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Effects of ganglioside 1 and nerve growth factor on the proliferation of neural stem
cells in vitro
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Abstract: Objective
cells (NSCs) proliferation in vitro. Methods
containing epidermal growth factor (EGF) and basic fibroblast growth factor (bFGF) or without the two agents. Different

To study the effects of ganglioside 1 (GM1) and nerve growth factor (NGF) on neural stem

NSCs were isolated and cultured in vitro. NSCs were cultured in the medium

concentrations of GM1 and NGF were added into the two different medium. MTT and cell ball counting methods were used
to ascertain the proliferation of NSCs. Immunohistochemical technology was used to observe the effect of GM1 and NGF on
the proliferation of NSCs. Results High concentrations of GM1 (100 ng/I. and 200 ng/L) promoted significantly the
proliferation of NSCs in the medium containing EGF and bFGF (P <0.05). In the differentiation medium containing serum

but no EGF and bFGF, NSCs proliferation increased with increasing concentration of GM1 ; the proportion of neurons and
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gliacytes increased with increasing concentration of NGF. Conclusions

proliferation and NGF can promote NSCs differentiation.
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High concentration of GM1 can promote NSCs
[ Chin J Contemp Pediatr, 2009, 11 (10) .841 —845]
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1 #EFE

1.1 %

S W) Sprague-Dawley (SD ) JAF R B R}
B L v 5255 B 4 e 2 . DMEM/FI12 35 57 58
B27 & N2 F5 52K, 0. 125% [ 1 B B G 2R i
T H1 Gibeo 78wl S At s AN BEME 4T 4t 40 o A K 1
(bFGF) , N A K P F (EGF ) H Sigma 73 w] $2
fit; NGF |y Introvegen 72\ w]#2fit; GM1 H TRB 25)
PRt /NPT B I (nestin) HT{A B Genetimes /2 7]
PRt /N RPN S ITRE R I BER (NSE) Tk /N
PR AR i R M 26 11 (GFAP) Bk | 2 T 24 1R
GIBCO 2\ v $ 4t
1.2 7%
1.2.1 SBshHmiARsBH  B4F SD KA &
11220 ~240 g, BEHESTE,KH (565 2 K) 5%
WA ks, A& N0 (E0) K, PR
SITFIRSR, A5 13 R(E13), H42 13 d SD K,
FUHEBE FIALBE , T A% TC B S5 T B IR SR, A ) ik
TR T BUE B E , B DMEM (g0 T4 H o
1.2.2 BERAH NSCs o H 2 r 5o feit 2
TEEAEHER B0 T, A 0. 125% B8 1 B i
W, B 37TC/K IR AL 5 WA AT 0 e, A8 E
B 10% /A= 1ML iE 1) PBS-G AT 20 B 50
W B E 1R W, A4S A ML, ] PBS-G R E 2 4 Y,
PRS0, o5 B M v, ) N2 5 3% W (IE U7 s
DMEM/F12 3 5% W . B27 . 4 & [t i . EGF . bFGF . 3
TR NEERE R ) HAER N, 8 Ak i, BB/ e A A
QI 1182 97 T O {2 6l N s O s Ly
Bk 1 x10° 4~/mL,
1.2.3 RIS KGHMEMR T 6 cm 557
LA, & 37°C,5% CO, FEFefahisR. Hifk 7 d, 4
B 2 ~3 d PRI —IK.
1.2.4 NSCs 3R89 B BAERIE I P B IE 7
7 d 5 BE 20 S A I RE A M b R R 2 A K
BAIWATIE T O B0 5 38 18 e A
B RREHE S G IMA N, B 32801 % A ik g0
B A 37°C 5% CO, TRAf i e R 97 5 LA PBS
MR LAZ R B R E L, 75 BEE A
N, 55 55 W i B0 40 B B, AL AR T 6 em B3 5%
e b 3597 d, 82 ~3 d PR Edil—Ik, 29 7 d
B R—
1.3 SRMEELFERE

IR IR T nestin FABT e AL GL (4,

1.4 E5EET Y NSCs HEFE MM A M 2

W LA I NSCs BR 2843 85 )5 159 51 19 B 40 i B
UL R TES T HE LA 1 x 10° A/mL %5 FF B T
6 1~ 96 FLEFFEMH , FFFL 100 wL, BEE LI FHE
XTHEZH (%4 EGF (bFGF ) NSCs 5552 ) P4 XF
WA 2 ( R445 EGF \bFGF iy DMEM/F12 B33 , 4
4 AL A 37°C 5% CO, R4 i s, T
554,7,10 KO0 FIAH 22 i e AR 245 SRR X B 7
A H A8k A0 M A T A0 B BR T A0 MTT A
1.4.1 LA A bFGF,EGF # NSCs 3 % & &
Myt FampedgsiegHom LR FEHL AT 4
4 O BHE X B AL < 5040 i B2 BOICTE & bFGE,
EGF 1) NSCs $5 37 Wi 4% 7% . QNGF 41 . K B 200 ifd
TUMAE &4 bFGF Hl EGF ) NSCs 5 32 55 9%, I
JIA NGF (4 43 51 &y 25,50,100,200 ng/mlL)
GGMI 41 : 5 5 41 Jid 2 Wi 7E % 4 bFGF (EGF [
NSCs B3 Wid5 75, H A GM1 (&g B 43 511 10,
25,100,200 ng/mL) . @NGF + GM1 41 . ¥ %41 g
BT A bFGF (EGF 1) NSCs 15 FR il 85 9%, 5F
A NGF ( 24k B 100 ng/mL) 1 GM1 ( 2 ¥ Jif
100 ng/ml.) ,
1.4.2 ME LKA A bFGF 4= EGF 49 DMEM/F12
B P S AT e R FH 09 R R S AT
Gy 05 A, 5 R R, V0 B X B AT CRE- 540 i
EE AR 445 bEGF 1 EGF f) DMEM/F12 3%
WHEFR) 45 LA B IR A A & 41 bFGF il EGF
f) DMEM/F12 £33
1.5 £ ETZ4%T NSCs 1 58 24 0 i W 22

LA EJEAREE SR T d R NSCs FopEek, Bl
ST MERTEOR -, s R R T U E
A 0.025 Z R AR OIY 5 BE A 1Y 24 FLESFRAR
FEFLIN AL 1 mL, ZEAS ) (9 S 56 2544 T 1
7 d JE¥s w8 5 U 4390047 nestin GFAP NSE ft ¢
0 Ak 2 A BSOS 25 % NSCs 2 1E EL 3R 11
W, THAE BN A LLT 4 K4l ONGF
4 2 EIRREFRAR IS I 1 43 Ak B 3R 545
IMALLE 4 i B i) NGF (&4 B 4351 o 25,50,
100,200 ng/mL) ; @QCGM1 £l FiREEFEMR om A &
B 3 A6 KE 37 569 40 A LT 4 Rk B 1)
GM1 (23 5 43 5 4 10, 25,100,200 ng/mL) ; @
NGF + GM1 4 : iR 3G F= M i A & i3 ) 43 4 35
FEIF A GM1 (&9 FE 100 ng/mL) FI NGF (£
e 100 ng/mL) ; @XFHEZH . Bk BE FRA P A&
MBI FREE . M 7 d GRSl T
J5 nestin NSE .GFAP )53k,
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e AL % E R BT nestin (FURM BERE 6. 12 Gt AT 75 22 57 PR AL B8 A Dunnet £255,
1:100) 47 NSE(FUAMBEEL 1:150) J7T GFAP (Fifk  Kadi/KifE a =0.05,
FBERE 1:900) , 73451 NSCs M 200 R TR I I 24
fio WURTEBR T 4% M2 R PREREE 20 min, NI 2 Z5R
Pt FAL I 3% H,0, Kifi, AE4E 4 & H
3% BSA FH.Wr, M $T nestin BAHT . HT NSE HHT ., $T 2.1 &% bFGF 71 EGF g NSCs 125 &, 25
GFAP i J5 iR & & T 4°C UKA i %, 0. 1 mol/L  {ERT NSCs Bkt 5 K 28R iE 1 E
PBS JRIEUE 3 WR A — 9t ( —243% , Antibody 23w BERE IR RBOE N, £ FLAN M BR B S MTT fE 238
Feflt) 24 ,37°CHERE 30 min, 0.1 mol/L PBS IR . 1 FH ¥ X M8 41 A Lk, GM1 (100 ng/mL,
Ve #OR 3 I, DAB( R NE) B4 10 min, 75 200 ng/mL) BRI MTT {E7E4 d,7 d A110 d
ARREY,80% \95% 100% ZEEMEK, “HAREW, e, 2574 B35 PE(P <0.05) ;GMI(25 ng/mL)
VAR R 5 P, S BIE 3R T I R IE LAMIERB S, MTT {5467 d #1110 d W3y, 22574
1.6 ZitF4ahiE BFENE(P <0.05) o ASEGZHANBH XS IEAAH L 22
BRI H = bR 22 (v £5) Ron, R SAS HIEREME. W&k 1,

&1 &% bFGF 71 EGF pyiE 5 & P skt & R MRS H1illE (n=4,xts)
4d 7d 10 d
5
20k %L MTT fE gilligkz e MTT {E Bk MTT {f

FH M R 31.50 £1.29 0.118 £0.006 50.00 £1.93 0.131 £0.002 63.75 £3.40 0.162 +0.003
GM1(10 ng/mL) 30.75 =0.50 0.117 +0.005 53.50 £3.11 0.136 +0.001 66.00 =1.15 0.167 +0.004
GMI1 (25 ng/mL) 34.25 £1.25 0.123 +0.002 63.75 £2.22° 0.141 +0.003" 76.60 +2.16" 0.219 +0.004*
GM1 (100 ng/mL) 42.00 +2.58° 0.127 £0.003* 71.00 +1.41° 0.156 +0.004* 78.25 +0.96" 0.225 +0.001*
GM1 (200 ng/mL) 43.50 £3.51" 0.128 +0.005* 72.25 +0.50" 0.159 +0.001* 79.25 +1.71° 0.236 £0.001"
NGF (25 ng/mL) 28.50 +1.29 0.113 +0.002 47.50 +1.29 0.128 +0.001 61.25+1.26 0.158 £0.010
NGF(100 ng/mL) 29.00 +1.46 0.114 +0.010 51.00 +1.63 0.128 +0.003 60.75 +1.71 0.158 +0.002
NGF(200 ng/mL) 28.75 £2.99 0.112 £0.003 50.75 £1.26 0.124 +0.004 63.75 £2.22 0.160 +0.003
GMI1 + NGF 32.00 £1.83 0.118 +0.001 53.06 £4.83 0.136 £0.005 63.50 £1.29 0.164 +0.003

a: S5 HMEXT B EL , P <0.05,

2.2 ZEAREHE DFGF 71 EGF ) DMEM/F12 £  AHLCICHIR B> (P >0.05) , F1FH P % AR 20 A1 b 3
B, BYIER THEKIT R MIRTE HNE 1 (P <0.05) 5 433250 21 RN BH 4 X BR AL AH Eb , 41 Bl Bk

GM1(25 ng/mL 100 ng/mL 200 ng/mL) 24 140 MTT {Eg/> (P <0.05) , F1 %5 B4 A L
JIEREC S MTT {764 d,7 d,10 d Bf, FIPHMEXT IR 2RI EMNE(P>0.05), WK 2,

%2 A &%F bFGF 1 EGF RyiE =& R A paskit £ R M AaE S E (n=4, x+s)
4d 7d 10 d
2157
N R %L MTT f§ Yl Bk EL MTT f§ il 3R EL MTT {E
S % B 53.50 £2.08 0. 135 £0.002 66.25 +2.50 0.169 0. 002 73.75 £4.03 0.178 £0.003
GMI1 (10 ng/mL) 32.25 +1.50° 0. 122 £0.002° 49.50 £6.45° 0.161 £0. 003" 44.25 £2.22° 0. 158 £0. 007"
GM1 (25 ng/mL) 51.50 £2.08" 0.132 +0. 001" 62.00 +2.45" 0.166 +0.001" 70.00 +0. 82" 0.175 +0. 006"
GMI1 (100 ng/mL) 54.50 £1.29" 0.135 £0.001" 64.25 +1.71° 0.168 £0.001" 71.50 £3.51" 0.182 £0.001"
GMI1 (200 ng/mlL.) 54.50 £2.38" 0. 135 £0.002" 61.50 +1.29° 0.164 £0.001" 69.00 +2.94" 0. 181 £0.009"
NGF(25 ng/mL) 32.50 +1.29° 0.123 £0.001° 34.00 +1.83° 0. 123 £0. 005" 34.25 +0.96° 0.119 0. 003"
NGF(50 ng/mlL) 31.00 +1.14° 0. 122 0. 006" 31.75 £4.99° 0.117 £0.001° 33.75 +1.50° 0.115 £0.001°
NGF(100 ng/mL) 31.50 £2.08° 0. 122 0. 005" 34.50 +3.87° 0.117 £0.004* 38.75 +1.71° 0.115 £0.001°
NGF(200 ng/mL) 30.25 +2.22° 0. 121 £0.002° 35.50 +1.91° 0.117 £0. 003" 32.50 +2.65° 0. 117 £0. 004"
GMI + NGF 31.00 +1.63* 0. 128 0. 002° 47.50 £1.29° 0. 133 £0. 003" 49.50 £1.29° 0.161 £0.002°
S o) B 29.50 +1.29 0.122 £0.002 36.50 £2.08 0.118 £0.001 32.25£2.27 0.117 £0.001
a: 5 IPEXS BRZAELE , P <0.05; b 5EHEX BAIAH L, P <0.05,
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2.3 FHZTRIAAE nestin B REAMLRLETER
FUFHTHRRRAULBER

SLHGEE AR 40 5 BB T ULEE L B GM i
FESAN, 2335 nestin A 220 U R A FH 2 30 R i3 i3

v B GMIL fie it NSCs 385 (18] 1) 5 B NCF ¥ JEE
B, w22 Bk oA NSE FHE K& GFAP FH 240 i 19
FHE I (3£ 3) o

1 ARERE GMI Xt NSCs 3EFERIR M ( x40)
VREEHEN , 33K nestin P 2240 I BR IR R 1 SO H

x3 [AESAHNSE( +) HfaFn GFAP( + ) Z1hf

A4 (n=5,x%s,%)
2151 NSE( +) 4Ltk GFAP( + ) 21 L5
X HRAL 15.3+1.5 21.6 £5.4
NGF(25 ng/mlL) 19.1+3.4 27.1+3.1
NGF(100 ng/mL) 21.2+3.4° 33.9+5.6"
NGF (200 ng/mL) 30.9 £3.5° 41.2+2.7°
F {4 24.51 18.44
P A <0.05 <0.05

a: XA LLEL, P <0. 05

AV

3 e

i
T 1 BIF 5 2 2 AR A R RS (Sei-
ence ) TEIE ARG T AR IF 817 21 4t e Bl
IBFRGEZ s, At BB H . NSCs 2 i ERA Kk
JERT S E S 3 3, NSCs H 45 A 7 Ak et 4 58 A
B FTBRE 1 LA S oAb A ik ph 28 R 48 2 A
200 i (ot 28 S0 RS BT 400 i) 22 1w 3 AL TS RE AL SR 46
VRLH A RE T3 . NSCs f5c B2 4 7 FH 2 T 40 Jf 7%
i, FIIH NSCs 1) 22 1] 4316 ¥ g LA S h A pf 28 R
GEIE R S5 EE . NSCs B AR Y SZ B, 40
HARSN 53 BT 3 R A3 A H AR (R 57 e T A M AE A [
(IR 2 22 180 ) 20 Ak B S B, Ol rR AR 28 R e 48240
P ZR G0 AP s A% AR A B AT PR
TR IR TR TR R

RZEWFIE 3 B NSCs (1) 3458 | i 75 1431k 32 %)
N RIS R A IR o A MR B 1 5 A s o ok 1
KA RS g 7 B 55 41 i PR 7 1 A A 2 )
NSCs (3458 504k, i NSCs X Zh A R~ 52 g
HAZFME, NSCs 3 SR8 ) M 4E R 7 227 2257 3
B, % A 2253 24 ¥4 bFGF F1 EGF, bFGF
T NSCs H45H (1) 7 I B B R FEAE A 2257 Z4AE T, 48

A,B,C 1D 4351483 10,25,100 F1200 ng/mL GM1 41, [ GM1

SyBATE 4 T NSCs 45 75 T 20 Ml (49 °IR 255 EGF
X NSCs 3472 5 1 (9 3 70 f 8 R ) A g )

it 2578 % DR - 15 A 2 0 I FO 1 B A AL A T
R % AR, NGF /R4 — Aok k3
(R SRR T, S 4 R G T B R R R4y
Tz, RN RS I W R MR 06 B R
%, NGF REALE & 75 HP A B8 T 42 T N 22 JBf
ZICHIAEE B, 2 S5 2 AR I RE I
SR A R4 NGF o fis H iy 0 e )kt 25 500
P22 5 J5 200 L 64 8 0 R 2 B, SR 1 T
NGF A M4E, % BE NGF 5L B % {5 3k 2575, 1
ST R el 22 I O 3 08 2 R T A A K
fEHEMZIIRERI B . TR RS B iR L
A LA R R LM 28 19 P26 v %2 B0 NGF X R A Ll
Ze A AR AR S T, b 2 b 2 LA A AR
JHT o 2 HF TR 0 o0 S M R e 220 2 AU /2 14
B SRS, GMIL Ao Sz it v X b 42 22 5 S RE K
ST AL LU AT N SR 3 A BT
SRS SR BEST, GML A NGF 75 35 (R 21 41
XA B CR T B PR RIAE T . PR T E
GM1 BEs i 258 F2 R T NGF (978 3206 1, 0o
FAIERBET T ST RE A W 7E NSCs HY
PRAM-HEH GM1 B NGF 1 R % 45412 5 7F FF o 9 2%
) ZEAE DRI AE F L 340625 %F GM1 I NGF Wi Fh 254
VER 4 J5 I R NSCs B AL 10 J5 B2 1R 7 25 1) 34 5 Sk
il , A6 L FE T 40 A 97 M 22 R SR I G AA
T HE Bl

A SR TG LG B SR AR, B A 22k 0 375
HIAT FEE S NSCs SMEMAE K H TETHIRF K., A
WFSE4s R R, 76 % A bFGF il EGF [ NSCs 5¢ 42
B 5 3B 97 44 4F F, MI7E R &% bFEGF Fl EGF #Y
DMEM/F12 LRt B2 B 32 54 F , B 8 GM1 1y
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Ak NSCs 35 1EH . A 2253 %L+ bFGF Fl
EGF %f NSCs A Sk 4 43 i 42 3k /5 1 € 2 5% 3 30F
S50 RBFSEIESE GM1 FIZHHE T bFGF (EGF ff
FEARASLELELA B R FE F . GMIL 4 FE ML 3 ] R 2
YRR T T AR F B0 S A, A AL T B G
PR TR ] Y . B8R NGF 7 NSCs fyg 5
W BB A B SR A (Ao R B, 1 5 1
WA & bFGF 1 EGF 143 fb 45 32 W 444 F , NGF
fEE NSCs [w] ft 28 70 AR ot 40 il 434k o X AL A 1]
T A RIFSE — 3K

MR RS B, PR 7E A 5 I R JEAT NSCs B
HARMIZEBIRIT G S 25967 il LAY Wy B kA T,
55— Bttt T NSCs (RSN 14, GM1 1] AE Ky It iy
B EIE 5, iR vk Bl 25 ~ 200 ng/mlL,
55 By BT NSCs [95E 7] 434k, 15 21 #h 2 JC AR
AL, NGF R 1E R & 3E 25912 5 I BE IR T,
25 AF W o 10 ~ 200 ng/mL, bFGF EGF F
GM1 HE IR A7 18 P R VR H L AL ML w5 AN 5 28, Bt 4h
bFGF ,EGF F1 NGF Z [a] A/ FH W ANTE 2, i A o i
—BRFGE . AHIFSY P g B A T, i T AR B
B Nfe S TR R . GM1 Fil NGF fE Jph &k 4
FE SR 258, (12 4, HAFAEM ML 3,/ Jg NSCs
FAE G W JG 820 T 25 3B o — R a3
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