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WE BB AR R A28 5 B T (BDNF) fo % 45 8 i 45 T 86 (TERT) B0 645 42 09 B 808 T 20 BL(BMSCs ) 2 s 3 b g R
(VD)X R F Jit e s B e 4E A, 3t —F 4R35 VD A % 72, FE . 2XRMF o & %5 £ BMSCs, # 1 pLXSN-
TERT ¥ 48T & 4540 £ BMSCs, #RIRME LT R 52 Boab i 4k 9032 09 TERT-BMSCs &9 s /81, &R Ad5-BDNF 4% % TERT-
BMSCs, #13 BDNF-TERT #4&-%% % 69 BMSCs, F 40 2 bt Wistar K A AL A 4 48 *FFE4L VD 41 . BMSCs #1 .BDNF-
TERT-BMSCs £8., & # o B FLWT %41 & VD AL A, KA Morris K3 23X 7 sl iX &40 K R 5 ) 5 J 3242 A1, B8 RT-PCR
F= Western blot 7 & 5 #1 /M &40 K K% L CA1 B BDNF.TrkB.SYN A E mRNA f=& g KA H N, BAEHFEELEEHK
AL CAl REMEM T, FR: 1THF FI Morris K T X 2 R BA R E 5 & SR 2 7 BMSCs = BDNF-
TERT-BMSCs %8 M %% K R A & -E4E 8, H BDNF-TERT-BMSCs % BMSCs #94E A # A %, %X %02 RT-PCR #=
Western blot 45 R % 7~ ,BMSCs 214= BDNF-TERT-BMSCs L% BDNF.TrkB.SYN mRNA Z % & & A K -F 3 5 s R AL A 2038 3
(P<0.05), H BDNF-TERT-BMSCs 2145 BMSCs A3 A R %, £Z7FA %4 FEL (P<0.05), 4518 :BDNF-TERT #4345 %
BMSCs %218 69 BMSCs %+ VD A #4F698 9730, THRKE VD K A F Jele ey i,
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BMSCs co—transfected with BDNF and TERT improve the ability of cognition and ultra—structure in the

hippocampal CA1 region of the rats with vascular dementia
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(1.Department of Neurology, General Hospital, Tianjin Medical University, Tianjin 300052, China; 2.Department of Clinical Laboratory,
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of Immune Microenvironment and Diseases of Ministry of Education, Tianjin Medical University, Tianjin 300070, China)

Abstract Objective: To study the effects of BMSCs co—transfected with TERT and BDNF on the expression of BDNF, TrkB and SYN in
hippocampal CA1 region of rats model with vascular dementia (VD). Methods: Rat BMSCs were isolated and identified, then transfected by
pLXSN-TERT recombinant. Colony formation assay in soft agar was used to detect the tumorigenicity of BMSCs in vitro. TERT-BMSCs
were transfected with Ad5-BDNF. Forty male Wistar rats were randomly divided into four groups (10 rats in normal control group, 10 in
dementia model group, 10 in BMSCs group, and 10 in BDNF-TERT-BMSCs group). Two —vessel occlusion was employed to make VD
models. Morris water maze test was done to detect the ability of spatial learning and memory. Then the expression of BDNF, TrkB and SYN
in hippocampal CA1 region were determined by real-time RT-PCR and Western blot. The ultra—micro structures of synapses in the four
groups were detected by transmission electron microscope. Results: The behavior and morphology of the VD rats treated by BMSCs were
enhanced. The average expression of BDNF, TrkB, SYN mRNA and protein in VD group was significantly lower than that in control group
(P<0.05). The average expression of BDNF, TrkB, SYN protein in BDNF-TERT-BMSCs group were higher than those in BMSCs group and
VD group (P<0.05). The ultra—structure of synapses in BDNF-TERT-BMSCs group was improved significantly compared to BMSCs group
and VD group. Conclusion: BMSCs co—transfected with TERT and BDNF could improve the ability of spatial learning and memory in VD
rats. The mechanism might be associated with enhancement of the expression of BDNF, TrkB and SYN mRNA and protein and it might have
an effect on the synaptic plasticity in hippocampal CA1 area.
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1L 48 P 93 2 (vascular dementia ,VD ) 2 I I 45
o BT S 45 S R AR I BERY, HRR R ETHE
PRI TE I E 2K, VD S AR R 1 E &
R R VD BRI WHR R Z b i
BT R S 0 b FE AL ZH U o 4 i 1) £ ik
BB 5 R AR HEEH DIRERIRY T Ik, Horp
TR T RIS 2 A T — o B
BE X T 402 (bone marrow stromal cells, BMSCs )52
RN BRI T AL AP — T4, FE—E R
[as 3 ol A N T E2vea i1 8 P S B 1 s C I
1RSb Gy e SEFE R A IR SE 0 L Je
AR AR AR AN, A BESTHRIE B4 BMSCs
B 2 S st o ks 2 2R 10 A8 2 LA B A ZH 2 i o
SR BMSCs RN JHHH 2% 2 UL RE J13% 2k ik
R4l SEFIRDCATEE SFLE Y2 AR, S H L 4%
PRI INRE L 31X 5 HSimr B 1 1 A A O,
Hii #2278 3% 7 (brain—derived neurotrophic fac
tor, BDNF) AE{E BEFNAERF A PRVl 22 20 I A 1< A7
I, T BMSCs [ 1 28 TCRE 2 34 L X i 2 41
E RN LRI EF®, BDNF S HAZ A i 2 R S It 2
& B (tyrosine kinase B, TrkB) XI#&cna: 17 A4
NN o SR )AL I B R R AR B )
JHTP, Sl Z (synaptophysin, SYN ) 25 fiflt §if X [
FEUEMAR ) , L B AN A vl [R) 4 S B 28T 58
i) S B A U, ARSI AT A g
Ty BIE 2525 55 22 P o T i, WS iR i
5 (telomerase reverse transcriptase , TERT) /1
BDNF XA 55 YL &M (1) BMSCs J& & X VD K LAY
FreteRe A IR IR PR HAE R B0 T3
i BMSCs, 4 Ja S AR VD 16y FBde fit
1 #R5FEE
1.1 KA BMSCs #95 & A% 2 80 g /&4y Wistar
KBS , T A AT o3 B BUM R, & 10%
FBS [ L-DMEM 355258 [ &2 ok B 10 , 37 °C 5%
CO, Fi AT o Al 25 5 A0, I AicdiEdn
Jig, PBS Pk, 100 wL PBS H A2 1x10° 41 i,
ARG & FITC #7ic CD29.,CD31.CD34,CD44
CD45 ,CD90 i, Z i BEETL E 30 min, PBS YL,
1%Z2 R 600 WL HAANAE, it A0 S
1.2 TERT %% % BMSCs & BESCHk Iy v, A0 gt i i
SRR pLXSN-TERT 40 7", BMSCs #2573
6 fLAR, LT 3 4141 : BMSCs %1 841 . pLXSN
20 \pLXSN-TERT 41, 2 4 fifl 90%.& T, ¥ 53fL
4 pg #FHAK (10 pL Lipofectamine 2000.2.5 mL L -

DMEM #1755 ,6 h Je B8 215353k, 24 h 5 1:
10 f£4%,48 h J5 iIN A 200 pe/mL G418 #iik, 10 d
J& ,BMSCs X BE 2 2t ) 50 pg/mL G418 ZEFFE. H
TERT 555411 BMSCs, 3555 2 N H 5, W S22
RT-PCR M TERT mRNA A93E35, I FHski B &2
P 1#832: (telomere repeat amplification protocol, TRAP)
AT St TR P A
1.3 KI5 I8 J T ik, 5 Bt 4k SR 3% 7 BMSCs #9
BRI T 6 FLIEEFRMRASFLIRE N 3 mL 7% 0.9%3
BRI DMEM Ri3Rdt, BT Anubs s o iose A ;
IO A0 M, % BB B S Ak, At T4k
FH& 10%FBS () DMEM it & 249 Bl 0.36% K 4%
JETEIERER IR AL I 2 mL RS 5 & 2x10* 41
M AR A, G I 2 6 fLk T, BREFRAR
ARG W HBGE TAAL R BImA 200 kL & 10%
FBS () DMEM X555, 2 J5 5 8 B #5550 ;4~6
i B B T A s PNk, Co TR 4
it A8 Ay B B
1.4 BDNF #: 3 TERT-BMSCs L) 0.25%1#57% [ /if§
{H1t TERT-BMSCs, ARRALZY 1x10° A ERD , 4%
JER L 2 80 (multiple of infection, MOT) A7 100 pfu/cell
{H , ¥ Ad5-BDNF 75 pL IIASEFR LA, 4810 5T,
B E 2 h, FIMA S A 20% FBS ) DMEM 3535
I B53% 48 h,
1.5 VD iR e HI4E  EPHE R MENE Wistar K
L 40 H A& 260~300 g, W H 42 5 2F R 2 B
EESIY G R EBENL N 4 41, 535008 IE
SHRZ | A RIZH . BMSCs 4 .BDNF-TERT-BM-
SCs 41, F4145 10 Ho I AP R R BRUBETRL i) i
2 B8 Ni S0 73, SR FHOBUIN 858, 30 ik 25 L. (2V0)
FEHWE, KRG 2 d GG BRI BRAETT Morris 7K
PEINR DA B 4 Ao R 24k it TR ER S0 st ] 4y 2
{EAE R VD B EFE bR
1.6 BMSCs @fe At WP R 4x10° ~/mL ) BM-
SCs Hl BDNF-TERT-BMSCs, £ # k5317 BM-
SCs 2H K ELf1 BDNF-TERT-BMSCs 41 K RUA N 1
5t 1 mLo
1.7 R mX K Morris 7K 25 J5 20334k
BN HITIRE , A48 DA TS50 FN2s (R R 050
1.8 #AEHZF RT-PCR £  BMSCs #AH K
2 N H JG , Trizol 32 HUAS 41K BB E CAT X figi
HEL RNA, WS BEE T & 1L cDNA, Taq B#EH]
T 4T PCR o SEBT 90 E 7t PCR kel BD
NF . TrkB.SYN mRNA FER/KF-, DU B-actin fERHNZ
TR ZBARFN 20 WL, % 2 wL ¢cDNA,0.5 wmol/L 514
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1 SYBR Green I, 5445 :94 °C 305,55 °C30s,
72 °C 30 s, JEFF 30 Y. PCR F=HI#EAT 19355 WEE
LK . I e B B IR 1 iR,

F1 FHEMER RT-PCR PHESIMF IR IE= MR BRKE
Tab 1 Primers and the length of products in real-time RT-PCR

analysis
WA 51F5) FBK B bp
sense: 5'-TCCGCACGTT GGTTGCCCAG-3'
TERT 203

antisense: 5'-CCTCTCACCGCGCTCGCA AA-3'

sense: GTG ACA GTA GTA GCG AGT GGG
BDNF 278
Anti-sense: TAT CCT TAT GAA CCG CCA GCA

sense: CCA AGA GGC TAA ATC CAG TCC
TrkB 248
anti-sense: CCA GGT TAC CAA CAT FFF AAT A

sense: CCC TAC ATT CAC CCA CTT CTC C
Synaptophysin 363
anti-sense: TTA TCT CCT CTC TGC CCG TTT C

sense: GAG ACC TAC AAG ACC CCA GCC
B-actin 445
anti-sense: TCG GCG CAT CGG TAC CGC TCA

1.9 &G fapian  RSHKRRIED CALIX
LA 212 250 g, I 1 mLL 5 25 A B 6150 A8 A
], S e R . FH BCA A E
RIS o SR AR PSR N A IR R AN LA
HL Pk (SDS-PAGE )43 & H . H A %3] PVDF
55,30 mA fHIRAMF T, 4 CHAIR . BEAE 5%ilE
PR P S IR T 1 h LU a4 a5
4. JA BDNF.TrkB.SYN —Hi = IR E 1.5 h, il
A HRP tRic ) —HiiAk, EWMEE 1 he A HRP 1
TCY actin P fb2 A SGIERRN , 28 X iR it i
2o BIRAMRAE, BNEAMNKEERDNS
actin K EE (A LIS IE 1R 25, TS &5 3 A8 H & A
AEXT 5 1o

1.10 &5 e4r  BRSARRKAZUES CAL X,
2l A PR e, R JEM-1010 i 5 s
WMEE
L1 %t Fam rasdhllvs 2R, RA
SPSS 15.0 e it B A T 4122 A, Z 4 A Lk
KRR IT 2 trkads:, H Student’s ¢ K g kAT
P ELEE, P<0.05 A ERA G L.

2 %R

2.1 BMSCs ¥ &A% w  HEaA0M SRR 2]
SRR SR, 24~72 h AT WA /B 4G EE | ) 20
MU RAE , 2 14 d dHMAE G Al 3 250
5 ERERIE . L340 SO , R mbric
CD29.CD44 .CD90 PH T, BHYE 43514 98.32% .
99.27%.97.92%,CD31 ,CD34 .CD45 Fik B

2.2 TERT mRNA R % %5 B & M4 m  TERT-

BMSCs 414 BMSCs X HRZH K pLXSN ZH 345 i Ji B
W% . TERT-BMSCs 41 5 BMSCs X} M 2H J%
pLXSN £H [t , TERT mRNA &3k /K-F-BH 34 2 (P<
0.05) , T S PR I Sk 1 25 ( P<0.05) (&1 1, 181 2).

tert

B-actin

1. BMSCs %t HE41 ;2. pLXSN 41;3. TERT-BMSCs 41 ;4. C6 40 (1 H
PR RED

1 TERT mRNA 7 & 4400 th iy kikkF

Fig1 Expression level of TERT mRNA in each group

LB 1 2 3 4

- iy e

LB. Lysis Buffer( SRR, 1 A BAPEXT IR ) 5 1. BMSCs X} 840 ;2. pLXSN
41;3. TERT-BMSCs 41;4. C6 4 (VA BH MY I])

2 A TRAP 773546 28 20 B s T B 1

Fig 2 The analysis of telomerase activity by TRAP in each group

2.4 HIFEAETR TR AP C6 IR G
KA TR N, T BMSCs 41 .TERT-BMSCs 2H 7%
M vE I, W C6 I JodR 4 AT s 1 v
Y EE T, (HAARS MG FR%) BMSCs Fil TERT-BMSCs
IR EA RGeS . PR iefe A2 K BUR , K
BITCHET™, 24 JE Je A DL IIg T e

2.5 BMKAKEKFaGRXLER

2.5.1 SEMHUATIZEMRLE R RO ALK R
L 3 d (4 AR 2kt v R ek i R 5 1
T B LA HER (P<0.05) ,BMSCs 4] .BDNF-TERT-
BMSCs 2H K R 5 i R AR R A L3 40 % (P<0.05) 5
BDNF-TERT-BMSCs 215 BMSCs 41 Hb#24 21842
REJIecE TN i 2, 25 A gt L(P<0.05) . I,
2,
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Tab 2 Results of the positioning navigation test(xs )

a5 SRR EERRE R WK Y em
XJRREH 20.37+3.14 512.54+24.42
VD 4 64.25+8.38* 1236.23+129.36%
BMSCs 41 45344742 921.57+61.21*

BDNF-TERT-BMSCs 4. 34.29+£5.93* 734.76£58.41%4

5% 2H H 8, #P<0.0555 VD 2H He 4, 'P<0.05 ;5 BMSCs 4 He
&, 4P<0.05

252 SRR LE ML R BMSCs 41 .BDNF-
TERT-BMSCs ZH K FRAE T 15 I 7E G FRIEVK st 1) K
TEIFT- 54 BRI UK AR o SR 1 23 e S R
HIZH HAEHE K (P<005 ) ;BDNF-TERT-BMSCs 4 5BM-
SCs ZHHHL, 2 ML RE T B o 3, E R A S
PHeF L (P<0.05), W3 3,

F3 TERELBER (s

Tab 3 Results of the space exploration test(xzs )

q 5 EFERE TR 6 BRIk
vk At il /s R T 4 /%
T RREH 73.43+11.32 63.54+6.46
VD 21 29.58+7.45% 20.38+4.78*
BMSCs 41 427548 47 39.88+5.67"
BDNF-TERT-BMSCs 4] 63.54+9.56" 52.95+5.12%4

5% LH Fe AL, #P<0.05; 5 VD 4 H#,'P<0.05;5 5 BMSCs 20t
&, 4P<0.05

2.6 &% K R 28 22 BDNF.TrkB.SYN mRNA %
R BOGERTE B RT-PCR 45 3% 1, BMSCs
40 F1 BDNF —-TERT -BMSCs #{ BDNF.TrkB.SYN
mRNA Fk BRI T, ZRA G E L
(P<0.05), H BDNF-TERT-BMSCs 2 5 BMSCs 41
LR, 3 AL mRNA Rk KBTS, 270
it X (P<0.05), WA 3.

1 2 3 4
_ TrkB
— — — — B _actin

1. XFHE41;2.VD 41;3. BMSCs 41 ;4. BDNF-TERT-BMSCs 41

3 RAARED CAl X BDNF.TrkB.SYN mRNA R ik (g5

Fig 3 Expression of BDNF, TrkB, and SYN mRNA of each group
in hippocampal CA1 area

2.7 &8 K R MELL L BDNF.TrKB.SYN & & & &
H oL BMSCs ZH Fil BDNF-TERT-BMSCs 21 BDNF .
TrkB .SYN £ 1A 7KV B B R B 2 T iy, 2
A G iF 7 L(P<0.05), H. BDNF-TERT-BMSCs
215 BMSCs 41 L8, 3 A 1 3R A K- B e

ZEFHG I L (P<0.05), WA 4,
1 2 3 4

e s BDNF
TrkB

— —

— = = SYN

actin

1. XFHRZH;2.VD 41 ;3. BMSCs 4; 4. BDNF-TERT-BMSCs 41
4 REAKARED CAl X BDNF.TrkB.SYN EAKIEIER
Fig 4 Expression of BDNF, TrkB, and SYN protein of each group

in hippocampal CA1 area
2.8 HH LAWK LRE BDNF-TERT-BMSCs 2H
5 BMSCs 41 L5, 2 fi [ B2 Jid 78 50 A T b, 5 finh 245
MR R TIEH . 453, BDNF-TERT-BMSCs
ZH Lt BMSCs 4H7E K RS CA1 X BRZS /s I
Bk,
3 itig

VD SEFR R E W R 2 —, AR TR %
BRI . VD IR FHLHIRANE R, IAFk
VD BRYTEE T HARAEA R A . BIHAT I, 5k
AY—HARIIRST VD Jik 1,

Ui B — PR 2 g, 75 R 2 8% R
YR il R R AR . TERT bk H
B R S TS PR A A I 366 | 2 Ao il %) 2 222
LA, H AT, BMSCs JCRIRYT FPAK A2 R GeH
SRET BTG YT A% 22— BMSCs 1 % 35 1L iR 5 ok 11 3
RN KM U R e L3PV E U, Tang SF1HRE
N PR EEA- S0 TERT H1 VEGF #% Y % BMSCs,
K I BMSCs (3858 15 5 AL 4E A= B RE o B S8
H AP A VE . TEABRE Y, ATV
47 TERT 14 B 40 pLXSN Jz ¥ 3% 93 55 2k 14 5 Y
BMSCs, fifi BMSCs $R1% T 4 i b B 05 PE , 42 /5
ARG T | B9 BMSCs R R Z M T,

BDNF A% A= W24 3000] E B T 5 H e 7
ZAK TrkB 89454 . BDNF 7EAIZ TCAEH B 405 1840
WE R S fkEIER, AT HAZ K TrkB, BDNF
Je FAZ AR TrkB X TT A A AR e 2
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BYSE I, D/ DA Gl T R A PR T ASBIER
2t BDNF I TERT 555 G (1) BMSCs A8 %] VD
K, RS CAL X BDNF TrkB ) mRNA 1
B IFRIBKOTH5E 8 1Y) BMSCs 41 b 38 o Kk ey
SRR B R C R I ks, B s
BMSCs 1Y 7 HCE RO M R, 2255 BA 51t
E5-3'8
A W5 B, BDNF 5 TrkB 1] 3 fin 58 fih 7] 43
P, B e 5 il A v 25 B2 FNAE R4 98 Rt o A o
VER S Ml AT R AEPERR 254 SYN 1% B A 534 v [
FEROW A2 TOI fil B BR T AT A% L . BMSCs
FEAE B BT AT 375 2 i i 5 s, DA T Rk 22 200
MLy A= 4 B BUBT BB 5 gl 2, Ao ke BE
BMSCs 411 BDNF-TERT-BMSCs 41, i CA1 X
SYN HYZ A i AR AR ZH 3 i, H. BDNF-TERT-
BMSCs 4138 I 3%
25 bR, FRATHEN BDNF Il TERT B4 % U
BMSCs X} VD IAFIhBERR AT A IR 7 VE M, HAEHT )
ABS 2 fil ] B VARG (E AL it — AR R
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