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Fig.1 The figure outlines the behavior of proliferationand differentiation of NSCs(modified from reference [1])
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A: cells have started to split and aggregate in suspension after primary cultured 2 days; B: proliferating cells formed irregular cell colonies after primary
cultured 3 days; C: proliferating cells formed neurospheres after primary cultured 9 days; D: the neurosphere became low refractivity after primary
cultured 15 days; E: the neurosphere grew well after successive passages; F: the differentiated cells have started to migrate away from the neurosphere
after induced 2 days; G: the radiating processes developed from the neurosphere after induced 5 days; H: the cells have almost migrated away from the
neurosphere after induced 12 days; I: most differentiated cells showed neuronal-like shapes and interacted forming network; J: Nestin-positive neuro-
sphere; K: NSE-positive neuronal-like cells; L: GFAP-positive astroglia-like cells. Bar=30 pm.
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Fig.2 The cultivation of NSCs ir vitro and immunofluorescence for identification
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Fig.3 Cell cycle detected by flow cytometry

3 g

H T, NSCsAMYAE Ky Z W bR 40 f G A o2t
RGP A A ARG, 1R & SE ] TR
RUF 40 B 2 A4k . 1E & FH-T-NSCsff 3. AT 58k
7Yz, A 52 N AMIT T OGN, {H B FNSCs
TE B i A 0 D HL 0y B AE, 32852 AN R A2 B
SEAIE 5 RN R N B 7 B2 I8 4 ST R T EE I
NSCsfA#h 5 IR B, To5HE R AATTXINSCsF R N A
FORNF AN PR T 8 P 6

W] 43 2 3R AFNSCs 5 7 FINSCs ¥ i, s 1
FFNSCsAH A I SCHE . H mE FH 10 2 25 R 7%
T3 10 T B W AV AL 23 B I A2

e T Tk R A A ) 4D 5 5 T R O 5% 5 A ok SR 3R
HUNSCsi) H 1o MR vE I (8, BARREAE R
{140 IR TR R A5 H5 5 22 1 4 i, (E AR X o Ay b A 4 il
fEAE FH 1) B A I TR) o EL VS AH 70 T e 2 BAINSCs
T IR S AR, Al ek 28 24 K DR 1) AR PR A1
Pk, NI T 40 B v . LB 2> 2095 ) 2
I S B A R RTINS Cs, H B Y, 640
BAGEEN, AN A7 2, W PELF . ASER R F LA
IY RISy BN . DR SIEGE AL A L R T 41 2R,
PR B ILRGHE, AMIANIE TR, 4E4F AR5 R
/b, G 5] PR B R AERARA F, B LA SE it IR 7} B F Pas-
teur 7 AL IR A UMARAE, AU b AT 40 H i) 43
SRR

T 40 AR AN RS FR I R R, — N SR 11 )
U W e R R RS IR B 1. seRtik A
ANE M RS IR, A8 7 F v T Ath 4 g ey T Bk
Z ML SR B WAL, 2254 #3 LL 25 Bk, NSCs
Wiz AL 0 i ok o BTV IR A7 22 R HE 140 g
A KR AE 3 I kB e %5 . EGFAIbEGFAE 4 5 42 4%
ZJe, Al gk — P R UENSCs[1 4> 2414l . i 45 K
PR A1 85 FENSCs [ b i 1 T S REHEE), MoriZE !0
F 5 RIE B, P22 R T 40 0 119 o 9 2 R i e 1)
(EI1)o ARSIz NFL I 1S 23 2R 15-40 i, SR G Il
T IR AT RS 9%, A0 MG B T B v P BR, BTRAE
Koo 0 T8 o MR 27 0 (107 SR RN 48R 4 R B
BRI, AWrbBEAT se b . 5 I 40 B SR AR 4E — i,
AT LT T R AT A A ) T P i A K DR 1 B 4
Ao IXFE, KR40 SR AR & A L BRIK R B
TAUI 0, ik T 11 440 R X A P 3 S A
R, TR K o B BR 1 7458 5k 5 386 I ik, BR A4 o g [X
I A0 23 b T B D R RR RSN, sEG
Hh, 3B G v B ER AR KK, T8 i Pasteur I B AR AR 1
WRET, BEATARARAR B, A5 o B2 BR 3 U B 40 i /)
SRR, AR 40 0 5 A Mo 3k AT B IR . HE
AT M 45 R AR A B, 2% )5 40 B nT LA IZ T3 o,
NSCsA W B Fealifl . 75 540 i v B 1 35 Feak f o,
G2 YESALAR, WA R B ALK RIFI I Z B, L
MAEIRIIEE. G505 RS EREE AR, R
S 43 B 15 IR (NS Cs L AT 3 4 F i 1% AR I fig
[ B, 30 QA FRASCRSZ 365 DA m e ek A i 13, Sl
S+Go/ MU I 4H it L A9 452 15 2 (36.27+1.99)%, A&4C S
(40 B A KR A R A, b T8 A 7 BRIFIDNA £ B Fl



A A LRI 2 TA R ARS8 . 3 SR Ao

1021

G, 20 G B R, BT R, R B S
5 B EE SR IINSCs A7 R U I FR S T B ).
P P4 B AR B AR AR s B k3 S S A
tBHE . Nestin e M LA 1 1 240 M 385 1, N 2R
IV 22 5 A, A ENSCsIIARGEY . S &5
SR B, ARSI 43 B IRAT R A0 B LR G AR 1 e S e
e Y 0 45 A 75 AYNSCs ) [ 3 5057 A o [ 184 4
FEfE. NSCstE b 41 & ARG 97 WF 58 b 1) = ZE Ak
S, — LK, DRELAE ofd b i i D FL R A
(1) G e HE 7 S Y. 1M 52 2 BR L. T NSCSTE 444 M 1 5
ali A e R b, B S 40 A A R T 4 ) LA A
T A )2 2 IR e e, T P vt B 7 A FRINS Cs st 2
JEAR FRINS Cs G 988 Ji P AR, BTG mT AV Ay R 4 i it
PRGN L, 5 2 40 AT R AF I

LY v FE NS Cs e 18 A TR M, b Bk
T e REORE 2 ) AL R . SEESR A B G
A= I3 F 5 PO A S BRI TR S, B P T
NSCsIH 7 RHIE . (L7 Th & A 2 FiE PR, A4S
A AR IR o A2 S 1E R, BT
BRNSREA K, FFEWT b . 1515 S R0 0T 41 i (Crl)
A EE, 204k 41 B S+Go/ MY 1 41 i 77 43 B W 5 o /b
(P<0.05), 73 4¢ 5 4h B K 245 3 T-Go/Gu W . 48 i J
IR e TGO, GOBR I AINSCs A= K A
HHRER, S M 38 58 A A= e o 20 e SRS I &5 SR A
NG FE T HENSCsIDNA A i, NSCs L 46 &5 i
g, BENMMOIRS . SRR, AR R RE
H 2 Mo o1k B S B R 22 T RE T A, D B e 431k
HA R TR LS 41 ML, NSEFIGFAP/3Jil A2 #if
28 JU R IR A M i e PR AR S, o A TR 4 i
b s Je i 25 I 23 il 7R AUNSE. GFAPHL (5 FH 4.
ARSI 5 DA I AR RN BB 1R s # 3 W, NSCs
Res SO TORE AN MR 2 B A M . DA B &5
TR, 206 70 B4 1 (NS Cs BT 2 1) 20 AL (R VE RE

g LTIR, SEG gk BT A % ENSCs i baift:
A A F R Z 104k g, W SLI0 ) o) 2 8
7% TNSCs. NSCstASME R H e 18 ik 41 fu i 57
FREANL RS TR RL INSCs ) 73 1 4F
Yy R 2z R &, I — DR TR NSCs I AR 1K,

M AINSCs 2 447 R N H T FE Al BIE 58 Al PR i
J7 B BEA

S22k (References)

1 Ahmed S, Gan HT, Lam CS, Poonepalli A, Ramasamy S, Tay
Y, et al. Transcription factors and neural stem cell self-renewal,
growth and differentiation. Cell Adh Migr 2009; 3(4): 412-24.

2 Galli R, Gritti A, Bonfanti L, Vescovi AL. Neural stem cells: An
overview. Circ Res 2003; 92(6): 598-608.

3 Chang KA, Kim JA, Kim S, Joo Y, Shin KY, Kim S, et a/. Thera-
peutic potentials of neural stem cells treated with fluoxetine in
Alzheimer’s disease. Neurochem 2012; 3(17): 613-21.

4 KT FEAFLBADRI TP UER L. TP NI B2 A
(Guidance suggestions for the care and use of laboratory animals.
The ministry of science and technology of the People's Republic
of China), 2006-09-30.

5 Sataoshi S, Takehiko S, Hiroaki K, Kazunobu S, Christian G,
Schuichi K, et al. Purinergic signaling promotes proliferation
of adult mouse subventricular zone cell. Neurosci 2012; 32(27):
9238-47.

6 Mayu L, Masahiro O, Teruaki K, Kana M, Toshiaki T, Takashi N,
et al. Proliferation and differentiation of neural stem cells irradi-
ated with X-rays in logarithmic growth phase. Neurosci 2012;
73(3): 263-8.

7 Taupin P. Stem cells engineering for cell-based therapy. J Neural
Eng 2007; 4(3): 59-63.

8 Vescovi AL, Snyder EY. Establishment and properties of neural
stem cell clones: Plasticity in vitro and in vivo. Brain Pathol
1999; 9(3): 569-98.

9 An YH, Wang HY, Gao ZX, Wang ZC. Differentiation of rat
neural stem cells and its relationship with environment. Biomed
Environ Sci 2004; 17(1): 1-7.

10 Mori H, Ninomiya K, Kino-oka M, Shofuda T, Islam MO, Ya-
masaki M, et al. Effect of neurosphere size on the growth rate of
human neural stem/progenitor cells. Neurosci 2006; 84(8): 1682-
91.

11 Glicklis R, Merchuk JC, Cohen S. Modeling mass transfer in
hepatocyte spheroids via cell viability, spheroid size, and hepato-
cellular functions. Biotechnol Bioeng 2004; 86(6): 672-80.

12 Singec I, Knoth R, Meyer RP, Maciaczyk J, Volk B, Nikkhah G,
et al. Defining the actual sensitivity and specificity of the neuro-
sphere assay in stem cell biology. Nat Methods 2006; 3(10): 801-
6.

13 Harrower TP, Tyers P, Hooks Y, Barker RA. Long-term survival
and integration of porcine expanded neural precursor cell grafts
in a rat model of Parkinson's disease. Exp Neurol 2006; 197(1):
56-69.

14 Xing Y, Zhang ZJ, Jing Y, Han XF, Xu Y, Yan WH. The change
of potassium current of neural stem cells cultrured in vitro from
newborn rat hippocampus. Appl Physiol 2008; 24(3): 306-9.



1022 ARG

The Research of Isolation, Proliferation and Differentiation of Neural Stem

Cells from the Newborn Rat Hippocampus in vitro

Bai Ruiying', Zhang Zijuan?, Wang Yali', Li Xinjuan', Cheng Yuan', Wei Linyu', Xue Hong?*
("Department of Physiology and Neurobiology, Xinxiang Medical University, Xinxiang 453003, China; *Basic Medical Sciences of
Henan University of TCM, Zhengzhou 450008, China)

Abstract The experiment aimed to explore the feasibility of the isolation, proliferation and differentia-
tion of neural stem cells (NSCs) from the hippocampus in vitro. NSCs were isolated sterilely from the hippocampus
of newborn (24 h) SD rat, which were cultured in the serum-free medium and induced to differentiate by the fetal
bovine serum induction medium. Immunofluorescence was performed to detect Nestin, NSE and GFAP in order to
identify the cell types, respectively. And flow cytometry was used to determine proliferative activity of NSCs before
and after induction. The results demonstrated that the cells isolated from the hippocampus had the ability of prolif-
eration and could futher form clone spheres and express Nestin. In addition, the differentiated cells expressed NSE
and GFAP, respectively. Meanwhile, the results from flow cytometry showed that NSCs were actively dividing and
the percentage of cells in S+G,/M was (36.27+1.99)%. However, at development stages of differentiation (3, 7, 10 d),
the percentages of cells in S+G,/M were obviously decreased (P<0.05), which were (26.39+1.10)%, (26.33+1.33)%,
(24.54+1.12)%, respectively. In conclusion, neural stem cells exist in the hippocampus of newborn (24 h) rat, which
have the ability of self-renewal and multipotent differentiation, and would be very useful for basic and clinic re-
search.
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