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Experimental Research of hBMSC-HA-PLL to Treat Spinal Cord Injury
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[ Abstract ] Objective To investigate the feasibility of bone marrow mesenchymal stem cell ( hBMSC)
transplantation combined with hyaluronic acid poly-l-lysine ( HA-PLL) to treat spinal cord injury. Methods hBMSC were
extracted from human bone marrow and were cultured and expanded in vitro. The spinal cord of rat was hemi-transected,
hBMSC, HA-PLL or hBMSC plus HA-PLL were transplanted alternatively after the injury. The motor function was assayed
at different time points. Eight weeks later rats were sacrificed, the growth of axons and micro-blood vessels of different
groups were checked, the therapeutic effect of cells, materials and the combination were assayed. Results  The

progression of rat locomotor function examined by BBB score showed that both groups of hBMSC transplant and hBMSC
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combined with HA-PLL have better recovery than hemi-transection group and HA-PLL group. Electron microscopy showed

combination of hBMSC and HA-PLL can promote axonal and vascular growth. Conclusions

hBMSC can promote

neurological function recovery. Combination of stem cells and HA-PLL may get better effect. Based on these results, we

deduced that the mechanism included the framework supporting effect of materials, the neurotrophic and angiogenesis effect

of hBMSC.
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1.1 ##

Spraque Dawley (SD)Jk B ( [ P& 5 -2 I 52
K sh ¥t 5 BT SCXK (5()2009-0017 ) 5 24 fifd 15 37 1
#: DMEM, 10% ‘1L ( GIBCO Company) ; 3K
abl s YZ20P5 PR WD (5N 7575 0L 30 Bk £
A BRZ R ) 5 8] B 2 BB (Nikon) ;5 #1858 (Hitachi
TEM system)
1.2 FHi&
12,1 Ziffds . K S mL 2 husen) N8 5 Sk
BUPBS {4, & i T 900 g Bf.0» 10 min, T3 ¥ H
PBS Yk 2 U 4l TR, B R 4 x 107/ mL; % B
JER DL B A A, HOE T DMEM (fIRHE) +
15% a4 g s R b, 8 T 37 C 5% CO, 15 3%
FP R R 8 3 ~4 d #— B IR 3k 5 40 2 90% Fil
A1 ,0.25% JEREE/ EDTA 54k, (80 5%
1.2.2 FE WL -2 R W& iR (HA-PLL) b4 BL 9 il
#%: HA £ EDC ( i fb = W Be, 1-( 3-
dimethylaminopropyl ) -3-ethylcarbodiimide ) ) /i & F
Y5 PLL BN, MG 3 B OR A, ¥ R 2 1 S8 TR A 5 I
K LR BE B ] 2% 18 5 K A R P N U IR L BR
FREY, -20 CHR R AR THILN AT % o T
W, 48 h RIS E ZALMER R
1.2.3  SEEezh¥yor2 (R & 200 ~220 g /Y #E#E SD
KR 32 HL BEHLA A 4 21, paifiifhd (8 H) .
hBMSC # f5 2H (8 H ) HA-PLL R 4 (8 H
hBMSC-HA-PLL #AH4 (8 H ),
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1.2.4 5 3 B 0 A R0 0 AR . K & S EE (0.4
mL/ 100 g) i Ja 73 59 BRI o BCORF b7, TE R AR TR
047 2 e TO-TT 15 Bt (A BB B FL P BE T, 90 ) K B
BREALZ K E R 2 mm, R 5 88 0 415 O, K
hBMSC b RL 5l hBMSC + b4 A A5 A ¥ 5 5l 451 X 48R,
BIREL .

1.2.5 K@il TARE 8 MNAEH 1
KMEE KRR Zh Tk Z 1. F M HikSs R
BBB iz #1483k,

1.2.6 $GEHAIEE SR ARG 8 Ji R 58K,
I FH FA B U 55 45 4 4 407 Jrg 50 2 5 A5 2 il € R0l
B I R A 22

1.2.7  Seit=o0 8 . K Bz sh D g iy v o 1 ¥4
+ FRifE 22 RN (x =) ffi ] SPSS # ¢4k 47 8 &2 il i
TP 25301, P <0.05 Fom A BENEER,
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AT R A A AL T R S 5 I T BB B
DIREMI IR 16 Bl . W38 sh D) REAT R 43 3 A B
B R BN SRR O 13 Bl rh ) A S 4
VA RE S 5 A2 B, i ) 3R O T AL ER RS 4N
iEF), 8 JEPWEET] WL, HA-PLL 41 K B iE 3h W fig
5 A5 05 20 A LU I 4 22 R R SE i 2R B X, hBMSC
BAHA R iz sh D Re K &2 72 B P 4 F LR w4l (P
<0.05) ,hBMSC-HA-PLL 4 )iz 5h o GE 1% &2 2 i )
AH 4 F PRl B 45 4 J2 HA-PLL 41 (P < 0.05) ,{H
5 hBMSC BiHAMH L 22 R LS IT¥E L (F 1),
RS2 0 B 8] B R B, 70 B 0 5 2tk 30 ol < 7 B
W2 MW 2. 4 4Hd, hBMSC 4 2 hBMSC-HA-
PLL % A8 2H WK 52 19 3 J32 f B, 0 2 e 58 — i i 1
I TR 4 K HA-PLL 26, 7 J& 5 % B 40 K HA-
PLL ZH 4 i BLW] i 09 9% &2, 1 hBMSC 2H J2 hBMSC-
HA-PLL 20 /K 52 38 B2 W A e ek 1%, {53 43 415 22 47
Fxf B4 Je HA-PLL 41,1 5] 5 J8 LAJG 45 4 APk &2
BEIJLTFERAW R Z(E L),



20 o PR EE 2 243k 2012 48 5 45 22 %45 5 81 Chin J Comp Med, May 2012, Vol.22. No. 5

®1 R FHBGARE 1 X8 BBB 4 &H L
Tab.1 1% week to 8" week post-spinal cord injury each group BBB score

— 41/ group 1 ]/ group 2 =/ group 3 P4 2H / group 4
25 1 J&/First week 3.75+2.92 11.13 +1. 64 4.13 +3.27 10.25 +2.27
2 2 J&/Second week 8.63 +2.00 12.25 +0.93 10. 00 +2. 07 13.63 +0.89
%5 3 J&/Third week 10. 13 +2.23 13.38 +1.69 11.25 +2.87 15.38 + 1. 06
% 4 J&/Fourth week 10.75 +1. 83 13.88 +1.41 12.00 +2. 51 15.38 +2.00
%5 5 J&/Fifth week 12.13 +0.99 15.38 +0.99 11.88 +2.36 16. 13 +1.77
% 6 J&/Sixth week 13.13 +1.81 15.75 +0.52 11.38 +2.56 16.38 +1.49
% 7 JE/Seventh week 12.75 +1.49 16.13 +0.93 12.25 +3.01 16. 63 +1. 06
% 8 J&/Eight week 12.00 +2.07 16.00 +0. 83 13.00 +2.73 16. 88 +0.99

7/ Note : — 2 /group 1 ; B4l 451 15 4 / hemi-transected group (n =8)
4/ group 2 :hBMSC A5 41/hBMSC transplant group (n=8)
=2 /group 3 :HA-PLL 4{/HA-PLL group (n=38)

P 21/ group 4 : HA-PLL + hBMSC 41 /HA-PLL + hBMSC group (n =8)

o= HAEHAG A /hemi-transection group
mm hBMSCHAEAL/hBMSC transplant group
=z HA-PLL4 /HA-PLL group

== hBMSC+HA-PLL 41 /hBMSC+HA-PLL group
20

BBBi¥4} / BBB Score

1 2 3 4 5 6 7 8
JA%L / Weeks

B1 HHEHiH RS | 28 i BBB
o5 A A
Fig. 1 1" week to 8" week post-spinal cord injury

each group BBB score

2.2 BEFMHRGBEHAES

I R B8 U 5% B A il 5 R Il A A KN . L
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WLSECTE , AH UL AT ST B4 8 28 Tl 28 A il (R AR R A,
TAE AT M RHE A B8 458 15 X388 M I B &1 24 4 i BH &
WD, Al 20 i B R AL, 1634 S B A A 2
ST A A AR B O3 Y RE B A B 58 B L {H 5 HA-PLL

P2 [z hBMSC-HA-PLL %48 44 A HU , HG e it % £F
2 20 i 1) B S 22 S SRR IR B4 A R Sy R R
T Rl A

3 itig

FEBEI 5 05, 2 0 1A B T B A IR BRI
I ER 2 A T B R R R L T AL
R 1M 24 40 A0 ) v R e 20 0 T R S
TIfE, mh F R E B L 0 B 5T S B A £
EUEM  hBMSC fE ikt & R it B h A E
K1 hBMSC HA T 40 Mo £ fi 43 4k Fl f1 3% T 35
(V5 i , EL 3R I 78 3k 4 T R 6 A6 B 2 4R, R A
3758 R FAT 0 LA R E , B0 S 6 R 1
TG 5. ABESE 83 hBMSC 1E S Fl 740 , 45 4 4
VT B2 ARVE ST K RSB0

B0 T BORR 28 7T K I IR 40 AT T L T A T
2k L e 5 9 R WG IR, e SO 9 R Bl 2 NV O
Ji S5 40 i 2L %, T LA i g AR REE A B R
P A 77 B AR 5 L T A AR B, AR BFSER I Z AL
(t) HA-PLL 7K %8 5 /E o Sz 242, % B8 Hobt ol 45 1) 1
AR 2 AL R RS A R T 40 1
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W], HA-PLL 7K 8 J5 75 — 5 B2 B 1 T L 4 I % 9
IR (9 T8 A, Ay el 2 5 A4 RS AL 40 L 2% A 42 4k A
X BL U B4 PR 355, 3 5 G At R G B 5 14 45 SR A —
5, AL AT A A 45 . HA-PLL /K ¥ 2 (14 47 76 1] L)
2k 17 20 2B W 25 5 4 5 7 20 D A K R IR 38 4 07 T
B T AR, A AT 45000 i 2 B0 B A 5 [ A
A% B B RF TR AT LAY I 200 R L 6 K i3 5 2
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EN eSS TN e nt1 ) R 2 NN R RS B R
1 52 T8 B B 4. BBB P40 R B BE 10 405 5 Atk
], hBMSC 41 il hBMSC-HA-PLL 4 4% i 2% &5 T 5t
HEZ R HA-PLL 41, 76 30 200 30 0F 0 th g s T 5
WiZH, 1 8 JHI A BBB PE4>F W, HA-PLL £ K i
()32 2h T 68 55 o 4l 35 40 4 A LG VE oy 22 5 E e i
= X, M hBMSC #% #i 41 #1 hBMSC-HA-PLL 4 /Y iz
S RE R 52 TR B I SR A A R R AN R 4 (R
1,P<0.05), %1 hBMSC ] /3 Wi £ E F K 13
55 M U5 PE Bl 22 5 55 ¥ ( BDNF) | fh 228 55 ] -3
(NT-3) (il W EAEKEF (VEGE) M&AKEF
(NGF) Bk BUZT 4 44 i A= 4 ] 7 (bFGF) | JBE 5 &R
AR HF-1 (IGF-1) 554 i S 28 57 R X il
SR B kA AR, X
hBMSC 4330 11 20 i (K7 0 20 it 4 56 B4 F 1 488 45
B2 Y P A S T R XTI R OB B 1 S 1R
S VR T I 9 SR 6T i 2 AEE e 1 41 ) 250, DA T AR
i 20 - AN

HAR HA-PLL AFRIAS B 1 8l T DL 2l 38 453 40 G 20
B AR T & mA, ATEARBESEH, U4l ) BBB
WA geit 2% 0 Mt & W, HA-PLL 817 X # 28 4& 5 Jf
TCHE M HED A LA T PR AT RE . —J& HA-PLL 4 B Xf
it 246 20 5 R G0 T 40 B 3 s & BBB R4 X
P2 T BE I PF A AN A0 i 28 e A TR A RURK, AR T
DAt A B A 0 2 Ty RE 25 S EL X R R B i
M2 RE R B AR, X — 7 AT R IS 19 55 56
WF5E O 2459 2090 25 00E 52 (B R SR ) o

g5 b fr iR BE A ] hBMSC-HA-PLL R84 {2 i
KB s D RE K &2, H B AR HI AT 75 2 — 26 1y
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