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[Abstract]

Objective To investigate the curative effect of joint treatment on source neural stem cells of bone
marrow (BMSCs-NSCs) by hypoxic preconditioned and brain derived neurotrophic factor (BDNF)
stereotactic transplantation on cerebral infarction in rats, so as to provide animal experimental bases
on the therapy of cell transplantation on brain infarction in plateau areas.

Methods
and normal oxygen group (n=36). Acute hypoxic preconditioning (HPC) was performed for 3

A total of 72 SD rats were randomly divided into hypoxia precondition group (n1=36)

days before molding in hypoxia precondition group. Two groups of rats were made the model of
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middle cerebral artery occlusion reperfusion (MCAO/R). Each group was divided into 3 subgroups: BMSCs-
NSCs+BDNF group (n=12), BMSCs-NSCs group (n=12) and control group (n=12), and each subgroup
was respectively transplanted with stereotactic MSCs-NSCs combined with BDNF, MSCs-NSCs, and
DMEM/F12 culture medium to the ipsilateral caudate nucleus of rats brain infarction. After transplantation,
neurological function scoring was performed at 3d, 7d, 14 d, 21 d, 28 d and 35 d. Tworats were sacrifice
from each group after been scored. The migration path of positive cells of 5-Bromo-deoxyUridine (Brdu)
of the tissue of brain by immunohistochemistry staining. The expressions of CD133, Nestin, MAP-2, beta
-tubullin, GFAP, GalC were detected by immunofluorescence staining to understand the neural differentiation
in bone marrow-derived, and to observe its curative effect.

Results At 7d, 14 d, 21 d, 28 d and 35 d, neurological function scoring were significantly lower than 3 d in
BMSCs-NSCs+BDNF and BMSCs-NSCs group of hypoxia precondition group and normal oxygen group. At
3 d after transplantation, in subgroup of control, neurological function scoring in hypoxia precondition group
were significantly lower than normal oxygen group (P=0.040). At 7 d after transplantation, in subgroup of
BMSCs-NSCs+BDNF, neurological function scoring in hypoxia precondition group were significantly lower
than normal oxygen group (P=0.031). Whether in hypoxia precondition group or normal oxygen group, each
index of integral optical density (I0D) in BMSCs-NSCs+BDNF group was higher than BMSCs-NSCs group
(P<0.001), and each index of IOD in BMSCs-NSCs+BDNF group and BMSCs-NSCs group was higher than
the control group (P<0.001).

Conclusion The curative effect was obvious improvement by the joint treatment on BMSCs-NSCs by
hypoxic preconditioned and BDNF stereotactic transplantation. Hypoxia preconditioning does not promote
the differentiation of exogenous MSCs-NSCs, but can significantly improve the neurological function of rats.
Hypoxic preconditioning treatment may promote the proliferation and differentiation of endogenous MSCs.
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P 0.000 0.000 0.000 0.000 0.000 0.000
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IR B & 5 Gale: FJLAEAY 2B

B3 BiREHETHERBERR
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21 ¢, AR AR EAS Brdufatt it A xR 5, 54392, 12 K 5 Botmie 1y S 4l RIRAAR A B B 40 42 5 R4
C: 28 difaL, A2 58 K i 45 #9Badufanbk e e 4 B 4521 duhosal ), Brdu: 538 i AR
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B K BRI Re Ve R, Bi)G
T B TAL BRA | I 2 A AP I BMSCs-
NSCs+BDNF4H & BMSCs-NSCs& K fil 1 2
Re iR A B, R ARIRYT e A BT
A FEBMSCs-NSCs+BDNF47 dFI% R 43 d
T BE K LG DU AT T SO B2, T AT
BMSCs-NSCs+BDNFI: A )57 dZe 45 B4 sk
XS AT B R B B, B IRBIA SR A
TR /D, AN BE 42T R WU S5 B ik A T A 3 X o
SRR EMIER, X RARLI AL Z AL,

E BT 50 235 SRIE S5 k4 T b 2 i A1 4%
IS X BB, F A 28 SR AP B i A R B A, T
REVE I B4 T A B R TR B A TR S AR
RIS, YRS ARG ), SE AT REW I
WAL 2E LAY, o TARA B 8 T T
AR A S o AR A R R RE AR 2 A1
JEPEBMS Cs-NSCs#% A 4l g 73 Ak Ll (22D
RERE KR & Th A, T RE R G : OF
TF 53 2 B Bl A T Ak B W5 S K R it 12 2 4
MY BDNF 4> WA FIBDN FA5 (5 A2 B8 % ik % 15
AN, BT I R AR (R A AR R T
FER20 ug/L. IMiEHRE H10%E, 50 ng/L
BDNF 2 {2 #ENSCs/r b A & o AR R 2,
R I HL I RE S BN MR R 2 A0 A o3k,
M7 5256 B4 BMS Cs-NSCs+BDNF 4 - Al
JBDNF & & 450 ng/L, S AL #E AT Bk
i 52 J2 20 B2 U BDNF, 9525 33 i m] fE )5 £
i FRRIHARESR i SN AL A 40 ok b
Bils @A BT KRB IIE )5 1 2 DX R
T AN EIGTE, FTRES SR AT Y ik
BRIPHLE, WT5 K U2 sh R i, oAb
FE N BV B PR AR BN TR 2T 4H D
TR b, EFI LB R,

R AR %, (HEGHFEARER D,



I A

A B ] 2K R AR B A P~ B 5 0 SE 1Y
BIECA 2R, TIERT RE SN 5 2R 11— D fe
FEN, ARG E A IR TR TR
A, XTERA AL B F T BMSCs-NSCslikc 5
BDNFSZASE MR AR AL L B ot — 2B,
ETEDAE B )5 AR S b >t — A ot

SE ok

1 HeJ, Gu D, Wu X, et al. Major causes of death
among men and women in China[J]. N Engl J Med,
2005, 353; 1124-1134.

2 LeeJ, Elkahloun AG, Messina SA, et al. Cellular and
genetic characterization of human adult bone marrow-
derived neural stem-like cells; a potential antiglioma
cellular vector[J]. Cancer Res, 2003, 63; 8877-8889.

3 BN, A, B e R NN 2 B B A B
5345 D R AR o 2 g 3R 2 AR 5 W BAIL R[],
LB, 2016, 3: 359-360.

4 Sobeih MM, Corfas G. Extracellular factors that
regulate neuronal migration in the central nervous
system[J]. Int J Dev Neurosci, 2002, 20, 349-357.

5 Ahmed S, Reynolds BA, Weiss S. BDNF enhances the
differentiation but not survival of CNS stem cell derived
neuronal precursors[J]. J Neurosci, 1995, 15; 5765-5778.

6 Shetty AK, Turner DA. In vitro survival and
differentiation of neurons derived from epidermal
growth factor responsive postnatal hippocampus stem
cells: Inducing effects of brain-derived neurotrophic
factor[J]. J Neurobiol, 1998, 35 395-425.

7 Kurozumi K, Nakamura K, Tamiya T, et al. BDNF
gene-modified mesenchymal stem cells promote
functional recovery and reduce infarct size in the rat
middle cerebral artery occlusion model[J]. Mol Ther,
2004, 9. 189-197.

8 Sasaki M, Radtke C, Tan AM, et al. BDNF-
hypersecreting human mesenchymal stem cells
promote functional recovery, axonal sprouting, and
protection of corticospinal neurons after spinal cord
injury[J]. J Neurosci, 2009, 29; 14932-14941.

9 Rakofsky JJ, Dunlop BW. BDNF function as a

[=F5]

10

11

12

14

15

16

17

18

19

20

21

22

potential mediator of bipolar disorder and post-
traumatic stress disorder comorbidity[J]. Mol
Psychiatry, 2012, 17, 22-35.

Hong CJ, Liou YJ, Tsai SJ. Effects of BDNF
polymorphisms on brain function and behavior in health
and disease[J]. Brain Res Bull, 2011, 86. 287-297.
JEIBRAE, R HEP AR R BROK IR B2 A 2 ik
PERIZE AR BT S M. FZeAREARAR, 2013, 29:
35-39.

FLLHE, . AT HRTEM S RSB PRI
D] FPEHA THRBI SRR, 2010, 14; 175-178.
Tian Y, Liu Y, Chen X, et al. Tetramethylpyrazine
promotes proliferation and differentiation of neural
stem cells from rat brain in hypoxic condition via
mitogenactivated protein kinases pathway in vitro[J].
Neurosci Lett, 2010, 474, 26-31.

A, R S RIEI RO 3l kB 2E 7
B S SRR [T, BB R, 2014, 4.
276-279.

Longa EZ, Weinstein PR, Carlson S, et al. Reversible
middle cerebral artery occlusion without craniectomy
in rats[J]. Stroke, 1989, 20. 84.

SR, A 0. AP ST L I v 5 X P o
LT ML) P EHAR TS IERREE,
2010, 14; 6699-6702.

B, D)0 IR E TR TR IR SRR X
ZEX M AT A A K AR ] ZRERICE
24, 2014, 49. 586-589.

Shao G, Gong KR, Li J, et al. Antihypoxic effects
of neuroglobin in hypoxiaitioned mice and SH-SY5Y
cells[J]. Neurosignals, 2009, 17. 196-202.

B TK, X Z M. BRIl B i 1 0K B AU
[ AR Z T BERISEI[T]. AR AR BRAIRAE, 2014,
13 576-580.

JEIBRAE. 2T ARG R BRI B2 )2 A0 2 2 fik 8
PERZAE R B T RSN, AZARRIZEZRR, 2013, 29.
35-39.

ZEMAT, P55, MR 2 A (R R A U
TP T E P AR BE LR (T]. PEHAT
FEBT ST SIRRERESE , 2007, 11; 9255-9258.

XDEAS. XN FAE. BRIk B P 45349 K BB o A
JB I 7 8 I P-e TF2 a ik Y A WA [T]. Th El R 22
25, 2016, 2. 83-86.

REFOIE K A TR M AT KR HETEERMEME T RRKSRREEHEEKE TRERE

ERBETUREARNHERERR, BREMVER BT HEHEHR

DUHIR.

A THREBER

(I AZ B 1 2016-01-15)

2016465 H 113 5



