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[Abstract ) Objective  To observe the effect of the conditioned medium obtained from the
coculture of astrocytes and B-amyloid (A,4)-induced apoptotic PC12 cells on the neuronal
differentiation efficiency of neural stem cells (NSCs), and investigate the possible involvement of the
neurotrophins proteins including brain-derived neurotrophic factor (BDNF), nerve growth factor (NGF)
and neurotrophin-3 (NT-3) in the induced differentiation of the NSCs. Methods PC12 cells were
induced by AR, for different time lengths (0, 4, 6, 12, and 24 h), and after detection of the apoptotic
rates using flow cytometry, the cells were cocultured with astrocytes for 2 days. The astrocyte-conditioned
medium (ACM), after analysis of the neurotrophins proteins using enzyme-linked immunosorbent assay
(ELISA), was mixed with DMEM/F12 medium at the proportion of 1:3 to induce the differentiation of
the NSCs. The cell differentiation was identified by laser confocal microscopy, NSE immunofluorescent
labeling, and neuronal counting. Results Flow cytometry showed that induction by AB,4 for 6 h
resulted in the highest apoptosis rate of PC12 cells (P<0.05). BDNF content in the ACM derived from the
coculture of astrocytes and the PC12 cells induced for 6 h was significantly increased, and the NSCs
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induced in this ACM showed the highest neuronal differentiation rates, showing significant difference

from those induced by other ACMs (P<0.05).

Conclusion The ACM derived from the coculture of

AR, -induced PC12 cells and astrocytes can increase the neuronal differentiation rates of NSCs in vitro,

and BDNF in the ACM may play a role in this process.

[Key words] Astrocytes; Neural stem cells;

neurotrophic factor

i 22 T 41 Jifd (neural stem cells, NSCs) /& i 4F A
VRN FETE 2 A R 3 FR 8T | 22 1) 4316 v e i 4
M, BT 7R 1 BR 9% (A1 zheimer’ s disease , AD) ™ K
Bl e K T NSCs BYAFTE K s34k i RE 11, B 5 1
Y SEE AR S T X — g Z I — A
S 5E AD il P9 T 45 X B8 A NSCs 152w | {5
JE KB NSCs 75 H KRR TT 704k ol 28 0 1 He ] O F
A EAR R X X A 22 R G N AR T K Y A
TE B8 BT 4 B 7™ A TR AR B R I 5T A4 3 it )
WEMERFFS5MEcmte e kg, |
JETE AD i BEA T BP0 40 i X B2 A8 5 NSCs
G302 ) RE B2 Wi S H AL — B AR VT
(), AR S g B B e X g o —alidk R B- TE A AR
I (ABo) 5 PC12 4 ML T, #5-% 2 1k 19 S5 AR
Ik BRI AN NS AR 15 T J5 19 PCI12 L [F] i
7o, W& R KR E A MK MR R OR
(astrocyte-conditioned medium after A, 4-induced
PC12 cells, ACM), M % ACM X it it K B 2
NSCs 7 42E ] 534k Sy 28 TC 1 LA 52 o S AL
UM E R REGEE D [R5 I 208 77
+F(brain derived neurotrophic factor, BDNF) f# £8 /]
K F (nerve growth factor NGF) . #1288 32 % -3
(neurotrophin-3 \NT-3)[/& 75 2 5 b ##

MRF T &

— MR

1. SEEsh¥y. #ik 2d Wistar KEL, %2 14d
Wistar K W A [ BERR = sh P58

2. GRVRAEAS A A KA M FR L3 5 T 24
fLAR , 41l B4 3.0 wm, 35 E Gene A F]); ARy (3
Sigma 22 F)); /N BT RURE 28 T R S 1 0 1 AL T
(neuron-specific enolase ,NSE)  f ¥t FU i i £F 4k ik P
K H (glial fibrillary acidic protein, GFAP) % Ht K i
H3E M (nestin) FITC & cy3 #ric “HCEP/NR F
P )W A a8 2 B ;BDNF NT-3 #1 NGF
ELISA i) & 40 [ F IR A,

ZJTk

Neuronal differentiation;

Brain-derived

1. BIEB A0 o 5 5 9% S e . Wik
Wistar K BRUHE J2 40 i | 25 3 DU B 3 25 o3k A & 48 400
BT 37 CHIRP IR 2 K (250 r/min, 2 1 K.
12~14 h; 55 2 % .30~60 min ), K 4fifb n] 2 IR .
FETE R 040 i 4 E =GFAP PH: 41 it /(NSE BH : 41
Jftl +GFAP BHE 20 ) x 100% , 446 5 55 95% L I
ST AEAT N — 20520 R alifb ny B IR I o 4 i LA
1x107/mL % BE BN FP T 24 FLER SR,

2. PC12 MM i 15 5% . PC12 40 il 22 COR BUE E iR
U B % 20 PR A ML R ) T v R 2 e A o A
ARSI, FF PC12 4 LA 1x107/mL %5 B B AL
Pl T4 A U0 M55 75 ML, 46228537 24 hy 10
pe/mL ARy 23 AL EE 0 4 6 .12 24 h )5, 50 A
g3 B 43 I P e X A A SR T 48 e o T 3 5
o5 BRI R A AL E I ACM,

3. T MAS A AT A A R TR IR A A A
A0 15 37 M A9 PC12 408, PBS sk 3 ¥k ,70%
B CEEEE A PLYLE 4 °CikE St 30 min, Ji =0 4
M4 (& E BD 28\l H Cell Quest 3.0 443
Br.

4. 5 AR SR A A A A0 R SR L
(X35 117 RPMI1640 5577k 200 pL/ L) A 5 H
VEWCHY 24 FLESFRARN (3% L7 DMEM K 5%
800 pL/ fL)2d, VAXFILFHM, 0% LN 1x
10"/mL, A ZH(EIEIR 540 g 2H ) , B4 A =40 55 5%
MR A PC12 20,24 FLE SR M N & A B I I
Y s B H(PC12+ BT I B 40 o 20 ), B4 A =X 48 i
BRI A7 PC12 L 24 FLEG SRR N & 47 RIE IR
ML) ;C1 41 ~C5 4 (ABao - BIALEE 0 4 6,12,
24 h J5 1) PC12 4l + BIE R B 4n e gh) | B4 A X
M SR 23 5 5 AR VAL 04,612,
24 h J5 ) PC12 40} 24 FLIEFEMR N &4 BB I BT
Aifi); D1 2 ~D5 A (AR 73 ALFE 0 4.6 .12 24 h
JE 1 PC12 L) | B A X 20 i 5% 5% 0L v 430 &
ARy B FALH 0 4 6,12 24 h 5 19 PC12 401,24
FLEE RN AR S A R A, i S L, &
W25 O 1A



B 2 A8 2009 4FE 7 H 55 8% 48 7] Chin J Neuromed, July 2009, Vol.8, No.7 - 663 -

5. A4 ACM, BALI R BN 1 mL,48 h
Ja# RAm A ARG SR L, /O UcsE ETE W 1 mL/
fL,# A JCH Eppendorf % ,3000 r/min #.C> 20 min,
B W W R A 55 — TG Eppendorf 45, -20 C¥#%
9, 25

6.ELISA- XL it J& .0 3 M & 4 4 ACM
BDNF NGF NT-3 & &, ¥ tr#fEdh 0.1 mL F145 40
ACM 0.1 mL(£FLAE ) 50 L #E & # B, 719m 50
L B f) i A T4 45 Bt B BDNF ik NGF it & 5k
NT-3 iy 96 FLAL, 1 FL FmaE it B 0 7 A
AL, B L rY AR W % P B BDNF NGF 5 NT-3
TAEMAZ BAL 0.1 mL AR A (TMB 75 1 12 1L
BR4M),37 CI R 60 min; #% AL 0.1 mL 4K A
ABC TAEW® (TMB % 18 fLFR S8, 37 CCIR N 30
min; FHAR K ITA TMB &% 0.1 mL TMB ¢ 1k
0.1 mL &AL, SBuBT i a7 7w ta, FHEEFR{UAE 450
nm M 5E W6 BE (A, % TMB 25 (3 5 {5 FL % ok it
M. s A HAK/hS ACM # BDNF NGF NT-3
SE R, BT A {E 1] 4% S Bt BDNF NGF |
NT-3 &,

7. NSCs 71 85 35578 U5 . 47 14 d wister K FR
1 H e ia B, Wi B B 2 i 4 2L am i, i A 20
pg/L bFGF 1 20 mL/L B27 ) DMEM/F12 ;37
FEFRAL A T ) DA X2 %5 8 e P T 2 Rl W ik
PR 24 FLAR ; S8 PRI VO S E

8. NSCs 43 fk. Lt f5i] 52 56 73 2 . BUEE — 350 43 52 3
W& A4 B 4 ,C1~C5 4 LI 1:3 ke ] A
DMEM/F12 $5F2 508 G, W1 mL, 43 50mA%RA
NSCs 1) 24 fLEEFEMR (3 B 1x107/mL)yrh KR 53
W TH(A 41 +NSCs), T 4 (B 41 +NSCs), I 41 ~
VI 4(C1 41 ~C5 41 +NSCs), 4 % 5 L,

9. WOLILE £ B B ULEE NSCs 431k NSE %
PE 9 NG HE AR N 45 41 NSCs #2870 431k %5 7 S48
4%% B W% [# 5 NSCs,BSA &4 i A—41, 5 5F
2 hy A 30, 55 30 min; il A GRS O
IR AL 4 B B . Quant Report 314 88 4% 41
MARMAMEERA K 2O R T , &K R 4
VRIS AR EF BEAH #2034k e 49 =NSE FH
PR 20 B S /AR (R OLET OB BE T 40 S K 100%

= Bk

T TR, xes 3R, W SPSS 11.5 G2 itk
4] 22 5 R B R 38 0 2240 07, 1 — 20 W 7 L A
K g K, P<0.05 R ESFAGITFEE L,

% R

— TR A LT A L B g S e
%

REFRE5 2 K UL A0 MG BE 3~5 d Bl K 2
i, IEAE A LN RR | 7~9 d B A3k 90%fl 4, 5
Tl AT FESP L | f 9% 9t GFAP Y (o 2 5% BH M NSE
Yot B B R i I 40 i 4 ik 98% LA |

= R ARSI PC12 4 E TR

TE AR YEJH 0 h 4 h i} 6] 5 PC12 40 g V4 1
RIGAR[ 20 9 M (5.33+3.98)% (15.01£4.15)%],6 h ik
1 I [(34.38+8.10)%] , UG iZ Wi AIK[12 h 24 h J& 1=
R0 (13.32£1.39)% .(8.32+£0.98)%], Hivh 6 h i}
PC12 4l g 8 T2 5 FL A 8] £ AH L | 22 381 Se it
27 X (P<0.05),

— ELISA- X4t % .0 35 W & % 4 ACM
BDNF NGF NT-3 & &

1. BDNF i .A 4 B4 .Cl 41 C2 41 BDNF
MAREE C3 4 ~CS R BT, 5 A B.CI,
C2 bk, ZRIAGITH¥E L (P<0.05);D1 4
~D5 A% BDNF &1, (% 1)

2.NGF Bf, A 4] ~C5 41 NGF M2 73 L5
T2 X(P>0.05),D1 41 ~D5 4 & K il 2] NGF &
H, (&1

3.NT-3 B AL, &)

PO NSCs K %0

[ NI N 2 = S A1 B 1 S R |
bFGF B27 i) DMEM/F12 }: 38 56 1| REE
B o) Aoy i K 48 h s B AT R TR REAE VR IR
A KB IAT 28 2 ARG o A AT 9K R AR 7%
FEAE K Rl B IR R 2E | A0 A 7 R i o,
E AR M (K1)

OSBRI B LA 4

NSCs 5B RLER |, Ho0 5 240 L HE B B4 | 40 2
B, 1 Z4(A 240 +NSCs)~IV 41 (C2 41 +NSCs)NSCs
KA 34T 5t 5 B BROIR 40 Jf AR BUAS BB 48 K | 28 e
%, /DS LB T A 20 BN v BBk P RS
i B R Z WRTE 218 /81 2 M8 ; V 4(C3
ZH +NSCs)~ VI 4 (C5 2H +NSCs) 28 1if 74 41 Jfd 77 Fi
BRI K s e KR R 2 M A KR iE
HE P 200 TR 5 A =2 () s 5 4 AR =2 ) A )
TR AR E5 (K 2,3)

AN SPBETENCH A NSCs #2876 431k L 1]

[ 41(A 41 +NSCs)~IV 41 (C2 41 +NSCs)H i1 £
T L LB AR,V 40 (C3 41 +NSCs)~VI4H (C5 4
+NSCs) fil & Te /AL Fe I B s, (3R 2)(K 4~7)



- 664 - FPAER R BE 2L 2009 4 7 H 45 8% 457 Chin J Neuromed, July 2009, Vol.8, No.7

£ 1 %4 ACM ' BDNF NGF NT-3 & [ 8t (x+s)

Tab.1

Total proteins of BDNF, NGF and NT-3 in the collected conditioned media

measured using ELISA in different groups (Mean+SD)
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Effect of different conditioned media on neuronal

4150 i 28 58 oAk L Bl (%)
I ZH(A 4 +NSCs) 3.78+0.57
1T 41(B 4 +NSCs) 4.16+0.64
M 44(C1 £H +NSCs) 8.64+0.88
IV 41(C2 4 +NSCs) 16.22+1.19
V 2H(C3 41 +NSCs) 46.4813.66
VIZH(C4 4 +NSCs) 46.1222.30
VIIZH(C5 41 +NSCs) 46.27+2.37
FH 1417.361
Pl 0.000
Bk A4l B HZ A KRR Z i P35 <0.05

Wit

AD HIIR YT — B2 i 48 B U R B0 f8 3E
F i = A A58 & B NSCs B2 A AD 3l 45 74 Jigg
W, AT LA o il 22 ST MRS SR i, AD sl 5iA ki
RETT UG B a2 (R R N S SR i 5 3 &
BLNSCs 7 [ ZRE T e m#i 2 oo i LA =P
AR 2 AD g BAR 2 T B B2 T I T 40 i %o 7% A
NSCs B L i ? 22025 7 it 72
AHIF TR A T X — [

HY TR 2 M R R 2 R AR i R
90% , Hei BRI I A M Bt e 2 | o A B, 3 20
AT A T 40 O A A TR AN IR R I . R O R S 44
g5 P2 oC Z Al TRAN X xR0 fhe
KA AR A4S B DLRESE AD i BUIR 2SR I 8
TP I8 00~ 240 i 23 A B 52 T 7 S O RO i T A D
T EG AD N AR AR S IR TN R, AR K

SRR SR B —alifk I AR 5T PCI12 40
LR Tl Ak g JEAR 3 3 8 2 KR 2 TP I S
M5 2 AR A5 Y PC12 JL[IEF | OF HlsE
HACM B P ACM , WLEZ ACM i IR JI Kk Bz
JZ NSCs 45 1] 4346 Sy i 28 50 1Y L 451 52 vl B #L
il

FESE — B S, AR BB AR 15T
] Y E K PC12 4 TR 3 7, 7F 6 h i3k g
&, BHJS B WA ELISA Bl E ) A 4 ~C5 41
ACM AV B} ] BDNF G b a4 5 AR, 5 &
PCI12 JT KA EHA—2, H DI~D5 4 Ak
%] BDNF, #i#itH ACM " BDNF 2 &2 i 5 4i
53 WA ) IR PC12 45306, 45 20 NGF NT-3 &%
R ECRKINE] UL R N ACM R 2 SR
E XKLL BDNF M0,

B e b AR BIAE T ~1V 4 NSCs 431k
R 28 T F A AR BV ~VITZH 531k Lo 451 W 4 o
YLITE 6 h XS] 51 AR V5 Y PCI2 405
EIE RN I E 1 ACM B B 27 T NSCs [
2R LB E ], HET NSCs [ 4 28 56 431k L 9] biti
F PCI2 Mo A T 238 = Mg in 6 h 2 5 X Bl H %
I b R e e T ~VIIZH NSCs #1285t 431k Eb i)
Al fig 5 R ACM A B2 FpmT xR A PC12 4
ML T3

Song %2002 4FHiiE | 5 B I 0 40 i 3k 1 5%
i) NSCs 431t R # 28 o8 H J& 0 BEZH 9 10 A% 1 B
HE— 5 UE 52 B Y IS 0T 40 B o3 0 ) B AR I = 5
T NSCs #2614 i 72 78 Song 2 J& HH 4% it iE
e, SRR EAMILE 4 d 5G40k 5
) NSCs it 28 70 73 Ak L 1] 3K (42.7 +2.6)% , P 8 1 T



AR 2 R4 7 AR 2009 4F 7 H 45 84 45 7M1 Chin J Neuromed, July 2009, Vol.8, No.7 .- 665 -

4
B 1 NSCs# #H 1 7%
POt % 5E (x400)  E 2
WO RAERMBETIV
ZANSCs NSE %3k (x400)
B3 O R AR
TV 41 NSCs NSE # ik
71 (x400) E4 VZ4INSCs

NSE# P %6 £ 15 (x400) B 5 V41 NSCs NSE 45 %¢ 6 2 i FUH R 00 57 ) 85 4 il 1% (x400) B 6

IV #H NSCs NSE #9815 (x400)  E 7
(x400)

Fig.1 Nestin expression in the neural stem cells identified by immunofluorescent staining (x400)
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Fig.2 NSE expression in

the neural stem cells in group [V detected by laser confocal microscopy(x400) Fig.3 NSE expression in the neural stem cells

in group V detected by laser confocal microscopy (x400) Fig.4 NSE expression in the neural stem cells in group V detected

by immunofluorescent staining (x400) Fig.5

immunofluorescent staining and light microscope in the same vision field showing NSE expression (x400)

Merged image of the neural stem cells in group V observed by

Fig.6 NSE

expression in the neural stem cells in group IV by immunofluorescent staining (x400) Fig.7 Merged image of the neural stem

cells by immunofluorescent staining and light microscope in the same vision field showing NSE expression in group [V (x400)
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