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A7 ANEE ASE3IA 7|3, A7) ASEESt= A7 AFAE 8] A] (neural progenitor medium)ol A 471 A Al
X2 F271E A Ja] = A dAS Eosls, f 2 A F7] AEE AxdE .
A7 2

A3k 10 Qo)A A7) AR (transdifferentiation)= 1 WA 109 %<t S35

rir
=
ro
s
z,
i)

FTE 100 QoA A7) ABESE 1 WA 59 B9k FEE A dh .
A+ 4

A3 10 oA, A7) deRsl= 1 WA 39 H¢ FaEE A9 .
AT 5

AT 1 WA 4 F o= g Foll oA, Y] AMEE AFEAERD Z .
AT 6

AFE 1WA 4 F o= & ol QoA ) ANEE T HFEALD 29 .

TR

AR 1 WA 6 F o= g Fel oA, 7] fF= AAF 7] AEE vlZ"(nestin)S @St B/ EE
Nanog = OCT3/45 HdstA &= 29l Wi,

T 8

AT 1 WA 7 F o]z g o glojA, A §% AA EF7] AEXE AA/A4A A Z(neural/astrocyte cel
D2 23kd 5 9l 2191 W,

379

A7F 1WA 8 F ol @ Fol UolA, A7) MW ] ANEE 7] Sox2E Yk AL Tahehs
AE ko] o] 2~ B“Eii FAEYAN7]= GAE 2k B UL

7% 10

AT 1A 9 F o= @ ol lold, A7) ABESE WY AE glo] FAEE A W,
AT 11

A8 1 WA 10 F o= 8 o] glojA, 7] A HAFAE HX] = DMEM/F12; N2 BZ2A; Ed; AA7 %
Wl A] (neurobasal medium); B27 HZA; W|-E4 oln| =2k, bME; L-2FEF; Glutamax; SB431542; LDN193189;
Y E] =2k, BSA; CHIR99021; E#M ¥, & A YolE(sodium selenite); ¥ cAPZ FA4¥H ToZHE
Aelg st o] g AES xdekE S WH.
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B 298 3 AN WA Bxel od ® WAAel LehE, 20159 39 4QAR Z9E T QA 58 F49
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Ho] e 77t 7 oS goz doldtk. wid 10,000 o]kl #xrl b B3 ubA | F el w
EAEZFGBDSRE JAdr). GBS 8o o3ty 5% 92 g8-WAd 8 (chemo-radiation therapy)2
2 ARnHY, EYSIAL dA o]&Itss A= st A o] H3he dnkyg o= XA ol AU7A ] H

A
7178 671l E3Etar, GBM SAES X H 12-1571Y AEIIC}

A7 Z7] M¥E(neural stem cell: NSCO)& ¥ 1WA GBM 3 &H&(solid and diffuse GBM deposit)® 3]+
(home) sl 2+ WA 58 2ta, st AXS5A A (cytotoxic agent) & 2% F2E NSC= TS-H A
upg-20] AES FoAUA AFstAA, GBM o]F o] (xenograft)S 70-90% TAAl71E FHOE FRIHIITH. 1
b, Holls AAHoz2 EA8E &5 NSC7F 9, 25 3 o Ao &4,

)
d

MEZ FzZ g (cellular reprogramming)?] ElE MZ X EHA AzE& 4L dgor), A7 ).
ds £, AFEAEY F5 veA =7 AEGPSC) 2 E-E3}(de-differentiation) ¥ HU3d= X7 AE

FHo 2o A-FE3(re-differentiation)= A|7te] A2QFH+= FHAHolar, iPSC A a8 Y, o]4= PSC
= frAd 93 oA 7]8=(cancerous teratoma)®] Aol thak A obHA 7t Follrt.

A3 (transdifferentiation: TD)+= A|¥E7F F3F iPSC ©AIS AXR &1 Aoldt AE(lineage)d ¥
s e}
©

skl
Axz A5 des= A Wgeluh. ol2fd Dol o A4l e iPSC el ddd g s-HE

i

A AL Hdsh= X7 AXE

Fol no A& BAdS 7hesiAl .

‘?F

1 AZGPSOE BdE A 7] AE7 ol 98 AR, 20120 Matsui 52 47}A
Yamanaka SIAME o] &3}o], 917t HRFEAEE PSCER FEFHo=z gIZzaziyste Ao s 202 el h-
INSC Aol &84 &+ Athes AS A5tk h-iNSC A 8 AFEAEAA Sox2E& A= Al
olg gAY, o 9 2 Adl(passing) & 3 h-iNSCE 535171 H38] EAS A AE(feeder
cel)ollA 40¢ &< £ daF Y}

)

rr

M ZE-718 ) 5HANA A7) 998 Z2H (engineered) NSCE A48 A& 5= 9

a7 EAT.

b ]l ol thek

faoF

A5 FA A wet, FE AF 7] AXE(Insc)E AX3FE WHol AFH, 7] WHS AMNEE AFshe
GA; A7 AXNE WR Sox2E ZHse dAS (dE W, 24749 (transfect) B FAE Y (transduce)ll
o&l) Z=)skar, 7] M2 Sox2E wdste Al 2 7] AAEE (A7 AFAE 8l A (neural progenitor
medium) A MEZE FAAZIE A 93l]) ABESAA F= AF 7] AELE AZA7= G 5 skt ]
S X F QAo AR FA A, AT AEES = 1 WA 109, 1 URA 59, 1 WA 39, =& 12 U1F] 2
AIZE = 48A17Fe] AZE ot e E T

AX Ao A, A7) AEE T U8 d3tE3F QX (transdifferentiation factor)® A7 = FAHS
A g

AR FAR oA, A7 AMEE ARFEAE(AE B, 5 AFEAE)ot},

A5 FA AN, A7 WH2 AV AAELE Sox2E ZH3E AAHS X3stE E dHlelyAwHZE JAEY
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AF AN, 7] WS 7

(biodegradable scaffold matrix) ol ZA&E3A7| ALY =

o}

AF A A, F7] WS deR

=
e wAE U Egen. 9y
o

(allogeneic)olt}t. L FA| gl A, ’“7] Trc A7 27 MEE 371 7R gEl sl (syngeneic) otk L5
FAd A, A7l f2 A =7 AEE A7) A disl 2F7Fe] 44 (autologous) 0] T A

7] A= H gl Ass das .
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A ELE A
HF(seeding)dl= SAIS o ¥}

A;H:‘T—.t: UH_E.

AR A of o A s o

AR FAANA, 47 FE NG E7 AZE 7 AR da Arkelggelw, §7] Felx 47 AL

A Sl 1

B AN Qgd BE 53 Fde ANE 150 B 9
A z@sﬂu}. g etela) gel wAHA

?_]_, L.T

| el ALgw "ANFH Z7] Al¥E(neural stem cel

" 3FE3}(transdifferentiation)" HEE "%

AlE (intermediate pluripotent stem cell:

23le AAEE J27se S5 (source),
2 5 k. dF FACANA, AAEE AFEAE, &
Q)4 H Nl (surgical incision)d ZAAZYH, 4 &
alone procedure)Z A2 I HX|(skin punch)E 9]
A

el £4e £, 9ol ggonuy 599 &

r

B A A" AR A A, dEEsE 1Y, 2,
]

24, 449 A 54, ,

7277k AIZE Et g E T

Aol A ARgE A

zo] AR HEE FXshs dARIAeE 22
, 0lig2, Zicl, & x&s), old AR A &=t),

23 ot ol g Ak -9z AEEsH(single-

"Sox2"+= AHAFOIRFY] Sox Y

(progenitor cell)oA] 3=
TA el A, Sox2i wd-21x}

2 Aol A,
SEEE R R

49 A 79, 109, 149 E

= )" 217 A3 (neuron),
= 84 57] WA E(oligodendrocyte) 9} 2 TF4AAA AEZ B34 4 A& OE3bs(multipotent) Al

A3t 3}6l=(transdifferentiating)"& £3FE A4
7] iPSC) @AE
AME HE= ﬂrfﬂ"‘ Zﬂ/‘ﬂJ—f‘— 2 EshEE wHolth. ASESE MEE
E v AX BYore MERIE FxIsh= wiA A AlE

¢l A} (transdifferentiation factor)":=
ol A o)t}

1954 S5,

AAF A E(astrocyte), 2/

|27 F3F o
lineage) 2] #3}
Sl ool s Qx|

[

AAA i ol Als

shute] AME EFSe] T UE EYC

d= Oct4, Sox2, Klf4, Myc, Ascll, Brn2,
AR FA A, AFEs WHe o shhe] 3k
factor transdifferentiation)®]t}.

, AT BASE ME E FFRAAAY FAsE AT AMXE
Sox2E AJE HPH oA
o]-g-Hrt},

ABRe QAR ol gHTh, Y
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2" (Nestin)' e FFUAAL FNAEANA A w@R T, 19 WA FYHoR wahd FFUA
Aol EAGA FET, GRAPT EE "AAE A4 A4 J

A (glial fibrillary acidic protein)"& A
AAEE E3S FFAA4A Axd 9o TdEE T ZFHE

i
ol A (intermediate filament protein)©|Th.
"Tuj-1" %+ "BIII tubulin" 217 w}A (neural marker)©]th.

"Nanog" % "0CT3/4"& A€ &7] AX w7 o]t}

2 o] wAlE AR FA| oA, MFEsl= I A|XE(feeder cell)] ALE glo], dE EW, A4 A+
ME wA| (neural progenitor medium)olA FaF Tt sl 7% Bolo|A FAFH, I HNEZE AX Z4L X
A (support)st7] 9138, L vl t4 & &7]dA, FF F(layer) (& W, WY 04 9] g2~ A

TEAE F)om S4E F7HAA AlEolt

TR T T e

R

(neural progenitor medium)":= AAREY AAZIAE("HE

(induced)" 217 &7] M¥E)R9 H3E3IE FHstE viXeltt. dF FA A, 24 AFAE wix= 4=
=3 A2 /e IR EHES ¥ ¥ee /‘ﬂﬁ? v WA (A5 W, DMEM/F12, MEM/D-231, A7 wjA]
(neurobasal medium) 5, 2159 EFES ¥3); T 28 iz vlgyl, W/EE ol xAkS EIslE HiA

B ZFA(media supplement) (A& 59, N2 HZEA|, B27 Ezﬂ%ﬂ, H]-"4= olw]:=AH(NEAA), L-ZFEH,
Glutamax, BSA, Q1&d, EE Edx dHEi, 5, 259 £3ES XF); 9 Adu9¥oz 43 24 GAA
(small molecule inhibitor)(dlE SW, SB431542 (BMP JA#]), LDN193189 (TGF-B81 JAA]), CHIR99021
(GSK3B A4, &, 159 £ S X EHE ddE 3 ol g xFeirt. AR Eg wE-
TEAeE, Edadd; Ave Azvo]E(sodium selenite); & cAWP 5 dh o] A& ¥ghet &=

gk w7t A R 2 Vlsiore] BEAtel A A Jn 9/EE AP A3

ATH. RS9 dA FE7F B S]] AAld 20 AFHETE. AR FAAA A, AA AFHE wjA] = H]E
A Z¥ (premade) WA, «d= &4, STEMAiff' Neural Induction Medium (STEMCELLTM Techologies, Vancouver,
British Columbia, Canada)°|t}.
AR FA A, 217 7] NEE 159 $HE A (promote)star L/ AXE aljgel old] 245

7

=
S
=

o

=
F3k7717] Y8 TERT(telomerase reverse transcriptase) 7F A€ ch. AX FA oo A, TERTE= <QIzF
2rgtola] 9 AALE A (human telomerase reverse transcriptase) ("hTERT")o]t}.

2 GAAeA AFSE "X 83 (Treat)" T "X E(treatment)"= 2] AH(dE EW, sy o]4e
A

S =
el A, Ao e A, FHe Wy EE Ao Ad, 58 XS, o, AAHAY dF B A
9] (neural trauma)®} 22 AW e A3 A o] P (benefit)S Foste, A9l FI9 A=E
ojn] gk,
2 dge F2 Q7 A Xz e Ao}, B AE Fok ¢ofskd BXS fd, 2 oFE ~Ted 2
TE 48 M HHS 8 58 A, FAFeR, THEE JNA, dF B4, v, AE, I, sl 7t
%, 2 ol #ygE 4 Jdu. AAE Fol, F2d(Guvenile), Fd(adolescent), A9 H »dF MAS £
g, 99 dEd F o oAdvk. dF AN, f= A 7] AEE A diE FFolA e

g g ge % Lé(prlmary) T oA Hgd 4 e, HgdS zesid, "2 ¥ <d(primary brain
A 3E 9] 7H1H % (intracranial cancer)elth. ¥ <te] F/7E A otulE(glioma) (&
=9, EEH]E%—, 5_% O uE AN EF(glioblastoma multiforme)(GBM)), =& (meningioma), FEAMEE
(medulloblastoma), *3}A] AE(pituitary adenoma) % A7 % F<U(nerve sheath tumor)< i%%}b‘r SIE
A E A Fe=th, "ol ¥ Y(secondary brain cancer)"& AlA2 tE R, dF 5w, Ho, SAEF o,
ARAY, So2HE Hold AEE X5t TFAAA A3 ol

N

g T

ko]l AANETHS, EFETH. A5 FAAeAN, AaAe dild =4(AE o

Z 2 (exotoxin), @Y Hlol#X(oncolytic virus) (oS E9W, ZAF 5AA4  FY¢  olulmnlolzixs
(conditionally replicative oncolytic adenovirus), #Qulolg]X(reovirus), &9 wlo]#]~(measles virus),
FEd 2~ AEH 2~ vlol#2(herpes simplex virus)(E E9H, HSV1716), wEW Hhol#{2=(Newcastle
disease virus), WA|Yo} nvlolelx  5), EE AXAPE FEA(AE W, 948 FF AL AACING)-A

MFEAFE-F = )7t =(secretable tumor necrosis factor-related apoptosis—inducing ligand)(S-TRAIL))<]t}.

TAeel A, 2 Al wAlE A E7] Al A8A, ZlEE £A B/Es olgs 2dd 3l
H T
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oJE 59, Weiss 52 WO 19940/16718; Shah 52 WO 2014/018113; Martuza 2] WO 2009/148488; Subbiah %
o] US 2009/01758262 Z+=x3hc},

AR A Ao A, XgA= IF =X (pro-inflammatory) ¥z o &, A FT, Alo]EFIC, EE I
Aol t}.

YR FA A, AEAE Ex/ATFHE A5l &g ax(dE EW, Hud 7|volAl(dE W, 1Al
F2n8]Z(gancyclovir) ATekE Fub), FtEEA g oAl (dS EW, CIP-11 $4h), A EA ol g,

5ol
A5 FA| oo A, XEA= RNAD #AF, & £, miRNA H=+= siRNAo|t}.
A5 FAAdANA, A7F F7] Ao YR/ k= HFATE AA .

EE BEx7F @3 7]e BopollaA] deA i, 19 P A (Green Fluorescent Protein), b-ZSEA|TH
obAl, &z EZATlElolA|, FAIFHE oA, E EREHAYUE ofMEENLFH oA FHAE 2SI, old
AR Fe=vh, ofF 59, Pomper 59 US 2013/0263296 Fz3ht},

4m
u

ofoll A FAE W, dE &9, AEE AE8A Ee xE dEds A

W, Aol wholels WHE FAEYS

7]

2 i

2 23]

A = YA ]

= #¥EH 29 AA-7|bk == Z89 AA(lipid-based or polymeri
1:0 °

ric
therapeutic agent and/or reporter molecule), 5& o|&3sle] GA=E 4 9},

Az =
e AE Wz pwsh] i e e o]% el g Fal Agse Aol A9 4
AGATIE P SeA da, A71AF, Foled YEF /N Aok g, tedd Eead JEF

]
ZFE 5 o}, a0 @A P

'Y w8 (transducing) & wholel el o3, o]F/19 f1 BAL AE N QWS Aol ole@ vhole]
o WE7E el Qa, delubolel s WE, obdimubolel s & TG # glont, 1o wAHA B

A7 E7] Mo Foe Gl 7l foklA TAE WS o]&dte sl £ vk dF W, Axe T
W Foizt Hete] A5E {3 Fdd F di, v AE HESY Aok IR e oF AlA Fof
Zoh) Fo] m: Z(intracavity) Fo7F 3"},

AF FA oA, AEE =24 UHE”*(G%]% %%, A AEY wEF )9 Ze ujE- 2o o3 FEs)t
Hi g/e 2AEEd HEHGAL, o]E2 dE EW, AR FAHAY, oAd & vt oJF EY, 44
ol 93] WA ZEd, ShahA PCT ‘—E—tﬂ%%ﬂ 71 WO 2014/035474; Shah®] US 2014/00869075 3=
g

2 xg§ iNSCe) 44 HE F%(characterization). (A) h-iNSCel Xz 2 gk wolx
(therapeutic and diagnostic variant)S AA3}7] Y&l o] &%= Ak 7§2F24 T A}(schematic depiction).

N7 ARFEAEE Sox22 FHALEYAIZIAL NSC-F%= 2178 AFAE wfAel] wix et 49 Fo, h-iNSCE €4
17151 324 2] E¥ (optical reporter) H& FTEFAAY 448 FdA(tumoricidal transgene)E FHL:
AYAAT. (B) ©dZ, A% F(neurosphere) & FA AL, vlz~®d digh A2 ANH A AFEAME 2
h-iNSCe] wias} 9 &34 3n| A2 (white light and fluorescent photomicrograph). (C) h-iNSC AA ¢ Hx

Ao gk Axlol] vawle] HyS HolFEE 29 T, (D) NSC vFA Yl2=®" o] h-iNSC-GFP WS Hoj e
85} AA GFAP+ AAAIE D Tujlt AAAEZ(neuron)E PEA (mitogen) AA <)) h-iNSC-GFPZH-E]
AT, dEzFHoR, a5 (pluripotency) PFA TRA-160 FEi= OCT4o] thal] Fale] =] ¢kghrt. o
A Advre BHoFE YFF olnX| 7} shek del FAET. (E) A4 A3 AFEAME, h-iNSC, E h-
iPSC% Nestin, Sox2, Nanog, % 0CT3/4 ¥& o] RT-PCR #4].

~

LMD R o

= 2. £AF(engineered) h-iNSC9 GBUL.Z2] 37 (home). (A) h-iNSC-GFPFLS mCherry-2+& <17+ GBM A E=
FE 500 m BARA AFst G AFwlolE #Av| A (fluorescence incubator microscope)d] WX T, 24
AlZE Bob 108 7HFAoew AEE 3 olu] A (time-lapse fluorescent image)—a‘ M EaL AA|ZFe 2 {NSCY
olF S HoAFE F94S A Y8l o]&drt. (B) Z# oW (plating) ¥ 0AIZEzF B 24 A ZEAFe)]l h—iNSC-

_8_
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GFPFL T+ HFI 21zt A arental human fibroblast)<®] U87-mCFLE& g
2. (C) 24117kl A GBMS &St h-iNSC-GFPFL A& o]59] HARE HoFE oY ME FH(single cell
tracing). F7F4<1 ov|A& °]7J /E%E'Jﬂ+94 Xﬂﬂﬂ O]Eg Hoj@Erh, HAL B HEY F9E
ok (D-F) AAZE 52 4
BAE o]%9 WaA(directionality) (D), Agl (B), @ &= (F)E Eoiv?—t— QoF Y=, (G-H) LHGBML
29 h-iNSC °l%5S Hrlslz] 98, U87 GBM ¥ Zo|=(spheroid)E& 3D H-% (leV1tat10n) Al A h-
iNSCe} A F-ujerstith. (G) &3 ol AL A z7re] Ao wrE, h—iNSC—GFPFLA U87 ¥ Zo|=229 o]F
9 T 2vRolxe FoJR o] A F(penetration)E HAFTt (H).
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e

o
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fd
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3. vlgx o o]dH [NSCS ¢ H|E 7% (characterization). (A) B]¥ & h-iNSCs % mCherry-FLucE
z2tE h-iNSCe] F41S BolFE QoF g, (B-C) h-iNSCE wh$-29] HFol o] A8t 35 Ho
E4 (persistence) S EUHPS] 93] A4 AELF o|w A (serial bioluminescence imaging)< ©|
QoF gz h-iNSCTF 25U ARE] HARF o8 A A(clear)HL, M oA %%ﬂi’iﬁ}% AL HAF9
. H R o)A F 14U=} h-iNSCe WHEHF BAL Nestint 2 Tujt+ MEES HoJF, h-iNSC 9} v
5 U]’ﬂ Oct-4 2 TRA-1602] F%5-= A& (co-localization)= THE X ot (C).

4. IZY GBUE #I3$F h—iNSC-#J7] TRAIL Z']E%’. (A-B) AlZAME %Al (pro-apoptotic agent), TRAILS &
2 2AH 3 r/‘r%?(monolayer)oi =21 Hh-iNSCe] A (A) HEx Ff+ A7 F(floating neurosphere)=
21% h-iNSC2] z/“(B)Q RoF&= EHﬁ.—*.?l 3 #An% AR (fluorescent photomicrograph). (C) 1:2 &
:29] &R X5E h-iNSC-sTR Hi FET AES % mCherryt human U87 GBM =¥ Rol=o AEHS
HolF&=, 3D @8 HH FEo| ojmz] @ goF dolH. BM &#HEolE AEHLE A5 T 48X 7k}l FA]H 2o}
Al olwol oJs) Ak, (D) SCID k229 A& (parenchyma)® h-iNSC-sTR¥} U87 GBMS] Ejt=S olFel
A7) Aol o8 1 GBS ¢33 h-iNSC-sTR A &#HS 3t (E-F) HETF-H & (control-treated) v}
-2~ o] h-iNSC-sTR X &%l 2|3t 1& U87 GBM 3¢ ‘?#Zﬂ%— Ho]F= oA <l BLI oju)x] () = QoF
dlo]8 (F). (G) h-iNSC-thZ+= thH] h-iNSC-sTR-AHz] FEA ALY AFS HoFE Kaplan-Meier =441,
() A2 # h-iINSC-sTRe A AME=A ml7], &3 w7, @ tishs m7]e] dds HoFes dixad onA.
g5 1492k A2F(subset)d] sES 3|AAI7] AL, A (brain section)$ nestin, TRAIL, GFAP, Tuj-
1, Oct—4, & TRA-160°] oigh A= AMA7IaL, 443} GFP+ h-iNSC-sTR 3] &&= A3 co-
localization)& AlZ}shA|F ).

Em

=
[<)

;_A

_\'L){ﬂj O

E 5. 97 -7 GBUS HF h-iNSC HAT7FE/EL XHEY. (A-D) F M9 Aoldk 3D wjeF ZelolA h-
iNSC-TK X &® e -2 a732 =435t th. h-iNSC-TKES GFP+ GBM4 #=-f-2 GBM ~I1Z (A, B)%} &34
v 3hE GBM4 ~F Rol=of JAA-SHA HEska(C, D), TF AFE(tumor killing)S 7RAISH7] A& GCVE 7t
k. A4 ¥H o)uX|(serial fluorescent image)”} h—iNSC-TK/GCV 2| EHol <3k GBM4 A¥|Eo]l= X1 g
A0l HAaE BolFdtt. (E) h-iNSC-TK/GCV X =yol] 93k 79 F<te] GMB4 A 2ot Ryjo] 7HAE
HolFE 9;’4 Bz, (F-]) k29 o] 108 Hol| e GBM4 FFo] h-iNSC-AEES TAM Aol ]3]

S ¢ HEE Hrgo (F). 9<% BLIE GBM4 99 X ao] h-iNSC-TK/GCV X &l o)
A S ®BolFEATt (G). h-iNSC-TK/GCV X &9 T+ & h-iNSCE Add GMB4 Zs
7% U}"“’l AESE HolFE Kaplan-Meier AE A (H). (I-]) h-iNSC-thz=T (1) E+ h-iNSC-TK ()&
g g % 219xF GBMA 3] 2 h-iNSC-TK BXE HolFE %42 A (whole brain)
2 31-3Mf (high-magnification) ©]|7]%]. W3 GRBM4 =<ko] XRT-A 8 & &A1, 23 B4 FEAHAN
] h=iNSC-TK-A 2] A FE= A},

E 6. g5z o dAH vty GBS 9§ Z(intracavity) h-iNSC-TK X E2%. (A-C) SkAl-Fr2 GBMS
s ol=o] th3h a4 AES] hE LA (sEC)-M4E3F h-iNSC-TKS] o]% 2 3-F% as< Asr] 98 3D
At WS o] &3k th(A). sECM ©fl 74 3tEl h-iINSC-TK+= HE § 3¢}l UHE 28R o]F3stil GBMS 2~
HZol=el A2 (populate)dt= A= FRIFJATHB). hEA QA o]u|x] L Q°F HoJE= sECM o &3t h-
1NSC TK7F dixa-A g 2 20]= tiH] B8 Z#|Zo|=e] Fu& {94 A HAARATE AE BAFA
. (D) ezl ol dAld BME #1344 h-iNSC A=W S ZARsE h-iNSC-TKE sECM o 7)<
/\] 7131 mCherry-FLuc & Wdste WRHd 3-8 GBS &4 dA Fo, 4<% Z(surgical cavity) lﬂi
AAHEE, (B) 5 F HAGBMS FU(post-operative minimal GBM8 tumor)S 93t ZFu] h-iNSC-TK A&
T ALNA o4 e dAE BHAFE A oA dEA ov A = Qo Holy. (F) ﬂ%l—,—jd—
o]gk HAlE war, sECM o st i, % Z(surgical cavity)ol ©]24]® thzEw* h-iNSC B+ h-iNSC-TK
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2 A9 vl$29 Kaplan-Meier A& 2441,

wyg YAl Aok FAF g
B g2 shrle] H-dAg ARl AAldel A B s Al AT e

5t

e

Ao 10 Iz I AlEe] AILEE S

UL AFLRE hNCE AkSA A3 SAE GR-SOH ARYeR F& AT + A B N
Adel BEE o A% ezeady denn G0 8 o, g Ared fed h-iser 499
= = we] ARg vetel, 9 A

T A= AS AAMEY. SA-5o]% f(patient-specific derlvatlon)
9 A= A&7|H(treatment durability)< Hdlshd 4= QA S}

J

A AP g 7R @5 ABS] fls) AZ-vIE oks @A7E A& A sofol Shar, h-iNSC7t
of B49E 4 vk E, iPSCek 22, h-iNSCE o]4 § 71¥FS g et

A, RIZE gakE 919k Ap7kol A4 (autologous) GBM il:ri‘aﬂog D2 h-iNSC A& FAPS =

o] & 71Ee R 6 wWEA Q17 YRS h-iNSCE AEAZL F Qlar, ol Alzte] G
= 9% AR el 7] wiEel T sttt *ﬂES@Zﬂ % 33t ¥ (optical reporter)E ZH=
o] h-iNSCE A/4d3st7] 93] o] Heghs ol &qrt. AAE &2 o|ud, 3-D Ax Wi 2 tho <
{F GBM o]Z-o]2] Z®(human GBM xenografts model)9] ZFS o]&3led, 1y P L& o AAH GBM
o] th3+ h-iNSC X EH &1, £U%-50]% 3 F(tumor-specific homing), % &eS XAEA ).

AXF: US7, GBMS, GBM4, 203T, 2 <17+ AFEAIE(CCD-10998k, 71EHE= o el 7AAIE nlel o] FAA 7
t} (Hingtgen et al., Stem Cells 28, 832-841, 2010; Wakimoto et al., Cancer Res 69, 3472-3481, 2009).
hTERT 2 Sox2Z .J_OO}‘“ dE)ulol 8]~ ME](LV)E Addgene (Cambridge. MA, USA)C ZXHE Fujgict. »E
cDNAE HEZrto] S Z2RE 9 Ao el ATt

012} Sox2 @ ¥ r-Z 7] ¥ (single-factor Sox2 and feeder-free method)ol Wz} 217F iNSC (h-iNSC)E
Ak, s9ksd, 200,000719] 17F ARFEAEE 6-9 EdolEd] FFsa ZREW &HoE(S pe/ml,

E ¥3sh= viA oA hTERT % Sox2E E3st= LV ZHA=E 53}17]'03/\]211:]— 7a 2d Fo, wRE &
A AFOlZ (10 pg/ml, Sigma, St. Louis, MO, USA)& E3H3}+= STEMdiff " Neural Induction Medium (STEMCELL
Technologies, Vancouver, Canada) = WA, wiXE 3dwfr; wAde. A-F2A Z2}2~F(low-adherent
flask)ell Al viFst= Aol o9&l 2177 (neurosphere) FFS FE=FTH.

dEnlo]E 2 dE: gz wE 9o, B Ao dr]e dEmulelga WEE o] &3lth: LV-GFP-FL,
LV-GFP-RLuc, LV-mC-FL, LV-sTR, LV-diTR % LV-mRFP-hRLuc-ttk. Z}Z} #lE] F=A]sefobal-pcDNA3 2 pAC-hRluc
(Addgene) & o] &-3t0] Renilla FAs|etobAl Eiz Wh5l%ol(firefly) AT eholAE TYshs DNAS ZSEA7
GFP-RLuc % GFP-FLS ZAgt}:. Zglolud Atas A2 F-9(restriction site)E UWXEAIRALL, AAHo=
F58 9GHS Bglll ¥ Salle® A2]skar, Bglll/Sall *2] pEGFP-C1 (Clontech, Mountain View, CA, USA)el
g HZ(in frame) rolAlo)AAIH T, GFP-FL HEEGFP-RLuc @S Agel (H&¥(blunted)) ¥ Salloz
28k, BamHI (blunted) % XholoZ A 2]¥ pTK402 (UNC Gene Therapy Center®] Dr. Tal Kafriol 2] A
=)ol 2ol Aol Al A LV-GFPFL X%+ LV-GFP-RLucE A dt}t. wl7FR| 2, luciferase-pcDNA3ZH-E o] Wk
SBo] FAHEolAE FYdHE cDNAS FEA]7|aL, Bglll/Sall #&mCherry-Cl (Clontech)dl] @}o]Alo]AA]7]
3L, mC-FL ©AL blunt/Xhol FH& o] &3l pTK402 LV Wio) o]Alo]AAA, mCFLE AAAIHTE. LV-sTR
2 LV-diTRS AA38H7] 98, sTR E& diTRS FPdHs cDNA MES 2E5-949 2gurZaeHs 9
(custom-synthesized oligonucleotide template)(Invitrogen, Carlsbad, CA, USA)= ©]&3}o] PCRSEAIFH.
zZetolmel AlFEA 1A F9E EFIATIA, AAHer £5E 9SS Baml % Xholo® A sk,
BamH1/Xhol He]pLVX ZFehz=m = Z#Q] & (in-frame) ho]AIO]HAIZTE. LV-sTR HLV-diTRS Wi ol
IRES-GFP (internal ribosomal entry Sites—green fluorescent protein) 24 % C(MV-7-& FZvulo]al a4
(CMV-driven puromycin element)& Zr=t}. EE LV F+ZA|(construct)E A&¥ ule} o](Sena-Esteves et
al., Journal of virological methods 122, 131—139, 2004), @ﬂ—ﬂ}olﬂii—gi’%‘ 714 Al 2~¥l(helper
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virus-free packaging system)sS ©]-&3}o] 293T M o] LV HEZA] 7]t 5 mg/ml ZZEF &3
o|E(Sigma)E EFst= wig miAelA leﬂ%(virion)& Aol GA7]= Aol o8 vdd HAdvE=
(multiplicity of infection: MOI)® h-iNSCs % GBM AEZ LVE FAE=JA 72, AEE FF dnHo o
FF ad B s Azt F .

Lo

3

AT AEY 9 A (passage number): W& = BIWHE h-iNSCY 4] L ANS+E Frlslr] Yall, GFP-FL,
sTR & W& 3= h-INSC T B MEE 96-9 ZolEo HFsIt). CellTiter-Glo® luminescent cell
viability kit (Promega)Z o]&3lo] HE % 2d, 3¢, 49, 59, 8¢,  10¥4A}o] A AEEHS HrFgG.
FH, 54 %Z(growth rate), & FZA =Y (transduction) &E&2 W3} §lo] iNSCs, iNSC-sTR, H+& WI-NSC
7F Adiel(subculture) ¥ & A4S RUEHHSE Ao o8] FHW Ali4=(maximum passage number)E
B 7Fhet.

Ao zZ e 9 2 HERZ 23} h-iNSC 23l ok LV W] a9E 24357 98], h-Inscoll LV-GFP-FL &
= LV-sTRE YAE=JAHY. A d(engineered) AX E= HWEE HMEIE IAHA7Z, FHslsia
(permeabilize), &-dl=¥l tFZFE A (Millipore, MAB353, 1:500, Billerica, MA, USA)$} ShA| 1A]7F &<t
olFHlol AN F Y., NES AAH 2 A3 ol & (Biotium, Hayward, CA, USA) € &7 1A3F HoF <l
o AT, 1 F, MEE AFHEIE, TYmount)A7IE, FF I Aw|Z(fluorescence confocal
microscopy) S ©]&3te] o|n At BIE ¢, F2E h-iNSC e FFAE=YEA g2 (non-transduced)
h-iNSCE HA|AFO|E3, EGF, ¥ FGF7F 29 (depleted) N3 vX|ollA 12 F<F wigdtt. 2 &, AXE v
Bl (nestin), GFAP(glial fibrillary acidic protein; Millipore, MAB3405, 1:250), %+ Tuj-1 (Sigma,
T8578, 1:1000)°l tigt A= FA 71 Hdg o|xF FA(Biotium)=E HEITE. IS Hoechst 333422 iy
A (counterstain) Al 713, FV 1200 #lo]d &3 &w7d (Olympus, Center Valley, PA)S o]&3lo] ARE
A gt

w
i

A ZA w]%: Bio-Assembler Kit (Nano3D Biosciences, Houston, TX)Z o]&3}le] 3x1d HAF AlE u)
(three-dimensional levitation cell culture)e <33T, GBM = h-iNSCE Xl
(confluent) 6 ¥ ZHo]EE WAl <l5fHo] M (overnight incubation)< HOH A = =;

nanoparticle assembly) (8 ut en’ o] Alxuld ¥ = 50 ml vl #], NanoShuttle (NS), Nano3D
Biosciences) = Hglsto] Axeo] Yuatze] AFS 7HeatAl k. AE F94(cellular uptake) S 1317
& akstE ) Zg)-1-gholdly JtE & Yxdxet E3EE A o) NSE A Z(fabricate)dtdth (Souza,
G.R.,et al. Three-dimensional tissue culture based on magnetic cell levitation. Nat Nanotechnol b5,
201, 2010). A2® GBM 2 h-iNSCE Egalom exa7)m, ARLA7|T, 2 nle) AS E3ape 2-4 3
zb 6-9 Zeo]E(ultra-low attachment 6 well plate)ollA] Aoldh H]&(1:1 2 1:0.5)2 &3}t NEE &
71-NA Qe H o] AR FAAT 7] Y3, 6-4 SO EE 3l HAFE 5069 AA ZE(field strength)E 2
= 67019 dletE A4 (neodymium magnet)2] A =}o|W(magnetic driver) ¥ 28 vl A
(plastic lid insert)S & ZolE 9o wixgct, GBUY ttkE &= h-iNSCO F-vldEel 4 pg/ml GOV
£ sk WMAE MU (ME] deld 3o mAHE) F oo AX BEYS FHE] A AR
Ayt wel PG oluXE F5TH 3D AE W= BLIE 98], Fluc 718 25 A 100 w/LE Hj#]o]
A7Vstal 55 85 AJ7H(acquisition time) 2 & IVIS Kinetic Optical System (PerkinElmer) & ©]-&3}o] o]n]
A3FATh. Livinglmage A2ZE o] (PerkinElmer) S o]&3}o], oln|x|& A g]dta, Fx W&ES A,

i o2

o
re

Z=
=T

Z A (magnetic

—~

~
D

AAZE oju] R R T (motion) A : AgFd 2-AF B 3-akd W F AAFe] A o] (migration)S H7HATH

2-2}¢ o]&E: RFPE Wasl:= h-iNSCE 2-3w AE wYd A& (2-chamber cell culture insert)(ibidi,
Verona, WI, USA)S o]&3le] &2 vle wlo]aA =< t]s](MatTek, Ashland, MA, USA) & vwlo]a=-ujef A&
o AZEct. GFP~ %Eﬁ}t 87 EUH]J%‘ AEE ANF (0.5 mn Dol EdolgstAY, 4 Fuow

7 3

TG, Edeld AXZE IR, AIEE VivaView dopsls A o A| 28] (Olympus)oll wiA&kar 33
st =E w3k =S A sk, §H SHAQ dolA, (F2F M) AlEs ZYEPs] fs) 4
F 6702 AA 36417 St 208wt 10X FUEE AEE ouASIT. I, NIM ou|X]| & o] &35},
@B movie) S AAGstL, o5 £x, F o5 ¥, B ose WS A

—apg] o F: A% vheh ol WAF wjoRS olgakel hoiNSC % GBM 2slol=g AAsks Aol ols 3-D )
o Alz=Elo A GBM ¥ Zo]=2 2] h-iNSC °]5S H7Fglch, HAF A]2®loA h-iNSC 2 GBM ¥ Zo)l=s -
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B AT, @B h-iNSColl 9J3h GBM ~¥|Roj=of HFEE AlZbstslr] e AR owd& 33T

Z-WF BEY BA: RS S uNSC EE 0ET GFP-RL (5x10)< 96 € Zolo]Eo] Mzt 2447

ol , U87-mC-FL, LN18-mC-FL, ®+ GBM8-mC-FL <17} GBM *1]*(5)(10) Dol HF3FI 2443 F-of
HEZ g ojulde o) BM Alx AEHES SAHYUT. ©=gh, 18AZF Ao, GBM AlxE A ]ZQ(Caged)
Fh2=gholA 3/7-8d 84715k DEVD-o} P =52 ¥ & (Caspase-Glo 3/7, Promega, Madison, WI, USA)< ©]-&3}¢,
Fr2=stolAl-3/7 LAl sl A7l

¢l H/E h-iNSC A& 2 &9(fate): ¢! H|E h-iNSCe AES ZA37] 98, mCherry-FL & ¥ h-
INSC(7.5x10° 7] M3 /u}h9-2)2 PBS|l HEAI7]| 3L, ulexe] 22 AEele] A9 (stereotaxically) ©] 23
(n=7). 209 <t FdE A& A olw Aol o h-iNSC =S ATt AlE A E(cellu
resolution)dll Al h-iNSCe| W& ZAA37] fI&l, o2 ¥ 21UAt)] FES FJAAZIL, ¥HE F=39 s}
(section)d}Fh. =7 AHLS Y =¥l GFAP, Tuj-1, Oct-4, % TRA-160°] w3t stA= A&}, CF™488=
FAE olxF FAE o]-&3ste] AlZAstAIZTH.

FT-F AEH EA(Co—culture viability assay): 37019 7/WEAQ Q HER NESA AFolA 3-D F24 )
FE o] &3t U] S B MEFU7) B 271 FA-F- GBM AEF(GBM4, GBMB)E A&l3t~] $3l 270
Agolst AESZAHAE FHs= h-iINSCE o83t 1) TRAIL XEHe] AE5AFS A4s7] Hal, 1:2
1:12] iNSC:GBM W] Zh-iNSC-sTR H+ h-iNSC-mCherry 2¥|Z0|=% U87-GFP-FLuc 2¥|Zo|=9} dE o7
WA FTE, FLuc olm ol ]3] 48A1%F F-o GBM ~u|2o]= AJEeS At 2) x-F GBMe] djg A
T-okE §4 X 8W(pro-drug enzyme therapy)d AEZAS ZAAs7] e, h-iNSC-TK AW REo|=Z F
(sphere) ¥4 Aol GBM AlxE9} EgstAY T A2 GBM4A-GFP-FLuc A¥|Zo|=9f HE o2 F-uYFalt).
2| Ro|EE FHASEBZ(GCV) Y] EA =5 HA stell wiFstal, FLuc o]l <3| XHL—QF“/I A7 0
o, 29, 49, T 79 GBM 2#Reole AEHS ARt 3) sEM-F &3 INSC A-F=/EA AFH Y
MESAHS AAs7] 98], h-iNSC-TKE sECM ol E3A1712 A2 GBM8-GFP-FLuc =¥ Z2o|=9} 37 F
Ab vkl v x| git}. FLuc olv] el ol&) AHEHS 243t}

h-iNSC A=W e] ¢/ H/H F-GBM &-°5: h-iNSC A|=§9] &-GBM &3E 71st7] sl 370 el o]Fol4
(xenograft) ATE 33k, h-iNSC-sTR % h-iNSC-TK X ZWHE 12 (U87), mvHAd Zx-H-2 (GBMS), % ¢
gzl o8 Al BA-F(GBM) o] Feld o] fis] Bl =T

TC =
.l_

Lo

a3
o

O

1) 28 <QI7F U87 F%o g h-iNSC-TRAILY] X8 &%& ZAA3 7] Y3, h-iNSC-TRAIL HE+= iNSC-GFP-RLuc
(7.5){105 N A E/AF-2) 9] ZFS U87-mC-FL Al (1 xlO N AE/m2)9 A vp-~9 = A5G (n=7)
U2 G2 oA HY. dsd vhet o], FL AELF O]ulﬂoi TF FIE FHsk= A 93l
=& A4, a9, vk D-FAIHH (150 o] A T 4.5 mg/vH2)9 Euh] FANE Al&dhal,
589 85 Al7H(acquisition time) o = IVIS Kinetic Optical System (PerkinElmer) & o]&3}e] 5%

S A3}, Livinglmage 2ZE o] (PerkinElmer)E o]&3}o] o|n|A & sl #x &S A
SEth. FrrH o R, Ak A wEl AEE dlE] nfS2E FHET.

’d BkA-frf GBMell thdk h-iNSC M -oF=/84 ARWe a5S XAH7] 918, nC-FL& 2Ash= GBMS
AFE(L.5x10° 7 AE/IF2)2 92 AT 492 oA}, 39 F |, &% o4 F9e h-iNSC-TK (n=7,
7.5x10° 7 AE/}S-2) B h-iNSC-mRFP-hRLuc (n=7, 7.5x10° 7 A1%/vh$-22)E o] Adth. 100 mg/kgd] &2
S 2, GVE 25 B wd ETU=R(i.p.) FAMEY. dsd vkek 2ol FLue o|v|gol o FF F3 W)
S Hrtstar Alzkel A itol| el AE i whe2~E 4.

3) =3 H2A GBM(post-surgical minimal GBM)el ™3k h-iNSC X 8WHe &% ZAs7] &, & @izt
o] ojdo| Hagl Ao wa}, wp-2oA] o]m| A% GBM A (image-guided GBM resection)E 3 glc}.
Ao GBMS-GFP-FLucZ 80% ¥ (confluency)olr St 93 A%l AA=(5x10° A AL): AA
(bregma) 2 XE =Ho=z 2 nm @ A9 (dura) 2Z5FE 0.5 mmel]l ]2 3. A T A(stereotactic frame)
Aol gstet &, we-2=E Olympus MVX-10 &wv74  3hell wix]git}. Hamamatsu ORCA 03G CCD (high
resolution) ZHdlg} 2 AZEo] (Olympus)E ©]&3to] Al< WU F<U(intraoperative) dw| 7 wWAsg
GFP, ¥ RFP oW & 53t FAF 99 IFdA FHd d7l(midline incision)E F-3Y3}o] mpg-229] F

<
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MNEE =EAAT. GFP 35 o] &3te] F/l=U o]Fo] 4 (intracranial xenograft)% A8ttt FFS A
g FZEe 455 W d3F7](bone drill) 2 HAA(forcep)E ©]§3te] Lz o) AAstL, TFS
=E2A717] flal vd gHorRE U A% (overlying dura)& FEHA AW Ur. GFP ¥4 alell, <JH4=
of 9% HA =L FYo TS o]&3le], GBMS-GFPFL F%S %ol o8 AAsla, GFP-f= o3<s 2A 9
AEAE A7kstzl 98l GFPe] olmAlE A&AHoR 5. FF A7 T, AARHoR £5H AA F
(resection cavity)= F&3] &5 (irrigate)Al71a JFE 7-0 Vicryl 5o =2 #H A HT. Ales-2A AMd

£ (procedure-related mortality)< ¥ &okth, BE Ay Z2EFE AFE o Jde =xEs5goy o
stwe] FEHY 2 o8 U3 (the Animal Care and Use Committees at The University of North Carolina
at Chapel Hill)ZH-E] &Qlwtal, whexo] #ele aynzde] AFsE #e] 2 ol g digh 7}o]=(the
National Institutes of Health Guide for the Care and Use of Laboratory Animals), USDA 74, 2 ul= 4=
°]8t &3] (the American Veterinary Medical Association)ol] &3] +HE ZFol wstt}t, ezl o3 &

Al 3ol h—-iNSC-TK =+ h-iNSC-mC-FL (5}(105 7N AE) S 3| LFEAF sECM S| =22A (Sigma)ol|l FA&E3tA 7] 2L,
T+ GBM “(post-operative GBM cavity) Wloll o]2lgit}, <& ule} o], FLuc ol7del 23] GBM A&dS
AlZvebstar, AEg tidl vhe-~E FH ).

%2} A2 (Tissue processing): wHAT ou]d AAde] AFo, npe-2E SAPA7|aL, E2DHUS FYA7]AL,
HE FEYT. 2RSS X2 SA] JAXAZAY. 2F B 7| (vibrating microtome)(Fisher Waltham, MA,
USA)E o] &3Fe] 30 um B4 AHA(coronal section)S AT, U2=¥®l, GFAP, ¥ Tuj-1 E4& 98, 2HE&
A2oA EF7) 8N (blocking solution)(0.3% BSA, 8% &4 A, ¥ 0.3% Triton X-100)° 1At &<t QI5F
Hlo]dA|713L, Folo], EE7] §Aqd AAZ a7 dak A e A 47 Coll A AFuHo] A FT: (1)
=217k vl2~®l(Millipore), (2) & GFAP (Millipore), (3) @ TRAIL (ProSci, Poway, CA) 2 (4) &-Tuj-1

(Sigma). 2¥E PBS=E 33] Alxslar, HA3 o|x A} Qo)A 7|, T2 &v](0lympus)S °]&3}
o] A|ZbskA F T
A%

o1zl MG EAEL] h-iNSCEL 153 FHFES], h-iNSC X BH A&ea a87Q Ao 334 48 7K
A2 X838ty 98 TEFHo|th, NS Aoz, 97 ALRATEE Sox2® FALEAAY I, dY HE
& RS

o], h-iNSC A S 3. 2 3 337 YIHE DdsE AdE h-iNSC T Aoldk NEEAAS
dale A HEE h-iNSCE AAFYHE 14). WA, IFu-EXF/Sox2 =S o]&3 h-iNSC g 9%
(kinetics)< H7FTH. Q7F AURAYEE Sox22 FALJIA T, NSC-F% wjH oA a]kaich (= 1B). Sox2

W ggsto] 48A17F ool AlXE FEje] WstE #FgTt. F1A e
Z5 A3, h-iNSCE 417 F(neurosphere) & AT = ATt A h-iNSC T vl2=® Hdo] 2UAHFF 10
A7k dAsHA FAETGE A BRAFAHE 10). ReEEF 58 49, h-iNSC= B4AE vb#A GFAP
2 A7 w}A(neural marker) Tuj-1S ot JAMe A x7} E}—Erﬁ}% U}ﬂ TRA 160 = 0CT4E HH31HH
ZAdth= S WY (= 1D). ol#g &AL RI-PCR 4 93] &<l . h=iNSC= H-2 AHF=EA
X EE QZF iPSC (h-iPSC)oll&= &A3HA] &=, 11 59 v2=" Hahﬂg ®Q D]— Sox2 ¥t} 2&o] h-iNSC H
h-iPSC MEFE B3] f8] o] &=HA7] wWiell, F MEF BFolA Sox2 ZdS =L FFolUrt. h-iPSC

2, FA3H(wide-spread) W~¥ 2ol

ﬂl_ltl

O,
ﬂ
2
%
!
E

o} &2, h-iNSCE I 459 tiEdls vlA Nanog T+ OCT3/45 W3 slA] &tth. 5]'7’1] o] 3 HolH+=
-0z} Sox2 WE-S o]&3Fe] 4847 oo thsAd (multi-potent) h-iNSCE AAslE 5HES U=3).
h-iNSC+= GBieZ Helxoz o]Fslr), 118 W XH5A GBM AZEE 3] 7 (home)dt= T8 o] NSC-7]4F oF X5
ol 74 83 £ F hubolth. h-iNSCY F%-3 A A (tumor-tropic nature)g FAMsH7] &), ¥ @zt
o o17F GBM AlE et Eujk® h-iNSCe] AA|7F =2 FAS o] &aadtt (= 200 Q.9kE). 7|F(reference)S
93], h-iNSC o] 55 TE°] Falldh B A7 MRmAEe vaglck. h-iNSC 7} sulds GBM AEZ s 4
£35p ol sked, 22241kl 500 m & AWEE Aoz FAHUTHE 2B). FD AE olF AZ 42 GBI

/HLL/] EA7F h-iNSC7F AEH oz FuldE GBM AEE 3 o]Fsled FRdths e HAFIAT (=

D HERAeRE, QI ARFRAEE we AL olFs BT (& 2B). QIF AFEAEY] @Y AXE oF
’ﬂ% FujdE GBM MEES &3 ml$ He W (displacement)ES Zte o] 3®¥ (random migratory
pattern)S APt (= 2C). h-iNSCY o]F9] W3kgdS e wred W3k o] % (perfect single direction
movement )< 1.09] W& A&Estal, SHstA v|-WEA (non-directional) &&= 0.09 W& A&Esh= oz,
AA T4 Aol thet fFel= Azl9 H|(ratio of Euclidian distance to overall accumulated distance)Z
Arets el ofsf EA T o] #A41& o]&ete], E WHAELS QA AFEAIE(0.28)E Tt h-iNSCell o3l

=
A

mf“

A}
=

f

O:
3

r—{o

;@
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AR Y 52 @t B 1(0.65)F AAATHE 2D). @A AE o]F #jES F7HA ] B S 17F A EA
(200 ) iR oA AA S7HE h-iNSC o o8 ol d Wt FEE= A (340 m)E BoFAT(E 2F).
h-iNSCell &%k St AE Hx= A7F AfFEAxe] Bla) o @ttt (0.4 vs 0.62) (= 2F). mpA{%to= &2
WAES h-iNSCO] GBM H-9l(foci)Ze] QI H|K o]lFS HAMmimic)sl?] 93 3-D ols £A4& FPIrt.
nCherry+ h-iNSC 23 20| =5 GFP+ GBM 23 2ol =9h 3 wlksli, T A §8 w52 4788 olgate] &
FAFHTHE 26). & “L“ﬂx}g—"— h=-iNSC7F HE 5 4 Az Woll GBM &¥2o|=o] AT AlZTgs A4S
AT, h-iNSC 2~FBo|EE AEHHo 2 B A 2oj=ol HEHNA, 83U ol FHAsA FT5-=As= %A
o}, F3sid, olEdt ‘%L—c h-iNSC7} %3] 7 Al (tumoritropic properties)S 2zti GBM MEE 3A3cte
ARES ARG,

h-iNSC &< (persistence) ¥ 91 HIEZ 2% (In Vivo Fate). t}&0 2, E dgzise

ZZ+E h-iNSCE o] &
te] Hofla 9l HEE o] AXES AE % WS XASIT. GFPFL % mCFL o <J3h

h-iNSC ¢ ==}t
(engineering) ¥ ¢ B|ER Z2(proliferation)d o]d A & J_Z—}QX] 942 (non-engineered) h-iNSC £} -
o & AfolE HolA &Sttt (= 34). QI ¥E A& &, nCFL & 2= 4% h-iNSC & wh9-2=9] 4
of A= olystar Azke] Ao wE AE AEE(cell survival) S RUE RG] Y& AAE v-A54 o]
A& o] &gtt. FrIH R oHAE A ste], & LHAELS h-iNSC 7} o]2) ¥ 2094 Et A AEsE A
o7 F3t} (& 3B). AFFEA (post-mortem) IHCE h-iNSC-mCFL ¢] ¢F Awko] NSC m}7#] W28 L n
L 3D), WA Avke AAAE = Tuj-1ol dis] Aot AS WY (& 3D). FAAME vl7] GFAPE
HEE A Gdrk. F7HAR] MCE ol 2¥ h-iNSC7F tHEsks uh7 Oct-4 2 TDR-160S L& akA] ddvt= As

Ho]F=it.

g (tumoricidal) INSC & o] &3+ of4 W H&4 GBUS] &2=2] &, h-iNSC-7]¥+ GBM *]2](treatment)
X7 A%S A 98, 2 g AEe WA Gaussia FAHE O E Eehels T doll 2 IRES-GFP &
&9l el MEAPE fF=A(pro-apoptotic) A INFa-#-d  AEAME F%  HIF=(INFa-related
apoptosis—inducing ligand)(TRAIL; diTR)2] EwW]® Wo|AE L& E=F h-iNSCE ZZAJT(INSC-diTR). =32}
H Ax gARRE ddd A, TRAILY I &3+ o] ﬁ—}%&]"iu}? whEbA], Al5Fgk h-iNSC A B]3] &
< s Ag O]%X—*.?l TS & eltk. h- INSC o ALY ¥ GFP #2H 9 g ddo] HAEHAUT
(= 40, 2 9gxEe degow vy 39, h—iNSC—diTRO] a&407 A7+ (neurosphere) s FAstal(=
AR F25Y 2 AdTsE BAT(Hely HEADE AS #FIT. v 23y

o ool ZAHEl h-iNSC 2 2AE A e N oM PER R Fste], TRAIL] o1& h-
7

2

-

ol F7] AlxEA S EAS sk devs AS A
a

Lo

%z2¥ h-iNSCe] 3-GBM &E5S 718zl 918, h-iNSC-diTR T3 thxa iNSC-GFPRLS mCherry 2 Wit Eo]
F A gkob Al (mC-FL) & L& she= GBM AxZe} Al Aolst v &2 F-udPct. < vHH 5SS RALE]
3, GBM# h-iNSC & &3jtshir, 48A17F &<t Ak B4 Al xglo) A kg, 33 % BLIE h-iNSC-Str#}
S-ulFE GBMO] AEEe] foA e HAaE HId. o8 #Aat But =2 h-iNSC:GBM Bl&o] o]&H 7
$-, EA 9 =Aqrh (= 40).

A ZAE =4 (pro-apoptotic agent)9] h—-iNSC #H]+= Y GBIE H2A171tF. h-iNSC-sTR 7]¥F X5 2]

HE §%S HAESY] A8, 2 4ygxEL s (solitary) 917+ GBMO thdk h-iNSC-sTR #@]e] &3&

gtt. mC-FL & #dsle= Az U087 GBM AMXEE iNSC-sTR & wzE iINSC-GFPe} &7 T/l

(intracranially) o]2atal (&= D) A% AE LG ow|A & ol&sly T FI& FA3GTE. & Iz
5

h=iNSC-sTR A&7} 39A}74A]

)

Mo = o o

=
=
i
=
=

=4 ?)‘]4 BARCE F94 dEv FA2E FEIL 24A27HA] GBM FI & 50
vl A ATE AL SAAY (= 4F). =3 h—iNSC—sTR—iM o] 519K AA AEDT, YFRT B2

3l
o 259 dlol GBM SAo EHdAT (X 4G). w92 9 THC FAAME 25 $of h-iNSC-sTRel <]+ TRAIL®
7% 238S BogFTh. GBM = h-iNSC-sTRE Nestin % Tuj-1¢] W&o thaf %dAdolar, GFAP ¥ t}isls
kA Oct-4 2 TRD-160¢] w3l SAdelth (% 4H).

FFFINSC & o] ¢ oMY W FFY GBN (DI33+ © &9 &, FA-f2 (DI33+ <UF GBM-7HA] Al
(human GBM-initiating cell)E& $IF h-iNSC AF<E/E4 A5 &5S 2437 f8, & 43xE
GFP % wisll FA S| etolAl S sk GBM Al (GBMA-GFPFL) F Rluc, RFP 3 ElW[d 7]ubobAl(TK) 24d<
sst= A7) Z1WE gl ¥E (trifunctional chimeric reporter)E W& sl h-iNSCE F-wdsle] h-iNSC-
TKE AT, sl2d2s AE92 vlojg|ze o ZYE = Hujd 7vbolAl(HSV-TK) 7F H &9 Alx =4+
A A52H YDA YF(first cell suicide gene therapy proof of principle)olA]l ©o]&% Ui of @3]

ol FIO

[
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$ 2 A $8olM /Y el AHgEE A28 F sholth GRM-GRPFLZ h-iNSC-TRE /b old wulw
39 WA Azdlel A gk, Al 29 (E 5)elA, F A AE BAe EFSRL Azke] Ftol
wet AE AEES FYol o8 mE P SATH 3] W eFstel

5B). A2 mAoA, T 7} AX ERIS e
% GBI A E RASATH (= 50). A7 ? °
D). F Ag oA, AZke] Azbel] wel GBM AEES oA e Favt #REYy, EF

onl i
:\_l‘
2
=)
=
)
o
o
tlo
ofh
ot
3

A E-S vl-9-290] AAo| GBMA-GFPFL YA FE o] Adle= A
] 25S 248G, 39 Fd), h-iNSC-TK E& Uiz AEE 3 S *

5F). A4 AERG olm AL h-iNSC-TK 27} GBM4 £ A& E3AAAM, FAF F 28U iz tin]
% F3H(tumor burden)E 9¥] A ATE AS RAFAG =

S0 e o 37 oiu] Hyk 67Y AESE], h-iNSC-TK X &
(%= 5H). AF%(post-mortem) IHCiE= h-iNSC-TKFAbol] o]dk F<F =
51). F3tsld, ol# gk A¥t= h-iNSC-TK x|&Ho] ok % H5A GBMol Higk #2924 e A& a3s ztu

=
FF-F vhe2e) AEES AA AFVE AL HelFrh

il (Intracavity) h—-iNSC-TK R ZE WS gz 5] HAH GBY AZS Al sl o3 dA|+=
GBM AE 9138 #ele] oI EFe diolr), B dyxss °] %3 (encapsulation) 7} &
HA oz GBM ALES AgAEr] 9 Al AEEES s sgdvs e Hadn. §4 Az wEH~
(sEQD) ol 7iz3ke h-iNSC A8 %S AAs7] e, WMz ES LA B =2 Ao AW PE h-iNSC-
TKe} GBM-8 GFPFL (#hz}-+-2] (D133+ <1zt GBM-7HA] M¥E)& (& 60). & AYAEL nCherryt h-
Insc7} sECM WlE=Zg AR RE o]%3dle] 32U ol GFP+ GBM8 ¥ &Eo]=o] AZ(populate)FT+E AL g},
714 o8 sECM/h-INSC-TK X &H-e 39 o] GBMS ~¥|Ro|=¢] Q&Y S ]

2
2
2
N
N,
=
2]

ez dA9 Q17 GBM #2293 h-iNSC X3S HAMminic)dt7] &, 2 LHEAES GBM 2AY vpf-~
Bdlo A 1wk A (highly diffuse patient)-f+2] GBM8 A3z thal] h-iNSC-TK AEHE HEEIH(E
6D). GBM ZZF<%(debulking) 3o, HLAS dWdE h-iNSC-TKS <<% AA| 7r(surgical resection cavity) U
o o]alglt}, A< &L olm A (Serial bioluminescence imaging)S h-iNSC-TK X &% o] GMBS Z<ko] it
S TEAAA, o2 T 1At g2 ¥ T FEE 350% FARAIFHTHE AS HAFAT (= 6E). h-
INSC-TK A 2] s=2 thxa-A ] mh9-2ox ] 46 thn] it 599 AEsE], h-iNSC-TK A5 &gk A&
&9 F94 e 4GS THASTHE 6E).

Aol 20 Q1Zk W% AEe] A%F ARSE 97 b K

o 1

2

AA e 14 AeE wie o], Izt ¥R MEe] HAARBE FAsP oL}, SIEMAIff Neural Progenitor
Basal Medium ™A1, 3}7]¢} 2-& N-2 H]x]&} B-27 Hjx|9] 1:1 Eg&Eo|r). &S FAIHE Bk} o], Gibeo
® (Invitrogen Corporation, Carlsbad, California), Sigma (Sigma-Aldrich, St. Louis, Missouri) HE+&
Selleck Chemicals (Houston, Texas) oAl Twl&}Sitt.

N-2 #jA]:

DMEM/F12 (Gibco®)

1 X N2 3% (supplement) (Gibco®)

Sug/ml V&R (Sigma)

1M L-=FEFF (Gibeco®)

1mM Glutamax (Gibco®)

100 uM MEM )-8 o} :=4H(NEAA) (Gibco®)
100M | Eb-r 7} E= oAl et (bME)

B-27 #jA]:

A7 7] 2 (Neurobasal) #iA] (Gibco®)
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1 X B-27 ®ZA4 (Gibco®)
200 mM L-=FE (Gibco®)
1:1 W 2(mix)oll 983 <B(BSA, Signa)e 5upg/mlel HE w%712 A7),

o] ujxlo] 3}l7] AES HFdITh: SB431542 (Selleck Chemicals)E 10uMe]l H=E sX7MA]; LDN193189
(Selleck Chemicals)E 100nMe] HE TE71#]; EE EWA YE =4S 10pM (Signa)d HAE =714 %
CHIR99021 (Selleck Chemicals)S 3uMe #HZF =714 H7F3c).

o] mjAE o]&3te], Sox2 HAEYA AMEEFY], nestint INSCE AJAAIH T

Wi X= T3 QlEH(25ug/ml), EWN=FA(100ug/ml), At AdYo]E(sodium selenite)(30nM), Z/ZEE=

cAMP (100ng/m1)E ¥33I== AZ2E 4 Ut

AN el 30 wore] X ZollA iNSCe %

N

A HA(dlE BW, MEAEF)oR Huwta, 7 F ulR(dE =W, 15, 25, Ev 35 W) $%E&

AAVEE A AL, 93 MHEDAEE A7) g8 FA2HE FH AX(skin punch)S A3k, 2 w4

R

-

of WAlE wHle} o] MEE FEE AAZV] AER AIEIAI|L XA ZD/E= ZEE EAH(reporting
moleculre) & AAgtt, QFFE T L T AA Fol, HalE INSCE FTYo] AA Aoz A
" Alcavity) 02 Fofdrh. iNSCE i GAIEE Fel olssta 259 AuA/AEE A4 A= (payloa
dE A3,

Aee B owge dastn, 18 #gss dom SNHA @t Bowge sl 3rgel o
Qolsla, A7) A7gel FERE 2o Sav)

_16_



k1
N2

1
(g
vy

Y32 -0SN!' 213

NESTIN POSITIVE
o8 8883 8 B
o : : ll-| l
w | H
“- H
0"- H
“’_ H
2 M

_17_

ZX0S8
i¢io

ONTY-AYYIHOW-AT
oN14-d49-A1

ZIHSd 10-2017-0133373



10-2017-0133373

5

=

=

H

e
[=)

91D

D

0l 2 3H(Undifferentiated)

127 NESTIN M 5 SOX2 H 120 - NANOG 5201 OCT3/4
£ a7 S i . S
MAWI T M,A.l \%I;%l M.Aml e il
8 331 < S
=2 67 s =8 607 = =101
mﬁm mmﬁwl HuE S®
o 4 ol zr 40 s e
= a Rl ol
T & % R4+ = Tar O
25 2] 25 S 207 5
GAoo T T ._GAoo T | 0 T T 1 G T T 1
T @ @ T 3 & T B & T ? &
zZ z < zZ z a zZ z zZ z @
= = = = = = = =

_18_



10-2017-0133373

NS4

e
[=)

=2

A.
&

h-NSC
(GFP-RLUC)

GBM CELL
(mCHERRY-FLUC)

414, 470 pm
ol ¢

‘

_w_m._‘)znm” J

‘s

s
-

’

\}

OH
g
h-NSC HR2HE
0.7
o T
0.6
0.5
{oeem | %4 ,
\ 0.3 1
0.2
/l
1111111 Od -
0 —
£ o
A Ok
ol ™

= e
Hel o
400 07 7 .
301 — 06 =S
300 05
NMO . * Oh -
200 a3 -
150 '
100 )
50 0.1
0 = 0
g A g A
= z = z
Z o b o
A Ok ~ Ok
o R

_19_



10-2017-0133373

NS4

e
[=)

E92D

B

&
GBM h-INSC

SPHEROID SPHEROIDS

T (Sphere); GBM; h—iNSC

> GBM; h—iNSC

= GBM; h—iNSC

- GBM; h—iNSC

_20_



ZIHSd 10-2017-0133373

EM3a
>
PHOTONS/SEC/CM2 (X100,000)
o 5 8 8 &8 8 8
o =k
¥ &
- & &
w w
s X3)
w 3
o)
= =
N 2
e 3
o A
(<=}
) @
PHOTONS/SEC/CM? (FOLD DAY 3)
©O © © © © =~ -
o N 4 D (=] o N
1 1 1 1 1 |
o -
. H

_21_



10-2017-0133373

NS4

e
[=)

EW3p

iNSC FATE

TR

h-INSC/TUJ-1HOECHST

h-INSC

TRA-160

h-INSC/TRA-160 /HOECHST

_22_



10-2017-0133373

NS4

e
=)

hANSC-sTR h-INSC-sTR
D. GBM M X9 =5t
iNSC XI 2|
e ot | E @A
0
@@ iNSC-sTR
v

205 #3 UB7-mCHERRY-FLUC

ED4a
o
2 )
<
é&

O

FLUOR. LIGHT

iNSC-sTR:GBM

1:2 11

E.umm

oo

iINSCCFP

iNSCsTR

; S 2 e
-J‘)ﬂ"il».x .

02X 3YUX 5AUX  10YUX 142Xt

0,

x= 11
_zmo.qulow_s RATIO

_23_



10-2017-0133373

5

=

=

H

e
[=)

k¥ G
& 600 1 @ INSC-C) X = 100
9 500 - T
58,01  OINSCsTR / ul
L =
= Q 300 ’ = |
e \ w
ol 1w
an
Z 100 - _ A 7 o |-O-iINSCsTR
m 0 nmnnfnbl m mn / ) 0 “O-iNSC-LH 2 =
T T T T T T T T 0 T U T
N 0 3 5 7 10 12 14 17 20 24 0 2 40 60
Al2HL) =

— HIZ=4 iNSC

GFP NESTIN  GFP/NESTIN GFP GFAP GFP/GFAP . GFP OCT4 nmm__oo?“

GFP TRAIL GFP/TRAIL GFP TUJA1 GFP/TUJA1 GFP TRA-160 GFP/TRA-160

_24_



o

B (XIN)E=

<)

& ML-OSN! @$@

0
o
>
®
e
=
T
@
m
0
m
-
=L

_25_

ZIHSd 10-2017-0133373



o

1o ()

. =

A 8

o ke
=

PHOTONS/SEC/
CM? (FOLD DAY 0)

=¥ -0sN B [

=¥
-OSN!

ANL-OSN!

MES HAIE
o 3 S
“Ton
e
88
S1a=
val

i

m

GBM A 20/ M=™
(CHEZ2 DO CHYI BH2=(fold))

s

=

o
1

ERROIUORREReRNtD
SRR,
RN

_26_

k)l
02 [
o 10

02

o

21Y= EM1-0SN!
i3

ZIHSd 10-2017-0133373



10-2017-0133373

NS4

e
[=)

Ed5¢

iINSC-CH ==

iNSC-TK

iNSC-TK

_27_



= 8INE9 XAd ¥

QIOY3HdS WEO

= 310N Wo3s i

e
>

e
ball

_28_

ZIHSd 10-2017-0133373



10-2017-0133373

5

=

=

o

e
[=)

EH6D

C. sECM iNSC-TH =2

m

iINSC-TH ==
sECM

INSC-TK
sECM

1.2 1

o 3£ 10
K=

Momo.ml
Emo.mu
=

= K 041
6 S 024

00

FOLD DAY 0)

M

400

w
38

1l 900 -
=

T
iNSC-CH==  iINSC-TK

B INSC-TH =2 sECM
[J iNSC-TK sECM
_—

—3-iNSC-TK  -O-iNSC-tH ==

20 50

(resection)

2

20

e &
3
3

_29_



	문서
	서지사항
	요 약
	대 표 도
	청구범위
	발명의 설명
	기 술 분 야
	배 경 기 술
	발명의 내용
	해결하려는 과제
	과제의 해결 수단

	도면의 간단한 설명
	발명을 실시하기 위한 구체적인 내용

	도면
	도면1a
	도면1b
	도면2a
	도면2b
	도면3a
	도면3b
	도면4a
	도면4b
	도면5a
	도면5b
	도면5c
	도면6a
	도면6b




문서
서지사항 1
요 약 1
대 표 도 1
청구범위 3
발명의 설명 5
 기 술 분 야 5
 배 경 기 술 5
 발명의 내용 5
  해결하려는 과제 5
  과제의 해결 수단 6
 도면의 간단한 설명 8
 발명을 실시하기 위한 구체적인 내용 10
도면 17
 도면1a 17
 도면1b 18
 도면2a 19
 도면2b 20
 도면3a 21
 도면3b 22
 도면4a 23
 도면4b 24
 도면5a 25
 도면5b 26
 도면5c 27
 도면6a 28
 도면6b 29
