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[ Abstract ] Objective To explore the expression of human brain-derived neurotrophic factor
(hBDNF) and green fluorescent protein (GFP) in hBDNF-GFP gene-transfected rat neural stem cells
(NSCs) and the changes in the biological characteristics of the transfected cells. Methods NSCs were
transfected with a lentiviral vector carrying ABDNF and GFP genes (hBDNF-GFP-NSCs) or GFP gene
only (GFP-NSCs), with normal NSCs as the control. The expression levels of hBDNF mRNA and
hBDNF protein in all the 3 groups were detected by reverse transcriptase-polymerase chain reaction
(RT-PCR) and Western blot, respectively. Enzyme-linked immunosorbent assay (ELISA) was performed
to detect hBDNF level in the cell culture medium before and after hBDNF-G FP gene transfection. Dorsal
root ganglion (DRG) neurons and NSCs were cultured with the supernatants of the transfected NSCs and
normal NSCs, and the growth status of the DRG neurons was observed and the proportion of NSCs
differentiating into neurons determined. Results Compared with GFP-NSCs and normal NSCs,
hBDNF-GFP-NSCs showed obvious hBDNF overexpression at both mRNA and protein levels 7 days
after the transfection. hBDNF content in the supernatant of hBDNF-GFP-NSCs culture increased
significantly with time and peaked 5 days after the transfection (P<0.05). Four days after culture in
hBDNF-GFP-NSCs supernatant, the DRG neurons and adherent NSCs extended cells processes, and the
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ratio of the NSCs differentiating into neurons was higher in cells cultured in hBDNF-GFP-NSCs

supernatant than in those culture in GFP-NSCs and normal NSCs supernatants.

Conclusion

Lentivirus can be used as the vector for ABDNF and GFP gene transfection into NSCs, and hBDNF-GFP

gene-transfected NSCs maintain the basic characteristics of NSCs and are capable of stable expression

and secretion of hBDNF and GFP.
[Key words]

transfection

# 25 T 4H Jif (neural stem cells, NSCs) & — ff £
AERT AR ZH AL, BAT A FREE R A 2 10 2L RE ), O P A
M2 RGBSR BRI AR TR A B W H X
NSCs W B 5% K 2 4 72 5 5 70 A6 5 7% 1l e, %of
NSCs FEA7FM M F e Je iy F 58 AR D8 3 T
it A8 g o 28 A [e) I A7 A M T 22 3R I T
(human brain derived neurotrophic factor, ABDNF) F
2k {0,7%¢ Y. 75 H (green fluorescent protein , G FP)JE K %
J NSCs MBFFeiee WARTE , AT TAGEE T hBDNF-GFP
B DR Ak 2 A0 0 BE A, B R B S R Ml TR
NSCs, WiZEH &k hBDNF A8 v Al A= 9 2 6 4k
Az AL LI NSCs 1Y ik — 20 i i S B S e AR 4

PR

— MR

% 14 d SD KEl (2 B K2 1 B 2 Bt 52 5 5
Yo L), B DMEM/F12 85 5 5 N2 B27(3%
GIBCO 2 /) ; 2 Jz 4 K B 7 (EGF) B 14 il £F 4
2 Jf A= K A 7 (b-FGF) (36 [l R&D 24 7)) 5 S e Jit
£F 4 iR Pk 25 (GFAP)— it /N B 4T B-tubulin — #t
(2D A5 F ) Cy3 FRid 9 E BT e 1gG . Cy3 #x
WM EPU N [gG (32 E Sigma A F)); Trizol (3£ H
Invitrogen 7\ 7] );DL2000 Marker ( H 4% Takara 7
7l); ECL(3 [® Perkin Elmer 22 ) ; HRP 47 ic 9 1l
Pt 1gG( b B AT B2 | ; St hBDNF (36 [F
Santa Cruz 2 #); K il BDNF ELISA #6137 & (3%
Chemcion A H))

— NSCs 53 # 51 5%

K I HUBE 2 B . TG I B B M R R k8 R
NSCs, 1% 3% b £ N2(1:100) . B27(1:50) .20 ng/mL
EGF 20 ng/mL bFGF Fil 4 mmol/L 7 2 [ i i) i
DMEM/F12(1:1), & 37 °C 5%CO, &1 F #5535 , Bk
B BES IR [2], B RS, R 3 RP ik,
7~10 KALAt,

= N A R b A

it /£ PWPXL 1 BamH 1 Al Miu T 1 5546 A
GFP-IRES J7 %I # @ i A GFP # ik 1) 2k 1k

Stem cells; Brain derived neurotrophic factor; Green fluorescent protein;  Gene

PWPXL-MOD, ifi it PCR J5 7k M A S B 21 i 3
A% hBDNF 3L | 5ol 210 GFP 235 12 05 7 404
B Mlu T A Asu I, TS 22 B2 GFP-hBDNF 3
7235 # /& (PWPXL-MOD-BDNF) i i i U] Al /5
1) 5 W A TE A A v B | BLRERAE S5 SOk (3], 18
R AL . 7E 10 em AR HEFRD 1107 X EUE
KM 293T 4, A Z H RIS 80% I JF 4 W iR
B OB 20 wg 129K B £ 1R (PWPXL-MOD |
PWPXL-MOD-hBDNF), 10 g pMDLg/pRRE 5 pg
pMD2.G, 10 wg pRSV-REV R &5 | MZE 1K & 250
pL, A ZE KL 0.5 mol/L CaCl, IR 21, 22 18 i
#) 500 pL 2xHeBS ', ## & 30 min, K iF & WK 2% 1%
TN 10 mL Ky g2 b IR5) 37 °C . 5%CO, 544
Big% 14 h J5 i, 4k8e855% 28 h IR URAER 8,4 C
1500 r/min #5.0> 15 min 2% B 40 1 7 F,0.45 um 3§
JE I 38 J5 4 °C 20 000 r/min 48 # B0 90 min, F b
W, UUIEETELE 1 mol/L PBS Hi/3% 80 CIATE#
L, RaEE b R RIS 1 WL 5 2 A 55
(% 1x10° A 41 )% Yo 40 it 388 3 7 =2 40 e SR )
Yesh MR 2 (1x10°GFP BH 41 i %x 1000/ L)
THE I 75 I TR R 2974 (0.1~1)x10° TU/mL

H4 NSCs WCFT BB A0 M vk, o] 4 v 2 oy
B 1x10° 4> /mL 4% 1:2 Fe @l in A 3 R o 41 18 9% 2
b Wi %% YNSCs (hBDNF-GFP-NSCs 41), [A] i i%
GFP %3t NSCs 2 (GFP-NSCs #41)H1 K % YL ) NSCs
ZH (NSCs #H). 37 °C 5%CO, &M FHig: 24 h J5 &5
O FH T ARG F2 70, I VR A R ol 1x106 4~
/mL, RSB35 55 I AT IR A AR

P4 hBDNF 7 NSCs H i 3k 1 il

1. RT-PCR % il hBDNF mRNA #* ik .1 mL
Trizol {45 UL 5 7 d (40 fL il & RNA ¥ RNA H
MMLV Jiz % 5% B AU e 5k, LA 45 1) cDNA B2
#z , H hBDNF & GFP Fl B-actin 519191 , 51 ¥ %
G143 5124 .hBDNF #5149 5°-cggatccgtgatgaccatee
t-37, FiE5 19 5’ -ggtcgactecactatettece-3 ; GFP I i
514 5°-cgagctggacggegacgtaaac-3”, N 514 57 -ge
gettetegttgggetetttg-3° ; B-actin L ¥i# 514 5’ -aacgageg



PAEMAESRE 2009 F 8 A 84 X 8 ChinJ Neuromed, August 2009, Vol.8, No.8 . 787 -

gttccgatgeectgag -3, FlE51 4 57 -tgtegectteacegtteca
gtt-3" . I 4 .94 °C 5 min;28 M 1E R .94 C 1
min,58 °C 1 min,72 °C 1 min;72 °C 10 min, ¥ 4% 5 Bt
K J# 4 .GFP 597 bp , hBDNF 744 bp, B-actin 590 bp,
3724 10 WL 1.5%350 08 b F Vk K | Marker
i DL2000 , HERE AR R GAA I8,

2. Western blot ¥l hBDNF %K 1 (19 % ik . B 5%
Yefg 7d B94nME, A 1 mL RIPA 2 ## (& 100
pg/mL 2 HY LR I 950) , R AT 427,12 000 r/min 250>
10 min; B 5 W, #1T Western blot K23l . 10%
() SDS-PAGE Hi Uk 43 2 2 1(100 V, 60 min) HL 7% %
FIHPREF AE 2 W I, 5% MM A4 W3 3 3 P 1 h K e
i 75 E 5 AR B 1) S bt B hBDNF H1(1:500),4 °C
R A TBST 22 s i W DR 3 YK ; i A HRP
FRIC L 2E % 1gG(1:5000) % 157 2 h; TBST ¥
B3 ¥ ECL Bt KR, i E#,

3. ELISA ¥ Kl hBDNF-GFP % %t NSCs Hi 5
7% W hBDNF Ry JE . 8% 5 44 J5 19 NSCs 4% 1x
10%/mL % 3Rt T 12 fLEEFRR, &AL 1 mL, 7351 T
L) 24h 48h 72h 96h 5d.7d 14d B EiEW
F ELISA A7 I | ELARERAE 2 B 7] & v W] 45
HEAT 28 1k J N S AR A i 450 nm Ab WO
(A 1H),115 hBDNF ¥ If 55 e aiib 17 L,

. .hBDNF {14 1y 2 3% P Kl

1o X KB AR #2195 (dorsal root ganglion,
DAG)EK 52 m . B A= SD A Fl DAG I BERS 77 |
gy W M B 3% 7 d 9 NSCs GFP-NSCs,
hBDNF-GFP-NSCs I 1 W& /F b 35 95 58 | WL 52 JL X
DRG S A K W52 ma

2. % NSCs 7 b () 52 ) . UL 48 3 ¥ ) NSCs,
g 3 LHHEERN T ALYk 2 SR R 1 B 5 O e U R
fb, HREFRW A5 MK 3% 7 d B9 NSCs . GFP-NSCs
hBDNF-GFP-NSCs [l W, & B W5 HOP 28 2% 748
fb,JFF NSCs Wik 7 d J5 1740l Sy oo e fa | —
Pt R /NPT B-tubulin(1:200), —H1H Cy3 ARic i
Pt/ 1gG(1:100) , 3t =X 40 g 75 0 2 B-tubulin FHPE
M B L LR 3 AR A5 S

AN ARV BV

K SAS et AL AT SE 27 40t , Bl LA
xks T BIBRI Y LR B0 R 5 2250 i, 24>
SRS A B2 Y H R H Dunnett-r 4556, DA
P<0.05 W2ZESFAB GRS,

& R

— hBDNF-GFP-NSCs M 45 2% W5

BEYY 48 h JF U R T R EE B 40 A e B
DA BRCE 2% TR 08 S 0,58 S 1) A0 L Bt 1] B K | B
YRR 2 S e i B | 255 4 R JLF- A 40
34k s e Ja(F 1A), 1218 6 a2 sk fig
FIRR IR T W BE S5 AR DA Al i 1) )8 S
HIEZ B0 LI Ak R 28 S0 FE (B-tubulin BH 5 201 i)
A 28 I SRR 40 S (GFAP FHE 20 ) | 249 5 41 €6, 56
(K 1B, 10),

D

1A 53¢ 4d () hABDNF-GFP
-NSCs (x200);1B: # £ Jt
B-tubulin 2 % 9¢ O B A (x
320);1C. 2 i 4
GFAP #9252 6 4 2.(x320)

G
1 hBDNF-GFP-NSCs f4 5 B 73 fb %5 16 R
Fig.1 Differentiation of the NSCs and identification of the
differentiated cells

— RT-PCR £;iill hBDNF mRNA #] 33k

RT-PCR #; il & 78 GFP-NSCs NSCs #1
hBDNF mRNA {04 5% ik, 1l hBDNF-GFP-NSCs
2H hBDNF mRNA ik B i 358 (& 2),

hBDNF B-actin

750 bp
500 bp

M .DL2000;1.NSCs 41 ;2.GFP-NSCs 41 ;3. hBDNF-GFP-NSCs 21
& 2 RT-PCR #;illl ABDNF mRNA %%

Fig.2 Expression of hBDNF mRNA in the transfected NSCs

— Western blot ¥z {lll h(BDNF % [ /) % i

Western blot £ il & 31l hBDNF-GFP-NSCs 4 i)
hBDNF % [ 457 B 12 ¢ GFP-NSCs 41 NSCs 41 3%
ST 38 Z Al S5 T W 22 5 (18 3)

P4 ELISA ¥ NSCs [ 3% 7" hBDNF (¥ & &

hBDNF-GFP #% % NSCs fij 7 _I % ' hBDNF )
AR, 55 LET 8 hBDNF-GFP % 4L )5 45 B
] 5 NSCs %5 # hBDNF &7+ HFE YL )5 5
d BFR B R g | 22 5 A Gt 2A 8 L(P<0.05), (3R 1)



. 788 - ML EYIGE 2009 F 8 H £ 8% 8  ChinJ Neuromed, August 2009, Vol.8, No.8

NSC#4 NSC-GFP i hBDNF-GFP-NSCs#H

3]
3 Western blot £l hBDNF 7 13 525
Fig.3 Expression of hBDNF in the transfected NSCs
% 1 hBDNF-GFP-NSCs 4 % 4L ij J& 41l Jfd - 3% ¥ "' hBDNF
B & (pg/mL, x+s)
Tab.1 hBDNF levels in the supernatant of the NSCs before
and after ABDNF-GFP gene transfection (pg/mL, Mean+SD)

4151 1% hBDNF 5 #
L) 6 53.3+4.6"
Y5 24 h 6 67.243.8%
Y5 48 h 6 132.5£12.8®
Y5 72 h 6 399.4529.5®
Y )T 96 h 6 487.0+10.6°
MY )E 5d 6 558.8+11.6°
s 7d 6 545.6+8.8®
HYJE 14d 6 527.7£11.8%°
FfE 1564.600
PlH 0.000
SR Y LA 2P<<0.05; 5 YR 5d LA ,PP<<0.05
#. .DRG K AE M

ffi 3 I W W KE 9% DRG 24 h 5 & B,
hBDNF-GFP-NSCs 41t 28 75 Ja [l A7 2 e A iy | 2
B B[] A4 58 0 7 T3 22 MGG i G A 7 e i R A%
1R i) DRG W I35 A % B 5 i b o 2k K (18] 4)

75 NSCs 4 fb 15 i

3 21 NSCs W EE /b J5 8 ik Be ™ W88 35 47 4l g
LR IE A0k W BE 48~72 h I 3 A4 i #%
WE LW R 25, BHE4dFE, BN
hBDNF-GFP-NSCs - 18 ¥ 1144 28 5k 4 g 1T 7% 3 2 1]
3G 20 2 ik B A4 VS I GFP-NSCs Al ER.4fi
NSCs B3 7% 1) NSCs 1A 22 HLANAEIT H , AT
BB E Kk 7 d e T An Mk A I % B R
Jit hBDNF-GFP-NSCs I i # 41 NSCs 4> £ &
B-tubulin FHVEANME M LB 54.76%, W1 & T HoAl
PIZH(NSCs £ :26.71% ; GFP-NSCs 4 . 31.08%)([85).,

Wi

JEF NSCs W40 ARIR YT C Bk ThA bl 28 R
SRR T S RIS T — S kR SR
F NSCs Hi 58 3 AL He 35 4% \NSCs 71k b i 42
TR LB W, AR, A R TR R R R
NSCs #F 47 5 K& i 5 17 Jk R Ak 350 7 4 Wiy A6 52 ol
ST T T S

BDNF 2 & E 7N T RGN — 0, FEAED
WHh 2 R ik WM LIe kR E A B A mEE
F BB I b 35005 1 48 e B AL IR & 4R 16 T AR
Fl. Scharfman ZEOF 58 & L, % BDNF 1 A K i
hN R, AT LA S0 R [0 B A 408 DX duk bt 22 A b 2
JCECE BN, A — W 5T BDNF J& |, Ho Ak 9 £E F i
R, A R R G A 2 kA B
Shy A I Bk 55 A B ST BDNF I 6 35/ 3 5%
YL 5 A AT 3R A5 BDNF 78 1 P ) 458 4 B[]
FEIRO AR L T S IR B A I M AR I R N %

4

4A .hBDNF-GFP-NSCs # ;4B . GFP-NSCs #H ;4C.NSCs %4
4 320 NSCs 54 DRG AE K1 0 1952 1 (x 100)
Fig.4 DRG neurons cultured with the supernatant in different groups (x100)

Counts

positive

L
AT i
| e

-I'I Tinm n ..-‘-‘;m
08 1ot 1ot 0% o

oy3

5A. 75 X 5B NSCs 41 ;5C :hBDNF-GFP-NSCs 41 ;5D GFP-NSCs 41
B 5 Ak A I NSCs o3 fb il 45 24

Fig.5 Ratio of the NSCs differentiating into neurons



FEMZESEIAE 2000 FE 8 H 8% 8  Chin J Neuromed, August 2009, Vol.8, No.8 . 789 .

S PEE LR B

NSCs HA7 S YL vl $ VR VR ML BAR
PR R H ek kg nits.() ik
77, RE L B B A% B AR B AL ; () RE 5 1 E A 21k
GGV B A 1BET6e, fe sk B A A& &2 0
PHLHZY ) W L TR AR nToks B % 5 R A e 5
NSCs i z K¥ifa e &k mMAFEREZES, H
AT IR e i 7 iR 22 W FH I A L 2R LG e
AR R e SR FLEE Y i 7 IR AR AR T B 2 FEAIG
WA YAk w5 | SR T L e 35O AR 20 M A0 s
K, WML H A RS it
o B RO BE S MR EE R B AR S 4 T LA
K DNA R B BEWS e Y Z R 4 il | SR 1 & A1 4%
PR, A B m PR s B e AN
Rl IR A R g afk b, HAagE e
FEIRUS g AN A R SRR ]
L NNy i E i N 2 N = S R UL 7 =W
HE M E AR H Y L A B 1 32 20 B e ok
IS | BB 7F A M A7 15 I P ik 2R Rk IR AE AU AR
235 Gropp S5O I o 55 i D 52 B G T 4
i 356 DR i BT 9, T Cenciarelli 25 U0 ] Af A1) F 12 9
B AR B IRE b 28 A K T (VG F) 5 DR e 31078 B
NSCs i, Ik W (A i 4% e 0%

ARS8 3 1 A4 7 hBDNF F1 GFP 3632 3K 19 18 4%
BEARAR, W LR IK I hBDNF-GFP % A NSCs %+
ke 5557 1 BERE 2R 15 hBDNF W g%k GFP 1Y
NSCs; #5454 /R % L J5 9 NSCs 1 1 9 ok 52 21 5%
U IR o AV o 7 B B L R B2 S £ S PR
] RT-PCR #il Western blot £ il & L, % Y )5 1Y
NSCs P hBDNF mRNA F1fd #h 43 i (/) hBDNF 453
R GR | UE BB B YR RBDNF 3 N R A 3|
NSCs, i H hBDNF-GFP 3R %% 44 ) NSCs L5
Al LM DAG % fil A= K 155 NSCs B 22 Hb ] #f
oo, ARG R F WL YIS (19 NSCs I 73 Wb 1)
hBDNF HA7 AR A Y416 M, oAb AR S0 56 78 5%
Yu hBDNF 3 R &/l L SOmA T — A~ 85 3 W

GFP ,NSCs & 6 fXJG A s ZU a4k (5 3R ik |
FXF BRI 1) NSCs 1EAT 5 i 15 0 14 38 BR A5

R LTRSS R R B R A, R
hBDNF-GFP 333k FE PR % Y4 51 NSCs o i H AR A5
B Y 2R, BEE R E 3215 hBDNF MR 5 8K
i GFP, 1fi H.4> (%) hBDNF B A K Ui 4= ¥ 4 0%
P it — D AR R A G B8 T — Sl

Z £ X W

[1] Zhang L, Gu ZL, Qin ZH. Repair of glutamate-induced excitotoxic

neuronal  damage  mediated by intracerebroventricular
transplantation of neural stem cells in adult mice[J]. Neurosci Bull,
2007, 23(4): 209-214.

[2] P AR A,y AR, XI55, A 2 T 20 I A AE e 0 i 2 202 S PR AT
FE[T). AR BE2E 4%k, 2006, 86(43): 3077-3081.

[3] Salmon P, Oberholzer J, Occhiodoro T, et al. Reversible
immortalization of human primary cells by lentivector-mediated
transfer of specific genes[J]. Mol Ther, 2000, 2(4): 404-414.

[4] AR, IR B, BESETE, A5, S — A AL I R S A A T A
TE LR S BT 5T [J]. RS AR, 2008, 25 (2):
236-238.

[5] Scharfman H, Goodman J, Macleod A, et al. Increased neurogenesis
and the ectopic granule cells after intrahippocampal BDNF infusion
in adult rats[J]. Exp Neurol, 2005, 192(2): 348-356.

[6] BN, W1}, JAEAF . RS 2 A T I 1 b 28 5% TR e TR g
R BEETAYRE [T FHUEEKRF2R, 2003, 24
1930-1932.

[7] Lundstrom K. Latest development in viral vectors for gene therapy
[J]. Trends Biotechnol, 2003, 21(3): 117-122.

[8] Mandel RJ, Burger C, Snyder RO. Viral vectors for in vivo gene
transfer in Parkinson’s disease: properties and clinical grade

production[J]. Exp Neurol, 2008, 209(1): 58-71.

[9] Gropp M, Itsykson P, Singer O, et al. Stable genetic modification of
human embryonic stem cells by lentiviral vectors [J]. Mol Ther,
2003, 7(2): 281-287.

[10] Cenciarelli C, Budoni M, Mercanti D, et al. In vitro analysis of
mouse neural stem cells genetically modified to stably express
human NGF by a novel multigenic viral expression system [J].
Neurol Res, 2006, 28(5): 505-512.

(ki H 1 :2009-05-02)
€ P'E 1 FEN )]





