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Abstract

e AIM: To study the changes of brain - derived
neurotrophic factor ( BDNF) expression in gene modified
bone marrow mesenchymal stem cells (BMSC).

e METHODS . BMSC were divided into blank control group
( without transfected BMSC ), negative control group
(empty vector without BDNF gene transfected BMSC) and
experimental group ( BDNF gene transfected BMSC). The
expression of BDNF mRNA in BMSC was measured by
Realtime PCR, and the expression of BDNF in BMSC was
measured by ELISA.

¢ RESULTS: The BDNF mRNA expressions of 3,4,5,6, 7
and 8 - generation BMSC cells in the experimental group
were higher than those in the blank control group and
negative control group. The differences were statistically
significant (P3. F=491.788, P<0.05; P4. F=380.112, P<
0.05; P5; F=1854.929, P<0.05; P6. F=224.540, P<0.05;
P7. F=619.155, P<0.05; P8. F=10.092, P<0.05). As the
BMSC cells in the experimental group passaging, the
BDNF mRNA expressions in the experimental group
decreased. The difference of BDNF mRNA expression
among different passage cells was statistically significant
(F=298.603, P<0.05). The BDNF secretion of3,4,5,6,7

1816

and 8 - generation BMSC cells in the experimental group
were higher than those in the blank control group and
negative control group. The differences were statistically
significant (P3. F=520.609, P<0.05; P4. F=734.520, P<
0.05; P5. F=152.847, P<0.05; P6. F=80.372, P<0.05; P7.
F=96.083, P<0.05; P§. F=38.532, P<0.05). As the BMSC
cells in the experimental group passaging, the BDNF
secretion decreased. The difference of BDNF secretion
among different passage cells was statistically significant
(F=230.084, P<0.05).

e CONCLUSION: Long-term expression of BDNF in BMSC
can be enhanced by genetic engineering.
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B B . A 5T FE R & i 7Y & BE (8] 72 5T T 40 M ( bone marrow
mesenchymal stem cell , BMSC ) 43 W Jixi Y Pk #f 4508 3R K
(brain—derived neurotrophic factor, BDNF') OB =R A
T3k S A O B (R 5% BMSC 4 i) (B
X FEZH (SR AN & BDNF 3 R (1) 45 28 okr 575 YL 1) BMSC 21
Jit) FSE 56 2H (2R FH & BDNF & A 19 Jiok: % Y4 1Y) BMSC 41
) . Realtime PCR il % & [ & 4 () BMSC 41l g BDNF
mRNA ik, ELISA 2 J& & i ) BMSC 4 il BDNF 119
BRI HY 3. 4.5.6.7 A8 L BMSC 4 i BDNF
mRNA A5 T8 X R AR B4, 4l 8] 22 S 2
GiiteF i X (P3. F=491.788,P<0.05;P4. F=380.112,P<
0.05;P5.F=1854.929,P<0.05;P6:F=224.540,P<0.05;
P7.F=619.155,P<0.05;P8.F=10.092,P<0.05) , S
ZH BMSC 40 fifg it %5 40 o /%48, BDNF mRNA FEik 2T R,
AR R 22 5 BB e it2 38 L (F=298.603,P<0.05)
SEAH 3 45,67 F18 A BMSC 4ilfifd BDNF Y4335
Fos TR MBI X R4, 0] 22 A S i3 X
(P3.F=520.609,P<0.05;P4.F=734.520,P<0.05;P5.F =
152. 847 ,P<0.05;P6.F=80.372,P<0.05;P7.F=96. 083,
P<0.05;P8.F=38.532,P<0.05) ., 241 BMSC 4 il
B AMAEAL, BDNF 11953 Wb 28 35 1% W7 T e, AN [a) A8 %k m) 22
SHAGIE22 55 (F=230.084,P<0.05) ,
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L DO RSP 9 o 2 7 O T R R IR . AT
WL 14 T A IR YT i AR IR YT A AL
0 JIEE A5 1 2 PR IR T RS T A R R () S BT T 4
(bone marrow mesenchymal stem cell,BMSC) i T £ 1] 431k
TERE L E AU 5 5, T Gy I R S5 00 A, A AR A0 b - 4
Jig > o TR M 228 3% I T ( brain - derived neurotrophic
factor, BDNF ) RT3 il 5 fih o] 98 M K i 28 A= |, 1 i ol 28 44
JAEAE D AN G 7 A0 RA 7 A B Sk A0 I A
PR BT TSR YA . AT H W 5T 4008 i B N TR
H49% BMSC ik BDNF #ft 2878 32 A 5, W 50 5 R 1 1
BMSC 4iiifd BDNF (3525 4k
1 MRF A %
11 SR (R T U SD KRR (A PR R R 24 S
) 10 2,4 ~6 Ak, ATTE 80 ~ 100g, HEER AR B
KA Bp P, 4 RO B T A, 2 IR 25°C, AT
JE40% ~65% BTSN, T A e oK, R
SEHS S e A A R AT S O S IR BT O B &
(' Association for research in vision and ophthalmology,
ARVO) MR B S I E . 44k BDNF i 323518 9k
TR (L TR S E AR A BRA R ) o FITC-/N AT CD44
BT REPLIAR FITC -/ BT CD34 A5 B HL K  FITC -/ R
Ht CD9O BA T 4714 ( Santa Cruz /3] ) , DMEM/FI12 8533
VR A L B ( Gibeo 24 R ), K Bl BDNF ELISA {7
& (R&D A H)) ,RNeasy Mini Kit( Qiagen) , PrimeScript® 1st
strand ¢DNA Synthesis Kit ( Takara ), SYBR® Premix Ex
TaqTM Kit( Takara)
1.2 ik
1.2.1 X BMSC BR# FIsEFREFE KM BMSC 5 Fr 4
SEJT T R U S 4 TR ME R SD K BRI e v S
100/ L 7K & 58 JBR 15 J5 T R8T 2% 7 BBC A R0 i -2 A i
B, JCI PBS MPE g . AR R BB DA a] B 0, S8
4R FE I ( DMEM/F12 £5 32 +200mL/L FBS+50U/mL }F
) 10mlL A byt a B, PR 2 200 H AN HAR il
T PR R AT HS 58 73 W AT 1R 5 ZR B4 L8, 3 b T
25em B IR P, BT 37°C, 50ml/L CO, F 1 3744 (3£
Thermo Forma) W55, 3d J& B R , 6 9% B 5] R 1H Y
FEFEW, AR 0. 4g/L EDTA 1 PBS 4mL W@, 37°CHEH
10min, B PBS FIA IS BE /) 40 i, I AHT 9 58 2 15 772
K HI CD44 [CD34 ,CDOO X 24 Ml HEA T4 5E o 4 4l i il 15 35
80% M FEATALAREE %, WS 2 A0 T R B i
1.2.2 BDNF EE1&1f# BMSC 4 HE KRS R 47
A5 2 ACHY BMSC, 4l i il 5 R 25 30% ~ 50% , 54 B
B ST I IR, RS 0 B R A2 £ MOT 2 30 A
WeAR2liAL Y BDNF i ik MR il (BN 2x10°TU/mL) ,

%1 BDNF #1 GAPDH Kj5| 4155 31
HEH 519751

BDNF F:5’-GGAGCCTCCTCTGCTCTTT-3’
R:5’-TTTTGATACCGGGACTTTCT-3’
GAPDH F:5-ACGGCAAGTTCAACGGCACAG-3’

R:5’-GAAGACGCCAGTAGACTCCACGAC-3’

[ IS A B 419 Polybrene &My Spe/mL, %5
TRA), RS RE 55 SO 240 5, O B R B S8 A B R U
POCRMEE T, THEER IR G EA M BMSC, ARG
1.2.3 KWHHE LI M2 PN IR (R&5H Y BMSC
AHE) BN B4 (SR B AR & BDNF JE K (4 25 2% ks 5%
YL ) BMSC 4 ) A5 5 241 (R A & BDNF 35 [ 1) 5 hr %
YLiy BMSC 4 .
1.2.4 Realtime PCR ilZE £ F &1 # BMSC 4 i BDNF
mRNA Rz HBUERE3 R 410 550 e R 5 7 10
55 8 ACHIEE 9 R4S Sx10° Hih 2 45 2H 40 if B RNA | 331 %%
SE ¢cDNA, BDNF 519731 2 B GenBank H )7 51, H
primer 5.0 FAFBETHA, BARFHI L 1, UL GAPDH 4
WZ, # 17 Realtime PCR Kl , #2814 95°C 10min, 28 14
95°C 15s iR K AL 60°C 60s, ILHEAT 40 NMEIA, HFIKTE
FIEAF [ BE 32 BUW G . PCR 45 3K ), 7 95°C 28 ¥ 1min,
SRIGVEHIZE 55°C 1min, fff DNA XUE 8045 6. MR
WA TR Y Bk B & f CT B, B NS
GAPDH #Z1E , 2R F 272" ik 20 #r B0, FH AR X 3635 2 3R
N, LR 3K,
1.2.5 ELISA UEE E &1 # BMSC 4 BDNF 14 i
FiE BUE3IMR B4R ESMR B E TR ESA
G 9 AR AN ML 8% BMSCs % 1%, 4% 3x 10" /FLIEFP T 6 fL
B, 24h J5 ALY N 5 x 10 /4L, T 8 ff 8 37 55 (2ml/
L) B35 120 5 U4 & A A0 M 13 W, 4% IR BDNF 1)
ELISA Kl 7 G vd B 5 b ATk, i 3 = AL,

GEiT2F oM T A BE R A SPSS 15. 0 i 8kt 15
Giit M, 4541 BDNF JEH 19 mRNA A k& 5
WAL B AR e i 25 (x5 ) FRoR |, SR HBEAIL X 4 /Y
ANOVA #3843 4[] 22 5%, A P<0. 05 N2 7H Giit2#
2R
2.1 EFA &R BMSC 4 BDNF mRNA Rix  SC54
%53 .4.5.6.7 18 18 BMSC 4i il BDNF mRNA ik F 45
FA X B R BT BRI 25 5 B B2 E i L (P3 . F =
491.788, P <0. 05; P4, F = 380. 112, P<0. 05; P5. F =
1854.929,P<0. 05; P6. F = 224. 540, P<0. 05; P7. F =
619. 155,P<0.05;P8.:F=10.092,P<0.05,/ 1), “£¥H
BMSC 4t Jfi 6 2 41 i f% 1%, BDNF mRNA 31k %W T K, R~
[ AR A IR 22 S B Bt 2 L (F=298.603,P<0.05) ;56
3MREEAR FARAE SR ESREE6 18,5618
A 7 AR PN A 22 57 B G it 2% 8 L (P<0.05) ;
557 AR 8 AR A 8 AURNEE 9 ARALM P Lh A 25 7 R4
B X (P>0.05)
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2.2 EFEEHAY BMSC 418 BDNF R4y Rix L5 4]
%53 .4.5.6.7 F18 FR4I BMSC 4 il BDNF [ 323k &
TS X IR AT IR, H W 2 5 B Giit2EE X
(P3.F=520.609,P<0.05;P4:F=734.520,P<0.05;P5.F=
152.847,P<0.05;P6 . F=80.372,P<0.05;P7.F=96.083,
P<0.05;P8.F=38.532,P<0.05, 8 2), 540 BMSC 4
MU BEZ 445 AR, BDNF 843 06 2 18 B 7 T e, A R4 8k
6] 22 S HAT B2 L (F=230.084,P<0.05) ;%5 3 {CHI
4R 4 RS S AR B S ARANEE o ARALE PN g
ZREAGHFE L (P<0.05) ;45 6 LA 7 /8 45 7 18
AL 8 AR 55 8 AN o ARALIM P P g 22 R RS T2
SL(P>0.05)
3 iTig

AR O A P 9 9 2 7 B A O AT v R IR P
A A g A B B AR P | B AZ g A A R £ R
F AR Stargardt S A AR, TR
o S 25 0 N BE T2, B AT L ISP 1 T IR IT
oo FARPFEAEBE SR AR R R R 1 | AR A I A0
NELIEERT A AR 20 0 2 A ) BRAR D 7 40 0, 2 3 AE A R
JEAE PR IRTT OB 55 M AR 0 T 40 iR o7 R 3L A
TRYT A A A R AR M IR T BRI s AR . ALK
BMSC J&HUE A Fl 7 40 A . BMSC ] 838 1o [5A 1) 7
A BE T AR AR P B WL I A L | R 2 SR I R
TR BB AR B O IR I 40 L S5 38 A% 2 A T ORI A P
Y55 van Velthoven 25U B 5% % B, BMSC W] @ i3 43 Wb
BDNF 236 fz 4= K [H 7 persephin ( PSP) 5§, sonic hedgehog
VAT T ARG A RN oAk, ehcas AR LB it i SR
BT . BMSC AN AT 3ok 43 A 42 A A8 1 10 00 D) B 4 A
T AL I e 2 SR T oRUE B R s e A0, &
FER AR it B TR, n 5 BMSC 4 #f
L IIEE

AT H A 5T FE ARSI TR EE T BDNF 2 235 1 12
R K H AL BDNF S A BMSC o, 7 iR 850
BDNF it A (%) Jo b 6 L 1) BMSC 20 il SC B0 4H %5 3 4 5,67
18 fX BMSC 4 g BDNF 1) mRNA ik & T 25 F X B4
FFAPE ST AR 4H ; ELISA UESE T %8 3 .4.5.6.7 1 8 {8 BMSC
i BDNF 114 43 0 2% 3K 155 25 6T BB 241 R0 B 1 %o R4,
BDNF ik THhiX ME B 250, EEAMAL A,
b FE RN A = & 1Y BDNF 4345, AR5 Miiller 2 0
P27 AN F B AR Y TC K 58 40 B BT L 43 3% BDNF, ¥
W RE R AR AR JZ A2 IR 2 | A2 2 R 251 44 i
JEYA 5 . BDNF A7 M 1 B4 R, 380 2 T ) A2 R i
SR TR I ( Tk ) AR SR AN 7 59 PTSNT 24k, AL i
B TrkB SZ 4R FEZLA F N IR 2 Fdf 25 41 i )22 . BDNF
5 TrkB ZAR 454 5 518 Trk 85 H & 2R E A Bk 1k,
NG LN A5 5 e 3l % ( R 2 4G MAPK/ERK 1 PI3K/
AKT)) ,BIREMGH M 2T, e a Ttk 25 .
DIREAERE , VA1 fh 5 b 28 (7 AE K 2 b T 5 D g L 40
I 1803 A% NG A K #2290 B AE IR L 545 BDNF (1) 55
TR R 9 RGC He ] £ T A4 BDNF (135 97 370
PR 28 32 03 B A Y T 3 A5 I 37 BB 038 A s 3 6 AN [) 5]
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E1 £40 BMSC £ BDNF mRNA FiET  "P<0.01 vs 25
X BRZH  P<0. 01 s BT REZH

250.00
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by WEIEGE
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3

B2 #&% BMSC 41k BDNF B iZE4k  "P<0.01 vs 55 A%}
MB2H ;P<0.01 vs BIPEXTIALZH .

H# ) BDNF, BDNF {1818 0 30 g I RGC HYFETE R,
K RGC $ H# £ ; 1fii BDNF 73 5 4 90 g B, Al e kK
FERE Uk D R 2 K /N RGC B2k, -5/ R 3 Bl RGC
FITEH e SRR RGC RS [RIAYT 7 1Y S i AN
], S 1wk 5 5 AR AL B4 &, 35 B K I 13 5T BDNF,
A 2R R AETE B RGC ¥ & Ao T2 ) 1
JEANEYE BDNF 258 110, 5 2 R P i 59 0T s Al R BR 45
15, YT AR PR KU, FRATTAI ST 2 B0 BDNF & 1) JBok:
YLy BMSC 404314 i BDNF B S 4858 | H ] FRae 5k
5 ~6 1%, X Ryt — AL g R0 R0 B A PR 4 VR FH A E T
el Saito 251 FHRRASSHN 72K BDNF J& K 5% AT 2
F LR YN, R 5K A RS R A GAR 43 B R FRUSE AL AR o1 f5s
TR B A AN O AN AT S AR R AL Sk B
VT 22 R AN 2 50 IR JEE 33k Tek B=T1 R FRARFS
R A B4V 3 B8 s ek 366 D) 1 7 i IR 14 40 i
K35 BDNF a0 52 52 7 5 16 JXURS:
AWFST K I, S8 2H BMSC 4 i b6 % 40 Ml /218, BDNF
mRNA FikFIE A B H TR, 55755 814,45 8
fRANEE 9 1R AY BDNF mRNA 35, 21 [8] 4 5 L 55 25 57 E 58
TH2EE 50 6 ARAIEE 7 48,58 7 ARS8 R, 58 8 AR ANH
9 fR1% BDNF 114 25 43 W6 2H 18] 1 7 LL 35 22 R C G 124 7
SCo X ATRE SR B T AR S A 5 B 4 e PR A 48 PN
BDNF K& A (1) 2 34 3 55 B 4% 717 BDNF 5 A 9 4t A L 451) ik
A kR — T AT 3 A A A B AR ROk A o RS A 4 i A
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HR A BDNF (93 833K o 55 — 7 10 1 B% A8 14 % Se 20 i
AEAEALS AREL

25 TR S S R P TR G S BMSC 40 i K I 3R 5k
BDNF 38 /b iz S 78 55 9 XU . 1 4l 36 7 Rk PRR S 7 AT
SRR A I AR PR TR SR BT B i AR
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