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& B Bdnf B EE 1 Y& 58 18] B T 20 A AR
{07 Wi 5L

HRE Y, KBRS Bl RFW°, T KBRS

1 fREEER KM RS —ERe AL, M 350005
2 fREAE MRS T, R 350005

3 fEERIRE M2 A Y 2% b, fmHA 350004

4 fREE IR A b= 24 e, R 350007

# E: ABRZ Bdnf AR ASA 69F 408 R T 48 i (Mesenchymal stem cells, MSCs)sT 42 5669 W B 76 57 46 A, M2
A KR Bdnf 2B Z 1B smEFBAR, A F KR T AR T /e (Rat mesenchymal stem cells, rMSCs). & &4tk 4] & KX R
K B BALA! | 2 BN AR, 3 RE L E S 0.1 mol/L BEEL 2 42 4 & (PBS)L mL, Bdnf-rMSCs #= Mock-rMSCs
484 A i 4% Bdnf-rMSCs 20 e B A BOARIEN B 69 38 B 69 2 Jm - HAK R R )5 69 IMSCs @mfie £ & 1 mL, &4 K A4 5
FARJE 24h, #AE 2 B 2 A XA modified Neurological Severity Scores (NNSS)# -4y Z s de kL. R BF, Haf

BE 2048 b, Mock-rMSCs & Bdnf-rMSCs #AL4H 4% 2 o #2 2 & 91 B, mNSS 4 £ #F 4.3t 3 & L (P<0.001), ™ A
Bdnf-rMSCs #4548 9 2 . F Mock-rMSCs #4548 (P<0.001). #4445 2 Bl & 2 A, 5 %t BE 2048 b ¥ 4% A5 204 50 [ fisi 20 4%

MR EBFF, ¥ T L EGFP fa M EAR b R B K Bl R IR EFFAE, 514 3w At 2 M L . Bdnf- IMSCs
AL T A AL 00 K & R A BDNF, PA3ARLL F 3 A S0 AN 0k kb 2 tm e R @ 4= &4 . BFR &Y Bdnf R B154h
9 IMSCs 2 # WA A5 7T £ 45 £ JAR sL I B ), @1 4h & m et KB 7E . BAUE o9 F @mie~T 5 5 54649 BDNF
FIAC AR SL 5 AY 2 ) ek AL, XA H kAR LA T e A Ao o7 AR L3R4 T IR G .

LI FMINE T @ik, WARMAEAKE T (BDNF), #kBH, XA, WEL
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Abstract: Pretreatment with brain-derived neurotrophic factor(BDNF) reduces ischemic damage after focal
cerebral ischemia, and bone marrow mesenchymal stem cells(MSCs) were reported to ameliorate functional
deficits after stroke in rats. Here we investigate the synergistically therapeutic effects of BDNF gene-modified
MSCs on cerebral infarction. We transfected MSCs with the BDNF gene using a lentivirus-based system and
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investigated whether the BDNF-modified MSCs contributed to improved functional recovery in a rat transient
middle cerebral artery occlusion(MCAO) model. Compared to untreated rats, rats that received both MSCs and
BDNF-MSCs showed significantly more functional recovery. The difference in modified neurological severity
score(mNSS) was statistically significant(P<0.001). Recovery was better in BDNF-MSCs than in MSCs(P<0.001).
At the second week and second month after the systemic delivery of blank vector-modified MSCs and
BDNF-modified MSCs, the treated rats exhibited more significant recovery than the control, including the
accumulation and living of enhanced green fluorescence protein(EGFP)-positive cells in the infarct area and
surrounding areas, neuron-like changes, expression of surface markers of neural cells, and a large amount of
BDNF expression in the BDNF-MSCs-treated group. Our findings suggest that BDNF-gene-modified rMSCs can
migrate to surrounding areas of the cerebral infarction lesion, differentiate into neural cells, and survive for
extended periods. With the synergy of BDNF, they may promote the recovery of the neurological function
following cerebral infarction and represent a new strategy for stem cell-based therapy.

Keywords: mesenchymal stem cells, brain-derived neurotrophic factor (BDNF), intravenous transplantation, rat, cerebral infarction

C A Z W58 IE 52 B 8] 5T T 40 g (Mesenchymal
stem cells, MSCs) K& fixi ¥ ¥ #f & £ K H 7
(Brain-derived neurotrophic factor, BDNF)XJ i ik Ifil
05 J5 A 2200 1 DR AP R ARG 52 X B R 7 AR
WS ST FREIE, AW R AR SR AN T
Bdnf H A 28018 4 K BB B TR) BT T 40 i (Rat
mesenchymal stem cells, rMSCs)3kf34a & M mE
ik BDNF [ rMSCs(Bdnf-rMSCs), ¥ it 4 fits 25 & ik
FEAE A TN Hh 3 JikoAs: FEAR TR 0 R B PN LA —
IZEIRGEAg T R A e
1 MR AnT
1.1 KEzs

2 H 1%, 250~300 g I 15 PRI A8 7 F344 KR
61 H [ ERARE B scm shiy ot 508
Y5 PTUES . SCXK(771)2003-0003; 52568 s
FHVFATIE S SYXK([#) 2004-0007]. #h# i i im 3%,
HlEE . ok, BB 12h, RAT 12 h 258
1.2 FE#H

18955 2 2K FORL PNL-IRES2-EGFP, 124 Jif i
HELPER, ffFikr VSVG UK 293T 4l i34 iy 3¢ [
FE 22 R 2E MR — T2 G . Topl0 18 Fh AR BB
SRR AT I

FEGRGR: L SR . BRI N VI BamH | 1
Sal | (Promega), /& &£ E Pfu ultra DNA & i
(Strategen), Trizol DL J% i i {& lipofectamin2000
(Invitrogen), J5i k7 il $2 1 77 & (Qiagen), Af 4 I 1E
(PAA), DMEM(GIBCO), fi#fifj-EDTA(GIBCO), # %k
%R (GIBCO), HAt i34 Ry itk (Vs [=l 7 Ab 2= o3 ok

C1E /R AR )5 5B w3 1 X AL 7/ /AT

Piik: Pt BDNF Z7ipEdiif(Santa Cruz),
Fhif 19G/HRP 150 &, BT K GFAP Z FifEht
&, RPUKENSE Z iR, /NPT NF-200
SEREBUAR, TRITC FRidFhi e 196, TRITC brid bt
NEIgGEE T H ILAEY A ) .
13 FiE
1.3.1 7 Bdnf TG 2 # A E# . K&

rMSCs M43 B 43S . 5555, 18R HEE YL rMSCs
T R e A 8 5 2 AR /N AR g 28 R
1.3.2  HELAM 50k i ZE(Middle cerebral artery
occlusion, MCAO) FE Y

%M Zea Longa 77 W5 DAk L B A 3 1)
s DA A SR K PR A i 77 B r A0 2 P AR T
R KBIEZ TR, (HBLATEA SN 3 b6 EL,
TE £ N #5502 ko AL PR WLEE R AT HE 0.5 cm BT
TEGEFLAE X BE 4 (n=8).
133 L4

¥ MCAO ##IK B 48 H(EHIBRARJFIET- 3 H,
ARJG AR 2 R TR 4 3 4
Bdnf-rMSCs 41 16 2, Mock-rMSCs 41 16 H, X i8]
16 K. AR SRR @A 2 & 2 1)
Irh 2 4, 48 K. MCAO BRI J5 24 h,
YRR K B, Bdnf-rMSCs £ 2 R ## Ik 4 Hl Bdnf 3£ K
B4 5 9 rMSCs BALAN A 1 mL(M 24 F44 5 x 10°
A4 L), Mock-rMSCs kS 1 41 28 B2 #i Ik B A 25
05 B AR 1Y rMSCs BN IR 1 mL(FI 4 T4
5x 10° 4 41 i), X HE 20 28 B #bk v 5 0.1 mol/L PBS
1 mL. BHEHRRE T E R HI7E 20~25°C K30

Journals.im.ac.cn



1176 ISSN1000-3061 CN11-1998/Q

Chin J Biotech

July 25, 2008 Vol.24 No.7

Wy 5 (I 17 ) R &2 TE i 5
1.34 77y Es

o FHRR 240103 ™ B FE FEPE43(Modified neurological
severity score, mNSS)BIEAT4T Jy2# ¢, F MCAO
ARJG 24 h LHE)E 2 i, 2 ARG LT NSS
PN & A S LD Re R . mNSS L4512 3k 5w
FP- iy AR g, AR BT g 58 AT 55 1 o G 1S
5% MNSS B3 12 43, P45 3R B pi 2 2 se i
Pk ™
1.35 KSR AL I FHEE

HUA2H R U425 B 10%H |5 %E 4 h, 30%
FERR ORI K 3 do WKER DI LUK R Y F, DA
KRR, YIMRAFRE(LS wm) e R U i, R —
I AR RO B, AR AL
T 4°C, Tt b %E . PBS I VEN i 3 1K
i 3% H,0, ZHTHERAN A, F=IRFE 10 min;
PBSYHUE 3K, MM IR £ 28 3 1 55 o0 i 1, flipe
P KA 10 min & 40 PBS T UE 34K, 43 li
fn—+Hi@i BDNF. Hit NSE. Hi NF-200. #i GFAP)
(1:100 PBS ML) Z AN, & TR aEh
4°C E K. KHEGE, PBS ¥ 3 W Al
TRITC Fric fAR N 31 (1:100 PBS Fic i) Z 4l il 4 A~
fiéi /-, Mg 37°C REEWEE 1 hy WAKAC T K4y,
HhE A, BT, PO6 BB A5 R 5 R
PG AL TS XS o B XS B4 LA PBS AR —9it,
HA A B R .
1.3.6  ZilFa0r

X} Bdnf-rMSCs F4t4H, Mock-rMSCs # 2 5
X HRAH = AR S5 24 h, BAd)E 2 Ji & 2 J1 19 mNSS
P43 Excel #54 B2 SPSS11.0 #4100 S FEAS ¢ 6
4% (Indenpandent samples test), B a=0.05.

2 &R

2.1 MCAO A T4

MCAO A J5 K B H BLF- AR M Horner 1E,
B AT 0 PR e il P, BT IEASRE, A SERE, T
AR, FATRE S I B . FARSE KR mNSS $F4
EHME R 10.75, UEBT A NIRRT AR T
IRER
22 {THEMNERLER

M EHE 2 E BRI R IE A6 (& 1),
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Kl MCAO J& 24 h, Bdnf-rMSCs 41 . Mock-rMSCs
MRS mNSS W22 R A B E T X
(P=0.867). F&AH )5 2 Ji 441K B0 iz 3l A1 2
AEH. MCAO AR J5 ¥4 AR AR BE iR &2, (H 38 &of
mNSS 753 B Gt 20t K B Bdnf-rMSCs 215
Mock-rMSCs 2H it 1 52 ¥ L T~ PBS 4, 4H [] 22 5 A
12 B L (P<0.001), T EL Bdnf-rMSCs 41 (R &
F Mock-rMSCs 4H, W44 [0 22 5754 i 2 =
X (P<0.001), ik Fh2z i Al LR EFRIBEME 2 H o

£ 1 KELZBTES mMNSSIESIFEE(X +s, n=8)

Table 1 Comparison of mNSS of different groups at
different time (X s, n=8)

Control Mock-rMSCs BDNF-rMSCs
group group group

10.88+1.126  10.63+0.744  10.75+0.886

Post-operative 24h

Post-transplantational
2w

Post-transplantational
2m

“P<0.001vs control; P<0.001vs Mock-rMSCs group

23 RAREBBUFELS

MAH)E 2 A, BN BT 488 nm KO
R T MEL, K I Mock-rMSCs 40 & Bdnf-rMSCs 4
o A5 SR e i DX K% ) LA K5 EGFP BHPE 4 A, fi
MZE DL, T BREE AR & BL(ET 1) 2400 F 5t BDNF 4t
AT e A A (B trite ARl Zh0) e
Bdnf-rMSCs 20 " K £ % EGFP P41 i 75 5 — 557
nm PRI E Fif kL@ tii A BDNF #
35, T Mock-rMSCs 28/ EGFP [H 1 41 ifd JL-F- A< W21
e, WAL R S8R 0L @ s Ot (sh
BAUA S R IR) . LM Bdnf &
i) rMSCs 7E fisi N 45 A] K & 3k i85 BDNF, B %R
Mock-rMSCs £ 7E /&~ ] RT-PCR } Western blotting
B )7 B AT K I B BDNF £ ik, HH KXk Y
Bdnf-rMSCs 2554 B EMWE L, Wik, FERN
Al RE T H R A AR AR T AR Re A I 2 2 — 2
NPT NSE. L GFAP Kbt NF S5l £ 41 i AH 56 =
AR C PRI T e b2 Yo o )5, 20 B s
T RIPSAEA P4 55 EGFP BHPEZNIE AT ¥k
LT, IR o 20 S B A 28 40 A AR
Wt BH 40 B8 L 200 0 R 005 3R 3 i 22 5T D T ol 28 e o 4
BRI (SRR BoR). BAEE 2 H, RAIRETE
Bt X% R SR B K EGFP 4, &85 4i i

7.88+0.835  4.63+0.744"  1.63+0.518™

5.38+0.744  2.50+0.535"  1.25+0.463"
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MMM RS, 2Pt NSE. $it NF & Ht GFAP O, IR S5BMEE 2 BRI R(E 2.
GER Y B A S R AR E PRI T b ARG 3). RSB B BRI 4 (45 R R B R) .

A B C

1 ®BHEE 2 B EGFP BRIE4ARE 53 75 45 R (X 200)

Fig. 1 Results of the distribution of the EGFP (EGFP+) positive cells after 2 weeks of transplanting(x200)
A: EGFP+ cells were localized around the ischemic focus by the fluorescence microscope in the Bdnf-rMSCs group;
B: EGFP+ cells were localized around the ischemic focus by the fluorescence microscope in the Mock-rMSCs group;

C: there was no EGFP+ cells found in the healthy side of brain in above two groups

2 F#ElE 2 B Bdnf-rMSCs 48 % 5 % St 4R 1k 25 BB (X 200)
Fig. 2 Results of immunohistochemical staining after 2 months of transplantation in the Bdnf-rMSCs group(x200)
The figures of the A,B,C,D show that the EGFP+ cells(arrows) were localized around the ischemic focus. The figures of the a,b,c,d show that
those EGFP* cells of figures A,B,C,D(arrows) expressed BDNF or various neural cell surface markers respectively: in detail, (a) for BDNF(+);
(b) for NSE(+); (c) for GFAP(+); (d) for NF(+). The merged images are showed in the figures ‘merge’

merge : merge

E 3 G 2 B Mock-rMSCs 48 % 9% 7 ¢ 48 14 45 R (X 200)
Fig. 3 Results of immunohistochemical staining after 2 months of transplantation in the Mock-rMSCs group(x200)
The figures of the A,B,C,D show that the EGFP+ cells (arrows) were localized around the ischemic focus. The figures of the a,b,c,d show that
those EGFP+ cells of figures A,B,C,D (arrows) expressed various neural cell surface markers respectively, but don not express BDNF: in
detail, (a) for BDNF(-); (b) for NSE(+); (c) for GFAP(+); (d) for NF(+).The merged images are showed in the figures ‘merge’
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3 Wi

Ji ke L A A i A SR AN B — S N IR PR e 5 af 3t

B Esn X goosers, HEREAH, H
H I PR X ATy il = A 800 7 i, 33X A 2 ki A5 A8 il
Ja ARG EN . T M a8 sl A YT IR
P RIGIT MG SE A 257 17] . BDNF 2 i PN fi 8 L
BB FRE T2 —, HAYER . 8 DL AL U p
S AR VER . LA REMLHIHE . 07 14
JHOFBE - 4 5 3 1 A 11 B9 R GRS 4G 25 - I
SEPUA AR, e A0 M P9 B R R 4 3 P SR
PRAR R A A2, A 2 0K TE R pR 4 OC T RE i L T 1
O F IR IE 5 5 Mt 50, Z4Er 2t %k
)Xo I e KL 453 405 A 26 FRA B0 A e A 42 4 T 20

MSCs Jeg gt AES T4, 7EagEHh £2
A8 S HFAUE SR M T AR o RS e BRIk ol 240
B T 0 R 3 58 fn 2 ) 4 AR I TS RE, kIR
HPSEBBIFSE 2426 I MSCs RERS 20k 1w 22 40 g 121
[ F, 3 AR 22 2 U T 40 i i v B S B b2
% A B A4 &40 Ji RN AS [R] B4 20 22 41 i @6 i 200 e 35k 1A
AL AL R 2 LIRS IESE, XRG4
WSEAEAE, BRI, ik, HRTKZEEE I
A AT S A T A SRS X R RS
T MSCs pyrl 8¢, HHABM 5 RreHefF
RIS, D324 PR 2y, R Ry 8 4R 0k, Al 3L
TR L 0 6 A 5 DR 28 AR R T AR AR R T .
A EL A AR 22 B 5 110 e BN 1 B R 40 s B 3R Y
MSCs BoH e, LA ME 1E 1A P 7775 I A 4 X
W, bR LA bR S, FEXTE 0 A
A LAF G S e AR R R TR A E R . Sk EE A
AE X T FLAh B A8 7 3 48 G JR 3 1) VR S RS AR T
A4 AR G RS, DR i
Jok # AT TG B 2 — B A &m B sE iy 7 ik, X2
2 AR 5T /N AR ) T A S Y L AR R R R
MSCs 3= %8 73 A JE AL A e ikt o] BT, 7 7 A U 8%
AR HET MSCs & IMASBAE G T . 76N
WA . SRS v AR 58 4B 1. b MSCs #%
LS 1) 9 464350 07 A B 2 L R HE IR 9T AR M B 2 5%
4o AT BRI 2 M 2H 25405 5 R I — S 24 it el o
AT RIEFET . BRT, Kk AKNE MSCs
FANL ;7 A — BB A B ZE B o X LA i B 7 A —
AL VER, ASBiE 5T /N i B B 5 ¢ BH S 5 4 it Ao
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A= PR F--1(SDF-1) S e i e X — fafb it f p i 8] 7
R FHTO TR e ot o A R R R BB, A
W5 KRS AR MSCs HE A BR IR X .

R Z MR RS GENERETFIRAS
T2 A 40 o 0 A A A S X A S 2 e —
eH A RBIRIT IR . NIk, 3L 8 6 5T 40
JRLAS AR O BCA ik N B A YR T B9 (R T2 5 ] B AT
Jei 1) A4 440 T TG R A R 53 4 i B 1 M 2 T &
e, SRR K 43 WA AR IR DT R XER VR 9T AR
Flo ZhaoP V453 st M Bdnf 30 53 15 R A R e
MSCs, & B3R &1 5 MSCs K i #1543 BDNF,
I HAEW R T G b &gy, gl bk
DU 2 b 28 JCFE 50 R AR A& o B UG IR AR A AR
Bdnf-MSCs & [K 1.2 T 4t J A% FiE A e 1 453 473 fii P9
AL MSCs A< & ] LR 05 LA T 1 ph &0, I
FiB 38 2 2% 43 WA A FH 2 a2 i 61 2 2 40 ik ) 48 R T A
PLIA BT IGYT M5, Kazuhiko®Y% 1% B Bdnf B
B MY MSCs, B A MCAO K Uik J5 & BX
Bdnf-MSCs F 48 J5 #3K S 43 W6 1) BDNF & [ FLafifs
fi MSCs 5 23 1%, ¥#i 7~14 d J5 Bdnf-MSCs 413
AE S W S TR IR 4L, MRI SR R A5 A6 7 [ R 0
INFX IR . X BB SE B PR & Bdnf & i
MSCs [ FH i ke 1M 773 7 K A — S PREEAT RRT A T
9974 o T Nomural?% i 5 # Bk B R 22 Bdnf FLIH
AR A MSCs A MCAO K EUAPN, &FH A fE
WD AR AEAREL B 2 T REIR AL, T FLIA T AOR
L B4l MSCs R AT 2 1F .

5 ERZTH UM, ARSLKHECR T E
FETERE 180 B 20K, e A SRS Y
rMSCs 1] DL AR 1 13 440100 2238 i A1 H 117 3
Bdnf, 1835256 & B Bdnf-rMSCs Fll Mock-rMSCs
Ay M IKEAE A MCAO KEUAN G, W&l f
E MCAO KR 2 I RERI WK R . TR AE BT
2 A K 2 A KR4 h e e B0t BR 4L PA i, mNSS
WarESARENE X, AWML mNSS P4
ZRWA B EME X, BdnfrMSCs 4 W &1 T
Mock-rMSCs 4 . B4t )5 2 &l )z 2 H RS A ZH 41 g 2y
TR 5 i T B 5405 X R LR o X sk, 9 Al e
ik BDNF. PRI A 53 B i 4 M 431 hy 1 22 T
YA I B AN ) R S AR R NSEL NF )¢
GFAP 45, RIS B /R NSE. NF FikE7E
2%~3%/ 47, GFAP 7E 6%~8%/: 4712, i3k R 13d W]
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T Bdnf-rMSCs J&[K T 72 T 40 i B 48 5 0 R i 1 40
AT K 45 AR T I AT 4 A8 55 IR 15 JR 3 9 B
B Uk 2 D ek B B9 IR ITAE L, TS A e
B IE VAN SLEG LIGIESE . 1 st 2 30
SRR RIS ] . KA A RO R ISR
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