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Ki-Soo Kim, M.D., Yong-Soo Choi, M .D., Seung-Yong Seo, M .D.,
Byung-Hak Kim, M.D.,Young-Seon Kim, M.D.*, Min-Cheol Lee, M.D.*

Department of Orthopaedics, Kwangju Christian Hospital, Department of Pathology,
Chonnam National University Medical School”, Gwangju, Korea

— Abstract —

Study Design: Establishment of a multipotent neural stem cell line from the adult mouse cerebrum.

Objectives: To establish a daughter cell line, B2A1, from B2 cells through the limiting dilution method, and to determine if the
cells have the characteristics of neural stem cell (NSCs) using immunocytochemistry and RT-PCR methods.

Summary and Literature Review: In the development of NSCs, differentiated organ or tissue-derived multipotent stem cells
have attracted considerable interest because of the lack of ethical issues. Previously, a glial precursor cell line (B2 cells) was
generated from the primary cultures of oligodendrocytes/ astrocytes in an adult BALB/c mouse brain. These cells exhibited the
cell-type specific markers for immature neuroectodermal cells, astrocytes, and oligodendrocytes in serum-contained media.
Materials and Methods: The primary cultures of oligodendrocytes/astrocytes were established from the whole brains of 12 to
16-week-old BALB/c mice from either gender. After 6 months with 25 serial passages, the culture consisted of a morphologi-
cally homogeneous cell population, which was designated as B2 cells. A subclone, B2A1, was isolated from B2 cells through two
consecutive limiting dilutions.

Results: More than 90% of B2A1 cells showed immunopositivity for nestin, a specific marker for NSC. The cells also showed
immunopositivity for the neuronal, astrocytic and oligodendroglial markers. These cells expressed the genotypic mRNA mes-
sages for both neural progenitor cells and differentiated neuronoglial cells. These positive immunocytochemical reactions and
mRNA messages for neuronoglial cells varied according to the extrinsic growth factors used. However, the treatment of
extrinsic growth factors did not produce any significant differences in the nestin-immunopositive cells.

Conclusions: B2A1 cells have the immunocytochemical and cytogenetic properties of NSCs, and the capacity to differentiate into
neuronoglial cells.
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MZ S ob7| BTk ZIAE o4 ST FFAT
A AREFH L A5H RS AN £ 9B
ABE AZE AT S dE ARWOE 9T H3
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S/ MEE A7 AL, o DA 2 A E
24 o8 A5, 58 2/A0SE FFA A6 A
& G A ATk 226l A7 Al AEAQ Bl A
BE FAE gL 27 RAEAN ek A

Z 71 Z ) ) 7] o) WA 2F ol A 7] D6k o= 7]
A Z B, Asd Z7Ig 230 71dsts A =
71 Z 2] o] foll FAlo] RokA A ATk AA Z 714
e AAAME de F UALBE 23 FAE oF
718k A o, vjob= 7| A o Hlgte] A X o 5}
o olw] A gl ef glo] 5AHT FAS AT AEES E7]
7F 2312 &olstrh= Aol Sl

ANARZ7IAEe] EAE ol /7]t 32 oA
Ryd upoloy, I MEES A 7HA e8] 34
BAME S AARD, BEAAE, S/ 2E 3 2
T AT o] AFANEES YW o ® ¥4 s (Sub-
ventricular zone)oll $] x| sl v, AJ <A F L} 21 7+2] e of] A
T ol 9. A el z, cytokine, adhesion molecule
2o olg 7Hx AAFo] AAZ/|A L] B5e} 27
A e A ST W o] glrhow,

A2 FFAZY o7t 24T 1 9Ed EA
Aol AAoly & S AL EE £33 5 Sk
= Apol FHAWA A FNAEE o) §3) thFe
e ARS 7hed e W A 3L sl
ol el Ao, B2 A EF=
FE g 57 AE £8S5 19 o) A
HE oA Do, o] A XF+= 3&57] WAE
(04, galactocerebroside), 4] 44 X (GFAP), A1 7 & v) 4
H];(Vlmentln) FA L] x50 7 NS
S ety o o] M| X EL2 cAMPE =29l dibutyryl
CAMPE 7Fetel voystalth AR E B 2ol A
e A9EEY ¥ 2P0 ty 74X
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1. B2 M|IZ2EE{ B2A1 M|Zo| 2HAH

W A E F 3E7] WA E 9 AAp ] F= FA
71 MR = 12-165 A9 ] A< BALBI/c A 7] <]
e ZHE Ao AT, ol A 3E 7] WA E 22

Al FH > vt 2ok B E A X ES S8 7
Ao r AA Fi Bl A4E A2t Percoll

ot WS ol doto] e =
E{ enriched-oligodendrocyte /astrocyte7} & o] H t}. o] A
T EL 10% S8 o} 3 (FBS), 100 U/ml penicillinz} 100
ug/ml streptomycino] 3 7}-% Dulbecco' s Modified Eagle
Medium (DMEM)uj %o & A8t 2 5% CO2/ 95
% air, 3°CS) MYAAH MFHGLOH HFel & o
dviet 24 33

e A F T AEY 60~80% 7F SE7] WA
Xo] Eo]d FEA A} galactocerebroside (GalC)oll
WAE S 235 F NG A AES A2

o] Z=2]o] FAEN O o] 52 glid fibrillary acidic
protein (GFAP)S 2d 3= HY *é A 3 (20~ 40%),
Ricinus communis agglutinin-1 (RCA-1)& &8 3l+= 43
A EZ(1~5%), 21812 e o2 thE WA EZES+=
THEE AL S B A E(30~40%)E /] =
of AUt o] MZE AEES AN 3ted 0.1% trypsin
/1ml EDTA 2 A 2] & vj ok ujx] Aol 10° celsmlZ 75
e T Zepin=el vl gstdvh. At ¢ dFLol
& 2| ¥ skt

-lE i L10

JEEEDEDEEERELEFRYEL PSR
LE Y Sk F0I%7 A 2500 A g o
26l Y Fol MAAEE BRFHOE FA 9| AL
e 343 H27 o E B2A T Bolch. 8A A
7h Aol A B2AI = o w4 Aol A of L A el A
EUe glo] 25 A4S Arh TASS 10% 7133

<

(HS)S 3 3al = v < ) %) ol 4 25w o] At} o 374 &
A 6Y oo fAEUT QAN FE2 AT
9] & 3913} 7] $13Ho] G-banding® & o] &3t 8 g A
‘8

|

< 3 A3 B2A| £9] £ JA A 4= 407] & BALB/C A
Hel g AMEY A o} LA
B2A1 M L= B2A| 22 F-F F ¥ 9] A2 9 A g

219 (limiting dilution) 2 E8 22 &qto. ¢ N X2
A7) 98 B24 EZ 0.1% trypsin/0.02% EDTAS] 4 37°
Coll A 153 &3 v &3t aL, 10% FBSE X st i
Aol vl o3} 27, 96 well microtiter plate A}l 3+ well® 3}
e MEE EF5Anh woFe S dF Lo 2H A np

-226 -



M%7 HERE s MEEIIMERS el 2% 9

ol rit
Fl

o
2 >

FAE A ste] 3453 Fo o
A A 84N Bhe) well
5915513 ©) & B2ATHL ¥
Aol A 287) o) wellol] T A % 2 )
o wello] A 34, 29 A EE B2A
o. o] I XEL 10% HSE x5}

1 2 = A

=

r

T u
o

fe o md

o\
>
o

[
E
2
i&p
1

9l

1N

[o o2

9
o de

of
rir

ol Y
oR
ofr ofr
- -
2 T

o

Moj

)
2
12

MlZ=tet HAL

WA £ 318t4 J4S 9)ste] B2ALM E= poly-L-
lysine (PLL)E *] 2] % 9 mm Aclar coverslipe] 10
cellgcoverdip®] Al 2 & wj Fat v Al 25 5 10%
HS7} % 7bel DM4 mediao] A 59 %o ) F3131 7,
DM4 medias= 10 gg/ml insulin, 10 g/ml trans ferrin, 0.3
nM triiodothyronine, 30 nM sodium selenite, 72 2] 32 50 nM
hydro cortisoneo] 3 71¥ DMEM & .2 4] & 9] t}.

Insulin (Novo Laboratories, Willow dale, ON, Canada)-&-
A &3 BE FEEL2 Sigma (St. Louis, MO)AL 2 5-E]
29l

AAAE BHEL A8 98 A wF2e A
Y Sl BAR F, 47 714 E ) nestin, 217919
8 tubulin isotypes} low molecular weight neuro-filament
protein, A A4l 3 o] GFAP, 3] & 7] WA 3£ ¢ galactocere-
broside (GalC), A~ Al 3 2] Ricinus communis agglutinin
lectin (RCA-1) A £ o] &3 A x4 518t A 5 Al
3} 92 th. Mouse anti-# tubulin isotypell &< 22 A <
biotinylated RCA-12 Sigmax}, GFAP2} myelin basic pro-
tein (MPB)o] tj] 8 Rabbit antibody’= DAKOA} 2 5]
3 2™, Mouse anti GalC monoclonal antibody+ Dr.
S. Miller7} A -3} T},

 z}akA) &F Wk So hiotinylated secondary antibody
¢} avidin-biotin complex (ABC, Vector, Burlingame, CA)+t
<& 7% 3-amino-9-ethyl carbazole (AEC, Sigma) chro-

Table 1. Cell type specific immunocytochemical markers

mogen®. 2 WA A Zth AZAMES Y W5 54
Q) @A E o] §314 T} (Table. 1).

3. MZEIRIZ X2|5H B2ATM|ZL]
& RT-PCR £4

CIOME BIBH

=

B2A1 Ml 2o &8t thaket NS F=o
ek NBAZ Btz thal A-st7] fla) A=
£ 10* cells/coverdip ©] H] & 2 PPL-coated coverdlipol] 5
v 3} k. 18] 22 DM4e) A triiodothyronine=} hydrocor-
tisone supplemento} oA o9 RS 242 A7t
sto] 72A1 7+ 5 oF a &3tk 10% HS, 10 mg/ml
insulin, 10 mg/ml transferrin, 30 nM selenite< &
(ITS,Sigma), 1 mM dbc-AMP (Sigma), 10 #M retinoic acid
(RA)(Sigma), 100 ng/ml recombinant human basic fibrob-
last growth factor (bFGF)(GIBCO BRL, Gaithersburg,
MD), 100 ng/ml recombinant human platelet-derived
growth factor (PDGF) AA (Upstate Biotechnology, Lake
Placid, NY), 10 ng/ml leukocyte inhibitory factor (LIF,
Sigma) or 100 nM phorbol 12-myristate 13-acetate (PMA,
Sigma). Nestin, 8 tubulin 11, GFAP, GalCol| o 3 ¥ o A
E3HeHA ) A oA 7] wi < A E whskth

RT-PCR &4 & $]3] B2A1 Nl & 6 well plated]] 5x
10° cellgwell 2 &3 & $]¢] cytokineg 5 3tU&E A
2] ¢k DM4ul] F o} o] A} 59 7+ wjf &3t %l ok RT-PCR
oligonucleotide primer (Table. 2)5 7171 Z}7z}2] well o) A
FE28 A Zo A AP eA T ABE7AMEe BA
2} 2 A negtin, Notchl, PDGFRae 2] &3 © 2 4 A &} 9] t}.
B2ALA £ &) N7 A8 542 &357] 913 cDNAE=
NF-LZ 353] PCR cycleg AXIth F712 tE F341
AA ANE EARE S AAA Zdd = GFAP, 3 E7] 1
A Zoll = MBPE 2 Absk it

¥ XA A= CGlycerddehyde-3-phosphate dehydroge-
nase (G3PDH)E o] &5} 3ith A ¢ RNAE Z4zHe] 4

=2

Antigen Specificity Clone name Subtype Source
Nestin Neural stem cell 1gG1 Chemicon
NF-L Neuron MADb IgG1 Neo Marker
Btubulin 111 Neuron SDL.3D10 MADb IgG1 Sigma
GFAP Astrocyte Rabbit DAKO
GacC Oligodendrocyte Mouse Dr. S. Miller
MBP Oligodendrocyte Rabbit DAKO
RCA-1 Microglia Lectin Sigma

NF-L: low molecular weight neurofilament protein, GFAP: glia fibrillary acidic protein, GalC: galactocerebroside, MBP: myelin

basic protein, RCA-1: Ricinus communis agglutinin-1 lectin
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A EZ 55 TRIzol reagent (GIBCO-BRL, Gaithersberg,
MD)E Ab&ste] &8ttt 2h2he] A 23 E HA|
DNA (cDNA) 7}9&©], 35~403] 2] PCR &= 7](30%
T 94°C, 60% FQF 55°CollA AA3E] &1 0% F
o 72°Coll A extension)E 721 MMLV reverse transcrip-
tase (GIBCO-BRL) 400 unit-g A}-4-3}o oligo dT primer
FE dol7l 2 pxg¢] total RNAE B FH] = .
Fe] PCR product®] 10 47} 1.5% agarose gel A 7] 9
o o3 EAEAT A EE bands A€ A &

o ofsf 443ttt

Me ooft N
rE N HU

ol
:-:

1. BAEE BStEol ofst Beal MIES| AIHBTIN

P S 383 i x| o A B2ALA| £ = 7-8 m 7 2 7}
S EE AT AEZE BAY, WA E A
A& Yol 2l 2 S ek 4L BATHFg 1A). 1 A
T nestinel] 91.8%e] 4 7 & ik-g-A & W ekl th(Fig. 1B).
T3k NF-L (3.1%)(Fig. 1C), B tubulin T (2.7%) %43 <
AAAE7 AR o, GFAP (AAAE A2
Zoste E}E SFANRA BAAAAE A E 2
6.9%° A M FA S B e m(Fig 1D), GaCsel MBP
(BE7] XA E ZAA)E 22 5.6%9t 4.7%E e
o 23 A E EA A RCA-LE W] SA9-SS v}
W tH(Table. 3).

o >

Table 2. Sequence of PCR primers

Aol X{2lofl 2|8t B2Al M=o Tiod A|EsS}

~ EX|
1 T o

N
1900
L

A kst JARIAE X2 DM4 T3 wj
o] A ulj ek¥l B2A1 A o t) & Nestin, A tubulin I,
GFAP, GalCdll %41l Al ZE-2 Fig. 29} 7t} 10% HS,
ITS, c-AMP, bFGF, PDGF, LIF == PMAE &3+ o)
% vl 2] o] A u oti]vj, B2A1 A 3 ©] 88~93%0] A nestin
of Wodnk-gAd-g HATH(Fig. 2A). nestinell 43 Q1 Al Z
o] vl &> RAE ool vl o vl A of| A ok 7F ZHA 3
tH(70.5%).

PDGF, 8 tubulin 1 & 2] ® uj ool A B2AL 4] £ 9]
3.8%7F &5k} 2, vt 10% HS, cAMP, RA, bFGF=Z
A H WA A = o AA(1.8~2.7%) Fd S ot
(P<0.05). ©x] 22 A ¥(0.5%¢)3})5+o] ITS, LIF, PMA
2 A vk wA A g tubulin Mol FAS EAt
(Fig. 2B).

CAMPY PDGFE 3§ty 3t vl & v x| el 4] ul) ksl

ol

Table 3. Immunocytochemical expression of B2A1 cells

Antigen B2A1l cdls
Nestin 91.8%
NF-L 3.1%
Btubulin 111 2.7%
GFAP 6.9%
GacC 5.6%
MBP 4.7%
RCA-1 -

%: proportion of positive immunoreactivity in B2A1 cells
-1 negative immunoreactivity

Gene Sequence (Sense and Antisense) Product size (bp)

Nestin 5 -AGT GTG AAG GCA AAG ATA GC-3 317
5 -TCT GTCAGG ATT GGG ATG GG-3

Notchl 5 -TCA AGG CCC GGA GGA AGA AGT C-3 976
5 -TCA GGG GAT GGG GTG AGG AAG-3

PDGFRa 5 -CTG TAA CTG GCA GGC TCG GAG-3 331
5 -GTT GTC TGC AGT ACA AGT TGG CG-3

NF-L 5 -TCCTACTACACCAGC CAT GT-3 284
5 -TCC CCA GCA CCT TCA ACT TT-3

GFAP 5 -GCA GAG ATG ATG GAG CTCAAT GACC-3 266
5 -GTT TCATCCTGGAGCTTC TGC CTCA-3

MBP 5 -ACA CGG GCA TCCTTG ACT CCA TCG G-3 510
5 -TCC GGA ACCAGG TGG GTT TTCAGC G-3

G3PDH 5 -CCA TGT TCG TCA TGG GTG TGA ACCA-3 251

5 -GCC AGT AGA GGC AGG GAT GATGTT C-3
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Fig. 1. Cytologic characteristics of B2A1 cells disclosed bi- or tripolar cells (A) phase contrast microscopy (B) and show
immunopositivities for nestin (C) 8 tubulin 111, (D) and GFAP.

B tubulin lll (%)

Nestin (%)
- 5
100
4
80
60 3
40 2
2 1
w ®
0 0
10%HS TS cAMP RA bFGF PDGF LIF PMA 10%HS TS c¢AMP RA bFGF PDGF LIF PMA
GFAP (%) Galactocerebroside (%)
20 or
16 8
12k 6
8 4
4
™
© : ©
10%HS ITS cAMP RA bFGF PDGF LIF PMA 10%HS TS cAMP RA bFGF PDGF LIF PMA

Fig. 2. Multipotential differentiation of B2A1 cells by treatment of growth factors. Most of al cells were immunopositive for nestin
in any culture condition (A). Immunopositive cells for 8 tubulin Il significantly increased in PDGF-contained media (B),
while GFAP (C) and galactocerebroside (D) positive cells markedly increased in c-AMP or PDGF-contained media
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GFAPE B2ALA X ©] 14.7~16.4%¢) A & ¥ 31 2, 10%
HS, ITS, RA, bFGF, LIFE F &3t WA A&
4.1~6.9%¢l A 23 = ¢l th(P<0.01). GFAPel| tj gt ¥ o
FYurEE PMAE gy ate wi A ol A= B2ALAI X7}

2.2%9) A K91 tH(Fig. 2C).

10% HS, cAMP, PDGFE 33t vl X ol A ul} oF 5]
™ B2A1 A X ¢] 5.6~6.8%7} GalCell %49l Al o]
3, 4.2-2.9%%= RA, ITS, bFGF, PMA q}%—s}% uj 2] of] A
&7 1 21 tH(P<0.05)(Fig. 2D).

3. Cytokine XIZ|0f| 2|3t B2A1 M|Z2| &

B2ALA X7} 7] - dalE 1749, AT, 587
WA E B ol el AAZ/| A EY HH BAAAA

dobH 7] fl8l, TS cytokine = A 2] sho] ul FH
A Z A RT-PCRS AP gt} &&= AT = house
keeping 7 2} G3PDHY] BH S 270 2 4F9kon,
I A TFNAAY 72 52 27 AFA X
% A AH(nestin, Notchl, PDGFa), 21739 3% *] &}l NF-L,
AAMNE EXAAQ GFAP, &7 XA E EA A
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7h SR 28] Ak ui ok 1d o] Fe] 717k AR

Aol FO 2 RE B2A X2 E A4t B2 Al 2= 10%
HS 3-f A ol A m A< 4173 9)ul] §f Al #2990 59
Zz7 dguE ‘ﬂ'ﬂ—'i o vimentin°ﬂ WAl S ‘/}E}lﬂb

HH x] o H 1mM dbcAMP4 —'—ZH o]—oﬂ 5¢ 4 HH ooko}oq,
vimentin, GFAP (/d 34| 32 ¢] 4]7}), O4¢} GaC (3] &

7l AAZE EAR) AP S BT B L
NAAA, RLAZR, W) AL A o A%
Sol 5ol EARE WASA £t ol H e AA %
e 40l 54 B2 L} P 4% AAIMYG Azt
AT ATAEE 7450 3] _a%4ﬂdw
oA WA AW AL stel B2A e SHA
2¥H 28 9 A o aszuwi%@
AT TER AAY FF EE Y 4 A LS
LR SoARE. B0 AAD vl D]
AR AT BH AFAAS s A el ol
Wel A % 5513} RT-PCRo] oJ4) 4% 591tk BAL
Ll e e AAZ/ALY o 74 EHo] &
SEPE

WA o 9] A EOL8W) T} 35414709 17457
AT BolHoz BHsE FRAANE Gl

-1 i LR =
nestine 1—41 3 m o] ok o] A ThEE S A = B2ALA ¥ I
A E

, B E7] WA E A A e ¥

10%HS ITS cAMP RA bFGF PDGF LIF PMA
Cs e e e -‘

Notch1‘----- --7
LT —— - e

NF-L | - D wR e e e
GFAP | M W D W o D |
MBP W .= =

GIPDH | e W W S - -

Nestin | -

Fig. 3. Gene expression of cell type specific markers studied by
RT-PCR in B2A1 cdlls. The cells expressed both neural
progenitor cell markers (nestin, Notchl, PDGFa) and
differentiated cell markers for neurons (NF-L), astro-
cytes (GFAP), and oligodendrocytes (MBP). The
expression levels were variable related to addition of
growth factors.
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SFAZA AN AEZE S}l g0 A
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