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A7 &7 A 2 (neural stem cells)= A173A| 29} A7 otar 25 AT & Al—t— e 7%1 AzaA AT FFABAE
W ofjet Al HxA] A B E A B AT L A AAETMES] 717 BES 5] WEnd
P FYSEh = YRV Pob MEAozyE NAZ LS a MFE 5 Qs s AR A
AAZE7A 2] BAAZ 8] nestine] 233} 317 green fluorescence protein (GFP)& WHsl= A8t AF S o]&-3}
of 21479 Yoz 249 A7t AAEEY S GFP IR Fa) Hlsheleh Bleke] AAE7 M EE AT A nestin
o) e o FAS T, BN AAAE, ol £, 3|88 obadEe B3eh Aoz nge] olFe] hist
B HANT e ATk AATE PFRART H5AR F A FHAA A AATFY BIeHS Y AL
AT Aol g vhebiA @igkeh m Al 10~ 1559 wjofe] thx & WA ¥io] 44T FAT Yoz YEu
B olg BAA AT AL FE A9olE AT} HokmA T Bohseo] §49¢ BRI ol =
Aol FolglRl AAEINAEA AR FAe7] Aoz FARG & A7) A FrAel} ek wjokE AAT
£ 4717 Berdste] B A7) &F, wjekstel AAETIAES o] Hel AH8E 4= e RS AlAERA Sl

grotiy] @t MAEI|ME, 1187, S22 MZRZH|

A

TH

Z7|M Z (neurd stem cells)= m| 83} Alej 2 2}17] 34
T, 22AAAE TS AAHE, Potud
s asr|oluME 59 NEz B3 4 9: oiss
ZHe Al o]t} (Gage, 2000). A7 £ 74| 2t A1 A 74| 2
Z A A} (marker) 2 2] A nesting o] &3t °d—7—(LendahI et
., 1990; Dahlstrand et al., 1995)=- 1 A

HIFFEL Az A% ‘§-l A7 el F2 Fx3}
o, Tl A5 2H479] Hel= ExgHa RaE o
(Pagano et al., 2000; Roy et al., 20003, b).

A3l A] basic fibroblast growth factor (bFGF)<}  epider-
mal growth factor (EGF)7} ZA7}15 wix]|& o]&spH XA ZE7|
Mz7F e oz FAEHA 4177 (neurosphere) S 3435}
Edl ol2d AAT S T AASTIHES el 9w
> AF 9 AFEe] Hlel w2 el eln] FE w9l
o} (Svendsen et al., 1997, 1998; Vescovi et al., 1999).
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A2, A7 EE AZAA S B3 YA A 5
oz ge A77h AW 9len Ax| WA A
Mg Az, 4750 Hae g u g
(Bjorklund et al., 2000). 2ju} ejoke} AQle] ¥z 3E] 417
L -r;ras} wleyer 4 9lgol ShelE Lol s,
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e EAEE 7}114_ At AAE7NEE HAA 8
o] MEABAZA AHEE] 918 27 Fo s whE A
Zb <bell w3 oFe] AAETIHNESE S 4 Slelok 3
mrebA] HzAelut b wickd AATE YF BEIL, o
E W3k Al7lel FA slEdte] MzA s A7 HEke] Al
AE7NEZE 48 5 e 2719 z}% o] g3t
Nestin2 AVIE Z7HAALEA AAZ7|M 2] EXAZ
de] AH8-E 3 gl Nesting- *’“E Zoll F=2 A7 <] del
Al e E = A7 A nedtin®] W2 nestin §-4 212 2
WA intronel] 2]sle] 2 Xt} (Zimmerman et al., 1994). o]
nestine] 2 A intronel] 2]3] 33L& sl green fluorescence

(<

protein (GFP)7} 3&d 4~ =% 1gkd FAAE =3
nestin-enhancer-GFP 3243t A= A WollA 2174 E7]
Azg 34E 53 A4 AT 5 Sle 743 s
AR 4= glo}(Yamaguchi et al., 2000). =3t o] AF= 5
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Nestin-enhancer-GFP 313 A3+ M. Yamaguchi
(Tokyo Univ., Tokyo, Japan) 2 3-8 Aok on, gfo}le] =z
Ao ofFdistmy Aol AEARE )5 FALE
Wb 15} Felslel Ao} ofFdlsta o)md WAl
T1L3)e] Fle AA ARt Azl ool o]-8-¥ neu-
robasal medium, N2 supplement, B27 supplement, DMEM,
Hank’s balanced salt solution (HBSS), 0.25% trypsin (EDTA
free), 200mM glutamine2 Gibco-BRLA}(Grand Island, NY)¢]]
Al F-433}¢d a7, DNasel & RocheAl(Mannheim, Germany)2] A
=& AHesteddh AAelxk=  leukemia inhibitory factor (LIF)
+= ChemiconA} (Temecula, CA), epidermal growth factor (EGF)
= SigmaA} (St. Louis, MO), 18] 3, basic fibroblast growth
factor (DFGF) = Fokdlofell Al 242 F-9)ste] Abg-3hadet. ®
A FAM M 12} A = AbgFE-o]H nestinell o & =
Z-23}4| (Chemicon, Temecula, CA), B-tubulin I11¢]] =3 =+
Z-23}4] (BAbCO, Richmond, CA), glia fibrillary acidic protein
o] ojst std 2344 (GFAP, Sigma, St. Louis, MO) ¥ gdac-
tocerebrosides]] w3t % E-23}4) (GaC; Roche Diagnostics,
Indianapalis, IN)S A}-8-8}9] 12, 22} 314 2= FITC-conjugated
anti-mouse 1gG (Vector, Burlingame, CA)S A}&-3}gich =
I ol] = Hoechst 33258 (Sigma, St. Louis, MO)-2- A}&-3}9] T}

2. UMBEIIMZS 2| H i

WkA) 1259 = nestin-enhancer-GFP 3] A 431 Aol 4] &
2]t ¢k x2]& DNasel (10pg/mL)e] =3+% 0.25% trypsin
g9 el q HIAEs wesn 2T AxE 1x10°
cellssmLe] W=z AFe AHE7|HME ¥)A] (20 ng/mL
bFGF, 20 ng/mL EGF, 1x N2 supplement7} %3t%l DMEM :
F12(1: )04 vl s o) 24dehet A28 w22 w}oro]
Folek Abgel A14F7IAZe) Bl 94l 10~155 djo}
o ¥ute AAR & d¥g Relsle] DA 27 o]
HBSS=Z o]yt Aol = %3-S DNasel (10 pg/mL)e] =

MAET|MZe| dSEH

el 0.25% trypsin 02 2|sle] UMz FF F
1x10°cellsmLe] Hx= 3|M3sle] Alghe] AAZ7|H=Z u)
2] (20 ng/mL bFGF, 20 ng/mL EGF, 10 ng/mL LIF, 1x B27
supplement”} £38+%l neurobasal)ollA] ©ll 3wl A =2 wl
A2 mAS FEA weFstde A S ] A o
7~1027be] weFe Bel HAE AATFE trypsin A2l s}ed
S zz 2 F 110xg2 1087 dalEeiste] A=
2 AAXNAY. 7tetee A ZE HBSSZ AoiF: &, 10°
cellymL = 3]Xsted A djul] Fs}it.

2 279 A7) 150~200 um =gl
Zgrshe vkl el ~70°C, 16431
Al Aol 25 o B3t Bo} |

HBSSE 1 110x gollA 103 A Ee]ste] AEe Al
l’

Assde) o] FAE 23] HbES|A] DMSOE bd3] A A
F 919 e e el BEE H2Ae 99 5
oz FAZ F typsn Aelste] HANES 22

et

T o2 AAT WL FEsch

s % H HY A
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A7 100~ 150 um =71¢] A7 FE poly-L-ornithine (10
pgimL)e] =g FuFeizol 2AA710, 4gelabt g
wj Aol A} 7Y 7E wloFate] R3E feddch A" HEE
4% paraformaldehyde=. 108 ol 1A3 F u]Eo]x WY
uke-g glol 7] ¢l 1% bovine serum abuminz} 10% horse
serumeo] EgE goloz 4°Colx 16412+ Helstsich. 417
27122 Fale 28] anti-nestin (1:500)&, 315 217
Mz &els ¢sAE= anti-B-tubuline 111 (1:500)F, Heolw
M EZE anti-GFAP (1: 200)E, 3] AE7]oluAMZE anti-GalC
(1:50)8 4°CellA] 16417 Bt vEs-AIH - 13} 344 wks- &
0.03% Triton X-100¢] S gJ&= PBS 4oz 33] Mol
& 23 A= FITC conjugated anti-mouse 1gG (1 : 200)=
Aol 4] 3087} WA 2 o2 A28 Hoechst
33258 (Lpgiml)=. 448 F YFgnz oz Bashelst

5. EHEA

RE datax= mean+SEMOo=E mASIG T, F AALF
zfeli= Student’s t-testg o] -g-3te] Elsloich A EA >
SPSS(v10.0)& ]88kl 3L, p<0.05] ¢ FAXHo=Z {2
sloha #A sk
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Fig. 1. Isolation and culture of neural stem cells from nestin-enhaner-GFP transgenic mice. Forebrain cells harvested from E12.5 transgenic mice
were cultured in neural stem cell culture medium for 7 days. After the size of neurospheres reached to 100~ 150 um in diameter, the cells
were harvested with 0.25% trypsin and DNasel and transferred to fresh plates with 10°cells/mL. (A) Whole-mount fluorescent micrograph
showing GFP expression throughout the CNS of an E12.5 embryo. (B) Photomicrographs are representatives of neura stem cell cultures
isolated from the forebrain of transgenic mice at 1, 3, and 5 days after plating. (C) GFP expression of primary neurosphere and (D) 6"
neurosphere. MB, midbrain; LV, lateral ventricle; SC, spina cord. (B-D) Bar, 100 um.
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Fig. 2. Cryopreservation of neural stem cells derived from nestin-enhaner-GFP transgenic mice. Primary neuroshperes obtained from transgenic
mice (A) were cryopreserved with 10% DM SO as cryoprotectant in liquid nitrogen. After 2 weeks of cryopreservation, neurospheres were
thawed and plated in the neural stem cell culture medium. Thawed neural stem cells were proliferated and formed neurospheres (C). Fluorcent
micrographs showing GFP expression before (B) and after (D) cryopreservation. Cryopreserved neurospheres were differentiated into neural
lineage cells by removing growth factors from the culture medium. 7 days after neural induction, the cells were immunostained against anti-
B-tubulin 111 antibody (E), anti-GFAP antibody (F), and anti-GalC antibody (G). (Scale bar =100 pum).

S 60 FHH AATFANE T2 f4555HFig D). 1097 weksteieh 2ol iR WA E: wok 497

B A4TE YY) et 10940: Al o

2. AT M0 Rals AEBIIMES Us2H 150~-200pmef o)== 13 417372 F45A (. 3A). <]

AATFZS trypsing} DNasel S 23] ddMz=z B3 3

WA 12599 FARF AN Pl BT A4F) A wjpelel AulcksiE ek F 7~109 Atele]
AZE 1747 4R 10%DMSO7t H7H 2264 2770 Al 150~200pm =7)8] 23 41378 FAshedek

HA Az A Y5 F A AR We HEH S

o) AATE 25 DUAZE FeEgon, o8 1507 4 A AEBI|MES dE2w
H zl A

vl eksl Az Al AATE FAsIT o] AATFNA GFP
° *}_t” ¢ ?" bz <l .”H WERTo] AHEI M E Filsel wXe o3 oo}
e WEsly] Ao Awk xhelz} $ide (Fig. 2A-D). W% o A
) g w7] 9)ete] 13} AHTE ARz 257 YERD =
B3 AATE TS ARSI RS B3lse Alwn ]
AEAAT WEE 13} AATE 5 Sh3 #2
7] 918l AR AAS T 1577 BE2 Sesidn) 4l

=

r
£

o] BF TN E=R {'rﬂl:»]"“’m] o] MEZE2 ujef 7~10
o & 150~200um Z7)2] 2z} AAFE FAskIT o] w)
FAE 22 A7 T2 4 WEE] Aol 3" 1A AT
9] %9} xz}ol7} 919lT} (data not shown). WYEH o) ¢]3
nestin®] Wao] W3lE =2 17| 93 HIAHFIANE A
g Ash Y5 o) 14 AAT PF £ 24 AAF w
FollA] nestine] WL x}o]E Ho|x| 99k} (Fig. 3B-E).
YE5RD AFY AAE7|MEL E35HE AHRT] 9
glete] deollA Rejgl HZE AAHZ7|HZ wiA 7~ ste] 747 BIE F=d F, A4

ANzl mA|AFQ] B-tubulin 11l 3A], HolwA 2 X A}<]
GFAP 34| 4 3] AE7|olaA| 22 X212l GaC A S o]
S5te] HAYHFANE AT A3 PeE Folx= A7AA
z, HolwAz B IAiEv)eluMzr B33 4 x5
o] FAIE L &S Felsldvl(Fig. 2E-G).
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Fig. 3. Isolation of neural stem cells from human fetal brain. Single cells isolated from 12 weeks human fetal brain tissue were plated at a density of
7 x 10°cells/10 cm dish, and cultured for 10 days in the neural stem cell culture medium. A subset of these cells was divided, proliferated, and
formed spheres of undifferentiated cells (A). The expanded neural stem cells were frozen after the addition of DM SO as a cryoprotectant.
These cells were thawed after 2 weeks of storage in liquid nitrogen and cultured as described in materials and methods. The neural stem cells
derived from crypreserved neurosphere had the same overall appearance (B) as ones that derived without cryopreservation (D). The vast
majority of the cells in these cultures expressed the neural stem cell marker nestin (C, E) (Scale bar =100 um).

S RN AR ATz AAE SR HxAeld AAE A Bl e A
Y HotmAlEe] #3} g2 e A FE vad o FH WEndd HzAdM e AT e =8 5 e
g Aol & HolA| ¢ksket(Fig. 4A-D). ™ (Fig. 5A), A1 E71H 2] 2A|Ak9l nesting] = F3
3kgdc} (Fig. 5B). 3t o] & AT AlAM 2o} HelwH %

5. WEHNE L XXOZEE AAZI|MES HYQE 29| #35He FAFE et (Fig. 5C-D). 25+ % 23
F Fo Eudn zozne pelg RTINS ¥

WEndd vof HzHozny AAEVMES] R 7 3 P AFHe= AT A o524t E3kd A
548 Tohir] s1ste] 2% 9 235 b AAALo] wF  Aze} WelmAlze] 4 ERD A7) we} FAdes
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Fig. 4. Immunocytochemical identification of differentiated cells. Differentiation potentials of neural stem cells that isolated from fresh tissue or
cryopreserved neurospheres were compared. Upon withdrawal of growth factors the neurospheres were differentiated into neura lineage
cells. After 7 days of induction, the cells were immunocytochemically stained for a neuronal marker, B-tubulin 111 (A, C), and an astrocyte
marker, GFAP (B, D). Immunostained cells were counterstained with Hoechst 33258. (A, B) Differentiated cells from unfrozen neurosphere,

and (C, D) from cryopreserved neurospheres.

o) Qe Aolg dehlA skt (Fig. 56).
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WA A EE FYY AR Aot 4] whe 417
£l A AEARAZAL) FFed W] HT s B
A ek T2} Ax AAzA A4
AMEE H2A) ARE T 5 9w Amsh olFelA
oF ® A7l F2 kol MEE whE A7 el SHs)
7 ogiehe BAAE 23 sleh Weh gz 1427
27} AAl YAz o437 AL AAENNES B
9@ 4 ol HxAot, AAEIAE A, 5 AT &
712 BRI 5 Sl 7140 BRe] v Fashl welse)
oF & Spgoleh

AAZAAE B AAAFAZE) EARZ elAl nestin
& AVIR] S FAAREAS) sl F34A

AT F AREAZAN BRHEL ARz 5t
slH AAAA LR J A F ok Nestin -4 2= 4712] exonz} 3
7Nl introno g FAE e} 9lom, o] F A intrond: L&
A ze] A FA A A, FHA introne 2173 A 24 o A
nesting] W&& 245 enhancer J&e 31w gl o=
o212 ¢lt} (Hockfield et al., 1985; Lendahal et al., 1990;
Dahistrand et al., 1995). = nestin®] FHA introne] =4
ol3) GFP7} ralEes kel JAAE vl 22 o]
(Yamaguchi et al., 2000) in vivo == in vitroo| A A1 Z7]A)
Z2] 7gel A3 A7l 831 AH8-= 32l (Johansson
et al., 2002; Murayama et al., 2002). 2 LA = nestin-
enhancer-GFP A x3t Az =zXE AAZSV|NZE 2s)
7)o kA A 1259 B HAAF YA GFP] wE g
HA% A BAFA FFAAANN SelHo2 GFP7} 3
#3582 Flstde(Fig. 1A).

 dFelre A 1259 1 FAAS AF O =y
B A&7 2E 2, i oksta, Ysn el o VM=
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Fig. 5. Cryopreservation of fetal brain tissue as neural stem source. Fetal brain tissue was cryopreserved for 23 weeks in liquid nitrogen. After
cryopreservation, the brain tissues were thawed and dissociated with 0.25% trypsin and DNasel into single cells. A subset of cells was
divided, proliferated, and formed spheres of undifferentiated cells(A), and these neurospheres were immunoreactive for anti-nestin antibody
(B). Cryopreserved tissue driven neurospheres were differentiated into neural lineage cells, and their phenotypes were identified with
immunostaining against B-tubulin 111 (C) and GFAP antibody (D). Differentiation potentials of neural stem cells isolated from short term
storage (2 weeks) and long-term storage (23 weeks) were compared by immunocytochemical staining (E). Data are shown as the averages +
SEM from six independent experiments. (Scale bar = 100 um)

o A 9 Relse] wste Augieh 24 BG4 o' Awns] Sl AAE M z2RE A A 17 A
ATATE ALAAE ZD MAG CFPE BRSE  ATE 109%DMSOL B719 MGl JE BB 27
NATE YA FAH 3 (Fig. 1C), 6] Ao SNEAA A eksieieh 7 A WS e AR Fol
Fol = 41774 GFPS) el 245 5iek (Fig. 1D). o) A AT WA 0w, GFP) e GAE W A
g AT nesting 43 17475k #ol7k Qsiet (Fig. 2A-D). =& J5uaE 7

o
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s AAE7INZE AR HelA ch
AxHoz ZAAZ 4 gl BT AE7\MEe] B3bs f=3 A, AR ez A4
olwAlE Y 3|AhE7|otwr 2] E37} dojdd 3

951505} (Fig. 26-G). ol=i Aske el elE7dl zel
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2

frel gt A E7A 2] YeR el i 3o fAel
B3 (Hancock et al., 2000)2} UX|5}= A=z, 2174 Z7)
27379 A2 YERIBsd e AFE7NE] F
FAHL A Ve
AHE H}El_i A gjete] AAETIM ZAA
AT A Yere] 7hedS AT B3l Eiel
Ao A gt AAE7IHEE AF S A2 v
JatHA s FAE e, o] AT
He THME S45H E nestine] WA <
A& A=A (Fig. 3). =3 27A =z 3 HolaA =
F3sge] M= YErdel w2 AeolE BolA

rJ

3

=

1>

0 off
SV DR VO
a
r—{m
ﬁ
off
iy
L
é

o &
> P

N
X

oL
1o oX
o

ol J
+

b

o>
o rlo

}

2 ol A ko wiop
B 20] we} o] o)

A7 zE A7) SlsiAE akme] 278 $1%
3 ‘{lz 1 Felfole] HzA ol s FAeAM dofA= o
A FdE HzAS AHE 4
TR At HAE —Lr?/]%
%o} Fe7} obd S AAEIIME
71—‘= JE- 145—7“94 YRl
EARBT F 3 5ste] AANE
°°¥‘}711/}(Petlteet al., 1995; Negishi et al., 2002), A 212]
WERdsted Aol HAMzE g 5+ v
X 77 (Brunet et al., 2003)7} gl or}, Al AAZIAE ==
glo} Hzzlo] WErte A3t FPeAE obA7bA] LA
WA ket

o
3 o, H‘

o .

e ©

L

=

o2

o

z
8
plox
N
To,
=
.
PN
)
mlo r
g

o ¢ _11}‘. lo 4o o
o]
i

B
M=o
o

2RE AAE7 WIE«I HJ l"o—é gL i“d’ 717} l E}%

Aﬂ_gz_h o‘j_g];(] oko 17_]
(Fig. 3D, E)3} mlx7ix| = nestln/] gl o] ==l 2
FABA E3F 276l A AAA 29} %°}mﬂﬂ
A= Apel7b it (Fig. 5A-D). Wgr3t 7]7F I o}
E71M 28] Ao Wal=AE 1Y) ¢
YA el AR Hx2| o=z
e vug A3 F A =

FABAL ol E2NE E3he MM 2o} WHelwH 2]
oJn] gl Ahol & vyehhA] ¢kkeh (Fig. 5E). o] ek
Sto g © o]FojAof T Ao} B 1 A
AE G533 Tof YEA|T)= v EY & o 89
A2 A A7) 7 JERASlel s B3-S

BNood 2> M o
_\E—{JHF
411-[n
‘l“j%-\d
oﬁi%
°>'0EN
_1124:-14-{)1
in&x.n
. T
gg":ﬂx-“érﬁmogf
N R R T
ro ri B o e fS oM o2 g

MAET|MZe| dSEH

()

73 gy AHAES oz 9¢ 5 oo

rlr

7Fs4

o

g oz AAEHE ol4E E
AR ArrlsAol ANSUA, AAB7AE] 8
7197k ol Sleh AAE A EE ETHE A
A wr SR 23 fE8 AAAEES K9 2439
of A4 olAske AzdA Lot 54 A7 =99
FAES o3k fA% A 1 o4t B
Aoz a2 A4 Slonl ATt o AAE
EE 8T AANL AR o) BpAow a7
St F89 o] AE S e AEsed 290 9
Aoz Azdct

)
;
N

it

Bjorklund A, Lindvall O : Cell replacement therapies for central
nervous system disorders, Nat Neurosci 3: 537-544, 2000.

Brunet J-P, Pellerin L, Magistretti P, Villemure J-G : Cryopreservation
of human brain tissue alowing timely production of viable adult
human brain cells for autologous transplantation, Cryobiol 47: 179
-183, 2003.

Dahlstrand J, Lardelli M, Lendahl U : Nestin mRNA expression
correlates with the central nervous system progenitor cell state in
many, but not al, regions of developing central nervous system,
Brain Res Dev Brain Res 84: 109-129, 1995.

Gage FH : Mammalian neural stem cells, Science 287: 1433-1438,
2000.

Hockfield S, McKay RD : Identification of major cell classes in the
developing mammalian nervous system, J Neurosci 5: 3310-3328,
1985.

Johansson CB, Lothian C, Molin M, Okano H, Lendahl U : Nestin
enhancer requirements for expression in normal and injured adult
CNS, J Neurosci Res 69: 784-94, 2002.

Lendahl U, Zimmerman LB, McKay RD : CNS stem cells express a
new class of intermediate filament protein, Cell 60: 585-595,
1990.

Murayama A, Matsuzaki Y, Kawaguchi A, Shimazaki T, Okano H :
Flow cytometric analysis of neural stem cells in the developing
and adult mouse brain, J Neurosci Res 69: 837-47, 2002.

Negishi T, Ishii Y, Kawamura S, Kuroda Y, Yoshikawa Y : Cryop-
reservation of brain tissue for primary culture, Exp Anim 51: 383-
390, 2002.

Pagano SF, Impagnatiello F, Girelli M, Coval, Grioni E, Onofri M,
Cavallaro M, Etteri S, Vitello F, Giombini S, Solero CL, Parati
EA : Isolation and characterization of neural stem cells from the
adult human olfactory bulb, Stem Cells 18: 295-300, 2000.

Petite D, Calvet M-C : Cryopreserved neurona cells in long-term
cultures of dissociated rat cerebral cortex: survival and morpho-
metric characteristics as revealed by immunocytochemistry, Brain



Res 669: 263-274, 1995.

Roy NS, Benraiss A, Wang S, Fraser RA, Goodman R, Couldwell
WT, Nedergaard M, Kawaguchi A, Okano H, Goldman SA :
Promoter-targeted selection and isolation of neural progenitor
cells from the adult human ventricular zone, J Neurosci Res 59:
321-331, 2000a.

Roy NS, Wang S, Jiang L, Kang J, Benraiss A, Harrison-Restelli C,
Fraser RA, Couldwell WT, Kawaguchi A, Okano H, Nedergaard
M, Goldman SA : In vitro neurogenesis by progenitor cells isolat-
ed from the adult human hippocampus, Nat Med 6: 271-277,
2000b.

Svendsen CN, Borg MG, Armstrong RJ, Rosser AE, Chandran S.
Ostenfeld T, Caldwell MA : A new method for the rapid and long
term growth of human neural precursor cells, J Neurosci Methods
85: 141-152, 1998.

Svendsen CN, Caldwell MA, Shen J, Borg MG, Tosser AE, Tyers P,

507

Karmiol S, Dunnett SB : Long-term survival of human central
nervous system progenitor cells transplanted into a rat model of
parkinson’s diseas, Exp Neurol 148: 135-146, 1997.

Vescovi AL, Parati EA, Gritti A, Poulin P, Ferrario M, Wanke E,
Frolichsthal -Schoeller P, Coval, Arcellana-Panlilio M, Colombo
A, Galli R: Isolation and cloning of multipotential stem cells from
the embryonic human CNS and establishment of transplantabel
human neural stem cell lines by epigenetic stimulation, Exp
Neurol 156: 71-83, 1999.

Y amaguchi M, Saito H, Suzuki M, Mori K : Visualization of
neurogenesis in the central nervous system using nestin promoter-
GFP transgenic mice, Neuroreport 11: 1991-1996. 2000.

Zimmerman L, Parr B, Lendahl U, Cunningham M, McKay R, Gavin
B, Mann J, Vassileva G, McMahon A : Independent regulatory
elements in the nestin gene direct transgene expression to neural
stem cells or muscle precursors, Neuron 12: 11-24, 1994.



508

MUBEI M= SEE

— Abstract —

Establishment of a Method for Cryopreservation
of Neural Stem Cells

Kwang Won Kwon!, Mi Ran Kim? Haeyoung Suh-Kim'3
Young Don Lee!, Sung Soo Kim*

!Department of Anatomy, 2Obstetrics and Gynecology, and
3Brain Disease Research Center, Ajou University, School of Medicine, Suwon, Korea

Neural stem cells are multipotent stem cells that can differentiate into neurons and glial cells. Neural stem cells are
found in not only developing nervous system but some restricted regions in adult brain. Here, we presented an effective
method that allows along-term preservation of neural stem cells without losing multipotency.

First, we isolated neura stem cells from the developing forebrain of nestin-EGFP transgenic mice carrying green
fluorescence protein (GFP) driven by nestin promoter and enhancer. Primary neurospheres isolated from these mice
highly expressed GFP. The expression of GFP in neurospheres was sustained for several passages. In order to
investigate the effect of freezing on the stem cell properties, we cryopreserved the primary neurospheres for 2 wks in
liquid nitrogen. GFP expression pattern as well as differentiation potential of the secondary neurosphere formed after
cryopreservation were not that different from those of the primary neurosphere formed before cryopreservation. When
the same cryopreservation method was applied to neura stem cells isolated from human fetal brain (gestation 13~ 15
wks), the expression of nestin, astem cell marker, and differentiation patterns were not changed after cryopreservation.

We also performed isolation of neural stem cells from long-term cryopreserved human fetal brain tissues. The
neurospheres were successfully formed and showed similar differention properties with neurospheres isolated from
fresh brain tissue. In addition, we demonstrated multipotentiality of neural stem cells was not changed with the duration
of cryopreservation of brain tissue, suggesting the self renewality and multipotentiality of neural stem cells were not
affected by long-term cryopreservation, The present results provide an useful information for the development of stem
cell expansion which is essential factor in clinical application of stem cells.

Key words: Neural stem cells, Neurosphere, Cryopreservation, Cell therapy product
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