGF %
¥ X3 o} 7l (Purmorphamine) & X §}8F= FPP Wl A 2 nl] ¢k &l
Sl asET|olu A ER F37F 5318 A7 <= 7] Al 3 (pre Oligodendrocyte
Precursor Cell; pre-OPC) 2 -3} A 7| &= & 7; 2
(4) 7] 3l AE | olnA £ 2 F37F 5315 A A= 7] A £ E RA(retinoic
acid) -1 9l X]; PDGF(Platelet-derived growth factor), IGF1(Insulin like
growth factor), HGF(Hepatocyte growth factor) % 3 2~ & (forskolin) 37
W A]; 2 E A FH(forskolin), OF A~ A = H A 2
T3(3,3’,5-triiodo-L-thyronine) & Wl A, 2 x4 0 2 W A & LA 8} A
Hj et slam7|ola A EE X sl Q7o =E st dAE

3 =L 1=
A

8 4B ob i A 2 W37 S3h NAE AL LN
S aEmV|otn A EE E9E= L 7Fmo] = Al M.

A 1ol SlolA,

&71 WA= DMEM/F12, T ¥ E 4, Bl EkRl A7F gli= B

N-2 B4, Ay dd-2EflErfol i L-a 781 R Bl dpotv| k&
EEstE WA & 7] 2 A = ARE ek Al =

S aET|otuAE R 37 53t A A SV A ERSH

S AamT|otn A EE E38= @ 7Fwmol =0 Al 2y

A 1ol SlolA,

71 Bl amT|of A R B F S3hE AAE VA E =
OLIG2(Oligodendrocyte transcription factor 2) "2 NKX2.2(NK2 Homeobox
)5 FASE AL 5 OE 5=, J| BV olu M E R W37t 535hd
NAE/ A LERE 82870l EE TsHE Lbwol s

Az,

il B

S amv|otn A ER H317 5314

ANEE7IAFE2RE E3tE AAGAE I AGaA 7 3] Q)=
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