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—ABSTRACT —

Background : Neural stem cells are present in adult brain as well as fetal brain and have capacity for self-renewal
and pluripotenciality in vitro culture. Therefore, they can be used to treat neurological damages in various dege-
nerative disorders. Objectives - This study was designated to isolate neural stem cells from the central nervous
system of neonatal mice, and to examine the effect of brain-derived neurotrophic factor (BDNF) on glial and neu-
ronal differentiation in mouse neural stem cells. Materials and Methods - Cells isolated from the subventricular
zone (SVZ) and the olfactory bulb of the 2—3 day old mice brain were grown as neurospheres in the presence of
leukemia inhibitoy factor and fibroblast growth factor-2. RT-PCR analysis showed that Oct-4 was expressed in
neural stem cells, of which expression was markedly decreased by induction of differentiation, and that neural
differentiation of neural stem cells induced expression of various neural markers. Results : Neural stem cells
were differentiated into neuronal and glial cells. BDNF increased neurite outgrowth during differentiation of neural
stem cells. Western blot analysis demonstrated that BDNF induced expression of synaptophysin, a neuronal marker,
and inhibited expression of glial fibrillry acidic protein, a glial marker. Conclusions : These results indicated that
neural stem cells can be isolated from the subventricular zone and the olfactory bulb of neonatal mice, and that
BDNF induces neural differentiation and inhibits glial differentiation in neural stem cells. (J Clinical Otolaryngol
2004;15:227-233)
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Gene Product (bp) PCR primers (5'—3")

GFAP 346 5'-TTG CAG ACC TCA CAG ACG CTG CGT-3'
5'-CGGTITTCTTCG CCC TCC AGC AAT-3'

Glutaminase 560 5'-GCA CAG ACA TGG TTG GGA TAC TAG-3'
5'-GCA GGG CTG TTIC TGG AGT CG-3'

Oct-4 320 5'-CGC ACC ACT GGC ATT GTC AT-3'
5'-TTIC TCC TTG ATG TCA CGC AC-3'

Tyroxine hydroxylase 188 5'-GTG TTC CAG TGC ACC CAG TA-3'
5'-AGC GTG GAC AGC TTC TCA AT-3'

B -actin 757 5'-TTG TAA CCA ACT GGG ACG ATA TGG-3'

5'-GAT CTT GAT CTT CAT GGT GCT AGG-3’
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Fig. 1. Photographs of neurospheres which were formed from neural stem cells isolated from the subventricular zone
(A) and the olfactory bulb (B) of neonatal mice. Cells isolated from the subventricular zone (A) and the olfactory
bulb (B) of neonatal mice were grown as neurospheres in neurobasal medium that leukemia inhibitory factor and fi-
broblast growth factor were supplemented.
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Fig. 2. Photographs of neural cells derived by differentiation of neurospheres isolated from subventricular zone (A) and
olfactory bulb (B). Neural differentiation was induced by plating neurospheres on PDL-coated culture dishes in

neurobasal medium.

dium orthovanadateDl 000 OO O0OO00O 0OOO
000000 00000. 000 protein(80~100 ghwell)
0 12.5% acrylamide geld 0OO0O O hybond ECL
nitrocellulose O (Amersharm Pharmacia Biotech)[
0000 00O 000. O nitrocellulose 0O rabbit
polyclonal glial fibrillar acidic protein(GFAP)O mo-
noclonal synaptophysind 00 OO00 O horsedish
peroxidase] 000 antirabbit antimouse IgG 00O
(Amersham Pharmacia Biotech)(1 0000 enhan-
ced chemiluminescence(Amersham Pharmacia Bio-
tech)y 00O OOOOO.

M4EEY

—

M2 subventricular zoneZt olfactory bulbIN 2%
EUMES 23 R oY

00 2~300 O0OO0OO0O ooo 0oo oooo 10
ng/mi0 fibroblast growth factor O LIFO 0000
0000 000 OO0 neurosphered OOO0O OO0
O 00O (Fig. 1).

U oboo bobo oobo oob ooboo boo
0 00 00 0000 000 neurospherell PDLO
coatingd 0OOO0O neurobasal mediumd O0O0O0
000 00000.Fg. 20 000 OO0 OO0 00O 20
0 SVZ O offactory bulbO0 000 neurospherel

230

B-actin —Pp

Fig. 3. RT-PCR analysis of Oct-4 expression in neuronal
stem cells. Neural stem cells were differentiated to neural
cells for 15 days and total RNAs were isolated. Oct-4 and
B -actin primers were used for RT-PCR. Lane 10 undiffe-
rentiated cells, Lane 20 cells differentiated for 5 days,
Lane 30 cells differentiated for 15 days.
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Fig. 4. Expression of neural markers induced by differen-
tiation of neurospheres. Neurospheres derived from SVA
(A) and olfactory bulb (B) were differentiated for 15
days, and total RNAs were isolated from control (lane 4,
5, 6) or differenfiated cells (lane 1, 2, 3). Expression of
neural markers was analyzed by RT-PCR. Lane 1 and 40
GFAP, lane 2 and 50 Glutaminase, lane 3 and 60 Tyro-
xine hydroxylase.

Fig. 5. Immunohistochemistry of neural cells derived from
the induction of differentiation of neurospheres. AO A cell
immunoreactive to GFAP. BO A cell immunoreactive to
MAP-2. CO A cellimmunoreactive to GABA.
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Fig. é. Effect of BDNF on morphology (A) and expression
of synaptophysin and GFAP (B) in neural stem cells. Neu-
ral differentiation were induced in the presence or ab-
sence of BDNF. A Morphology of cells was examined by
phase contrast microscopy. Upper panel represents cells
differenfiated in the absence of BDNF. Lower panel re-
presents cells differentiated in the presence of BDNF. B[
Expression of GFAP and synaptophysin were examined
by Western blot analysis. Lower panel represents a protein
gel stained with comassie briliant blue-G250. Lane 1,30
neural cells differentiated in the absence of BDNF, Lane
2,40 neural cells differentiated in the presence of BDNF.
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