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[FEZE] B R 5 I 4 700 Ak 3 6 F) 78 50 1 41 (bone mesenchymal stem cells, BMSCs ) B AH X K Bl &M H 4
410 (spinal cordinjury,SCI) A J7 %0 5 (9 5% Wi I HRIT IL AT RE A ML . 753K « % 5% (5. 5% S B 1 (green fluorescent
protein, GFP)ZEH Y SD KB 10 H K HE 55.6+4.2(50~60)g, i i 24 KL 4 B W B vk LK BB B vh B B 9 R
Bl BMSCs - #E47 91 047 40 i 40 13 A4 e fig %55 . BT 0,10,50 100,200 F1 300uM 19 — 58464 (CoCl) KA
Tk B BMSCs Ja , i i CCK—8 1248 0 ALK S0 %k 4 i 1 57 1 552 1, 200 Jf I 375 %1 25 15 3% 0.6 12 F1 24h J , i =X i g
T2 K6 i 5 0 2 X 40 B T 04 5 W Transwell 35 46 AR 406 BM-MSCs 537 6,12 24h J& 40 i 38 B (9 52 0, O
2 A0 3% 000 4 X A0 38 1 79 S 0 PCR 326 A6 0 A G 43 38, 6 1R 45 35 (IR A A B 2% 1 RPN S i
Alleni 3 AT i @57 SCT ALY 528643y A 20 (R FR41) B 41 (6 B4 ) .C 41 (BMSCs 41) Fil D 41 (H-BMSCs
) (n=20), A AMKBIEATIMFFAR ARG B RS, B.C M D 41317 4R 55 817 SCI 2 A5 A0k 19 58 T i
R S 1 A B R K RIC 4E TUAR BRI A BMSCs 3B AR AT, RJF 1.3.7.10.14.21.28 K BBB ¥4 WF 58 K Bl
W DIREMR L, ARG 72h G 2e o Yo €01k 10 78 A% R A0 NG A A7 135 155 B0 A0 /I8 I 58 20 M i 15 0, RS 72h 1 28d
HE Y 7 4l 5 5 41 2005 AR 5 15 00 . 45 R : CCK-8 45 R £ W CoCl, ¥ J& 8 5 %] BMSCs 3 {5 fil 1 9 ] sk K
100uM CoCl, 3575 24h 7T L4 i [ AIL BMSCs 348 (P<0.05) , 48 i BMSCs [ 1 (P<0.05) , {1 8 1% i 3 3% 58 il
AR FRJE BMSCs 6 I 12h J5 B9 40T RS A (P<0.05), 25 W AIG 200 i it 375 0 <5 035 7% 24h JE A0 T (P<
0.05), sh¥ses, 5 B M L, C AR IT W B35 325 14d.21d A1 28d B BBB 145 (P<0.05) . D 41/ BBB -4
16 21d A1 28d BF B 5 F C 41 (P<0.05) . HE Y 8 25 0L WoR , BMSC # R T LA i 25 0 /4 B 453 405 3 7 4N 6 1
HH I AN SV AN L 100 S C E A G, D 2P R AR B IR SR e, ANMRE A 720 JE L fE C A D AR
A UL B AN, HL &% (058 6 1 AN KR D 21 (254.0+35.5) F A 5 F C 41 (143.2+22.3,P<0.05), SCI 72h
J& Tba—1 fIEHOL YA IR, 5 B 41(759.0+114.3) 4 Lk, BMSC (544.8+37.1) Al D 41 (422.4+56.0) /1N i 5 441 fitd 54
0 > (P<0.05) , HL D 20 il /1N i J5 200 J 3850 114 BE 1 B3 (P<0.05) o 8538 AR S0 T4k 1 BMSCs 3 i 2 =5 A2 4
20 L 00 A7 255, 1 SR A O /)N S T A ML 1) VO B8 D L 3R T SCLR R BT 2R D) R K, HLH R IR AR TAL 21 g A%
iR 2 R (AT 005 FNAT RS BE ), S — Ah R BMSCs BARIA YT SCLYT AU A T B .

(LB ] B HEH5; T 40 MIE YT 5 B 8] 0 001 48 M 5 1K 405 P T 5 3 7%, /0N o 4t it
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Effects of hypoxic preconditioning of bone marrow mesenchymal stem cells on acute spinal cord injury
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[Abstract] Objectives: To investigate the effects of hypoxic preconditioning of bone marrow mesenchymal
stem cells (BMSCs) on acute spinal cord injury(SCI) in rats and related mechanisms. Methods: BMSCs were
isolated from 10 SD rats (55.6+4.2g) and cultured by modified whole bone marrow adherence methods, and

then were transfected with green fluorescent protein(GFP) gene. In vitro, the proliferation ability of BMSCs
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was tested by using CCK-8 after treated by CoCl, in different concentrations (0, 10, 50, 100, 200 and
300M). The anti—apoptosis effect of serum deprivation after 0, 6, 12 and 24h culture migration was tested
by using Transwell, and apoptosis was tested by using flow cytometry. In vivo experiment, vertical strike SCI
model was used and hypoxic preconditioning BMSCs were injected subcutaneously, then the injected models
were divided into sham operation group(group A), control group(group B), normal cell group(group C) and hy-
poxic preconditioning cell group(group D). The recovered neurological function was studied by BBB score be-
fore operation and 1, 3, 7, 10, 14, 21 and 28 days after operation. The pathological damage of spinal cord
was evaluated by using HE staining 72h and 28d after SCI. Immunofluorescence staining was used to deter-
mine the transplanted cells viability and microglia activation. Results: In vitro experiments, the cck-8 results
showed that the higher was the concentration of CoCl,, the greater was the effect on the proliferation capacity
of BMSCs, and the 24h culture of 100uM CoCl, could significantly reduce the proliferation ability of BMSCs
(P<0.05) and increase the apoptosis of BMSCs(P<0.05). However, the number of cell migration of BMSCs at 6
and 12h after pretreatment significantly increased(P<0.05), and the apoptosis rate after serum deprivation cul-
ture for 24h was significantly reduced(P<0.05). In vivo experiments, compared with group B, the treatment of
BMSCs could significantly improve BBB score of 14 days, 21 days and 28 days(P<0.05). BBB score of group
D was significantly higher than that of group C at 21 and 28 days(P<0.05). HE staining results showed that
BMSCs transplantation could significantly reduce cell death, bleeding and inflammatory cell infiltration at the
spinal cord injury site. While compared with group C, the pathological injury of spinal cord in group D was
more mild. After 72h of cell transplantation, green fluorescence cells were seen in both group C and group
D, and the number of green fluorescence cells in group D(254.0+35.5) was significantly higher than that in
group ((143.2+22.3, P<0.05). At 72h after SCI, iba—1 immunofluorescence staining showed that the number of
microglia cells in group C(544.8+37.1) and group D(422.4+56.0) decreased significantly(P<0.05), and the abili-
ty of group D to inhibit the activation of microglia cells was higher(P<0.05), compared with group B(759.0+
114.3). Conclusions: Hypoxic preconditioning manipulation of BMSCs is an effective way to improve the effi-
cacy of cell transplantation in the treatment of SCI.

[Key words] Spinal cord injury; Stemcell therapy; Bone mesenchymal stem cells; Hypoxia; Apoptosis; Migra-
tion; Microglia
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0 S RLI . R AAE PR SRR R O B T B
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Fit 12 B8 ML 200 A T R M R A AR R AR v T A
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BRG0PI PE R AL, 8 A BIF T 3 BRI
AT A B 200 T LA A5 A i O WLARE BB A% i A5
HY. 3 AR R v B M S B AN AE TR e T Rgre . |
T 1 R LA 6 480 T 4k B BMSCs 7497 SCI 11 4%
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(50~60g) 43 B 15 7% BMSCs (BMSC-GFP), SD A f
(200~220g)80 H Mt Frfscgeshy ¥ A Lk
VT A AR R AE S Bl . B S S 1
F2 T 20~22°CTCFRFIR SR B i 1 s o 1~2 J A3
MRS A A SRR BT S A 2
VT 2R A R K2R S G B W A AR B D St
AT,
1.2 BMSCs 7 B35 58

MR 4 SCHRUR BRUBAY BMSCs 42 U7 %, i
(10% ) 7K A U R A BT K B, T 75% 10 8 Hh =
HIH 3 5~10min, {HAHRFLBE 10 R¥% GFP 3%
DL ) R BN 1 B i B, 33 3 T4 11 1
FRIE(DF-12) i 1 10ml 7 5 25 wh v B B s 5 2
BB HE B 7% 1, 1000r/min B 0> Smin, {3 & A
10% Jifs 2 1fiL ¥ (Science Cell) Fl 19 XA (5 5
R-#5 F ,Gibeo) AT EIE, BT TI2
(B R G 3% 240 5 R IR I 2 5 B MR 2d
BRI FR L Y 0 LR R IR B 70%~80% i 1T
A M AL AR 55 = A 4 i o 5 =S A i R (FACS00),
5 [E D e = FEOR R4 ED ) M E A 2R T ARl
CD29 (FITC).CD90 (PE).CD45 (APC) #l CD31
(PE) LAKG I 40 Mg 2B BE 4 B8 PEAG I, 1l F 48 =A%
(P3) A4EMILL 1x10%ml % J& 78 5l 5 Mg & H
R g2 %L (Scien Cell) " 47 BMSCs € ] B 5 4l
JiL R R 2R A0 B A A T R R SR 3d
P 1k, EMIFESEIE 3G, 4%2 FHEEFEE
M, FHIM 2T O (Sigma) #E4T BV G Y €0, i FH V4
LT (Sigma) AT HCE ML Y €, 5 Nestin Bt 5
o T I Y 0, s 5 200 L 1) A 25 200 L Ak T B
Yot 52 NG TE 6 B K0 B T LR
(Olympus, H Z) VP4 40 i 73 AL RE ) .
1.3 IS H AL B X BMSCs 3451 (5%

CoCl, LA 8 4 K 55 FL it AT IR Ak 34 e
4y 519 :0.10.50,100.200 FI1 300uM, 43 5 85 3%
6.12 .24 48h, CCK8 1A% IIAS [m] e i 1) fIK 8L A 5
XT BMSCs 14 58 175 M 1) 52 ) | 376 45 A A 0 I 4 73 Ak
R4 # P3 A BMSCs L 5x10° 4~/4L, 100l 58
SRR FRILBEFN T 96 FLAR I, AN [R] 5 14 B 15 % B 1]
IR AL BE S i FH CCK-8 3R 71 & (2 = KA I
20 Jf Y 18 G I 0 o AR X (Bio Tek ) #E 58 P2k
450nm Ab A5 BMSCs 76 A [/ ¥ & CoCl, 1K 4 36
BN EGAE L, A 3 W BRI 3 AN E AL,
1.4 RS T R i 75 025 F5 40 R T 04 52

AR 5 24 s 348 58 R T SR B 45 A SR L 100pM
CoCl, H5 3% 24h g Ik 40 T Ak B9 2% 4 ¥ P3 AR
BMSC DL 1x10%4L 19 % & f T 6 fL R N 7E OpM
F1 100uM CoCl, 557 24h J , Y5 4E U B 41 it 4 FH)
Uit 24 B R K I 100uM  CoCl, K% 3% 24h X
BMSCs T3 M52, Z )5 FATX 100uM CoCl,
K 5% 24h J5 19 BSMCs 78S 1 I3 1 855 77 3 v 55
I 24h AT INLTE RISF 250 WA I RE 1 40 i, DA
Tt X 4 ARG T 5 A A DR 4 19 4 3 % BMSCs it
1ML 35 #1125 6E F1 A9, f# FH Annexin V =PI 41l Jiid
TR IR & (BD, 36 &) A% ) BMSCs 19 9 1215
O ST AT Y AR 14 0 R O sh PR BB EA T, A
Th W5E R, CEERE 3 W, R 3 AE1L,
1.5 fRA WAL BEXT BMSCs i 5% fE 1 i 52 i

N ] Transwell 15 77 & & (8um , MILLIPORE )
WF AR S8 A B BMSCs i #4 fig 1 B 520, AR 3
A T P8 T IR B 100wM CoCl, AIG 40 1 Ab B
24h JIRAE TIUAL B 20 AR AR TR B O 5E 4
RR N RS, 35T 6,12 24h M %¢ BMSCs i
&t , BCP3 AL BMSCs, 43 NP4 .0uM CoCl,
B FR 41 A 100pM  CoClL, IR A K5 37 41, 85 5% 24h
S, VH R 40 i 35 B N Sx10%/4L , 100wl 4251 T Tran-
swell 1% ; N hA S8 28575 600l ,37°CH; 77
12h J5 BUH Transwell, W F N =5 FHW], H
0.01M PBS ¥ 3 i ,4% 2% 2 B B [ & 30min, %=
BREETE, MERRELLERIBHNE,
0.1% 1) 25 b 5 (A JR A Al sl ) 347 40 i e £
20min, M G BT AT WS BEDLIESE 5 1
PP AT AT 4, R 3 W BRIk 3 AR AL,
1.6 KA AL FEXT BMSCs 2 AH 56 3 K] (1) 5 i

# P3 {8 BMSCs L Ix107FL 8% EEFh T 6 £L
W TE OWM F1 100uM CoCl, 15 3% 24h J&, W4
Ut B 240 ., A6 000 1 424k BE X BMSCs 1 8% A G 56 [
HIF-1a F1 CXCR4 () mRNA kB0, K P3
& BMSCs LA 1x107FLA % R T 6 FLA K, OpM
1 100uM CoCl, 5535 24h J& |, IfL7%5 21 25 15 9% 24h,
WSO O R 24 S AR 420 751 4b 6 BMSCs 1 T2 4H
K H [H caspase—3 Fll bel-2 ) mRNA 3£ ik 19 5%
Wi, A U B 200 L, R IR, mRINA B RNA B i
BESk N cDNA, SR R S 4 3G 5 0 R S R R
K535, L GAPDH A2 fili ] 2725¢T i 4T
WHE,EE =R, 51l BEAETAER(ED),
1.7 KB SCI A A EE 37 Fl BMSCs (W 4H
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HEME SD KB, 10%7K & S8 30ml/kg I8 i
SPRRIE , RF R B4 BPESR, [ DU B TS 45 L ;.
Ja, [ T ALK BT 2 2%, DL T10 S s,
VITT B2 Bk, W 5 i 28 S Ml , 70 40 % 5 B, R
22 L Allen 151902 FLFT o A48 i 15 K B SCI 3
PR R 10g 19 B4R H SOmm =k AV T,
A KR TI0~12 5B a6, KRR AT
FH H 309 2 M R [T 42 0 ) 3 R R o i R A 7 2 A
B, ARG 3d B HE R 50 T A/ 2 LA
SRR . RJE 120/ I R R B HEIR
HEKRBRITAATHR ., KB SCI & B ) 5
10min BVEF7 i 90 5T 1 40 i B A

80 HUMENE SD KEFEHL /A 4 41 . A 2H (T
R4) B4 (FHRZH) .C 41 (BMSC 41) 1 D 4 (H-
BMSC 41) (n=20), A H i KBRIHEFTIMEFFA A
AT RE S . 10%7K G SR 30ml/kg 8 s 1 5 R
R B, 7E 1L3~5 7K R 47 I AE 28 ), A i A il
H AR 2R Ty, BRI AT 0 9 BT R 4 . BLC
FD ¥ HEAT SCI 3 ARk P A6 s v 45 o 1
30 SAF LS & A 1x10° 4~ P3 BMSC-GFP (1)
20pl A= FRER 7K , 2812 47T Smin, LABG 1E 405 W,
Hor B 4 AR ) S50 T ik IR B v S R AR
LK ,C 410 Y 23 & N R SR A P3
BMSCs, D £H fifi i i & 100uM  CoCl, 1% 48 75 &b B
24h 1) P3 BMSCs,

1.8 HE o P74k ¥ i 21 200 BP0 051 Ol

ARG 3 H BT 2 H K AR ORI A T
K ELHERR . BMSCs B8 48 72h J5 f 40 b 5 H
B, 28d i BB xR BRL it FH ot et /K SR PR T
AhFEREL . 0.01M PBS .0 EHE 1 10min J5 ,4% %
BV 1R B 20min,, FTIFAERR , L4955 4 R

x1 319575
Table 1 Primer sequence
HE A BRI (5'=3)/ R F I (5'-3")
Gene Reverse Primers(5'-3")/Forward Primer(5'-3")

GCAAGTTCAACGGCACAG

GAPDH
GGCCCCTCCTGTTGTTATGG
CACTGCACAGGCCACATTCAT
HIF-1o
AAGCAGGTCATAGGCGGTTTC
TCCGTGGCTGACCTCCTCTT
CXCR4
CAGCTTCTCGGCCTCTGGC
bel2 TCCTTCCAGCCTGAGAGCAACC
cl—
CGACGGTAGCGACGAGAGAAG
GCGGTATTGAGACAGACAGTGGAAC
Caspase—3

GCGGTAGAGTAAGCATACAGGAAGT

Hu B 3mm BUM S BELL LY K U S B
TE 4% Z % W % (paraformaldehyde ,PFA ) 1 4h, 2%
Je B BE RS B K AL B AE A b DAL Spum B0 A,
HE 4 JF 78 B3 T~ gk,
1.9 HyEs ey

KELSCI & #E 72h J5 , BRHE 5 HRR, IFXT
UM 1 32 B B 2L AT S e o e () R
BELL LU GFP Ml iba—1 BYFEIL , LA 10 A6 M
Hts 1R 3mm BUM A BELAL ST, KB B9 BE A
4%PFA H[EE 4h, I B THLURL (Tek 0.C.T)H,
i FH D) A HL(LEICA CM 1950, 7% [ ) LA etk
Hr B 10pm JE Y R, #4917 FH 0.01M PBS 5
Uk 3 K, H 10%9 13 34 30min, f 1L 2E ST R
FUAY iba—1 (1:500,Abcam) £ 4°CIEJE T & it
W, ZJa SN ARyl E R ZR TS
2h, 4HHEAZAE ] dapi Y5 (HARVEY)., A0
BMSC-GFP 7E75 % i iU T A & SR gk 258
15 FH 2 6 BB (Olympus ) #EAT WL, 1155 BH P 41
i B4 4 L (B 200 P 0 40 B R < 100% ) ., TE
0 S T it AL 2 B AL S B 10 AT 358 B
i LB
1.10  BBB PF- 43 PFAl K BB 28 D BB &2 155 1

K E7E SCI % #2717 ,BMSCs @97 /5 1.3.7,
10.14 .21 28d f# i} BBB (Basso Beattie Bresna-
han) PF43 54 PEAG 4 20 R B 56T BROCT 11
BB YK T8 3 (n=12~15), BFFEA% 48 i 4b
FH BMSCs Xf KB SCI J& i £ D) BB & 15200,
111 GEit2#or T

fifi F SPSS 21 A {4 i 47 B8 4 #r , 4
Graph pad prism 5 #PF 1A 5250 $ 48 i H (A
IR b 25 o o il E A2 A O 22 43 B R
Fisher LSD #:55, P<0.05 N2 A St X,

2 H#R
2.1 BMSCs 5557 o b F % e 45 1

St M Bk BMSCs JE A5 12) , B 97 iR IE
I A4l v () 1a) . E R S 15 3% 3 A
Joi, PEE LYo ] ULAE 4N UL B A €245 45
A7, Ui B BMSCs ELA B 40 i 4 AL BE 1 (I 1b) .
TMEZL O G 8 I 7 78 200 it v W02 B 4% 68 B T JE AL,
Ui BMSCs HL A US4 i 70 fk BE 71 (B 1) 4
MEAZ R dapi G Rl s 2 (K] 1d) . Nestin $T 5 90 % 95
S Y (A DG B T AT LTS AN 38 Ry e AR £
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PG (K 1e), AR/ 4N Nestin 42 (6 BH M 41 (4 F1 CD0 1Y BH 1 55 F 90% ,CD31 il CD45 KT
( 1f), Uil BMSCs BA WM LA fbie . 2%, RWIFT 345 09 P3BMSCs (926 B0 (8 2) .
Ut B AR5 P3 BMSCs B RUFH) = R fLak 2.2 (REHIALEEX) BMSCs 34 58 K& I8 1~ 1) 52 il
I3 it =X A B A I T BE S P3 BMSCs % H CD29 CCK-8 &5 7~ ,100uM CoCL, 4, C H %

e .

:I-"B

4

mEs | 7% = A% LI
- =
- -
= =
- wy =
- "E:' =
d e - -.
1 i i 7
- I - s

! | -

SRR R

ot - B 1 a BMSCs B4 5], 5 55 ok
il W ey b I, 4046 FE 75 (x100) b BMSCs &
E a7 AR AR S A R T 5

055 45 757 (x400) ¢ BMSCs 71 R 175
3 SR INEL O e (7T WL (5 1 (x
: Sk s | 400) d BMSC-GFP 4iifs dapi % 55
. ; ' ‘ 2 A% AE 0 B T R 650
(2 R i '".-fn- i Tl T e A me (x400) e BMSC-GFP 4 Jfg 7F 3¢ %
BT RS 925 (x400) £ BMSC-
GFP 4t il 75 5t 22175 5 73 A6 )5 Nestin Y (A 7EZEO0 WA T MR L0450 (x400) g A d, e, £ AlG B8 (x400) B2 a
T A0 AR AG I P3 BMSCs #1112 CD29 FHPERRN 97.7% b Ui s 40l A4l P3 BMSCs #7ic CD90 FHER N 91.9% ¢ it
A ARKZ I P3 BMSCs #1iC CD31 FIYEAR 0.4% d W40 AR KN P3 BMSCs 712 CD45 FITEAR N 1.0%
Figure 1 a BMSCs are uniform in shape, spindle—shaped or fusiform, with high cell purity(x100) b The result of BM-

SCs cultured in osteogenic medium for 3 weeks stained by alizarin red, and dark brown calcium nodules were observed
(x400) ¢ The result of BMSCs cultured in adipogenic medium 3 w stained by oil red O, and brown fat droplets were
observed (x400) d—f The result of BMSC-GFP cells cultured in neural differentiation medium 3 w stained by Nestin
showed blue nucleus(d), green fluorescence(e) and redfluorescence (f) under the fluorescence microscope (x400), the g
merge of d, e and f Figure 2 a The positive rate of CD29 on P3 BMSCs was 97.7% b the positive rate of CD90
was 91.9% c the positive rate of CD31was 0.4% d the positive rate of CD45 1.0%
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DZH 240 MBI AE 6,12 .24 FI 48h 1 FFEAR (£ 2),
et FH 90 2K 200 o A DU 200 B T, R 5 SR mT LA
53 RS AN PR T A AN T, ARSI Y
PR T A8 A S TR T A R T 2 R, RO
T3, CoCly AT LA LLBs R 14 75 =8 15 BMSCs
B TR (% 2, la~d), FCM il &5 58 8K |
48h 100uM CoCl, #i 4k B J5 D I8 1=K 4 H
(27.5+2.8)%,5 C 4L AH LB 2 TF &, 4 i) 2 i
P23 (3 2,P<0.05), 24h 41 H-BMSC 87X ]
BT TR R (12.242.7) %, AAE 40 HL7E TG R
AT HRA L5 B 100uM CoCl, K537 24h 1E K
BMSCs 2 fift 4 11 b 17 52 B 15578

2.3 A WAL HLX BMSCs 1T 7% BE 71 1 52 i

# 2 CCK-8 i%#& il A~ [E K EH CoCl, i 4b 32 7R B Bt id] Xf BMSCs 18 58 (I 2% 1

i 2 Transwell 4 ffiF % 52 5 9 45 R s,
BMSCs fE Transwell & 4t 15 3% 6h,C 4 U H
b 20 L E S T D A3 0 A A A Y 2
(P<0.05,181 3,% 3), K% BMSCs 57 I ] 1 4
K, C A D ZH 9 2H 40 e ] 0 &2 15 5 12h
WD ZHANME TR A W & T C 4. K5 5% 24h
o, A AR 2 25 R G R L RN
24h RZ XA T2 0 i Transwell [,

2.5 iK% Bl kb BE BMSCs XJ caspase -3 .bel =2,
HIF-1a Al CXCR4 B mRNA 23k #5211

M RT-PCR J7 ¥ £ 0] BMSCs H' caspase—
3.bel-2 HIF-1a,CXCR4 ) mRNA ik, 5 C 4l
D 4 bel-2 mRNA ik in, caspase—3 M

(x+s ,n=06)

Table 2 Effect of different concentrations CoCl, on the proliferation of BMSCs cultivated for different time as
detected by CCK-8 assay

Oh 6h 12h 24h 48h
0pM 1.01£0.06 1.11£0.09 1.41£0.182 1.8240.19 2.6+0.18
10pM 1.00£0.08 1.05£0.09 1.300.132 1.56:0.18 2.3840.10%
S0uM 1.00£0.09 0.95+0.12 1.14£0.18 1.30£0.127 1.75+0.167
100pM 1.0120.10 0.85+0.14 0.98+0.12% 1.1540.11 1.4150.11#
200pM 1.03£0.09 0.8020.17 0.880.15 0.95:0.167 0.89+0.137
300uM 1.01£0.06 0.7240.10 0.58+0.13 0.4420.28 0.2420.10
I T (%) 4.0830.749 8.050+1.067% 9.017+1.433% 12.183+2.7015% 27.257+2.68025%

Apoptotic rate

7E: D5 100uM 1A b P<0.05;@ 5 24h 4141 b P<0.05;3) 5 Oh 4147 [t P<0.05;@ "5 6h 4141 Lk P<0.05
Note ; D Compared with 100uM group, P<0.05; ) Compared with 24h group, P<0.05; (3 Compared with Oh group, P<0.05; @

Compared with 6h group, P<0.05

N

* GON C
4 UL BMSC, Hrp 5 @nd B Dy A8 i
FYAERITERS bod f WOk D AIBEE 6,12 F1 24 h 19 5 BS 4N ML 45 & 55 Y 0 25 SR B (x400)
Figure 3 a, ¢, e Represented the cells migration in group C at 6, 12 and 24 h b, d, f Showed the cells migration in group D at 6,
12 and 24h

ol
by



o[ A A A2 7 2018 4R 28 55 10 W)

Chinese Journal of Spine and Spinal Cord,2018,V0l.28 ,No.10 939

WAL (% 4,P<0.05), REATAFE BMSCs 24h
i, A HIF-1oo 1 CXCR4 1 3¢ 3k BH 5 36 Ain
(#5,P<0.05),
2.6 KA AL FE BMSCs %t SCI J& K Bl i) #2483
FE 1 5% 1

BBB 14345 (£ 5) 8w~ ,SCI A LAY 2 [
RFAREH BBB W4, 7€ B 41t BBB i 4rbli
I [i) (0 4 B 5 B o o T 1 Y A SCT 2 Ji IS
HE ORI, UK SCI 5 iz sh D BE nT H 4R i
e AR R A B, 1 BMSCs B A YT ol B 3
#2755 BBB ¥43 (P<0.05) . D #4114 BBB #£407E 21d
A1 28d BFBH B F C 41 (P<0.05)., BBB 405
W] AR A T b AT D) G 35 82 v BMSCs 203 SCI K
iz sh D RE WK 2 1 fig
2.7 LU BT

HE Je {6 iEsL, KB SCI #i45 72h J5 B &
A3 0 v B K 5T R 1 BT R A I R R A
HHI PR RN S A M IR p S AT A SR EL , KR
P ITCA MR AE 22495 (K] 4a) , 75 C AP 76320
(185 S 07 L 25 381 Je 38 o ot A0 /i 8 0 i 32 Vi

x3 CHAMDABFEFRARNEEAMIBYE
(x+s,n=6)
Table 3 The number of the migrated cells in group

C and group D after cultivation for different time

c4 D4
Group C Group D
6h 18.8+3.962 61.2+10.849%
12h 79.2+20.753 222.6+24.419%
24h 309.2+9.680 303.8+11.432
PTH (%) 26.560+3.114 15.120+2.164%

Apoptotic rate
DY C 414 Ik P<0.05
Note: (DCompared with group C, P<0.05

F*4 EEFTLER bel-2, HIF-1a,CXCR4 0 cas-
pase-3 B mRNA 3% 8 200 (xts,n=6)
Table 4 HP up-regulated mRNA expression of bel-
2, HIF-1a and CXCR4 and suppresses expression of
caspase—3 in BMSC
CH D4

Group C Group D
Caspase—3 1.016+0.068 0.744+0.079%
Bel-2 0.990+0.115 1.790+0.194%
HIF-1a 0.988+0.094 8.310+1.384%
CXCR4 0.978+0.146 4.048+0.950%

.5 ¢ At P<0.05
Note: ®C(1mpared with group C, P<0.05

(E 4b), 76 D divh, #2804 R 58 1 40 450
By CH (Bl 4e), MM HE 28d )5 ,B 4 A I
AR 2 T B, BB 0ROV R ROE
RN (K 4d), 16 C 4LFN D 2H P 58 i 40 g 3=
b AP, AR WA s /N (K
de,f), BMSC A AT LA fub 2 sl /0 5 5 453 403 457 4
JFET, WA R PRI 5 C 4iAH L, D 41
T R B 2 A0 R
2.8 R WAL BMSCs X 58 /1M o 40 i B 1
T (452 1)

BMSCs B8 HH 72h Ji 1 Ho 938 5% ' G o 45 I
T A0 1 19 BN B 0T 240 B T 1 L LI 5, B2
iba—1 BN AN A A s F A 4, 15 B 41
FHEG, C 4R D 2H /0N e T 20 i 40 s> (3R 6,
P<0.05),
2.9 R THALFE BMSCs X %4 40 i A7 1% 1 52 i)

o B % A 72h 5 A BE SR OO G 0 W %2
BMSC-GFP 7EH i h 4t (K1 6), 7E C A D 41
] DLk AN, H D 41 b gk a0t i 4
PSR Bt v T C 4 AR T A AT LA G 2 A
BMSCs 7£ 52 1 5 i th i 80 (55 6,P<0.05) .

3 itig

BMSCs A Y7 SCI H#LHI & 2 AL FE . 1 h Fh 7
2 it B8 B A2 B AR o AR Z B AL, A AR
Sy A R i A R AR R R, R
AR DR, 20 TR TR e 2 A K TR R A R A
KN FEMRIEHLEE , BMSCs I8 H R A4F PR
DA B B 328 117 S5 Ty BE I R A% 100 1 /0 I 40 e 1ok

*5 BBBiFHEfEXR SCI RAT1d RARJF 1.3.7,
14,21 70 28d AN EERIRE
Table 5 BBB score was performed 1d before
surgery, 1, 3, 7, 14, 21 and 28d after SCI

A% B4 C4l D7

Group A Group B Group C Group D
-1d 20.8+0.4 20.8+0.4 20.8+0.4 20.7+0.5
1d 20.9+0.4 1.60+1.1 24+1.3 1.7+1.2
3d 21.0+0.0 2.6+1.4 3.8+£1.9 2.9+1.7
7d 20.8+0.4 4.1£2.0 5.3+2.5 5.8+2.2
14d 20.9+0.3 6.0+2.2 6.6+2.5 8.0£2.912
21d 20.8+0.4 6.4+2.6 7.9+3.07 9.7+2.6%
28d 20.8+0.4 6.5+2.5 8.1+2.67 10.3+2.672

D5 B 4UH I P<0.05:@%5 C 4LH 1L P<0.05
Note: (DCompared with group B, P<0.05; (2 Compared with
group C, P<0.05
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1715 5 FOR YT RO R
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1 32 AL A Cor AR & BRI IR, nl B AR
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IR AR RS (45 200 B A 8 SRR B T SRR IR
A i T CoClL, i AT, 2508 S 45, DAL AR F
¥k H CoCl, 15 37 1E A (A AMIC & i b 21 =X, il
FH CoCl, AU A A BEAEAE — & 1 R BR M . 1A
BHEFEF W CoCl, TE4N ML N A & BUER], 1Eik
B CoCl, 7E & BMSC 1% 40 991 b B (1 14 P 44 S0 52 56
i, BMSC I fi 52 ] 5% 4 CoCl, W52, A IL7F
BMSC 1% 48U T b 34 56 52 5 o At 1 AE o 35 97 A I &/
Yk, R B SR I R AR CoCl, X 5255 1Y
S, CoCl, A5 4DL 20 i AIK A0 30 52 1)/ FHAIL I /2 Co™
V5 T 20 M HIR B HG o 9 36 DN 3R ik | S 400 L 41

,

B 4 HHE HE JOHLIEEL(x100) a W 720 5 B 4E

SRS T A ECR A, X5 SCIJE 414U
R S A T AR TR H CoCl, 18 4 HIF 3l % 1) £
SEE ), AT HIF &R = 9169 CXCR4 45
FIEP, CXCR4 LU K& 0 T A 55 ot 4 i 8 1 [R5
1(SDF-1/CXCL12) i\ & BMSC iE#% )4 5 1) ¢
A 52 BMSC AR A 4 3 v] fig i i HIF-1
A FAEHE CXCR4 76 40 il & 1 i 238, M fie
#E BMSC [1] 5 4 X B B | 5 SR A, X A TR AT]
14 240 B 56 A ) T R AR S

TE e AR R R A A B0 A PR (e b, 7 3
A8 Xt 210 M 384 B0 06 R R MR A /DN, AR S TT AR
20 if T 5347 TS 32 P DA SO DR IR AR R B S 2
FISERE b A S B0 e 5 1 Xk 41 M TG R A7 A R (H
T B B2 R 100uM CoCl, Y 15 37 24h 1 {1
ST B A, ICRE— T a4 I A T Ak
AR R), B L PR 300 00 Ak B8R 5% 35 0T 7 A ) A i 4
b J 3 2 A5 ) B 20 55—y T, B CoCl,
A AL B BMSC A7 7E CoCl, ¥ A, i mT

FELH AN HY ZE AL, O I SEAE AN IR b i

Fo A 720 J5 C 4R 0 A S PEANM R IE ¢ ANMIAZ A 72h S5 D AUE BEAS M B e, Dk Ol R AR A0 MR d
AR AL 28d J5 B AUEREZS WL A e AMAEFE A 28d J5 C 4UEBE =S W M ARE/DN £ AN A2 1T 28d J5 D 218 i 2 I T Bl b

AN B R

Figure 4 HE staining of the spinal cord histomorphological changes a 72h after cell transplantation,

the spinal cord

tissue structure was disordered, and a large amount of hemorrhage and inflammatory cells infiltrated in group B b 72h

after cell transplantation, there were localized hemorrhage and inflammatory cell infiltration in group C ¢ 72h after cell

transplantation, the spinal cord structure was intact, and a small amount of hemorrhage and inflammatory cells infiltrate-
din group D d 28d after cell transplantation, spinal cord stenosis was formed in group B e 28d after cell transplantation,
group C had a small stenotic cavity area f 28d after cell transplantation, group D had the smallest stenotic cavity and

the structure was intact
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A 3o 45 o e R R v WAL BRAICR Sk Y Ak
() 3K 3 FIUAD BRI, FE N S 35 AR AL 40 30 i k44
I IR T S DL ‘M%i‘li%‘%%ﬁ“f CoCl, #E77
BT T IAT BB N A IE . BOAR IR S B R
F 100uM CoCl, E’JIE"?% 24h A R A% A T Ak B Y
vy =7 AT B A e i R S A A S B
HIF 2545 5 38 #2752 e {1 40 A ¢ RNA 3R IR P94%
TR AR 5 W AT B 1 0 1 A ) RE L 7E 2 I A T AL B

2R

IEI 5 sk 72h )5 G B iba—1 %TQJ’U’L e A ol Ko 21 (0l B iba—1 2
A a~e A AHRIBHES d~f B A1FR R g~i CARBE B AP ERE

BMSCs A AR A 2B 3 0 Pk i g A8 Xt B T R 1)
5 ZUA PRI ™ A R ) 1 N R RE ) . IR
P4k B BMSCs 3 52t 6 5 5 34 15 40 i PN A O B8
(HIF-1o #1 CXCR4)E&UIJ1i(caSpase—3 Fl bel-2)
SR AR 5 A G = BMSCs 1Y IT#8 K Bt it
Patie A EP?%T-'J%H%W&T, {ER=RENHEIN

A 5 2t — B WFFEAESE
A58 3 R A A S S8 IE S BMSCs B AT

Yy LT 1) FHAE 40 M, B 68 R B dapi B2 L 6
J~1 DA TR C AW B s 1 A

Figure 5 iba—limmunofluorescence staining for iba—1 positive cells 72h aftercells transplantation. Among them, red is a

positive cell stained red by iba-1,

and blue is a nuclei stained blue by dapi a—c The expression in the group A was

weak d—f The expressionin the group B was strong g—i The expression in the group C was moderately compared with

SCI group j-lI The expression in group D was significantly weaker than C, but stronger than group A
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/0 d~f D 41t

l 6 GFP %75t a~c C HMRET YL ﬁ B LIV*—QFHH@%Q r
e %200 ¢ flf %400

7 B 20 M

% afild %100 b

Figure 6 GFP immunofluorescence a—c¢ The number of GFP positive cells inBMSC group was small d—f The number of GFP positive
cellsin H-BMSC group waslarge a and d were x100, b and e were X200, ¢ and f were x400

% 6 GFP #l iba—1 PEME/NE U240 B 7E & HITHK
Table 6 The GFP positive cells (100x) and iba-1
positive microglia(200x) in 4 groups

A4 BZH C4L D7
Group A Group B Group C Group D

iba—1 175.2+#33.9 759.0+114.37 544.8+37.172 422.4+56.0V2%
GFP 0 0 143.2422.37  254.0+35.57%
D5 A 9 L P<0.05;@%5 B 4148 It P<0.05:B)5 C 41
It P<0.05

Note: (DCompared with group A, P<0.05; @ Compared with

group B, P<0.05; (3)Compared with group C, P<0.05

SCOR ) IE N BE T, A SIS AL B BMSCs 1
ﬁiﬁﬁiéizi_ NLPE RO, TR b fine B 3

o 2 EF‘HJ{EﬁFéﬂiﬂﬁﬁfﬁﬁm AR T 4
)rﬁ@Ji B 1 B PR T RO T I A T Ak B
BMSCs #HIIGIT7 @k SCI vh HA R, X N
I R b 3647 T 4 MRS AEIG T SCT B o] £ /55 % A
20 P A7 T AR PR — A RO
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