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neurotrophic factor, BDNF)ZH , M fifi %= #4H MSCs 5{pIRESneo-EGFP-BDNF &4 MSCs AR5 2.4 .8 il | J& JF i3 S BT A b e
17553 PD REUERAT R ; KA Western blot J7 % H IS BT BDNF | i 20 R #£ AL i (tyrosine hydroxylase, TH) & I & ik, R
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HReTT, WA KR BT BDNF TH 2R & &
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Experimental study on efficacy of bone marrow mesenchymal stem cell
modified by plasmid pIRESneo—EGFP-BDNF in treatment of rats with

Parkinson’s disease
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[ Abstract)Objective ; To investigate efficacy of bone marrow mesenchymal stem cells(MSCs) modified by plasmid pIRESneo—EGFP—
BDNF in treatment of rats with Parkinson’s disease(PD). Methods : pIRESneo—EGFP-BDNF plasmid was established by reconstructing
pEGFP(N1)-BDNF plasmid and bone marrow MSCs was transfected by electroproation. PD rat models were set up by 6-OHDA and
then divided into four groups randonly : sham group,PD group,MSCs group and brain—derived neurotrophic factor(BDNF) group.
Rotating behaviors of rats were induced by intraperitoneal injection of Apomorphine at 2,4,8 weeks after bone marrow MSCs
transplantation or MSCs modification of plasmid plRESneo—EGFP-BDNF through cerebral lateral ventricle. BDNF protein and tyrosine
hydroxylase (TH) protein in mesencephalic nigra were measured by Western blot. Results : Plasmids pIRESneo—EGFP-BDNF were
constructed successfully,, which was identified by double digestion. Rotation numbers were significantly decreased in MSCs group and
BDNF group than in PD group at 2,4,8 weeks after the transplantation(P<0.05),with more evident improvement in BDNF group
than in MSCs group(P<0.05). Levels of BDNF protein and TH protein in nigra at 8 weeks after PD model being intervened by cell
transplantation were increased significantly in BDNF group than in MSCs group and PD group. Conclusions : Transplantation of
pIRESneo—EGFP-BDNF modified MSCs through cerebral lateral ventricle can improve PD rats’ behavior and increase BDNF and
TH protein levels.
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1.1 A

L1 XK RPN UIEGE TADNA HE4RG Bk i)
Z W [ TaKaRa 23 7, G418 FTAMGMHE(APO) A A 22 Sigma
23 F), L-DMEM FJifi 2 i3 W4 B 22 [E Gibeo 28 A, Hdi B
BDNF Hi A L) B G it B 22 1% 7% TL W (tyrosine hydroxylase,
TH)Hidkly B Santa Cruz 2\ %), HRP bRiCHT fabiiA g A 4k 50
o A AR A BRZA E L PVDF B H Millipore 23 ],
DNA B2 DGR 55 85 1 b B8 1 e R R AT FRAA D
B R o [ sl A e sl

112 P ok KIBAFE DHS«, BLA% 335 UKL pEGFP
(N1)-BDNF, Jitki pIRESneo ¥/ _LIAE TAY TERARA
G508

.13 sEgshyy  fdRekir:adE SD KRR 48 W (Rt 280~
300 g; Mk 3 8 SD KEL 6 H &k 100~120 g; ¥ [ ]
BRI SR B s

1.2 £¥EF*®

12,1 BRI BRI PR 4 U R & B & A pEGFP
(N1)-BDNF Jitkr sk pIRESneo JJUAL ) F I A1 B4 1V 43 531
{25 pEGFP(N1)-BDNF Fl pIRESneo A (¢ Bk 7] &1t W]
FHAE) .

1.2.2  pIRESneo-EGFP-BDNF [y ARSI ZHE Liff /L
YT R FRA T4 BDNF 2RI R TR pEGFP
(N1) 4k b M5 T pEGFP(N1)-BDNF H2H fki, 1HE7E
G Y (et R o TR B R SR ARAE , JEVA AR BIE T
Peryuk s, A pEGFP(N1)-BDNF B2 safiefii 5 B 14>
WMiAi i Eco 47 MBI 13 (P A ) , ELAE EGFP 1 T i
A 1A Not T REGEYIAT A5, T LUK 5 e 1) o il 2 ik 2 Ak
pIRESneo bJ5 #7444 5040 . 4 pEGFP(N1)-BDNF #F47
Eco 47T 1 Not T XE§Y] , pIRESneo #£47 EcoR V I Not 1
U], 20 Wl 52 W44 £ b Bk DNA 8.0 wl, 10 x Buffer 2.0
wl, BRI OIS 02 0.5 wl, KEE7K 0.9 wl,37 C IL12
h, [EIsEEAL DNA J5, 45 TADNA JEHERG%4%  pIRESneo-EGFP-
BDNF (48 @ a3

1.2.3  WEFI%5E pIRESneo-EGFP-BDNF 3% 2 )5 4 3
KA 2 E.coli(DH50) H1, A VARG O 7% . PRIk
% BEBUTRLS , Xho 1 +BamH 1 Fll Xho T +Not T L) 10 pl 4&
FAMOSURR DA BRI H Y R AR A

1.2.4 -HH#E MSCs $53%  TCIAM T3 J8 SD KEUEE M

B, F& 10% R4 M35 100 U/ml 75 %5 £ MEE 5 £ 1 L-
DMEM #f Hi8 , 7850 W TR AH IR, 357D, 37 °C,5%CO0,
HIFTREE Y CO, BFRE 1 37,48 h 5 B FR 0, 3525 R G RE
YA )5 B 3~4 d 4R 1 IR, 2 MSCs A KA1 90% il &
A, 0.25%JBE 28 11 B Ak, W F T BB 20 B2, 1 000 1/min
B0 5 min, 35 B3, S 109%645 U35 9 L-DMEM 2% i
VE, 3% 1:3 HBILL,

1.2.5 HLHFUR pIRESneo-EGFP-BDNF Hi 25 AL i 44 Yu -
MSCs 3R 3 AREs 5 fUBBE MSCs, TR 40 M fl & B 70%~
80T, R A4, I & i3 B TR LR LS 500 v/min, 25
L 5 min,, #% GTS A H] NeuroPORTER™ %% YL ia 571 158 I 54
(LA YAYIA A Bio—Rad 24 #]), % B B LS4 % 280
V,20 ms,, #17 BDNF 2K A9 5 pIRESneo-EGFP-BDNF 5§
25 kL pIRESneo , FL 5 % J5 15 5% 48 h, # i & 100 pg/ml
G418 1 15% FBS $i3: 5L TIiE , 2~3 d i, FLiik 10~
14 d, % G418, DMEM( 5 15% FBS)$5% 5~7 d, 5043
B R e A S

1.2.6 H Western blot 7K M4 BDNF fE AL 47
ST BE MSCs 23 PR % G4 115 MSCs A% BDNF
JE PRI EE YL 1B B MSCs 4% 5 x 104>, BRI, FHTA 1)
PBS ¥ 2.3 3, fMA 0.5 ml RIPA 24103 (IR A
PMSF ZEZH % 1 mmol/L) , 32 F2 15 T sl AR IR T4 fili 3¢
SFR-TRU AN A0 L T 4342 i, VK L RS 5 miin S FE 400 M ) o 2
fEF M A — RS E 1.5 ml EP 45,10 000 r/min
4 °C B0 3~5 min JUIEANARTE A, 38 Vi R A A1 A 2 9 42
By B LAAS IR A 1 BSA il R Lowry 1
DU B P R B S, e AN 24 A ) B R T 2x L BE G o
100 °C, 725 5 min, W H E X5 LA (30 pl BFL), R
10%SDS 5 79 4 T Jie B2 Jie v Uk, B 11 4541 /7% 21 PVDF i L,
5%BURR WIS TBST W T3 S5 Hs B —P0, ERE MRS
EA 1 h )5, Sebt i BDNF Huig (1:1 000)WFF 4 CiI i, =k
FH 1 x TBST I HRVERE 4 x 10 min, MILA HRP FRidFEhise Tt
(1:3000) , ZIRIRGHIFE 1 h, YEME, AP BRF AT, S5 A ECL
KGR W= T B

1.2.7 PD BRI RGIVESHY 4] ARAT 10%7K &5 LL 0.35
ml/100 g B s 1 565 RRTRE SD KRR, SR B T iz e X L,
[P 5 S, 2 TOU R, 2 RO BRUG 7 A 67 [ 33 o 28
AAR TS 5.0 mm, IEAZEA5 1 2.0 mm, @B T 8.0 mm
AR R AN SR AT X5 4.4 mm, IEFPZRA] 1.2 mm, fHJE T
8.0 mm, F/IVEF TN R B FH 5wl Bt 0 S e Al i 2l
6-OHDA (4 pe/pl, BT EA4 0.2%FrIRIER 1) G T A= B R 7K
o) SRR RIS B A AT 2 wl, BB IS 5 min, HHTE
Eefs 5t 10 min, ZEMIRER IR R R ok, 28 65 2k, i
5 A R, EAUE 2 8, K BUE IS 0.019%BT AR
5 mlikg, i K& HBE AT A, TR 30 min, i€ e B, 1y
RO RT 7 WA BR Ly, el & PD B30 36 X B
BL43 9 PD 4 (PD #571) MSCs 2H (41 MSCs JA7) .BDNF
H (AR B B HEMSCs ), B2 4 12 H . HFRAH 12
HUSD KRR, LS BRER KA 6-OHDA

1.2.8 IR BRI £ T AT A MSCs 41 . PD AR Y il
IR 10% K458/ 0.35 ml/100 g J6 15 1 SRR, 2
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TR SR S MG 2 15 K5 1.0 mm, 112k 42 ) 55 JF
1.5 mm 2R PR T S i R S 0 T 3 e T R
T4.0 mm, HEAMIGE , 2208 A 10 wl 40HE(2 5 x 10° 421
M) S AR 15 ming BB4EF 10 min, 5528 R B4, 4%
JCBEIAITT . BDNF 4. F- AR PR [A] MSCs 21, 28l il =5 7 A
10 wl pIRESneo-EGFP-BDNF UL MSCs(24 5 x 10° 4
Yhf) , BEAIASS 2.4 8 JEIE IS APO 0.5 me/kg 153 i€
T A IR SE 30 min, BRFARLLF PD 21 45 5 i A= FRER K
KRBT,
129 M1 8 A5 BFTH BDNF H AR AT
8 JlJE , S AIBENLI 6 FARE, DUk Sk AbFE , TGHUHR H KN
PRI L3 R i AT, TR SR B LR R A, ] BCA
TR Sk e A PR & i, R 10% SDS-SR N BERE5E
LK B AR 1 YRS 5% , B TR _ERERE 20 pl, ATk SE
BBJE  HUIE 100 V 56 E45 min KSR L (0 3R 1 4500 54 7% 3]
PVDF 55 |, ] 1% BSAZEE FEMAER, RIS 015 1R
PUEL TH Fo e bt B BDNF BT, FH 1:1 000 35 4 0 ¢ )
4 CWFE R, TBST ¥ 5 min x 3 ¥, SK)5 M HRP FRicHYF
it WHL(1:3 000) ZPMFE 1 h, FEH TBST ¥k 5 min x 3 ¥,
S Je B REE S Al 2 R OGS S IR R 1 min Ji5 B ALREERR
FEAR R BEEE R, LA B-actin YEANZ, ] Quantity One
ARHEAT IR 34T, A K (B GBI R
13 %it$rE

K SPSS 16.0 FAFIATSE A0 M, Bl 28 + bt
F(x £5) T, RHEE ST 2001 S 57 HR R IE,
ARG T 2255, R SR 207 225301, 21 I B 80P P LU SR
H LSD Ki3: #5052 AR 5%, K H Welch 35007, 41101 ¥ 5 L
BRI Dunnett T3 K5, Kz98 7K HE a=0.05 (XU , A P<0.05
hERAAGIFE L,

2.1 ‘B &k MSCs 37

FEFf 24 b J5 AT DL ECEE AT AR R AN BE 3 d i L i
EFHICHL, 10 d A7 NI IS 5l S 4t &, 5 L AR50
2R ARTE AR A 1Y ARTE | A 0 I 75 K, A 1 1
AHNUTE 14 2255 3 RANMLERE IS 98% , AN Ak —,
JEAR AR, KT
22 FHREWHEWEL(AL)

Vb Gy 1 i 2H S B R AL R AT I, Uk H AE A LB 5
FREL L HRBETERE SR SE BRI IR AR A TR E . B
1 TTLAE L, Pk ny T 2H pIRESneo—EGFP-BDNF 4 3 571 8
S EBELE Xho 1 Al BamH 1 WY Z JG#EE1H T 750 bp K
AN ST, T2 Xho 1 A Not T BJHTHL T 1 500 bp KNI
M, 2 R 4 P pIRESneo—EGFP-BDNF 1) [£]
RN LU, 750 bp 1 &7 S 80 H 19 BDNF 3L 1 K/
1 500 bp By % YT H A BDNF 4% EGFP F A Ay K/, Al
UL 3 5 RI8 5 s B A A iy ) A A e
2.3 Western blot #&m] 45 %

P H BT pIRESneo—EGFP-BDNF Ht, 27 L1k Y

B MSCs, 28 G418 i ik )5 , H Western blot 3% 6 I 21 it
BDNF # RIS, HIE 2 A0, 24 27 kD A7 o] Wy 2
7R pIRESneo-EGFP-BDNF ¥ Y& MSCs il ¥ BD-
NF (3K B8 MSCs 25 Bk Y44 MSCs 1 BDNF %
IRBHAR,

1500 bp
750 bp

M. marker; 1. 8 5 72, 3 5 7l ;3. 3 S il Xho | +Not 1 ;4.8
TR Xho 1 +Not 1 55. 3 5 5 FE ] Xho | +BamH 1 36. 8 5 55 %
F Xho 1 +BamH 1
1 J&HI plRESneo-EGFP-BDNF Egt)] 4% E &
Fig.1 Restriction enzyme identification of plasmid
p|RESneo-EGFP-BDNF

:'— B -:—271(])

MSCs CON BDNF
MSCs. E# MSCs; CON. HikL pIRESneo £ 44 Erf MSCs;
BDNF. 5 pIRESneo-EGFP-BDNF 44 445 MSCs
E 2 pIRESneo-EGFP-BDNF JRAIFER BE MSCs &K%
Fig.2 Expressions of plasmid pIRESneo-EGFP-BDNF in bone

marrow MSCs

2.4 pIRESneo—EGFP-BDNF Ji 4545 4 B %% MSCs

FL LY I 3R A AE T, G418 Fifi vk ad F rp A e L [N
P 200 B2 BT AT T B e B TR ) 200 ML DU A7 TR, SR G418
5~7 dJi AR RAF A2 W s~ WLa e Y 25 1 I
&3,
25 ATAFHRMER(R])

TS BTANSME RS | 5T AR K B Z2 | A e YR B
21, 6-OHDA A (S BT + PGP g R, JeRBUE
LR, LU0 Al Rl 5 Rk S0, S IR BRI | oy AR
B ) A DU ERG A B R A 3R T 7 Bl/min, #843 PD
KBRS GRS e Wi Sy BB AN 2 B
GG AL M E T 225008 W] 2 .4 8 JH 421 K RUie % 1
BAEW W25 A543 X (F=80.818,P<0.001) ,MSCs
20 .BDNF 41K RAERMAR TS 2 .4 A 8 J8, 5 PD 41K I
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A (RAE B RN 2 A IS | (FUE RS R B RS AT A
A 1 36 0 (P=0.003 , P=0.04, P=0.001) , %5 4 .8 J& BDNF 41
5 MSCs 41 He e il 8¢ A 1 (P=0.029 , P=0.005) ,

F1 BFERBRBERNEEEEHLE ( B/min,x+s,n=12)
Tab.1 Comparison of rotation frequency among groups after the

transplantation ( rotations/min,x +s,n=12)

20 51 2JA 4J% 8/
RFALE 2.25+0.96 2.08 +0.79 1.83£0.83
PDZH 1233+1.82*  10.08 +2.54° 9.25 +2.45°
MSCs4 10.16 + 1.64" 741 £1.73 525+ 1.71"
BDNF4] 8.91 +2.10" 516+ 1.80"  3.00 % 0.85"
Fali, P A} 79.488 59.426 38.431
PE <0.001 <0.001 <0.001

¥ a, SR TR HEL,P<0.05;b, 5 PD 4 H#, P<0.05;5¢, 5 MSCs
2 HEE, P<0.05

2.6 Western blot #-% BDNF %& & TH % & &k (& 4.5)

AT 8 Jil )i , 25 4R B i BB i 3¢ 55 BDNF 2511
TH & 11, LA PD A 3RBmAR, BT AR ik mem H 5 HH L
BERAGITHE X ;MSCs 4 . BDNF 44 BDNF & 1 .\ TH
HARIB B PD AA e m B E S A S8 X (P<
0.001 ,P=0.035) H. BDNF £H 5 MSCs #H LA 3kt i (P=
0.002),

3 #: pIRESneo-EGFP-BDNF H &8 MSCs ( 400 x )
Fig.3 Bone marrow MSCs transfected with plasmid
pIRESneo-EGFP-BDNF ( 400 x )

T — —— — BDNF

S — i
BFARLE  PDZ MSCs4l BDNF#H

1.4

fBFAL
|ADAL
OMsCs4l
OBDNF4]

BDNF/B-actin
b. 5 PD 4 HAK, P<0.05;5¢, 5 MSCs 241 HA%, P<0.05
E 4 #HiETH 8 EARESEAKXRER BDNF EARIZNEN
(x+s,n=6)
Fig.4 Changes in expressions of BDNF protein in nigra in each

group at 8 weeks after the transplantation ( x +s,n=6 )

| —— TH

BTFARMA ol MSCs#4l  BDNF4L
1.6
14 BT AL
! mAD4L
ig 1.2 OMSCsdl
@ 1.0 QBDNF/L

TH/B-actin

a. 5 PD 4 Fb%:, P<0.05;b. 5 MSCs 41 4%, P<0.05

5 BETH 8AESHARER THEARKNEL
(x+s,n=6)
Fig.5 Changes in expressions of TH protein in nigra in each

group at 8 weeks after the transplantation ( x +s,n=6 )
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H A0 0 0 A L O T A T e 2 T e e R 20T
Bz M BE RAER, I 7E— i 5 RERH 11 ol 4k
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I HLWG R Eh e e B B MSCs , 2 M i 25 B 4l PD A5
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B, I AT 8 JE 5 iR 5 BDNF 8\ THZE
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