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Neural stem cells (NSCs) are characterized by a capacity for self-renewal, differentia- Correspondence to:
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tion into multiple neural cell lineages, and migration toward damaged sites in the

central nervous system (CNS). NSCs expanded in culture could be implanted into

the brain where they integrate into host neural circuitry and stably express foreign Department of Pediatrics,

genes. It hence appears that transplantation of NSCs has been proposed as a pro- Severance Children’s Hospital, and

mising therapeutic strategy in neurological disorders. During hypoxic-ischemic (HI) Brain Korea 21 Project for Medical
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cells. In addition, NSCs serve as vehicles for gene delivery and appear capable
of simultaneous neural cell replacement and gene therapy (e.g. with factors that
might enhance neuronal differentiation, neurites outgrowth, proper connectivity,
neuroprotection, and/or immunomodulatory substances). When combined with
certain synthetic biomaterials, NSCs may be even more effective in ‘engineering’
the damaged CNS towards reconstitution. Human NSCs were isolated from the
forebrain of an aborted fetus at 13 weeks of gestation and were grown as neurospheres
in cultures. After the characterization of human NSCs in preclinical testing and the
approval of the IRB, a clinical trial of the transplantation of human NSCs into patients
with severe perinatal HI brain injury has been performed. The existing data from
these clinical trials have shown to be safe, well tolerated, and of neurologically-
some benefits. Therefore, long-term and large scale multicenter clinical study is

required to determine its precise therapeutic effect and safety.
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274 Z 714 E(neural stem cells)= P|23He e 2 A4 5
218= 27178 Al (self—renew) S X011, A FAE o] F+= A1
A A 3 (neuron), 3] A= 7o} A (oligodendrocyte) 2 AdA¢
M| ¥ (astrocyte) 2 B-3}5l= B354 thsA S Hol= Alxz A
A5}, A A E7 M = AR A A 270l += = A (lateral
ventricle)S E¢|M 1 Q)+ A Z(ventricular zone)2] 4173 4}3]
A| 3£ (neuroepithelial cells)o| ™, WA Z7|HE = &2 3} 59}
(pia mater) S A As= 71 M|EE7]|E Ho|+= o]=A]| 3 (bipolar
cell) Q1 WA} WA 3 (radial glial cell)7} Al A Z7] Aol W
AFLAES HAZ0)A A% o8/ 94 24 (symmetric/
asymmetric division)3}H, @A 3E (daughter cell)= x| A5l
(inner subventricular zone, ISVZ) 0. & o] 53s}o] F7HAI 74 A+
A 3 (intermediate progenitor) &2 271 3 <= 3£ A 3 (transit
mpliying cal) 7} T}, 2 AEE A4 24504 24 thel g o]
Fo AR ANZR Eoletal, AR AR AR E BolEct
VR WAL A s A Sl A Do) A Ut 9] A8k (outer
subventricular zone, OSVZ) 0 & o]=-3lo] A& ZA13 o] 9] A5}
oA HALA R, S ATFA E S-& FHAFTZA 27}
a1, B AZSE AlE S8k A g E o] T A Al
2 Z3}ete] e FA ol T a7 28-S 5, A= A uAE
2 2o}, Al Al EE A1) ol 2= A 217
2 S AE 50 AR Ho|dry, A AAE7AE] A
A 2= B A3z2kal 51 GFAP (glial fibrillary acidic protein)
FA st Bl A S41S ol 3HA] Fow, BY A= W=
Ao FHATEAE 32 FABHAFAEL] CH Al
SZ(GFAP—, EGF receptor+, DIx2+)E v} o] ZS215PH A 2174 A
TAIEL 2S5 3L, thA] A7 obH E(neuroblast) Sl AF Al
32 (PSA—NCAM+, doublecortin+)= ¥ 3}3}o] =218 H A rostral
migratory stream=- WA ZHIO 7 o] %5lo] Tl (olfactory
bulb)el] =23k 5 3} F(granular zone)ol| &= o] ZHAIF A
3 (granular neuron)”} T 11, AFEA| S0l A= AFEA] A7 A
2 (periglomerular neuron) 2 £-38}3}0] 37}7]%50) Boldic) o
FAARRIA} olig2E WA s - H A e1S BY Al ¥ 3| AE7]
o} WA= Z F-3}3}od > @ (corpus callosum), A1 FA] (striatum),
S}l (fimbria fornix) Sof X3} ) A AZV| A E=
A3k Enk opi gt o i rh(hippocampus) ] /3] (dentate
gyrus) 2] I3} (subgranular layer)ol| & F E57-2] A|E2 &
AsF=d], 138 E7) A 2= Sox29} GFAPE W& sl v w4 Z4]
S BHA] @ 283 Aol 1, I AHEE Yo X439 7}
HES 7F= 48] dnte] EA==(molecular layer)ol] =E3= &)
£ Wt} 28 Z7|HE= Sox2= HASI GFAP= WA &
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om, w2 A F28taL 71 A EE57]= fint divke] A8 =714
E AR 1Y Mol A 28 MEZR, 28 Al2ze S BATA
7} E A, A 2 Ao 22 Ealshal o] Fato] Al
S| A et S F 84 - H A7 A E(glutamatergic granular
neuron)”’} ¥, F2H=7](axon)E d7}F] hilum3} CA3 x| o7
Bjo™?, 9] 173 M2 % EH(synapse) ¥ 31 217 3] £ (neural
circuitry)ol] ‘%] =5 2 715l dofdith 19 B 29 =
ZIMEE QA 22 E B3, SN A T A 2= 3 AET]
olwAERE E3F, wa AAE7| A EE 4710l AFF
9] sk 9 ¥ A Bk ofu e} APds-(hypothalamus)
9} = A (amygdala)”, 9 B 250 G N E 3] F4
A AFAEZE A gto] B E =T, ob2 11 =4 o457t
58 A= obt, wpehA AR E7 N EE FEkE 2 HA
315 9ol /A FFA173 A9 B} 39l sk X Fol| =2 FAN
B2 EAetAA o] A F A E H w2 AL, A
5 S5 Alz7t theAd ARV MER HdkE o] =& Al
AAES YD TP = I,

oo R HFEH AYEA| g Ao E dEA U= 2
9] FF A Aol A7 E7 M7t EA 8L = =
3t S22 23fslo] |2 2179 R wAZE AT =
A QoM AAE7NES HF Wi dE o Y, AE L 2
MEZR 23t e e
0] ABF o] F, w3} Yl 9 S
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chemokine®] @aFO = ¥ 74 F-9]ollA LAl EAfsh= w4
S50 S/} N 4 92 FolH 02 o] 7540 A7)
Aof| Zosto] 31| 9 71", 2) BDNF (brain—derived neurotrophic
factor) 2k 22 AJFRNAbES 5 Aol FYste] H st &7
MNEE ¥ &4 B2 o] FA & 5 3loH, 3) ¥ &4 A &2
BDNF, CNTF (ciliary neurotrophic factor), Shh (sonic hedgehog)
59 AARJNAE Hol| FYT 79 o 94, Az A (striatum),
| F7(septum), Al’FH(thalamus), Al/sH- 5ol A A4 E7]A4
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o} W 3h= 7HA A (plasticity)
TR 53 ) &5, 28
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37k A8 o] Wist 55 st AA 7Hads S
A7), vt 233l oll A A 2 B A LA = 591 A1
A|EE- o 1]3}] LTP (long—term potentiation) & X] 7} Yr31 GABA
(gamma aminobutyric acid)el] €)%+ oA &3}l 717}51K] ero} &t
57} 71915 E & 21T, ek H o= Tk o So) 41
BE7IAES] T4 3} Estol] FRFE mRIvt L RuE A=, &
A, FANFE, UL EA, D FAA A 5& 5
T AL, whEbA] keIl A] shstekEo] QIA 7] E | MR G
59 2AVato] kg WS H A s}slolof & Aol o] Hof
o] A= AA A1ZF Aol /low - estel Avke 7)o
T A ZA|, F-2A A, H Q1A R 275 XA N T
S 7S 5 s Aol

AN A L] Al vk 2 A ke vl oA - o = A
BAZKFE AAATANEE AFH D e ste] vhdd gt
£ AHgSke] ko= v o= A H A=, 79 Blof X+
(forebrain)of| 4] A A 3Z TH9]2] AFAEE v o =M 5
T FFAAA AN E AlS A7) 84Nk aL, w31 the S Hol
N7RE7|AET} EAF ] FAF A, A DA AN =
BE7NAEZE AN FAHAA Ffrahs vd s, v st Al
o} 2] (cell clusters)$] “neurospheres & B 2 v 23t 5= Q1A H )
2 mpA ol g AR E 7| AE L] sl e A9
|4 AAZ7AZ] EAIRE FRlE)| = Wk ol 2714
] AP B B3I Aol F a5, Q1 1A
SEX kS ol Wl 279 F(translational research)$} Al
EAFA R = A 7] = A H AT

Al Holl A AP E7 A2 S, Rle 2 &5 55
&= 713 ¥ © & neurosphere assay = AR&-31o] it} A=
Z21Q] Z}(basic fibroblast growth factor and/or epidermal growth
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factor)7} H-7-% F& % (serum—free)2] &7 vl X] (defined media)
oA v, nlE-slE A7) S2]5F0] neurospheres 3 B 2 1]
FH AL, 2t Alele AP AAE B wAER E3eiTh &
primary neurospheresS ©HAA| £ 2 E2]3}0] 722 A EA] 7l
Aol SAAE - FAAE Aol A s Bl T 5
2135}o] neurosphere (secondary neurosphere)S Ak 4= )17
A E8kx sfell A Al EEste] the S B 49 A8 E7]
Az EAE FAshs rgeltt”. Tev RE E71M %t O
LA 2ol A secondary neurosphereZ &A= Z1-& o}
o, 3k 7] 7] M| 27} §E=A] § 7)1 9] neurosphereE B3k
ZA % o}Y 31, neurosphereZ A3t} sl HF=A] 31 7))
Z7|M 27} kAl & 4= §19], neurosphere assay O 2 =
5 4134 A 212 B NS 23T 5 ek, o
B

O

N G ARSI A D ATAE, E7AES oPd AEE B
T 5 gl e YA So] AsIolok E R ol 217

711z B FR el QQojA] F ol = 3xF Ml Eu Y o]
of] wha} Mz} A s Ao gt AFE 2y 4= a1,

Aol A A8 A A S shsto] A7 Aol ik k=R
9 EAXE Alfehs A7 Tl glom, Azdits
o} A}7FEH(self—assembling) nanofibers2} hydrogels, 1]
17 laminin fragments @} 78 A A F-Z}(bioactive molecules) &
A a g A m A 5o iR R AB ST A2 A7
3he Al ol A kol A U o] A Fol A8 Fll QL
E]_ZZ*Z ).

bopZ > dft gy © o fo

MEE7IMEZRE E0| MBMZEZ9| 23}

NAA W Z7)o)] AAZI N EE NA A BES= 91X
o whe} %o} EolH el AAMER HHs| 24 @ st} =
AAZET A EE Ao E04S o] A A 9]8h= X4 A
BE Fh3ta ok, AHA T 91X 2 o] A" A9 o] 2)g
12.910) 847 2919 oJate] Ao ol yo] Mslahs rta S
BT x NAZ7| N2 A7 Do o w2 A7
Eo|Q T Rol=y| wath] 27] 7|4 EE thekt AR M E
2 2319 5 QA u F)ol] 228 27| A EE B3l /FsAo] A4
g o|ny® zt 271420 A7F Bo] A Wk 2 o] WA H]
o] 9lof MlEujek A Wekal 5 o] BAA wdo] AR, 217
Z7\AZE A AA 228 S AAAAZRE A 23w
A 22 L Eajo] AR WAZE YA AFksl=), ol
g A7 BalE o] Wisks AlE Ul T2 13 Ho AL
95 87 9910 ST Aol wepr] AHAE o] =
chokgk A A A EE A AA e A 27HE 2 A7 Al 5o o))
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543k = AR E7 A2 S8 A=, olE 7 374 3
AR Az ol A A FEl7E 5SSk = £ Y] A

FQ3 A EF o], o] 3 XA
wjolE7 M ES} F- 1= Zﬂ%:@]—ig7 14 3 (induced pluripotent stem
cells) ZH-E] Eo] AANER] Bilgw Ao 89 4= P
™ HAoA AAE AT A3 B85S A Be B
AR}, AL 2 et d Fo] HauHQu”, o] @ QA ES
o]-g3to] Hlw A 4 o] &3} A M EE v gate] of ] 7HA] 4
O]:7H1:ﬂ- E/K—]7-]}\} =] A«ﬂ Ej] Eoﬂ Zq_g_é‘]..“-__‘. ﬁ?—j]. Z(lfsgﬂi 9}\—9—
), o= wolE7 A B e AESFeE7HAEE o83t
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] o150 A3 915, e} Mo AE B FE Ay

E7|M 2= TR SA L HdR Al R0 B3 E 7 A

& HolX|T AU 5 A A7) o4 98] AH A
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B R P I
oz uj G Waksh RAARS) Bel 5 ABA WL
o g3to] ulmA FAT AFAE ok & H 5ok AEAR o
A=) 488 7P Ae] ke sk,

HMASI M 2L X 2™ FEY

E| 314 217 Ald 3H(neurodegenerative disease)2 o - THH ©.
2, A (focal), TFAAd (multifocal) -2 W HHA (diffuse) 0. & 5
FA A NAAE APEEAY 7)5 FAE Hol= ¢4
Agto = P HF2] Aglolt}, o] 3t B3 AP A H S
°ﬂ/\1 NBE7IMES A 84 7882 D) ABAES wdo &
AA N A E7 M EE o] A ehd o] A A= A=, AE, o]
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2 A7) 0| 45j0] kel NAAES
Boln 0w ANE 5 9L 3 L HATE 47
QAAN Bl AR FE S 44T AL
A asiek 4) o1
2912 Solqoz T,
WA TR, T2, T T
| ?l’ 1A &3/A%He Hol= Alx, &4, 4174

52 X (myelin), 4|32 7] (extracellular

fu
Mo
B
Jo
k
ot
s
2y

2

73‘ =] HH (reinnervation)Z A

>

o on

o2

o,

by

e HN’

ol oY =
i)

o2 rlo & 2
% 2 H:l
03

rzié

neonatal
medicine

matrix), IZEHED 55 A3 F Uh 5) oA 2= <
T AL ABE, o], —.—5} AN Soll FEFE v A= v
kA7 Q}‘ﬂZ]—(NGF BDNF, NT—-3, NT—4/5, VEGF, bFGF,
GDNF, VEGF 5)&< #H|et] 2141 9 A& =3t} 6)
AAZ7| N E= o3 & == mo] E 712l (anti—infalmmatory
cytokines) -2 ™ & 4| o] 22 (immunomodulators; TNFe, TL1-A,
TRAIL, CD95L, PGE2, NO, IL—1Ra, IL—4, IL—-10, TGF-J5),
chemokines, chemokine receptors 52 #-H]3}o] A7 WS- =
AR D) AR B S Bojste] WA Ft
A7 ODIELA votor] 21313 84 210
A 4 5804 Aol o] Fsh AARE 9 AL A
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£2 498, A5, Tl 2AE IO H)8 4 g
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AR 2 ALE £A A 02 olgalel A2
AL e 5 glon, Aol ALAFE Fi A
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factors, neurotrophic factors, cell adhesion molecules, integrins,
cell surface molecules, extracelluar matrix, 5)E° ¥H3-5f0] X
4 F- R Bo|A 0= o] 73S Hol=H]|, Ao} ALk
G4 ¥ &4 T ER L) CXCR4 I A BE7 M ZE ¥ &4 19k
3 of| o] 28 739~ o] A A = > Ff(corpus callosum) 2! T
HF17F 3 9 (interhemispheric commissures) 52 £3}¢] SDF-
1a (stroma—derived factor—10¢) FE=7} 718 ¥ £4F H 9 & o]
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o] Tkt 417 & Q1 AHBDNF, NT-3, VEGF, GDNF 5)& 7} ¢

F,
& (overexpression)s} Al 3+ Q1 7F A AZIAZE 1 &A4F 299

B @ Foy A 27 A A2
slataom, S E A FLRAAR Qlst] &5 A=
3k % & 7H(trophic effect) = 1= AT} A1
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273715 4 e 715 E = o] Rl =
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3fo] 7 A 20| theke A AN YER /RS B /B3 GEEE
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