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[Abstract] Objective:To investigate the feasibility, safety and dose—effect relationship of olfactory ensheathing
cell transplantation for spinal cord injury.Method:Rats with T10 spinal cord injury induced by modified Allen
method were randomly divided into four groups and received immediate cell transplantation as followings:
high—dose olfactory ensheathing cells (OECs) transplantation in subarachnoid (group A),medium—dose trans-
plantation (group B),low—dose transplantation (group C),control group with DMEM/F12 transplantation (group
D).The neurofunctional recovery was noted by combined behavioral scores (CBS);the axons regeneration and
the survival of olfactory ensheathing cells at the different time—point recorded either.Results:The neurofunction
of group A and B improved significantly compared with group C or D according to combined behavioral
scores (CBS) ,whereas no difference was noted between group A and B,as well as same as between group C
and D.It was found by histological observation that the number of nerve fibers of group A and group B was
more than group C and D.Conclusion:The OEC transplantation in subarachnoid for acute spinal cord injury
is reliable, and high dose shows good prognosis.

[Key words] Olfactory ensheathing cells;Spinal cord injury; Subarachnoid transplantation ; Dose

[Author’s address] Department of Orthopedics,The Central Hospital of Taian,Shandong,271000,China.

iAok, MRS 40 L (olfactory ensheathing H 15%93 TH ﬁﬁ%mﬁ%%*ﬁfﬁffi%fﬁﬁ

cells, OECs) B ML 1697 5 B8 101 43 (SCI) 14 & ity K i
IRBFgR R 2 U5 SR s R ok T — Ay

FE—EFEE NP (1978-), FIR BRI, AT+ FF 58 I 1] . 4 B 45 40
5B

H7 £ (0538)6298559  E-mail :1ijun201107@163.com

HIRVEE B E-mail :wkb1966@163.com

He o B R G 1 A B ki R H
EE%*EIEX’E%}@%M,FE%JTW?EM(E’JII* N H
EH PRV AR A S OECs 3 1 ik W I T i3
FAHIGYT SCI WY AT A7k B a2k i R

1 #¥5EFE



930 AL 2011 4E4E 21 55 11 )

Chinese Journal of Spine and Spinal Cord,2011,Vol.21,No.11

1.1 L5y

fit B BLAF: Wistar KB, 64 H V8 T 9, MEIE 4%
IR E 200~250g, 14 [ L AR B BB 25 B L
Y
1.2 OECs #5372 ftric

A 200~250g 1Y Wistar K L LB 1
JHP K Nash 22 W04 BEFI AR A (Ara-C) 45 &
BT OECs By 4ifb 352 2 ¥, 10%K & w1
(0.3ml/100g ) 47 I Jia 13 555 R e, RILAR 99 75 2 K | 2%
FE LRI R E T HMER(FE
£ HERE R 45 100 TU/L) VK DMEM/F12 15 3%
rh S GRCBE T 2 B MK K T A A R R o A A IR
b B9 4 IR BR BY 74 ,0.125% R il 7E 37°C .5%CO, %
H A IE A 20min, i 4R i0E 2k WA, 200 H i
™ it 7€ , 800r/min , 5.0 Smin, 57 FiE A & 10%
FBS ) DMEM/F12 X 5% Wi 5 8 18 2 a5 41 Jifd 2
W, LA Ix10°/>/ml % B A TS fLEE Rt , &
KR FRR B 3% L 24h J50Ks 40 M8 v W | EEBT R R
T4 2 A e AR ks L FR R L 2d )5
W — K, 55 RIER TR NI AWK E R
Spmol/L 1 Ara—C,YEH] 24h, J5 4 & B e 55 5 0,
DUG B8 2d il — K, B H 7EE1 8 WA T
WLZE 0 I () T8 28 B A KA L, R4 e B2l fk 1
& 10~14d B9 OECs, 477 NGFR P75 (1:100,Boster
Bio.co. ) fi 22 4l Ak e (0 % o i H 4l B BB AT,
W H & W E R 10pg/ml B XK TR
(Hoechest 33342,Sigma) #E17T OECs 40 i #% 4% {4
Frid (& 5a),37°CHEE 20min, A5 FHJC L% 1)
DMEM/F12 3532 W0k 2 I, i Ja I AR e AR 188, #
240 LS 53R 2% 10 A4~ (2% 10° /> [ 2x10° M1
1.3 YRRl &

FHER LAY Allen's B8] £ K BL T10 A 56 21
P sh i A . 1 10%7K A S0 (0.3ml/100g) 18
O SRR T, R DX R AL A B T, LA T10 BRSE R
HUOE 2em BOGT U] 10,3 2 V) IF B2 BK S B Al
PE 53 B R AR 55 UL, % % TO~T11 AR, M B
T10 B HEN R TR 3xdmm B G T o X, a0 %
B TO R0 T WSS ) WO 22 47 L) [ 7 6 86, 7E
R RS T o X 3 v s — il 3 5 B R A — B 9
B R E A 2.0mm  FE 10g /19 B HR 4 8 R 1
MY S] F T Sem @EALETIE T, 1T 3
fiE N (10gx5em) , il 5 8 T10 H8E 2ok s i m |
LK B B0 B 43 s S RS 2R S AT i L T b

LR OB 2SN K
1.4 Zh¥5r 4 A R A

SRR £ IS BENL A 4 4, B 16 KR
J B 20361 A M B A, BAR I .

SR £ 5, L LS B2 A s B 1em
PICYT E KT K ke 7307 BB, 4 5 79 A A 5 AL
TR L3 B AMEAR , WS BR L3 A AR k2% 1L3/4 A
L, G T S A e B R A R P R R Bk
fifi Z Rt GHERE AT 1) 3k 0 22 0% 2E £ /D [l 4l
WIKE WG, HA 20p] OECs B, A 40 K5
R O R P R A A L A AR RS 2%10°
PR AE A WLIA Bk, B 2H Sk Hh 751 o ik D) T s
ML, BAETTIE A 4, T AdIRECE R 2x10°
Ao C 4R /NG bk I RS T S RS AR 2L - B A 1 [
A4, EAAMECE R 2x10*° 4, D 414 DMEM/
F12 K30k i T i B h 2 . B vk ) A 4,
1 20l DMEM/F12 35 37 0 Ak W 5T 5
1.5 ARJF4EH

B KR TR F7 , He i 4 4ok} I 55 = 1
B s AR 25°C A MR E 50% 2245, Js R
EMITHEE ., RFNAESH &R ,20 71 UM, E4E
3d, oAt BB, LAB H B0 HE 5 N T8 R s e 45 Bl
HER 2 /d, 2 B FEHER . JFZEEE T Bk
1.6 WEHE bR

MR CBS PFAME BITEARJG 55 1 K (1
Ji 2 3 4 8 8 10 AT ISy (AR
ik () v S s 2y AR R S7 R B | 814 B i
TEAARAL BT R A 5 RO S g6 A - A T ) X
T2 R BRBEALE 10 H 430 3547 AR 32 30 D) 5 T
55, VP RE DI RE K ZAE L . 100 43308 T B Yife
FEATER 0 SRR IEHR

PG5 4 10 H A AL 2 B K REET
B Y1, 2 B 4% Z2 58 W O DR 3 11 o, DA
AR A H L T HUE 20mm 195 68 BEA T PR 7K
LT VKR AL ZUAT 6pum JEYUAT Y A, 9% B 3k
B R W% OECs 78 SCI XA AETG A3 A 5 il o )
WAL 4% 2% T W E 5w BBOK . A4
W 6pm JEYNITY A, R H HE Je ot WER YL A Xt
SCI DX Bl pf 28 21 4 75 A4 15 D0 A7 2 2 W %% L
A PR R B | TR A DL R S R A5 A 1
T8, IF4T NGFR P75 f g 41 b 4L 45l OECs
5 SCI XS AE T | o304 S5 L
1.7 Sit2Eobr



A AR A2 2011 4EHE 21 B 11 Chinese Journal of Spine and Spinal Cord,2011,Vol.21,No.11 931

K SPSS 13.0 FAF#E AT S 127504, it
BE L s TR, LR HLECR BRI R O 25500
(P LR LSD #5) . % P<0.05 N 250 5
R L

2 H#R
2.1 A8z

R 971 OECs 22 NGFR P75 Jeft, BHIE40 M
S EREE A (K 1a.b), {577 10d B9 OECs 41 ik
70%LA I, SCI RJ5 4 J& HE Jeta i /x A B HH
EA 105 X 45 K 5L, A ME AT 5 AN — 3 (K 2a
b), {HZSFAA & C.D 4K BE BEH 0 Bw A
Wz A AEAE (18] 2¢ d) o REELGL (A UL SCI AL
A BAMAT4E L T C.D A (K 3a~d),

ARJG 4 Jil NGFR P75 fepsdd by (o B 41 SCI
JRI BT ULBHPEAE A AL (18 4) ;A B J2 C ZHT] I
W IEARIC A OECs (& Sa~d), 43 M T A5 455 X
W, AR A BAZ T CA, ARG 10 44
XA 9 EFRIC A OECs, NGFR P75 Hu i 4 Ak 4t
IR DL M A M A AE T X,
22 AREKHB M ZDRes A

RJG BB CBS PP 45 3 R . AR 1d.1

JE 4% 41 18] 6 22 5 (P>0.05) s R A 2 J8 T 8 4% i
B 50 A B AHIF4r WK T C.D 4 (P<0.05),1H A
M5 BAMILZER (P>0.05);C HTH 4 FIFth
CBS ¥F43 i F D 41 (P<0.05,% 1),

3 itit

H BT, BLAl 5T Sl IR 52 46 2 IR 5211 OECs
BEP R RS IR TT SCL A $UF 73, Hixfe it
T TR AR, TG, 75 5 1 iUA 461
PR, 5 5 BB ST RE B AE T
N5y HE B MR YT G 2 a8 ARSI N A
OECs I % BN s B AR 97 SCI W R 16 T F R 45
E,A AR B A4S DAL, HAT M22 0P Al ¥ i
MU L E VU ML, OECs Wk IS R B B b AT
B, IR BB SCL W H Y 28 35 A 7 o, A
i/ AR, 5 TEREBAMIRTT , B E RS2,
il RIG ST SCL it T —Fh B4l 7 =

AR R M OECs IS 5973l — &
1) EZ& :OECs B AH B 77 5 5 2x10° 4>, RITH
REH 5 A" e BUS B 07 30, A S 4 i % B
A RN 5 Z ] g v S H
Il PR B% A S (9 OECs SRR 9 3 B A B,

B 1 a AHi3E 10d (W OECs x200, 402 20 . =HIEZA b N NGFR P75 %@ M 75 AR & Y x100, OECs 5 A7 8 YL
o, AR B Y 2 HBHAJE 4 0 KX KBTI R HE(x40) a,b 24 A B 20 A DL45 475 IX 25 44 25 0L , 20

MEFT T A= ¢,d o C.D H A R XA T L 5 R A



932 o EE R AR 2011 4EEE 21 B 11 1 Chinese Journal of Spine and Spinal Cord,2011,Vol.21,No.11

D D

D

B3 ABMAG 10 A0 X EEHIITI R EREE <100 ab N A BHAMELTAEBELKZL c.dh C.D AMELT4E

Bomib B4 Arhilm iRl 4 G X5 G (P75 x100)
S5 A B.C AR AIS 4 RGO , o WARC Y OECs

B 5 a N AT Hoechest #3712 OECs b.c.d

F1 HFAKXBRRE CBS FHHHER (xxs,n=10)
4151 1d 1/ 2JA 34 4J8] 8J4 10/
A 85.80+1.23 78.00+3.21 63.12+3.479% 343153592 20.12+5.1392 14.44+6.3172 13.03+4.941%
B 86.30+1.16 79.47+3.28 64.54+3.34Y2  3567+3.989%  20.57+4.26"? 14.94+5.56"% 14.77+6.311%
c4l 86.50+1.08 80.34+4.39 73.27£2.42 48.17+4.64 34.86+3.42% 31.68+6.57% 31.06+5.31%
D41 86.30+0.95 80.96+2.74 72.57+3.49 51.83+4.46 40.07£6.07 37.93+7.32 36.94+6.85

1.5 D 4l IL# P<0.05;@%5 C A ILE P<0.05;

AP PR 4 e IO B s AR A 1 200 o 50 o 4 AR
SER(EN i DINEN

NGFR P75 938 41 b Y 0 e 5 I B A6 A
KJUESEAE SCI X3 A OECs BIAFEAE, i W 2 ik 1)
OECs it W 5~ s B4 S ml itk A SCI &BA 1 & 44
HABE Z AR e, HiE® 213080
SR A RE B8 Z AR AT REHLE . (1) BAA
Wk DO J T 1 1 OECs i Fili W00 24 28 Jm 8 RS 17
BOER 2 SCI AL, Fh T S 00 1 i 5+ s 1 28] 1ol

I, 0ECs w] [ #5075 X FF#E 52 BT N 245 . (2) Hit 4
Ji 4 B I Jmy AN A Ak R T 2 3, X A A1
OECs A LT #AE M, fff OECs [ 45 £ X e 4R
IEHLUER , (3) FOR WIS #2405 & AR Rk
PN — 290 4k & 1 G 9 9 SR N, 5 B 5 R
IS ) 3 A R R N, H A3 W TNF - IL-1B 55 48
Jit -, 5 OECs &Ik R BE o> 755 AH BAE R, T
fili OECs 3 33 %4 il 5 5 B 117 1 42 1) 35 463 405 B AV
(4) P 28 Jise Jo 48 L vy U9 B34 A2 {6 OECs & A= 4



b A 2L A 2011 AR5 21 55 11 W)

Chinese Journal of Spine and Spinal Cord,2011,Vol.21,No.11 933

SRS (5)FBAr AT B 011 OECs Af
gy W 2 FhRR 258 3R TR RR 4 R KT
BDNF \NT-3 NT-4 . GDNF %52 fiii ¥ 7 16 34 £
ik SCI &R, A1 i P 22 5l 52 19 P [) s )80 A2 Sy 8

TR, W 1 Ak & MR 0, R I AR
T B 05 587 OECs fiE17 S & B 1 2L 1 i 5t 4
JHL 0 /N JE T 48 L 0 RS i G S U o 2 A K TR
00 ) 7 A A0 RS SRR 1 T I
TE JRy B TE B S RN e — b e B A, A SR o
TS PHEESN 1L, TS Bl F A 2 2 o M T
IR, B3R R L PR A R A 05 Y ek 2 Dy gl

TN A A REAE 2 J8 LU B i ol 2 T g
RIS B IATR YT ORI . OECs B AR G I A7 T
I [] F SRS U — B, A SE G 4 8 JE HObE, SCT )
AT WP EFRiC i OECs, NGFR P75 s 41 1k &
R Ye JESCRAE K OECs 154735 ,NGFR P75
T PE AL YL {0 5 Hoechest Ye o AR WLEL 3| Ly &
?hﬁﬂﬁim YA R R AN NG AR S R W e,
H At — 2 S0 RS

é;%J: OECs Wk M N R AHIA T SCL A B hf
(A7 385 FLT7 3005 B A 4 R it 2 I A G B A 4
H@%&gbjﬁiu 2x10° A~ E, IR A 7 2R 8 &)

, H2PEM YT OECs B AR YT SCI I H T iifs
r“ u%ﬁﬁ PR X R

4 SEXH

Lo B PR, R B, A5 AN TR Jr vk L B R A L AT ff R T
HE: [ 200 i 75 953 493 5 45 R0 00 38 8% 10 %) il 5 426 152 mal (D). o [
HEH 2% 25, 2010,20(2) : 138-145.

2. Radtke C,Sasaki M, Lankford KL. Potential of olfactory en-
sheathing cells for cell-based therapy in spinal cord injury[J].
J Rehabil Res Dev,2008,45(1):141-151.

3. Bretzner F,Liu J,Currie E.Undesired effects of a combinatori-
al treatment for spinal cord injury transplantation of olfactory
ensheathing cells and BDNF infusion to the red nucleus|]].
Eur J Neurosci,2008,28(9):1795-1807.

4. Su Z,Cao L,Zhu Y. Nogo enhances the adhesion of olfactory
ensheathing cells and inhibits their migration [J].J Cell Sci,
2007,120(11):1877-1887.

5. BWER BN WRAR L NTEs 2 K &4 9 A HE OECs A1 A fid ik
5L SCT 28 i1 K Iyl Vf(ﬁﬂ"]ﬁ}ﬁ[ﬂ.*[EIZTFHU‘{G,ZOO9,4
(6):13-14.

6. BLAFR, XU B A P Tl A A A R R BR B AN A JRAC R
F5 B TE 25 A W 5[] P B R T A0 R 24 35,2004, 12 (20) 11561 -

1564.

7. WRAR W AE 30 S Yy R ) SE ST A0 AN ) RS R 5 R T
0 14 5250 IS [J]. 40 22 A ) % 2 1, 2007, 23 (6) :635-638.

8. Kaptanoglu E,Tuncel M,Palaoglu S,et al. Comparison of the
effects of melatonin and methylprednisolone in experimental
spinal cord injury[J].J Neurosurg,2000,93(1 Suppl):S77-S84.

9. Masahito H,Masakazu T,Kazuhiko W,et al.Protein kinase in-
hibition by fasudil hydrochloride promotes neurological recov-
ery after spinal cord injury in rats[J].J Neurosurg (Spine 1),
2000,9(3):94-101.

10. IR A, B0 i WL 20 I A% AR TR 7 B RO I g ()] P

I 3 2% 35,2009, 22(1) :69-70.

11. Zheng ZC,Wei KB,Liu F,et al.Clinical verification of olfac-
tory ensheathing cell transplantation in treatment of spinal
cord injury[J].Journal of Clinical Rehabilitative Tissue Engi-
neering Research,2010,14(27):5119-5122.

12. Rgﬁlﬁ v I A PR A A DR A 5L 400 YR T R A 0 BT

TRE R R B A L FED). P E R R S IR KA,
2010,14(44) :8308-8309.

13. Niu S,Fei M,Cheng C, et al. Altered beta—1,4-galactosyl-
transferase 1 expression during early inflammation after
spinal cord contusion injury [J].J Chem Neuroanat,2008,35
(3):245-256.

14. Pastrana E,Moreno—Flores MT,Avila J,et al. BDNF produc-
tion by olfactory ensheathing cells contributes to axonal re-
generation of cultured adult CNS neurons [J].Neurochem Int,
2007,50(3) :491-498.

15. Tsuchida H,Hashimoto J,Crawford E,et al. Engineered allo-
genetic mesenchymal stem cells repair femoral segmental de-
fect in rats[J].JOrthop Res,2003,21(1):44-53.

16. Dombrowski MA ,Sasaki M,Lankford KL, et al. Myelina—tion
and nodal formation of regenerated peripheral nervefibers fol-
lowing transplantation of acutely prepared olfactory ensheath-
ing cells[J].Brain Res,2006,1125(1):1.

17. Toft A,Scott DT ,Bamett SC,et al.Eletrophysiological evidence
that olfactory cell transplants improve function after spinal
cord injury[J].Brain,2007,130(4):970-984.

18. Ramon—Cueto A,Cordero MI, Santos—Benito FF. Functional
rerecovery of paraplegic rats and motor axon regeneration in
their spinal cords by olfactory ensheathing glia[J].Neuron,
2000,25(2) :425-435.

19, BRF &, B ES K 3 o0, A5 U 240 6 A A 5 450007 4 b 77 0 e
(] A AT 5 [0 A = 2% B 41,2010, 5(3) : 190-192.

20. BTFR, X2 e b 5 55, 460 WLk 21 S 0 VRS A
HEBLOT A ()] P A S AR 235, 2005,3(22) :359-360.

(ks H 39 :2011-06-19 &1l H 381:2011-08-18)
(BT H R/TIAH)
(A% 1 F)



