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Effect of mixed transplantation of olfactory ensheathing cells and Schwanne cells on spinal cord repair
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[Abstract] Objective:To investigate the effect of mixed transplantation of olfactory ensheathing cells (OECs)
and Schwanne cells(SCs) on spinal cord repair after spinal cord injury(SCI) in rats.Method:Adult female SD
rats (n=35,75x1d) were assigned into two groups(test group and control) randomly with each group 15,T10
SCI model was introduced by NYU impactor(H=25mm),and animals in test group received mixed transplanta-
tion of OECs and SCs(1:1) at four points located at midline of spinal cord 0.5mm rostrally and caudally to
injured site at 2th weeks after injury(cell density:1x10%pl,injection depth:1.75mm,1.5mm, 1.0mm,0.5mm,in-
jection dosage:0.5ul cell suspension/per depth)(n=15),while animals in control group received same doses of
DMEM injection in the same site(n=15).The open—field locomotors rating scale of Basso,Beattie and Bresna-
han(BBB score) was performed weekly from 1 week after injury to determine the functional recovery of
hindlimbs.10% BDA was stereotaxically injected(n=6 per group) into bilateral motor cortex which control hind

limb.The rats were executed 8th weeks after transplantation and the T8-T11 spinal cords which contained the
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complete lesion site or transplantation site were sectioned and stained by HE and Immunochemistry for fluo-
rescent microscopy.Result: Compared with control group,the BBB score of hindlimbs of rats in test group
showed great improvement between S5th—8th weeks after injury (P<0.05),however no difference was noted be-
tween two groups from 1th to 4th week and from 9th to 10th weeks after injury.At 10th week (8th week after
transplantation ) ,the scar area and injury site decreased.The number of neurofilament positive (NF+) axons
were 31+8.12/per section and 17.80+2.58/per section for test group and control group respectively,the intensi-
ty of growth associated protein—43 positively staining tissue (GAP-43+) were 1.27+0.12/per section VS 1.20+
0.58/per section for test group and control group respectively,which showed significant difference (P<0.01,P<
0.05).Coticspinal tract (CST)

Mixed transplantation of OECs and SCs can promote spinal cord NF+ and GAP-43+ axon regenerate to some

labelled by BDA was not evidenced until 10th weeks after injury.Conclusion:

extent rather than increasing the hindlimbs motor function in rats after SCL

[Key words] Spinal cord injury; Olfactory Ensheathing Cells; Schwanne cells; Mixed transplantation; BBB

score; Axon regeneration ; Rat

[Author’s address] Orthopaedic Department,the Beijing Army General Hospital, Beijing, 100700, China

UTAFR, AN [R]SE R A 40 it 1 B A i 2 A it
P 52 0905 ok sz B AT G, FRATI7E
SRR B, TR A R 11 R A 20 R I 440 i ]
TE R BRG0P9I R AR Al 9 144 ASBIESE
DA O HE M, i — 20 3 AR 2 R B 4 40 1) 42
AR TITIE,

1 MREFRE
L1 SEHRARL

75 +1d B9 SPF — ¢ M 4 Sprague Dawley
(SD) KB 35 FL (ki A 46 52 58 s 1 v B2 43
New York University (NYU)#T %% (32 B P
K2 W.M.keck H#eit) | fHIRA 7Y AL AL
POEAAL B REOE S Ay . IR T
HRMEDMG, YOCRME, RIET 7 HidSIE
6 SD K B ML A I AN IS AR (iR b T
MR GE AR A T T et 2 2R S B BT = 4
i) — P BRI GFAP £ it (20334,
Dako) , /N ORI 4T NF 5471 (N0142, Sigma) , /)N
BORIEAIHL GAP-43 241 (LAt AE R R
NHE) AR FEPUK B 633 (goat—anti-rat 633)
LA/ 488 (goat—anti—rat 488) 1T K Fil 488
(goat—anti—rat 488) 3 K731 £/~ H] (Molecu-

lar)f'::ﬁ':o
1.2 Sk
1.2.1 ah¥W o RBEARGIE b3k K B RE FLER

30 B M scib g MR IR, M 15 B, R
Gruner 7 EH F NYU 7 5 g2 1/E T10 5 BB 6
PR £ 0.4% 3 2 LY 24 (35+5mg/kg ) 1 s T 55

JRRTEE , A T10 M2 0 ol 045 e T 2 B,
PLT10 B2 RSB K 29 1em MIHATEI 0 B 2
BYIF R IR 7 Rl oy B M 5 PR A 2 R R T8~
T10 ik 5 FAMENT , 7 25 T10 HEt | R %, %2 T10
HEMR FI TO MEMR BT P80, ZREEfERE ) [5E T8
T R ZE IR g s, $im 11 2 i it
AT R 25mm $T 5, R R R H B — o
R MG R EE; RIS NIA . R
ks RS 1N H S THR R 20 7 HAUE 2
W1 A NEEHHEDR 1R, 5 55 SC 00 4 7 i
BLJG 2 JE AT WEL B 440 B A0 S5 A A0 B VR S RS A, X
HEZH 7R AR [R50 1 5 6 & DMEM, X F 5 HOR$%
SR RE AL IR VR IR & 3 .

1.2.2 40 BAEET 30min HFEGTH AL . VR
YHME, FHR & L35 i DMEM 55 40 o #% B 1l ik ) 0
1x10° 4™/l BYEIR (55 HE 41 5% F hochest33342
FRic 10min, 7 H AR & L7 19 DMEM Y% 3 )
FHE A0 0 0.5mm &b F S O O v 2k L
WS, BTN 4 45, WE N 1.75mm,
1.25mm  Imm 0.5mm; 5 5 0.5l 5 WL 41 it A
HE 2 Jf1 45 0.5x10° 4> {55 3 E R 0.1 pl/min, 5 51
G52 B G B BT Smin, SRS R IR Y R HER 2
BRI Mk, BHERHATHERE 20 TH
P 2 W, 3 5d; A AT — KR IF R R G T
WHIEE R 10mg/kg B2 RS, B EBM

1.2.3 Je s shth RE M g 9 41k R R A
BBB VP 4% 5 Bz sh D Re , WUE T, B H
K EFEE R WL dmin, 45 )5 58 1 %, 4610 A,
124 HAZUekaa Meesyotiv@ B 8 A



678 o AR A4 7R 2009 A5 19 55 9 1)

Chinese Journal of Spine and Spinal Cord,2009,Vol.19,No.9

Wbt T HORER . ] 4% 2 T W AT O
JEE T [, BCAR G A S K 15mm B
B, ERMIKEY AL LA R R, R R
20pm , FEFE 8 TR 1 5K, H LM AE i S%E H 0.1% W]
A BT 2B R b KRB I 6 5KV
HRBRALHIE 8 £, -80CH- A, 1 1~ H W4y
W5E R HE 34t (5320 4 R R 2 B0 ) AR
JE AT YR P E 1 (glial fibrillary acidic protein,
GFAP)/# 22 %2 (neurofilment, NF) (4 2H 75 H 4B
83 YR KM EE 43 (growth associat-
ed protein—43 positive, GAP—43) ( 5} 2 & H #4 Ht
54 BY ) RSO E Y A VO
77 % N-80°CUK AR W HLH YT R &2 iR 5 ] 0.01M
PBS ¥k 10minx3 ¥, & 10% L1035 19 0.1%
PBST (% 0.1% Triton X—100 f PBS) ‘& &£} 4]
2h, I AHH B % BE B9 — 3T (GFAP/NF #9525t WL
Yy T 504 .GFAP 1:400,NF 1:800;GAP-43
1:200),4°Ci% & 32 7% ,0.01M PBS % 10minx3
WA R HEE — T (1:400) 7 HWF T 2h, B BT
Ja ¥R, 5 HUIE R R BFR L3R 5 vk BUH R FRA F
B8, 3 LR TR R A A LIICE 4 BY) Rt
17 GAP-43 st e fa, LR AE R T
(400 %) 18t HREUSE 3 B Y1 5 3 1 43 FR
T A BE SN TR B2 NF BH 2R 4, fgdlit
7 HRE, B RKEIS—EY A (6 5K), Bk
Y1 B A5 358 A7 o0 2 00 R0 A (A0 B % — A4, 7
ASHLEF NF FH M 25 4 50z ik iz ik U1 R /9 52 B
NF FHMEZF4E%, M6 581 7 (- F- 318 . 1 bk
[ 3 Image —Pro Plus 6.0 & 1§ 43 # F 4F ) &
GAP-43 Gy 56K FEAE , I 22 #07 [7] NF PHAE:2F
YETTR, 20 A AN X ZH 43 ) LA A5 A S PR R B
PLIE & 25 H 2 W) SEBrill 4518 B 2 GAP-43 By 3Rk
FHXT

1.2.5 #hiznms BA)G 6 FAAN 4 H R,
N T = <RV % N VAR ST I N
Hamilton #3275 2085 10% 0 4= 40 2 A0 58 0 i
(biotinylated dextran amine,BDA) ¥4} % K fisiiz
B R R AR X (R X S 1. 2mm, RAREESS 2
2.5mm, T BE A 05 i R 1.8 ~1.9mm, % ] 3 4 4
A B S Tl BN 0.1 wl/min, 7 5t 5¢
BB 5 BB A 5 B AR RO Smin, B R RIS I 4%
G R RR) 2 JE G 4% 2 5 W O R HE T bt )
F (TR AR VKR YD 7 WL, A5 5 458 40 350 47 00 248 L A% v

EROLAVERENY) v, HELMR AU R, )R
40pm) , —8OCIUKA AT, 1 A~ H N 58 B i 7 e
WA, WLESJE 54T BDA A5 ic 0 £F 4 125 i 453 45 3
i,

1.2.6 Giil=8r KA SPSS 13.0 #fF, #H}
1] 25 BBB 1743 41 1] Lt 45 R H 5 R O 22 0 i1,
NF B 2F 4k #f GAP—43 1%t 2 35 (0 41 18] Fe
R AT FEAS ¢ K556, P<0.05 Bl LG Git2¢ 2
X,

2 HBR

Segv e 2 HR B TEE AT 1 & BBB 4>
REIK 2] 7 43 2 HOR H BE 5B 6 R4 2 KRR
W 15 BBB PF4r B A 2 6 43 5Bk 2 K6
W IE LG 1 JE B30T, MARAMALGTT
IREIEN 11 2, H 4 Bt %8R &, BBB
TESr NF PRS2 50M GAP-43 G 9 6K
BN K BB o 7
21 KRJEBGE3h e

X B2 K RS Gz h D se fe i L5 1 R B AT
PN VK S A 5 AR 2~4 JE IR 2 d IH I ,4~6
JATR RS CEE ), PSR IR BB S
J& 10 JA B BBB #F43r ik 10.68+1.98, L5641 % &
5 G0 5 X6 BRZE AR, IS 1~4 J8 5 X 4 L 3%
T E 25 (P>0.05) e B S 5 8 (4 B A
3/8) B ,BBB P Sxf A LA B EMZERS
(P<0.05), — ELRFLL 80 B35 8 Ji , s 5 % R
2H P AT 2 22 5 (P>0.05) (3R 1),
22 Bk

HHENY) - HE Je ke, X B2 45 45 & Aor
AL AR X, AR A 5T o (] 1a,
® 1 HAXAREHRGETRMESGERIESI6

L4 (x5 ,n=T7,%7)
13 )5 1 18] Xof R 4L S Al 1 PlE
1)# 2.21+0.86 2.09+0.47 0.628 0.776
24 4.20£1.52 4.19+0.54 0.234 0.839
34 6.51+0.84 6.24+0.57 -1.662 0.131
4J5 9.26+0.39 9.98+0.83 -2.111 0.056
54 9.87+0.34 10.85+£0.94 -2.363 0.036
64 10.35+0.37 11.27+0.73 -2.40 0.044
78 10.56+0.74 11.37+0.85 -2.40 0.041
84 10.57+0.62 11.45+0.67 -2.240 0.045
9JH 10.67+0.62 11.47+1.03 -2.067 0.061
10J#] 10.68+1.98 11.48+1.32 -1.703 0.114




oA A A 2% R 2000 4E5S 19 55 9 )

Chinese Journal of Spine and Spinal Cord,2009,Vo0l.19,No.9 679

b) o S AL AR AT U R e HE 57 28 4 1) B A 4N
i, JEL T B A XA S /N R, 9 R R
PEANAL, oA I K8 J5e S5 240 36 A= R B S8 19 25 31 JE
B(HE 1e~d),
2.3 ML

GFAP Fl NF G ¢ Y6 We 7w | Xf BR 41 4 B
P05 500 P IX 3 2 mT L 5 R €A ) GRAP FH
PEYe 2], Horpo] WA B s L R A
NF BHPELF 4 (18 2a) o 552560 20 78 WA DX 2% AN
A DX BT LK P B R AL ) % ¢ ' 4 i A2 fif
) NF BH 28 4k DL S R s 3 T 2l i e o (]
2b), FEGH KB NF BHM: LR 2E 1150 31.048.12

22

R/ F X R 2 17.80+2.58 AR/ H, W40 e 4%
AR FEMEER (P=0.007),

GAP-43 9Ot 0 o, PR AT W2
LI B HES R FLI GAP-43 FHMERhZe , X IEZH
B T3 2 (] 3a) 5 52 50 4 A6 6 A 1)
PEOCANML B (B 3b) . B A G BRI
GAP-43 [HPELF4E, sk G S GAP-43
ALY (B 3c.d), B4 GAP-43 HHXT 33k &
F1.27+0.12, X 4] Ry 1.12+0.58, B4 LA ik
2 5 (P<0.05)

A543 T HE A R 240 S A L 460 403 3 o7 R I
RS A W, BDA bric i) B2 ot A o

2)

Bl 1 HREHAA HE B a XTIRALG 10 J& i 453 00 30 130 mT LR fl ke, vl ) Ay -5 4 B A Al — B30 00 B30 I TR R
( x40) b & la WRAHK( x400) ¢ FERHRAET 8 Jal (MiJa 10 J&] ) k5 B 452 475 8 457 T DL 265 52 1 2 04 3% A 40 g o5 4

KB MALIX ( x40) d le BIRERACKR ( x400) B 2

B BEI AT B AL GFAP/NF 438 96 )t e {0 (F: 48 B MUBE , bar=

75um) a XFHRALiJE 10 JE A5 05 3000 6 BBl ol W GFAP FHAPEZ 2N (8 (0 ) R A A i 206 NF BHPEZF4E b SR AR AL A
8 JHl (135 10 J& ) e85 3B A 7] WL K Gk NF BH M £ 4 £ B A% AR 10 2 52 6 AN D (S €8 ) A At | 348 43 408 At 28] i A3 30 46 v sl



680 ot [E A FE 2L 7 2009 4EES 19 455 9 1)

Chinese Journal of Spine and Spinal Cord,2009,Vol.19,No.9

h 7% 2 i

ik

6

3 iFig

R 5 )5 JR R I R B 0 2 2 AR Al A B &2
G & VP2 s, 2R A PLas & LR a7
2 R B AN R AR R AR A R 5 (VR T, A
IFi) 24 750 174) 240 S 8 A DT b 13 i Ay 3 300 A 401 35k 114 A
FEAR TR, 40 R A B [ 1 "l ) KR R
RS, T 0 S B 20 (2t i 47 4
RS A ASTE A I R, 12 M (5B 4 J8 J5 ) B
T TR (I8 ORI TR A 20 B B, At
5% ) FE LAY 40 6 A0 5 20 YR S RS A T T Ak
A HE (ERLE 2 J8) R B, & IR LA 40 i A =
. 2411 B YR 5 % A AT 9l 20 K B 477 8 0 9 T 1l
P43 30 Bl AR 2l 28 A O K RS iz 3h T g
TERSHE G 3~6 JE 0] H B0 ek 3 | 156 1 L 495 40 it Fn 55
I A1 M RS AT HL A — o A5 3 A i K BB B it 47 1
HAEHL,
3.0 A A M K B RE A e E AR

ABGEEE S W, WL 20 RN 25 R A R A
A T2k NF Fl GAP-43 33k, (H R fee ok iz
JABE AR A, 0 RS R AN i R AR I R R B
WIENRE A4 X5 Pearse SEPI AT oY 45 - — 34,
Pearse SEPZEAG Ji 1 JEDKE WELES 410 Bt A0 35 AE 20 0 TR
G T HEREIORA, BAHE 9 J8 & B 4
L 1S5 B 40 TR 5 B AR BB AR 15— 0 i B 41 4k

(39

3 HREMAITAL GAP-43 SOt g (a b A6 B HUIEAH , bar=
100pwm, ¢.d 4 3R A A bar=50wm) , 21 (4 ) GAP-43 [HPELF 4 | 2 {0
a X35 10 J& i 4 £ 58 07 J8 Bl Al W GAP-43 ik
b LA T 8 JH (155 10 J )l 3 FB A b g ik 2 34 7] W GAP-43
Fik ¢ TWABMIG 8 JA (U35 10 JA) RS 2 44053407 19 B 4 41 g &
Bl A WL GAP-43 Rk, #4r st A ML 5 GAP-43 1 3L g (21 3 4557 3k i
8) d LA 8 A ()5 10 JA ) #45 &B8 47 h Je o] W, GAP-43 &

(5-HT) Wik Sz B B ) 445 . B 2% Rame—Cu-
teol VI 6 15 55 HE 4 g AL BT (9 SR N UG i SR A L
J#i (polyacrylonitrile/polyvinyl chloride , PAN/PVC)
I R v e B A DA R R L 45
AL, K WLEE 240 B B A T B B B 40537 Tmm 193k
0 740 Jr2 0 A v 2 AT e B 5 A R R AR KR Y
PR P R BUR o 68 Hh B0 I B 2 5 (BAT B 58
F M, WL 0 i AR A R A R R Bl % 2 AR
o AE A 32 BERR A AR AL | B 3 AH DG 3k PR PR
PE, EHE BIRERAE 2 W - R AR FH L 5
HT A 27 4 0 #4020 4% 45 B8 AN RE FE2E T,
JITIR 8 AR R IR B AR 1) B R R R R S
FG AL 25 T7 V5 78 il BE b DY 3 A 52 42 % 7 Y
hYE, HVE FIRERRE 2 BB AL 5-
HT BT 4558 0TI+ Jm T PORERE R, 5
ZTAZ S SRR B RO R LR T R LA X s
AL, AR RE 0 W 00 T £0 A A BB TR B o
IR, S 7 200 B A AR 3 A 0 16 S A <
At I, B EAR AT 1 S5 06 45 4 18 52 R ) R T ik
T AN A DR 75 2 — 2D BT
3.2 VSLH 20 R A T 5 B A 4 0k 40
P K BUR IB0E 3l e ks 19 Tl BE AL

FRRAT O MBS 20 Y A% A X 2 A 5 475 A 2R R
B 28 D) REAIR 52 (A I SR 45 RAFTE R, (EREOR



oA A A 2% R 2000 4E5S 19 55 9 )

Chinese Journal of Spine and Spinal Cord,2009,Vo0l.19,No.9 681

22 1) WELHE 44 RN S HE 20 B SRS A Y s TR E
Tl 1 B 70 KBRS A2 3 ) e o A 45 2R,
Pearse 55131 30 M5 240 AfL A0 =7 HE 4 O TR & FS4E T
2 45 A5 L O R O A 4 TR S 3 W e
BBB 13 JT 4 BT R 23 | I Al st RS 5
HT RELT4E R AR A5G o $ 7 IR i o) 19 72
T WSS 40 Y AR 5 I A0 Y 5 A% AL AR 0 i 400 43 5
Yy )5 Bz sh D ae i S i FEAE T R R
4G 3 SRzt it A AR RE RS 2 UK
MEHE FIRERGEER S-HT fgikte, g2+
i iz 3l IX 1 iz 3 35 4 B E Bl A Rk A g
(central pattern generator,CPG)B{% 8 #1048
LY =INNCE N < 8 0 IR GEU L R IR EASTHIDE (SRR
5 CPG Wy B i , 35 4 34 45 60 £ 3h ) s i
iz Z I Re kg,

5 Pearse fll Remon—Cueto 45 A [A] (152 , A%
HIF 55 v R85 201 6 1 5 O 400 i 9 4 % LA A ol 5 B
i1 K KU i BBB WP AU TE R IS 3~6 Ji] A%t
W2 i X, RATAH FZE S FAIHRERA XK. (1)
% AL 240 P07 0 PN ST ) B T g R R AE T DA K
PR RAS T B FRAT R BB T 25 2R s, A IS
1 J I 6 P AT UL A0 R A 4 T 8 A
Fisk 5 A PN DU) AT DL K S Y P T A R A B A T A
2 1 BT T BAE I AR A AN A AT e B 43 WA 1
LB IR T MIANIE T R B PR 0 (2) 3 R
P AL T SR A0 L ) St Y % 3% ik DL S RS A s
A AN TR B Al BE S i AR F 9F 5 Pearse Fll
Remon—Cueto 45 22 7 Y i K Z —

M, WELES 2N A S AR AN IR A A R E —
SERREE FARHE R AR B R e 5, [HoRAE e
R BUS B0z sh DI RE s AL HEAEAT R Z

(Bl AR P T i R b A 3] T bRt i
KU AR5 Be i 28 AR I 28 2 AR [A) R 1Y

RI7HE Bl A5 MR 0B )

4 BE

1. Gruner JA. A monitored contusion model of spinal cord injury
in the rat[J].] Neurotrauma,1992,9(2).123-128.

2. Basso DM,Beattie MS,Bresnahan JC. A sensitive and reliable
locomotor rating scale for open field testing in rats [J].J Neu-
rotrauma, 1995,12(1):1-21.

3. Pearse DD,Sanchez AR,Pereira FC, et al. Transplantation of
Schwann cells and/or olfactory ensheathing glia into the con-
tused  spinal  cord:survival ,migration,axon  association,and
functional recovery|J].Glia,2007,55(9):976-1000.

4. Ramon—Cueto A,Plant GW,Avila J,et al.Long—distance axonal
regeneration in the transected adult rat spinal cord is promot-
ed by olfactory ensheathing glia transplants [J].J Neurosci,
1998,18(10) :3803-3815.

5. Richter MW ,Roskamas KJ. Olfactory enshealthing cell trans-
plantation following spinal cord injury:hype or hope [J]?  Exp
Nourol ,2008,209(2) :353-367.

6. Ramer LM,Au E,Ritcher MW et al. Peripheral olfactory en-
sheathing cells reduce scar and cavity formation and promote
regeneration after spinal cord injury [J].J Comp Neurol,2004,
473(1):1-15.

7. Ramer LM,Ritcher MW, Roskams AJ,et al. Peripherally—de-
rived olfactory ensheathing cells do not promote primary affer-
ent regeneration following dorsal root injury [J].Glia,2004,47
(2):189-206.

8. FNFIE N “HEAL IR WL PT A 5  A MR Al RS AL TR YLD
AR AL, 2007,17(9) :651-653.

9. Falgariolle M,Seze M de,Juvin L,et al. Coordinated network
functioning in the spinal cord:an evolutionary perspective[J].J
Physiology Paris,2006,100(5-6) :304-316.

10. Jordan LM,Liu J, Hedlund PB, et al. Descending command
systems for the initiation of locomotion in mammals(5-6)[J].
Brain Res Review,2008,57(1):183-191.

(ki H #1.2009-05-12 & 171 H #] :2009-08-07 )
(A% FHER)

o
P 4%,

BT R EEEEFERTISITA

(F B A AR AR 4 & )2006~2009 FE3T A A E A (LT H),2006 F 240 180 T/E,2007 F &
#r 200 7T/ £ ,2008 F 2 200 T/ E,2009 F EHEMN 100 T/ M, A EEHHE AP ZEIFFK L,

KAEaR . AR FTAMR Y BAGFER AT RAAERSMEE)ZEHIE, M H 100029, K F &5,
(010)64206649, 64284923, E—mail 3 3k : cspine@263.net.cn,

LB EEILRE LA ED R AR T,



