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The influence and mechanism of delayed transplantation of human fetal neural stem cells on locomo-
tor recovery after experimental spinal cord injury in rats/WANG Peng, WU Yanfeng, MENG Qingqi,et
al//Chinese Journal of Spine and Spinal Cord,2011,21(11):934~940

[Abstract] Objective:To discuss the effect and mechanism of delayed transplantation of human fetal neural
stem cells(hfNSCs) on the locomotor recovery of spinal cord injury.Method:The hfNSCs were separated,cul-
tured and identified from abortive fetus in vitro.Then rat spinal cord injury (SCI) models (200-250g,n=28)
were established.At the 9th day after injury,twenty rats with BBB scores between 4 and 5 were divided ran-
domly into two groups with each group of 10 rats.2ul Dulbecco’s phosphate buffered saline (DPBS)  with or
without 10° 2nd generation hfNSCs was transplanted into the experimental and control groups (injection site:
1.5mm lateral of central T10 spinal cord).BBB score was used to evaluate the locomotor improvement between
control and experimental group at the 7th,14th,28th,42th,56th day after transplantation.The expressions of
glial fibrillary acidic protein (GFAP) , microtubule—associated protein 2(MAP2) and CNPase were evaluated by
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immunohistochemistry to observe the survival and differentiation of hfNSCs in the injured area.At the 56th day
after transplantation,the remyelination of two groups was evaluated by myelin basic protein(MBP) immunohis-
tochemistry and transmission electron microscope .Result:The hfNSCs cultured in vitro expressed Nestin and
differentiated into astrocytes[(61.2+1.6)%],neurons[(27.6+3.4)%] and oligodendrocytes[(6.0+£5.5)%] respectively.
Experimental group (BBB scores:8.3+1.07 at 28th day and 15.1+1.12 at 56th day)
recovery than control group (BBB scores:7.0 £0.98 at 28th day and 9.1 £0.96 at 56th day) (P <0.05).

Immunohistochemistry showed presence of hfNSCs and differentiation of them into astrocytes and oligocytes on

had a better locomotor

the 56th day after transplantation,yet no hfNSCs—derived neurons were found at that time.There were more
than 28th days (628.98+119.31).The
numbers of oligocytes between the 28th day and the 56th day had no significant difference.The MBP stain at

astrocytes in the experimental group at the 56th day (1502.31+131.92)

56th day showed that hfNSCs—derived oligodendrocytes might take part in the remyelination in injured area.
According to the results of transmission electron microscope,compared with the control group which had
broken and deformed myelin sheath,the experimental group displayed formation of more integrate and

continous myelin sheath.Conclusion:Delayed hfNSCs transplantation may improve locomotor recovery by

remyelination after SCI in experimental rat.
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Wt B8 2 R -1 55 &R 21 4 7% 4 5 1 Ak B
My 12 LA fif L BE AR 4 3d S T Nestin £
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GFAP) . W& MXEH 2 (microtubule—associated
protein 2,MAP2) J 2' 3'-W 1 iR -3' - iRk —
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F A A REHOIEAL, T 0.5ml 10%7K & F B I8
i B JRR I , 0 B SR BRI RS AT HEAR VIBR AR
#& T9~T11 XF L 57 BT , A NYU %647 i %
il 2 TO~T11 BB RE L i BI AL B 45 7K 18
25mmx10g R E 4T, R ARG g+ =
T 27°C, R 5 i 42 3d # % £ (10000U/100g 14
HO)WUR NSRS RS 1A ANEH 1R
% J 422 FEE B HE DR .

JH BBB Vo3 RN B RE P )5 5 7 14 .28
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W 255 2 A% hiNSCs 17 3 i 1 o 8 8 L IR
FH 3 2K HH P e — e JE Bk 48 & (CM=Dil, Molecular
Probes, USA)#wic, fric 5 HI O.1M ¢k FQ R iR 22 ot
# (Dulbecco’s phosphate buffered saline, DPBS)
ik 3 YOFEE S BRMEH, BREHR0E5 9
KIEATRML, 20 BIAE T10 /K -4 5 o 2% w5 0 2%
1.5mm 2 %55 2ul %4 10° 4~ hiNSCs ) DPBS,
XA AE A RS A7 45 T 2l R % hiNSCs 19
DPBS, A7 S50 K BN 5 £ 1 RIF IR B K
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o, BT BE /N BB AN MAP2 i fR (1:400,
Millipore) . £ ¢ B X% $it CNPase $T 14& (1:400,
Millipore ) 73 7l F5 1 17 44 4t 28 50 20 5 Jise Jot 240 g
B B B BT N BE 85 A5 B M 2R 1 (myelin basic
protein, MBP)$T {4 (1:400, Millipore ) bric i #H . ¥4
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Hh 215y, FESCLES 1 K, A KRBT G
JHE R R LA /I 2 28 R e BRI s e Th RSk . R
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BEH L F R @, ERMEH 28 K
hiNSCs 7] 431k A GFAP BH P i 2 1 i 5t 40 it |
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M (B 3a~c) s (RFER ML IS 55 56 K AR 2P
2 5t 440 Y 1) 25 T T I (18] 3d) , ok & TR
P T IR AE (B 3e) , 1 AR 2 2 158 J5i 40 i 11
B ok UL B ARk (36, BHIE AR 56 K5
28 K FL R Y S T AN i 5E S f i 4l AUk A Y £
10D {8 W 52 98 /0 (P<0.05) , /b 5 5t 5t 40 it 10D 1#
PN IR [R] 5 HG AR TE Ge T 24 22 5 (P>0.05) , B Hl e
5556 R IODER 0 (£ 2), BALEH 56

K MBP %8 2 24k 27 e 0, s 3 A IXAE 7 K i
TR /0 58 58 I 240 A VR A BE S TE A (P 4a) , 158
S5 P (TR R EAIE S %o 2 A B 40 DX B RS A1
LU HORTESE, I 76 B A 2 A 401 43 DX 0 A 58
e I3 B2 1 BE S TE B (181 4b) o

3 itig
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B 1 al hiNSCs JRACET IR 5d /M2 BRIE B (x100)
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a2 FUH IR 12d g
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3 R AEBOL D BUE X o A B Al 2R 5 28 K AER
56 K hiNSCs 7EH HE #5143 X 19 7 AE 15 DL (x100) ab.c #
5 55 28 RAER A X ) W, CM=Dil #7189 hfNSCs (£L )
(al \bl.cl), S 20 UM~ Gt €0 AT A2 45 0 XA 0 31 GFAP
(5) (a2) MAP2 (%% 1) (b2) J2 CNPase I35 (&%)
(c2), OB (L5 SO FOLES ) R BEG
55 28 K hNSCs 1T 7346 BIE B B4 il (a3) Fl 2258 (b3)
LGB AN AE (e3) d.ef BAHIE S 56 KRAEH 11 XA
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2 g AR B0 XA GFAP (&% €0) (d2) & CNPase (4% () (f2) 193k HAR UL MAP2 3k (e2), 8 (A 5O (LL AT 55
POLH S ) PORSMMEH 28 KL, MR 56 KAVRNE B I KB40 i 8okt B s> (d3) . R W ANTRME M 2250
(€3), T TEAE: 20 9 i Joi 200 MM v 5 o L A A A8 4 (£3)
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B4 R 2 A0t R 2 45 07 0 00 B G E L Uk 2R A5 A3 T al BEAE S A5 56 R ZE R i X A Bl CM-Dil 453c i) hfNSCs
(£L65) (x100) a2 BAH 5 55 56 KB 20 f 9% 20 40 2 e €8 e 3 45 DX A T 1) MBP 2235 (48 €8) (x100) a3 B 5850 (4164
WG GAOIOEE S ) IRIR BT 56 KB HLLH BE45 15 507 J& [ I A TR RS TE 1 b1, b2 i 5 i 7 . i B W 5%
TESCTE ARG 45 56 R M4BT 2 41584 H %2 (b1 x8000,b2 x20000) b3 . b4 I M8 41 B 4 4R 58 5 H WL (b3 x
8000, b4 x20000)

F1 WRAMBEAZEGE BBB E£45 (xs ,57)

n PE2 R Xt HE 211

T AH 10 4.0+0.89 4.3+0.91

22 V=E PN 10 4.4+0.96 4.8+0.97
BAHESE 14 X 10 6.4+0.99 6.3+0.93
BHES 28 K 10 8.3+1.077 7.0+0.98
MG 42 K 5 11.3+1.05¢ 8.3+1.02
BAHEH 56 K 5 15.1£1.12¢ 9.1+0.96

5 %) B2 A P<0.01

F2 BEABERE 28 X5% 56 X 3 #4HAE IOD

(n=5,x+s)
BAJEEE 28 K A IE S 56 K
I S5 4 it 1502.31+131.92% 628.98+119.31
[UEZSTW 840.25+170.24 0
/U5 I I3 240 it 524.54+102.42 493.57+90.23

DS BAMIEE 56 K i P<0.05
PR YER, AEJE A A5 [5] i & B NSCs #
MR B2 BRI An e, i ) fif 28 o fi >

2 JIE 5T 4 B 43 AR A BRI, Booth S5 BIFY AFF 5 HIF S5
FE R 7L 3 b B B s 1 NSCs 1T LA B P 431
B b R AR R ABLATE Gt R A8 405 1Y R
Bi7E NSCs FEAH J5 35 H 4k 07 e 3 1 81 24
FHEL, 78 SCL I 2t I SR AL 7 a(TNF-a) |
I Z-1B(IL-1B) . T4 % —y (IFN—y) % [H T 7
5 XSk e ik, BXOFP RS AL LA S NSCs 7] 2
TV S I 40 i 434, [R] B, 5 BF 98 46 B SCT 411
A BT I AN LR AR Y NSCs (A7 16D, 7E SCI 12
PEWI (s )5 60d LhJR), 61 4 38 067 JE B %) s Jo 9
SCAT D RS R B NSCs BT B8 & & 19 [k
NSCs #AHIG YT SCI B HLAE# H 2, & A bRk
S NSCs B A8 IR YT SCI M feAE R H] 24 SCIJF 1~2
JABA BRI FRATT e AR AT R AR A T &5 S5 56 9
KIEFT hINSCs 18 HE LR B 5 21 fe A R50R 3R AT]
RIMBAHA CM-Dil #ri2 i) hiNSCs 7] LAFE{E 35 2
MHZA, Rtk g A2 e 0 R
MEJE 55 28 K AT K I 2] GFAP PHM: /9 2 I8 5 it 41
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Mg \MAP2 FH: 4 #2850 B CNPase BHE Y 228 i
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H L A IE e B VR R A 2 X 8
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71, BRAE B KB SCI FRALIG , Ho AT i 2 58
JE 5T A M T DAAET 2 S H 2 A, (HATE 2
hfNSCs £ 9K 76 5 48 5 27 28 K BHL [n] #f 28 o0 43
b, (HFERAIG 5 56 K AN I 2] hiNSCs Y51 1
P20, Ui B hENSCs JEE 1 #2850 R BEFE I 75
e R K WA, S B RS S 28 KAt
hfNSCs 5 14 1 20 58 Ji5e J5 40 ik 1 5 i e B A I 56
56 KAWL TR, H A H U4k Y 8 R 7
MG 5 56 KA X A UL K i MBP FH A (% A U5
PERERS A . A B U W SRR S A S
55 56 RASA L1 473 Jm 55 A7 76 5 R 2 452 11 4 i O
JSE, T AT FHR 2 460 477 J 00 A ) 5 Dy 284 % ey T R 9L
AWFGE H  hfNSCs #4241 J5 55 28 K SCI K UG %
& S Re O B A BTk, X — BB BB G
55042 J 56 KRBT HMA 4 it FRATTHE W 451X
B BE Y P A 2 hINSCs $iE 3R A% RE A #E SCT K B
16 B ) Re R 5 1 SRl

4 BEXH

1. Sekhon LH, Fehlings MG. Epidemiology,demographics,and
pathophysiology of acute spinal cord injury[J].Spine,2001, 26
(24 Suppl):2-12.

2. Kabatas S,Teng YD.Potential roles of the neural stem cell in
the restoration of the injured spinal cord:review of the
literature[J].Turk Neurosurg,2010,20(2):103-110.

3. Okano H,Ogawa Y,Nakamura M,et al.Transplantation of neu-
ral stem cells into the spinal cord after injury [J].Semin Cell
Dev Biol ,2003,14(3):191-198.

4. Li Y, Zhang WM, Wang TH. Optimal location and time for
neural stem cell transplantation into transected rat spinal cord
[J].Cell Mol Neurobiol ,2011,31(3):407-414.

5. ERR TR E T AF G T EUE A T A% 00 O i R e R 4
SR () ST [J] P AR A A2 A5, 2008, 18(9) :688-693.

6. Iwatsuki K, Yoshimine T,Kishima H,et al. Transplantation of
olfactory mucosa following spinal cord injury promotes recov-
ery in rats[J].Neuroreport,2008,19(13) :1249-1252.

7. Lathia JD,Rao MS,Mattson MP,et al.The microenvironment of
the embryonic neural stem cell:lessons from adult niches [J]?
Dev Dyn,2007,236(12):3267-3282.

8. Booth BW,Mack DL, Androutsellis TA, et al. The mammary
microenvironment alters the differentiation repertoire of neural
stem cells [J].Proc Natl Acad Sci U S A,2008,105 (39):
14891-14896.

9. Ricci VL,Casalbore P,Petrucci G,et al.Influence of local en-
vironment on the differentiation of neural stem cells engrafted
onto the injured spinal cord[J].Neurol Res,2006,28(5):488-
492.

10. Tom VJ,Sandrow HR,Miller K,et al. Combining peripheral
nerve grafts and chondroitinase promotes functional axonal
regeneration in the chronically injured spinal cord [J].J Neu-
rosci, 2009,29(47) : 14881-14890.

(i FB:2011-07-05 & 151 HJ1:2011-09-26)
(EXHF #H R/ WAM)
(AXm¥E FHE)



