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Effects of ChABC, NEP1-40 combined with neural stem cell transplantation on the recovery of
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[Abstract] Objectives: To investigate the effects of combined transplantation of chondroitinase ABC(ChABC),
Nogo—66(1-40) antagonist peptide(NEP1-40) and rat embryonic neural stem cells(NSCs) on the recovery of
neurological function in rats with spinal cord injury. Methods: The NSCs cryopreserved in our preliminary
experiment were cultured and induced by all-trans—retinoic acid (ATRA)(the concentration of 1.0umol/L) in

vitro, the immunofluorescence techniques were used to detect the expressions of NSCs specific markers of
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glial fibrillary acidic protein(GFAP) and neuron—specific enolase(NSE). The NSCs were marked by 5-Bromo-2-
deoxy Uridine (BrdU) before implantation. 60 adult Sprague—Daw female rats were randomly divided into six
groups, namely, the sham operation group(group A, n=10), the injury control group(group B, n=10), the NSCs
treatment group(group C, n=10), the NSCs combined with ChABC treatment group(group D, n=10), the NSCs
combined with NEP1-40 treatment group (group E, n=10), and NSCs combined with ChABC and NEP1-40
treatment group(group F, n=10). Complete thoracic spinal cord transected injury models of rats were performed
in all rats except group A before transplantation. On the third day after surgery, group E and group F were
injected with NEP1-40 for 20pl/d through the indwelling catheter for 28 days consecutively; on the eighth
day after surgery, group C, D, E and F were injected with 10pl of NSCs that were intervened with ATRA
and labeled with BrdU through the indwelling catheter; and on the eighth day after surgery, group D and F
were injected with ChABC for 10pl/d through the indwelling catheter for 7 days consecutively. Equal quantity
of transplant liquid was kept through injection with normal saline through the indwelling catheter at all time
points. Basso, Beattie, Bresnahan(BBB) score and somatosensory evoked potential (SEP) test were used to
evaluate the functional changes preoperatively, postoperatively as well as 2 weeks, 5 weeks and 8 weeks after
transplantation, respectively. The injured spinal cords were sampled for observing 8 weeks after transplantation
and HE staining were performed to observe the morphological alteration in the injured spinal cord. The
number,  distribution and differentiation of transplanted NSCs were examined by double immunofluorescence
staining, by using microtubule—associated protein 2 (MAP-2) and BrdU. Results: ATRA could remarkably
promote the differentiation of NSCs into neurons. 2 weeks after operation, the recovery of the BBB score and
the SEP latent period were observed in SCI groups, and the recovery of all transplanted treatment groups was
better than that of SCI model group. The BBB score and SEP latent period showed significant difference at
any observing point after transplantation (P<0.05). BBB score of group B at each time point was significantly
lower than that of group C, D, E and F, and SEP latent period was significantly longer than that of group C,
D, E and F (P<0.05); the outcome of neurological functional recovery in group F remarkably surpassed than
that of group C, D and E among all post-transplantation observing time points, and group F had higher BBB
score and shorter SEP latent period than group C, D, E(P<0.05). 8 weeks after transplantation, HE staining in
group A showed complete morphological structure and regular arrangement of cells; while the morphological
structure was seriously damaged in group B, where irregular arrangement of cells as well as a large number
of scar and cysts could be seen; and there were obvious cells and capillary hyperplasia and a few small cysts
in group C, D, E, and group F in particular. The viable positive cells labeled by BrdU could only be
observed in group C, D, E and F, and the number of Brdu-positive cells in group F were greater than that
of group C, D and E(P<0.05), with the difference being statistically significant. Using Fluorescence microscope,
the double positive cells for MAP-2 and BrdU could be detected in group C, D, E and F. The axonal
regeneration and growth was distinctly promoted in group F. The number and surface area of positive cells
labeled by MAP-2 showed significant difference(P<0.05), and group F had greater number of cells and larger
surface area when compared with group A, B, C, D and E(P<0.05). Conclusions: The transplantation of NSCs
induced by ATRA can improve the functional recovery of the SCI in rats, moreover, combined chondroitinase
ABC and NEP1-40 has a synergistic effect on the recovery of neurological function in rats with spinal cord
injury.
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[Author’s address] Department of Spinal Surgery, Affiliated Hospital of Sichuan Medical university, Luzhou,
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Figure 1 Identity of the specific surface markers of neural stem cells(NSCs)
(Fluorescence microscope x200). The all-trans—retinoic acid(ATRA) induction

group: a the NSCs mainly differentiate into neurons in which the expressions

m of NSCs specific markers of neuron—specific enolase(NSE) was positive(red) b

the nuclei were stained blue by 4, 6-diamidino—2-phenylindole—2hci (DAPI)
The control group: ¢ the NSCs mainly differentiate into astrocytes in which the expressions of NSCs specific markers of
glial fibrillary acidic protein (GFAP) was positive (green) d The nuclei were stained blue by DAPI,  and showed
positiveGFAP(green)

®1 BAXREARNESRERIZEIIEE BBB T4 L& (n=10,xs)
Table 1 The BBB score of hind limb in sham, SCI control and treatment group at different time
28531 AT 1d AJE 1d MG 2 JH T 5 JH A 8 A
Group 1d before operation 1d after operation 2w after transplantation Sw after transplantation 8w after transplantation
A
Group A 21 21 21 21 21
4
G B! 21 0 6.40+0.30 7.58+0.22 7.59+0.15
roup B
i . . -
G _C'E . 21 0 6.95+0.21% 7.98+0.17" 8.0+0.20"
sroup G
4
ol 21 0 7.55£0.247% 8.5420.20"2 8.57£0.2212
Group D
4 B\ AY9) Y
G E4l . 21 0 7.51+0.26"2 8.47+0.31% 8.52+0.25%
roup E
G _Fgﬂ 21 0 8.48+0.3712% 10.39+0.53"2% 10.71£0.45"2%
Group F

D5 B 4 P<0.05;@1%5 C 41 H5 P<0.05;:3)5 D E 41 5 P<0.05
Note: (DCompared with group B, P<0.05; @Compared with group C, P<0.05; (3)Compared with group D and E, P<0.05

N 432495 4~ ,D 41k 88.1+7.5 A ,E AN 0.05),

86.6+6.9 1~ F 41} 96.2+6.2 ©~,C.D . E X F4 % 2.6 HhERAKNEN

HE i 2z S A SR E L (P<0.05);D . E & F MG 8 i, % 4 BrdU+MAP-2 %% 7% Yo b
HMPH L TF CHFHAZFDEEA (P< PEER,A LM B AR E BrdU+MAP-2 XU
0.05),D 5 EHZmER LG IT¥-E XL (P>  J4iii, C.D.E X F 21 BrdU Y& £ B 40 i 52 15
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®2 HHAKXRELSERMES SEP BERELLE (n=10, x5 ,ms)
Table 2 The average reaction latency of SEP at different time

Eivil AT 1d ARJE 1d At 2 14 At 5 4 BAt)n 8

Group 1d before operation 1d after operation ~ 2w after transplantation 5w after transplantation 8w after transplantation
A4L(Group A) 6.79+0.28 6.86+0.29 6.94+0.37 6.90+0.34 6.73+0.28
B#H (Group B) 6.90+0.35 21.36+1.51 20.39+1.117 18.93+1.057 17.07£1.517
C41(Group C) 6.89+0.34 21.32+1.54 19.17+1.05% 17.59+0.94% 15.79+1.08%
D (Group D) 6.91+0.42 21.17+1.50 18.01+0.917% 16.23+0.971% 14.51+1.301
E41(Group E) 6.95+0.37 21.45+1.42 18.00+0.947% 16.17+1.0412 14.38+1.211%
F# (Group F) 6.88+0.34 21.29+1.36 16.38+0.9612% 14.38+1.6812% 11.10+£1.4012%

7.5 B At P<0.05;Q5 C 4itb: P<0.05;35 D E 41 L4 P<0.05
Note: (DCompared with group B, P<0.05; @Compared with group C, P<0.05; (DCompared with group D and E, P<0.05

B2 i 8 JA, E i SR INTI HE Je (0% O 2 WAMEEX200) a A ZH K BT FL06 48 | 27 e HESRHL U, 4 i 6 6
TR A SR b 00 0] L A0 B S A T % LR M R BRI R e~f €DK AT F 2L 40 AL AR ) O SR AR TR R
JRJH

Figure 2 HE staining of spinal cord 8 weeks after transplantation:(microscopex200) a the morphological structure was
complete and arrangement of cells was regular in group A b the morphological structure was seriously damaged, and
irregular arrangement of cells as well as a large number of scar and cysts could be seen in group B ¢—f there were

obvious cell and capillary hyperplasia and a few small cysts in group C, D, E, and group F in particular

A5G, MAP-2 e PN B2 0 False 3228 X (P<0.05);C.D.E.F 41 MAP-2 BHH:4f
TCR MRS R, MR R TT G MAP-2 % HWHRZTFBAHADEMFAZTCAHAFHALTE
0 BH PR 20 it ) Bl 2% S Bk u O, m DU R G 40 D 41(P<0.05), C.D.E.F 41 MAP-2 FHE:4H
% (Kl 4), B.C.D.EXFHZHARILKERFSE MWEHHRRKTBADEMFART CH,FAHAKX
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Figure 3 The 5-Bromo-2-deoxy Uridine (Brdu)-positive cells were seen at

ot 2 i %200)

microscope x200) a a few NSCs marked by BrdU(tangerine) are survived in
group C b—d There are a large number of cells marked by BrdU (tangerine)

survived in group D, E and F

*®3 w18 FAJE MAP-2 PREMAAEE B AR IZER
(x£s , um?)
Table 3 The number of MAP-2 positive cells and

surface area after transplantation

MADP-2 FHYE4N M MAP=2 B4

21 51 S RIKTE
Group MAP-2positive Surface area of
cells MAP-2 positive cells
o 8.6+1.4 64.83+5.35
sroup
o 6.5:1.2 48.03+7.38
sroup B
c4l o o
Group C 8.94x13 71.3315.66
D4 00 2
Group D 11.5£1.6 100.8+5.36
ot 11121572 103.52.48.0372
sroup E
o 13,843,502 135.42:10.9472%
sroup F
D5 B 44 P<0.05;@5 C 414 P<0.05;@5 D.E 41
L8 P<0.05

P<0.05; @Compared with
group C, P<0.05; B3)Compared with group D and E, P<0.05
J& H HR T 6 B 0 0 2075 Ak D 10 )t
H A A CSPGs Hi B¢ i i IR E"Jxﬁ”ﬁfiﬂ‘]%
TE 240 3 0, 3 0 S e B R O, %o 4 4
e R 22 AN M ) GRS | RS RSN IR Ak 2 A 1

Note: (DCompared with group B,
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Figure 4

Immunofluorescen staining of Microtubule —associated protein 2 (MAP -2) —positive cells 8 weeks after

transplantation(Fluorescence microscope x200) a, b The BrdU/MAP-2 positive cells were not detected in group A and B

c—f A large number of cells with green fluorescence could be seen in group C, D, E and F
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