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Effect of bone mesenchymal stem cell transplantation combined with chondroitinase

ABC on nerve function recovery in rats after spinal cord injury
Li Jinghua, Zhang Tao, Zhang Hongjun, Yu Yu, Lu Minpeng, Shao Gaohai ( Department of Orthopedics, the
Yongchuan Hospital Affiliated to Chongqing Medical University, Chongqing, 402160, China)

[ Abstract ] Objective  To explore the effect of bone mesenchymal stem cells ( BMSCs)
transplantation combined with chondro-itinrase ABC (ChABC) on the recovery of nerve function after spinal
cord injury in rats. Methods A total of 60 adult male SD rats were selected, and the spinal cord injury
model was established. The rats were randomly divided into 4 groups (15 rats per group) : a control group
(group A), a BMSCs transplantation group (group B), a ChABC injection group (group C), and a ChABC
+ BMSCs transplantation group (group D). The rat conditions on the 7th and 14th days after injury were
recorded, and the rats were executed to detect specimens. Basso-beattie-bresnahan (BBB) score was used to
evaluate the rat hind leg movement functions. On the 7th day after injury, the level of neuron apoptosis was
detected with TUNEL assay, and on the 14th day after injury, HE staining was used to calculate the total area
of the injured zones. Immunohistochemical assay was employed to examine the expression of glial fibrillary

acidic protein ( GFAP) , neurofilament-200 ( NF-200) and Nogo-A protein in the injured spinal cord. Results
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On the 7th day after injury, no significant differences in the BBB scores wre found among the 4 groups (P =
0.892). On the 14th day after injury, the BBB scores of groups A to D were 6.33 =1.00, 7.25 +0.96,
7.33 £0.58, and 9.75 £0.96, respectively, and the BBB score of group D was obviously higher than that of
the other three groups (P <0.05). On the 14th day after injury, HE staining showed that the cavities were

formed in the injured zones, and the cavity areas of groups A to D were; 4.44 +0.18, 3.70 £0.21, 3.23 +

0.22, and 2.33 £0.31, respectively. The injured area of group D was significantly smaller than that of the

other three groups (P <0.05). On the 14th day after injury, the immunohistochemical assay showed that the

expression of GFAP/Nogo-A in group D was obviously lower than that of the other three groups (P <0.05),

while the expression of NF-200 in group D was obviously higher (P <0.05). On the 7th day after injury, the

TUNEL result showed that the apoptosis cells in group D were significantly less than those in the other three

groups (P <0.05). Conclusion

BMSCs transplantation combined with ChABC can dissolve glial scar,

reduce neuron apoptosis, and promote the regeneration of nerve fibers to cross the injured spinal cord zones,

having significant repair effect on spinal cord injury.
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HX 28 P I LA AR 5 8 0 9 5 B sl o 21T B
U2 I 240 0 7 A ) A R K 1 3R B ABC ( chondro-itinrase
ABC, ChABC) AT LAF& i £k 2 57 8 CSPGS, MM i ifF
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60 H 5 K I REALE T Rk il 4 4
(n=15):fRF AR (A 41).ChABC FEfFLL (B 41) .
BMSCs A 4 (C 41) & ChABC It 4 BMSCs 47 2
(D). BN D A5 HP 200 A i i 1 28 7 A
ChABC 5 pL(1 U/mL) . C 40 D LW )E 2 d i
SRR R R 4T 5 wL BMSCs 23 F 41 43 4 4 I
T LURRE3 REES R, FRESTS wl. 4 43
Y143 SAE TF-A I i 17 B[] 230 S s 415 O, Ab BT 3
YIBhR AR, B 1 H
1.4 S 3547
1.4.1 BEhEETEE WME GG 4 41K BUG s
SIUIREK G, T3 J5 7.14 d 2R BBB ( basso-
beattie-bresnahan ) ¥F/MEHEAT T iz sh D REIEE " .
1.4.2 1055 (HE Yefh) KRR ,4% %
PO N E R [T 2, U 45 X1 BEABEZH 215 mm,
P 10% B [ 52 , K 5 A 5 R 00 5, )R B
5 pm, ST R AR A RN I S A EAR S, i
S RIEE I bR RBUT: , I LA B S48 o b R
18, FI A PP EURANBER A AR A 23 T B4R (U RO 55
BAEZE R LEXE) , 0BT 3RA% BT 28 DX T AR
1.4.3  fEdgfbeaiss WAV 1T GFAP/
NF-200/Nogo-A fE by o, BRIk U £k
BCE, FRE, PURIE R, U B e R, K
i GFAP/NF-200/Nogo-A — 3 ( Bt BR 265 — i 2l
S PBS W) T 4 C KAt &, B & DAB 4L fa
5~10 s J5 HARKFRLE, HFAREZ YL 10 ~ 15 s, it
K GER (&, Olympus DP70 F1O6 2 45 200 ff%558 T
KPR A Y R 55 PR IR A i e iR
FERAME R s bR e e e iR iR PP E R . AN TiH 4k
P NF-200 BHIEZR AR 4010 5 43 kL, IPP 3R 44E 20 iy
GFAP/Nogo-A FHEZFIR =465 A, Hoh i ik &
Bt H 34 30,138 225,S #4230,
1.4.4 TUNEL RN T Bea 5S40 7 ks
ARG IR E IMAE AR K A (40 pg/mL) , F 21 ~
37 C/Kf# 20 min; PBS & Ve & 2 WA, W m TAT
o vP L, B E 06 5 ming Ji 0 50 wL TdT il iz i i
CBAAEXT BZH AN Jin TdT, 20k = 280K , iR & 37 C
SN 1 h, PBS P& 20k I Ak 1 R % i 50 L
converter-POD ThrA | ,37 °C {8 iE &G ) 7 30 min,
PBS 3k DAB Jet 5 ~ 10 s; ShAKE E YL 10 ~ 15 s, 3
FIRRAKE B 08 5 5t A, 76 W s ™ R, PR T4
LR Y e 4 D 2k Ak, A% IS, Y€ 5 0 1 R Bk

PRI IR T/ VA, 4 A2 G £ 52 TRV AN — (A 2 Al
PetE €, AR T AR 2, RN AT DL T /MA .
HREALVEI 3 S B R, 158 B 4 A o S AR A A
33BN A T-F8 %% (apoptotic index, Al)
1.5 %itsaE

K SPSS 14. 0 Geit4k 4, Bl LA x + s FoR, 4[]
AT B R 2T 22 0T R K56

2 #R

2.1 BHIHeIEL

YK 4 HARRIE T RiEshIIEE, i/ 3 d
TR RGZ s DI e T i MR 2 i 4,7 d B £
BUa O 2 s Dhfe 3L AMK &, mT UL B g5 AR i
3, {0 A B.C 41 BBB 743 5 D i Lk 22 7 LG it2%
B (P>0.05), MMifE 14 d, i W 4 41 KR E AT
A /R R 1T,D 44 BBB WE40r | T HA 3
41, $&7~ ChABC G BMSCs 841 41 % B Rl 11 10 )5 #f
YR EAERM T A3 A, F—4HM14d 7 d
BBB PE4r B (P <0.05,%6 1),

F1 {lE7.14 d BHKXR BBB LK (n=5, x£5)

415 7d 14 d
BFARA 3.60 +0.55 6.33 +1.00%
ChABC R4 3.80 +0.84 7.25 £0.96"
BMSCs FH4 3.80 £0.84 7.33 £0.58%

ChABC Htf BMSCs BA4l  4.00 £0.82 9.75 £0.96*

a:P<0.05,5 7 d & ;b:P<0.01,%5 ChABC B4 BMSCs
ALY

2.2 ABRFIEAM SR @R

fiJe 14 d,4 A0 DX 0] UL 23 3% A, ) 16 e g
IR, SR AL B AR, AB.C.D 4
WX AL Ak (4. 44 £0.18) ((3.70 £0.21) .
(3.23+£0.22) (2.33 £0.31)mm*, D 413145 X i f1
AR T HAD 3 2H(P <0.05)
2.3 GFAP NF-200 Nogo-A %,7% 284k 3 & 9L 2
2.3.1 GFAP  HH&Mifi)G GFAP [AtERE N EIE
W AR AR B 0 6, 155 14 d FEBRREI X ih 2 2
T e B 40 M P 7T UL BH . GFAP BHM: 3235, B8 L EM
SRy R T 240 L A 2 A NG, i BT ARS 28 A8 R L AR 4
FFATFEN 2% XY R E B B4 IR A A . D 2H7E
1iJ5 14 d GFAP P4 2235 (0. 055 £0.016) & Z AL T
A B.C 44514 (0. 147 £0.007) . (0. 108 +0.018) .
(0.099 +0.013),P <0.05,[& 1], #:/x ChABC Bt 4
BMSCs #% i 41 5 Al 3 41 AT LA B8 B b 400 ) 65 8
Hif5 GFAP 33k,
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AR F R4 ;B:ChABC %40 ;C.BMSCs #4140 ;D: ChABC 354~ BMSCs #4148 ;E: P 2f IR 40

E1 AXBRETIURESEIRGE 4 BXRE—ES GFAP fiKix

(S-P x200)

A8 F R4 ;B:ChABC #2240 ;C.BMSCs ##148 ;D: ChABC B£4 BMSCs #4540 ;E . MM 218 48

F2 AXBRETNEEHERGE 4 HXRE—FE S Nogo-A HIERIE

(S-P x200)

A fBF K4 ;B:ChABC Féﬁ%éﬂ ;C:BMSCs #4148 ;D :ChABC J%-&- BMSCs A HL48;E: A M2 B 20

B3 BAERIETUREHEMRGE 4 AXRE—E L NF-200 #5875

(S-P x400)

A5 R41;B:ChABC ﬁ%éﬂ ;C:BMSCs #4448 ;D : ChABC B4~ BMSCs #5441 ; E; A b 1 18 48
B4 AXARRBETUAREHERGE I AXREFEHELMMAT  (TUNEL x200)

2.3.2  Nogo-A Bilg 14 d,4 4K FAsEM s
Nogo-A KK ik F 4L 4P L 5T, D 41 Nogo-A FH £
i5(0.017 £0.008) %% A B.C 40 5 Zuk b [ 409 K
(0.059 £0.008) .(0.031 £0.004) .(0.029 +0.001),
P<0.05,F 2], #475% ChABC Bt4 BMSCs #4415 H:
il 3 28] LABA 5 pd /D a5 5 Nogo-A I REHL .

2.3.3 NF200  MIGIJE 3 d FHEG, & 051X
22U A Tl 28 RIRT HS B/ i B 4 (0 25 €0 05 (NEF-
200) . MEE 7 KRIFUR,NF-200 754521 K BB BE 45 9
YIE3K ,00)5 14 d iK &g, NF-200 2 25 R %58 T
15 X PR 2 TC A0 B AR RN 5 , #ih 28 0 40 AR IS R, At
R, sha R g 2 ALK, 3T i
NF-200 BHPE e 25 4k 52 9 m) HEF 53 A 40403 X P93
D G e AL BRIk (FHPER A 7. 1% ) 38 A B C

1A 3 [ FHE R 1. 9% (x° =12.272,P <
0.01),2.7% (x’ =7.53,P <0.01).2. 5% (¥ =
6.584,P <0.05),[5 3], 4/~ ChABC HX4 BMSCs #%
FEL A 3 20 nT LB S 3 i B 43 )5 NF-200 )
#Kik,
2.4 TUNEL A 49 22 2n i, )8 =

Y5 14 d K DU A e 8 T, AT LA D B R S E T A
JHL, T 200 BT A5 R B 20 LA O O | €6 o 1 440 i
BT /MA , DAB Y (0, 52 B4 (0, R 1R 1 3 5K IR
THECRH Pk 40 A %, BT ¥ (E H A AL D 40 AL
(12.87 £1.05) B2 /NF A B.C [ 43514 (40.50 +
3.83).(22.53 +4.25) . (20.83 +2.28) ,F =41.775,
P<0.05,K4],
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BHEI0 0 FAAE Z RO S G AU R 2R K
Ja P2 TT g A K I IE A RGE B2 I 75 1 A 3 %
YIRS, Li 28 VBRS040 X R 45
HR S A B R R A AR P 2 A K TR T L
YERT, B AAE S R W B2 S Y BILARC P 82 45 o i
e PES A, Hops B FE O s, HASRE 58 e B ASph 2
oA"Y FrAWESE B A OTE GOR B B, B T
WHOASE SIGYT XA s 5 fh & DI Re PR 2 A 5
KL,

BREW G KRG BRI RE B Wik &2 ,2 JE it D 4H
BBB 14 g TS5 H A 3 41, H D 4R 5 E
A 2 TR T AR B B A T At 3 41, 7% ChABC B &
BMSCs 4b Bl HoAth 3 20 X% A B8 61 473 J5 D RE VK &2 A
Wil PR RO B . X T RE A BRI TR ER A
B NF-200 , 20 HER) 52T B o 200 B £ 47 4 28 0 i 4k, 4
PERR 28T A K RNl 28 AR E TR 2F KBRS TRl
REVK A 7 A ) T AAE .

GFAP HA 4+ B IL YL & IR = 5 4l iy
R k2 g2 S e I O o e B R L EZeweacy e DN R (St
A S5 SUm R EE Y L B EERUIE , IR IR R4
Jita BB S i D e i BR i BT Ak, F B e AR B K
S L, HRE M FE IR R SE 2 A T I e i ph
FEAE R AN e Ak E A XU P, B 40 A S )i
SR ARSI 0V . 2 REIH & RS B, A8 AR
RS AE LR | 175 T 20 2 2k PR 5 R AR Sl 25 44 U Jie o
YA, 38 A R L SO B X R IE W B B4l 21 2 ]
TE B B, Xof A 22 P A B AU RS VR L ik S Re Y
HE— A T ARG, D 4 AL 3 4 AETR
—Ff[E] 5, GPAP [HPEZFRIE B Bk (P <0.05) , X2
7~ ChABC BX4 BMSCs F A8 AT LA il i 220 52 J5 441 it 1)
TR A BE 0100 5 A e A K X - 5 4
IRl [B] ) S-S, %o A B 301405 5 D RE Mk &= A S 1)
EH

5T &R, Nogo-A S HAX 28 R 48 N 1 — Fp i 22
HERAMEN R, EBAAAE T/ NG AR SR L 2L D
TR F9 40 5 N, 7 0 B LR kst
Nogo-A #125A KA il /5 b 0 AE i 2 5100 T A RE &
¥, e 2 A KB FRE iz, P & R g &
A B AR, MO SR R A KA R S AR A
SEAEIR S B BB, Nogo-A 436 4 A fig & #5
K, A REAM® M 2 oe i A B R . BFSEIESE, Nogo-A
AT RE I 1 A A 7 = A B T XL SE e AR Y /D S TR
YR 257 =X 5 28 90 Nogo 32445 430 #h 28 Tl 2

3o ABESE R, Nogo-A TEMI1 5 £ 243K T 40 M
JB, AT F4) 200 B 200 B 4/ R J b mT D 381 555 PR 5K
P HC RS A0 A T 450405 X o ARBIF 9% & 845 i ] — B (1)
R, D A 3 2 7R [R]— B[] 5 Nogo-A BHPE Rk i
FP (P <0.05), X478 ChABC HX 4 BMSCs 441
YA A 3 4 R LA B G A 5 RS I A0 5 e 2 AR KA
il PR 5 40 e DR () g S A RS 40 o) 20 5 Jie I 24 e
IR, 1570 Nogo-A il PR 7 (A 9L+, T] 42 0 a2 K B
JE BRI A .

NF ZHETCRA I ES 8 R R oA T4
ZLTUHI MR S SR Y, AL 4E NF-68 \NF-160 Fl1 NF-200,
IEH GO A2 TC AR NF-200 YL e B . fF98E
B, B )5 R AR P 2 T IR A BB T, IR AE
ANWTE BT 2 1 B S H Al B, 4 NF-200 4, JF
e b €, A Pl 2 AR . NF-200 2 R 4 Jm
P2 2R A R AR A B R 5 /5 NF-200
(R P 3R 38 20 5 B A0 43 Js D R K &2 A 3 5 DD Y 1k
Fo B, NF200 45 7R il 58 A IR O i — 4 () H2 48
BRI A W 28 22 B 17 NF-200 (131K
H53Hr ChABC B4 BMSCs RS A X 81 1 )5 #h 22 1)
REMRE M2, e ek 25 R B R, ifs 2 J
NF-200 ik ik i, NF-200 2 fS0R Rk T4 X A
P22 TR Rl 2, i 28 0 M AR 3 A, b 2 il 28 3
L A5 IR LR NF-200 PH: 2L @8 25 4k 43 45 T3
P N ) — B ] 05, D 21 i 21 A P M 2 ik B
il 3 £ A 38 (P <0.05) , 4275 ChABC B4 BMSCs
FERAZH 5 At 3 20 T LA Y b b 4 s i 4 s A 22 e g
IR THAE , BE IR PE 5 (1 NF-200 (19338, M 4 E
P22 1 FEAE R BE DI RE R

PAT R LUR T i B S2 3 A i 7= A= i —Fh 3
PEIET, BRI 8 h 5, 10455 DX A2 05 200 Jf H IR A e
(T [E 45, DNA KAWL, 7 d sk 808 T & g, FF 82y
15 d"*'  TUNEL 346300 8 7 40 I 2% (5 0 2548 10, 5145
RS AL RIEMG, AW EW, G35 Rl —tE D
4 AL A 3 418 W 9di Ik, fi b eI ChABC B &
BMSCs #4415 HoAth 3 41 vl LA BH i ol 36 A s 2 403 )5
FRBAFRIE , 90 Tl 40 DX B 18 0 1, el A 4 5 2 IX e
FERIR , fEdE R AP M B A B, DT DI b 4 Je
Ak L EB R A BRI  f5 B T REIR A .

AHFFEEM, 7EG5 5 14 d ChABC BX 4 BMSCs £
i 2H 5 6 25 A 1 BB /N, AL B {I%, BBB PE4) B 55,
GFAP Fil Nogo-A [ 335 eIk, NF-200 Fikfie . iX
P27 ChABC 1S BMSCs RS AH REAS (2 3F i 22 42 K
BT GRS L GEREph 28 4 K 75 A
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PER T Sh 2P, BEAS W W 3% CSPC Sy S i o J&E
o5 13 52 5 XM e R4 il 95 ChABC [ fige , A iy B 4
Hu A A A 0 e M R S R S I T REIR .

AN 58 F A T A ROEFEAT IR 2 A b i Je
DIReME S i — KUERR, ChABC 1S Hk 5 BMSCs
FAETEABE T th I 1T RO . (BABERIO 5 1Y
B R 2% B B2 Z R R A B
HUHIEA it — 0158, ChABC 1 S B & £ Fh 41 i £%
FERLZ IR Y R B 3 1 — 7 1)

SE k-

[1] Molinari M, Scivoletto G. The present special issue on Gait
recovery after spinal cord injury. Editorial [ J]. Brain Res
Bull, 2009, 78(1): 1.

[2] National Spinal Cord Injury Statistical Center. Factsheet#2 .
Spinal Cord Injury Statistics| R]. Birmingham: National Spi-
nal Cord Injury Statistical Center, 2006.

[3] Olson H E, Rooney G E, Gross L, et al. Neural stem cell-
and Schwann cell-loaded biodegradable polymer scaffolds sup-
port axonal regeneration in the transected spinal cord [ J].
Tissue Eng Part A, 2009, 15(7): 1797 —1805.

[4] Novikova L. N, Brohlin M, Kingham P J, et al. Neuroprotec-
tive and growth-promoting effects of bone marrow stromal cells
after cervical spinal cord injury in adult rats[ J]. Cytothera-
py, 2011, 13(7) . 873 —887.

[5] Pal R. Gopinath C, Rao N M, et al. Functional recovery af-
ter transplantation of bone marrow-derived human mesenchy-
mal stromal cells in a rat model of spinal cord injury[ J]. Cy-
totherapy, 2010, 12(6) : 792 —806.

[6] Minor K, Tang X, Kahrilas G, et al. Decorin promotes robust
axon growth on inhibitory CSPGs and myelin via a direct effect
on neurons| J . Neuroboil Dis, 2008, 32(1) : 88 —95.

[7] Cafferty W B, Yang S H, Duffy P J, et al. Functional axonal
regeneration through astrocytic scar genetically modified to di-
gest chondroitin sulfate proteoglycans[ J]. J Neurosci, 2007,
27(9) : 2176 - 2185.

[8] RICHI, FINE, LEE. BHEWN T BT 40 W #% 1 i&
PRI R A BER A A LL A [T ] v [ 41 8UT AR5 5 i
REE 2=k, 2008, 12(51) : 10045 - 10049.

[9] Basso D M, Beattie M S, Bresnahan J C. A sensitive and re-
liable locomotor rating scale for open field testing in rats[ J].
J Neurotrauma, 1995, 12(1) . 1 -21.

[10] Li S, Liu B P, Budel S, et al. Blockade of Nogo-66, mye-
lin-associated glycoprotein, and oligodendrocyte myelin gly-
coprotein by soluble Nogo-66 receptor promotes axonal sprou-
ting and recovery after spinal injury[ J]. J Neurosci, 2004,
24(46) : 10511 - 10520.

[11] Tang X, Davies J E, Davies S J. Changes in distribution,

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

cell associations and protein expression levels of NG2, neu-
rocan, phosphacan, brevican, versican V2, and tenascin-C
during acute to chronic maturation of spinal cord scar tissue
[J]. J Neurosci Res, 2003, 71(3): 427 —444.
Perng M D, Wen S F, Gibbon T, et al. Glial fibrillary acid-
ic protein filaments can tolerate the incorporation of assem-
bly-compromised GFAP-delta, but with consequences for fil-
ament organization and alphaB-crystallin association [ J ].
Mol Biol Cell, 2008, 19(10) : 4521 -4533.
Alexanian A R, Svendsen C N, Crowe M J, et al. Trans-
plantation of human glial-restricted neural precursors into in-
jured spinal cord promotes functional and sensory recovery
without causing allodynia[ J]. Cytotherapy, 2011, 13(1):
61 —68.
Ekmark-Lewen S, Lewen A, Israelsson C, et al. Vimentin
and GFAP responses in astrocytes after contusion trauma to
the murine brain[ J]. Restor Neurol Neurosci, 2010, 28
(3): 311 -321.
Vos P E, Jacobs B, Andriessen T M, et al. GFAP and
S100B are biomarkers of traumatic brain injury: an observa-
tional cohort study[J]. Neurology, 2010, 75(20) : 1786 —
1793.
FETy, BRER, O, A Sfh ST 4 wE Tk
JELT]. BUACA Wy B 5 ki, 2010, 10(24): 4778 -
4781.
Qiao D, Ke C, Hu B, et al. Antioxidant activities of poly-
saccharides from Hyriopsis cumingii[ J]. Carbohydr Polym,
2009, 78(2): 199 -204.
Perrot R, Berges R, Bocquet A, et al. Review of the multi-
ple aspects of neurofilament functions, and their possible con-
tribution to neurodegeneration[ J ]. Mol Neurobiol, 2008, 38
(1):27-65.
Lever 1 J, Robinson M, Cibelli M, et al. Localization of the
endocannabinoid-degrading enzyme fatty acid amide hydro-
lase in rat dorsal root ganglion cells and its regulation after
peripheral nerve injury [ J]. J Neurosci, 2009, 29 (12):
3766 -3780.
By, T8, BRI, SF. GAP-A3 3R )7 K MU
Wi pfi 2t rh 22 NF200 Rk i8 0[] phasfii gk,
2008, 24(4) : 406 —410.
Naghdi M, Tiraihi T, Mesbah-Namin S A, et al. Induction
of bone marrow stromal cells into cholinergic-like cells by
nerve growth factor [ J]. Iran Biomed J, 2009, 13 (2):
117 - 123.
Lossi L, Tamagno I, Merighi A. Molecular morphology of
neuronal apoptosis: analysis of caspase 3 activation during
postnatal development of mouse cerebellar cortex[ J]. J Mol
Histol, 2004, 35(6) : 621 —629.

(¥#5:2014-07-28 ; f& 6 :2014-08-25 )

(¥ & %)



