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Raf /Mek/Erk{5 5 & 8 o0 45 $E 45 105 D R = IO REI , A S5 4] 5 BE AL 4 K
BRSE AR, 10 A 5 7 FH Ra 40 SR04 1 2445 5 8 B R B R 14 M 2 D) BRI 1 52
mi, 33— PR B IR T R R A

T JEPEMEPE SD KRR 108 Ko WIS MisENL o AT ARA (kA
B, ARrEsE, 14, n=36) . ABEROIX A (BaEsE, AR raf k)
A, 114, n=36) . BHEHI/5 PLXAT20 T (HEHE, S raf #H57,
IIT 4, n=36) , SN/ NJE 1d, 1i)5 3d, fi)5 5d, Pif5 7d, #5)5 14d J
i) 28d S AW, FANTHZ 6 H .

FHB AR Allen’ s KRS FRER B, H AR T E
PE-0402 S LMD #LA 25, T 4. 8 SCT J& 30min WHILLE R RIFEE 7 R4S
EES AR K 10 1; 1T 4H: 78 SCL J5 30min WHRILLERERFRS: 7 K, FR
RES A S B RS 10 u L AEFEEEK (Img/m1) 5 11T 4: 76 SCT J&
30min WHAILAGRERFFLE: 7 R, HMETNHESE B RMES 1001
PLX4720 (lmg/ml) .

A BB AT )5 1d. 3d. 5d. 7d. 14d Al 28d XH4EZHKEEE4T BBB
Pore ARJG AL T E I A S BEHLARSE 6 H, BUSBERRAIT HE Hefi. Nissl b
i, GFAP/p-erk M EE A 7 W gett. NeuN S AL Yt Ll & Westem—blot il
MCE AL, Mg, THERH VR0 M B R P T AR, R oA i AR TR B
FITR5HE F) SPSS17. 0 it SR A BE4T 4347 o

G5 RJE B IA] S SI R T RLL BBB 1434 B S v T4 %o 1 2E A s
T (P<0.05) 3 AR5 BERS A KA 0 R AN T2 BBB 143 i ,
M 3 RIFIH B ARG 28 R &I [A] s SEEGT 14 BBB 143357 B AR T4 45 % HE 4H.
(P<<0.05 ). HE M Nissl Gt R/nARJ5 &0 F G2l M AR HIES
AN TC R RIS T 0 B2 o S oOB R AR S 14 RN 28 R SEe T Fi2H i1
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Abstract

Abstract

Objective: Previous studies have been proved that Raf / Mek / Erk signaling
pathways with high expression after spinal cord injury, this pathway may play a very
important role of functional recovery after spinal cord injury. To study the role of Raf
/ Mek / Erk signaling pathways in the functional recovery after spinal cord injury, we
build a experimental model of spinal cord injury in rats to have a preliminary study of
the impact of the application of Raf inhibitor for neurological recovery of spinal cord
injury, and for the further exploring of new therapeutic target after spinal cord injury.

Methods: 108 female SD rats were randomly divided into sham group
(laminectomy only, no damage to the spinal cord, I group, n = 36), the control group
of spinal cord injury (spinal cord injury, do not apply raf inhibitor, II group, n = 36),
spinal cord injury with PLX4720 intervention group (spinal cord injury, with the
application of raf inhibitor, III group, n = 36), each group was divided five subgroups:
1d, 3d, 5d, 7d, 14d and 28d after spinal cord injury, each subgroup with six rats.

Each group was established by modified Allen's model of acute spinal cord injury
and placed PE-0402 subdural catheter for topical administration. Group I: in 30min
after SCI and within seven days after the continuous daily injection of saline through
the catheter with 10pl; IT group: 30min within seven days after the continuous daily
later sustained by micro syringe through the catheter to the local injection of 10 puL of
saline damage after SCI ( 1mg / ml); III group: 30min after SCI and within seven days
after the continuous daily with a micro-syringe through the catheter to damage local
injection 10pl PLX4720 (1mg / ml).

Before spinal cord injury and 1d, 3d, 5d, 7d, 14d and 28d after injury, the rats
were rated by BBB scoring. in each group six rats were sacrificed at each time point,
then the spinal cord specimens were taken HE staining, Nissl staining, GFAP / p-erk
double immunofluorescence staining, immunohistochemical of NeuN and
Westem-blot detection . The data were analyzed using statistical software SPSS17.0.

Result: The BBB scores at each time point in the sham group were significantly

higher than the control group and the intervention group (P <0.05); With time after
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injury The BBB scores in the control group and the intervention group both increased
gradually with time after injury, and the BBB scores from the 3d till the 28d in the
intervention group were significantly better than the control group at each time point
(P <0.05). The HE and Nissl staining showed that in the intervention group tissue
morphology and the number of neurons were superior than in the control group at
each time point. In the intervention group, immunofluorescence showed the integrated
optical density of p-erk (IOD) and GFAP were higher than those in the control group
at 14 days and 28 days, which mean significantly less tissue damage and smaller glial
scar area than those in the control group (P <0.05). NeuN immunohistochemistry
shows the number of surviving neurons in the intervention group was significantly
higher than control group (P <0.05). WB detection of the p-erk and GFAP expression
shown that in the intervention group was significantly decreased than in the control
group, the expression levels in the intervention group was significantly lower (P
<0.05).

Conclusion:

1. The activation of Raf / Mek / Erk signaling levels were significantly increased
after the spinal cord injury, which can be inhibited by using the raf inhibitor
PLX4720.

2, Raf inhibitor PL.X4720 can inhibit the activation of astrocytes which labeled
with GFAP protein, affectting the formation of gial scar, creating an enabling
environment to repair axon, promoting the recovery of neurological function.

3, The Raf / Mek / Erk signaling pathway plays an important role in the repairing
process after spinal cord injury, and provides a new target of the mechanism research
and clinical therapy for spinal cord injury.

Key words: spinal cord injury; glial scar; raf inhibiter; astrocytes ;Raf / Mek / Erk

signaling pathway
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HEESS (spinal cord injury, SCI) RTH". WML KGN &
BONHE IR0, e B E EE NSRRI . BRI 0 e 7S — I R X
R, RIAEAEIAR RS S i & e B3 J L4 L, X5 SCT BRI TR R 24 N =
HRTY B . SR, FEREE DA IE A @t sk i) e, BEZ HI3I SCT 1) A0k %1%
F BT, FGIERR TP W H a2 W, 8 H ATl R R A AE i 25 A AR
ARIGTT BIARBUAF R B RCR . AR 058w 5] e 4 H RO, 2RI
A RE DOV 45 1) BRI P A 22 A2 A2 BRAN D RE VK SR Pl . B BEiidsi ), 4547 J il
2 S 1 RN R AR B AR, DOk BMe St A0 B /s BRAEVF 2 0t
FOLUEH] T 2 5T 40 B AE G BE 1073 5 B RORE SN S 4L BB 5 BEAR R &
FK A SRR IR P 5 5 R EE AT o A 0 5 R A 4 A 1 3 A
FOFERVEAIMIRIE TR PR BG4 (e As K ER T 5 4 i A 3R o A R 0 1
LRI AESE . 1 2 3G TR R I R 4123, R S B 4 il % P A48
A PRI () 2 A

BREHLVERII G, A & 3 BURAR X T > LK 2 40 i A 45 4 2H 238 Jo
N Z R B EPR A BIR L . — UG 0 T e IR AL AR 7y P i 7. 214
PRI J5T o £ Y IR = T p AL ) ] A i SR E 1) S 21 4 4 D 8 N\ A2
HhoC XI5 2 2R 3 ORI T e SEIL LT AEROR IS S, AFAEE — M n S 4 400
IR IR ST R IR AL 4L R 1) 43 SR AR HEME A —— IR R I ™ . 7E SCL J5, B ik
TR e A S N PE IR BT 3G A= R Bh s i 7, FLRR s b SO 1 2 T I 24 i
L7 B AN HRR R SE A B GRAE I ek 1 ] BBl X3, AT A 17— BR 1l el 2 A A
WV bR BbAh, R BUIR RO A 23 87 At o W3R AR I, 72K B
B R TR IR A 2 Ml Sk B T ) 1Y Y L R s A, X 3R IR T
SV R R AR

W I IR 1) 53—~ B BRI S 2 S A ot i 73 ek 3G, 3X 2 22 i
BB R T A o W T . AEAN AL B R, TR BCE R Mg (CSPGs) H1
il 2 2 A AN PR 1) S T BB P (R B A T2 T fE RUE RERR % )5 , CSPG
FIFMUZ e A RHE (versican). £HE M RN (neurocan). HH/NEHEWE
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(brevican) HING2 B HRMMFREIE L ™. EAFSCL J5, CSPC Kk
K] NG2 FIBIIR £ 1 22 W 75 A2 T2 52 It 240 MR e ) L 35 e A & B0, T 248 2 1 5
RN 22 Th 6 2R (1 B ) 3 BB 7E 93 28w Co g A 0 380 7 200 M R A 5236, CSPGs
it Rho WG KA S8 F T LARI 4l 5 AR K. Siebert Ml Osterhout KILFE
I A CSPGs T LA B2l > 5 e S iy s 40 P 9 A P A AR A B A TR
#&, CSPGs I CDA4 SZAARFa /N s I 240 M R J3 348 Y2 ) 1A R 1 LA Py 15 4
S, R BB M R M R TR e

FE—BAEOLT , IRIBURIR I U g T A2 (1 P2 B AR A, 7 BB o (R 5250
M 18 DX 858 7 A A RT3 PR B TR sEb b, e P T IR o 40 £ 23 AT AN 3 s R B
S JS2 JJEE IR P T P TR R o S5 300 A 8 7 ) B T 0 A4 i 25 4 7 38 T3 B 1
FIMNIZEM X T 3 R ) R TR IR ST 4, I AT [RGB 38 A, AT 5 B0 i
IR IRITE B s T 326 9 45477 PR R AN 1 s I e A T e Jomt 4 e 24 01| 2 B SR T 2 A D) RE AR
M TR HOER IRAS " DN, B TR 40 P o B S o R RS AL, R IR TR
TR e R 2

WEABI 78 LR B SCT i 1 8 I FrA) T2 S D i e A 2 T 4 o fs I A ) s
o RIERRANM (AST) RN AR R Z MR R, ETZ a0 TR
BRI, TEH BB 2 h i B SRR =R T, e RE
i (SCD) JR&— R VA 3 TFRIEFTHEEJ7 I 70010 T RS S B T
Jigufl (RAS). RAS & SCI JERmER#ArEZ—, RAS il EiHZRIL CSPGs.
tenascins &A% AL AR I SR AN A /ML IR S04, TR X B SRk B
il AST Y FE AL I [ 2 B X GRS . B R AL LA B A
RO, RS AT AR BORT DL 2 R 1 12 B 2 X E A, (HiR o
7R TR FURIR T S AR 2R 1 P AR R 5

RV B RAE ONS #i47 faidth, HMIl—RIERS. 015 KA R
TRARAY, 5 S A A S NP T R T AT AST WS AR A RAS [ Ik 2 i it P 11,
HOR AR BEUR T = i RS HIAREE, B0 )5 IO TR B DL & AST B B 5245 [X 42k
R Y BB R AR AL Dy SCT J5 3245 X 3] AST S AE K, 4t A A4 1 K,
B2 2R MR, JEAERE GFAPs, BJEEEH (vimentin). HHEH (nestin)
b 2 AL B TERRACATARIY BoX 2 b ) 22 28 (ACH B O e,
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EI=

BB BERE R R o Vi i I N, MR SR AR R R, ARG A, R
GURHTE I EEeZ BT o 78 AST 54k I 2 o A oAt — S 200 M 7= A7) ) 4
AR, 5Tl DR AR ) S 2 RE RS PR 40 TGR- B TL-1 B 1L-6 F CNTF Z3K5A
Wz, BARBNAAET 2. —AE TR A BN S100 B S REH In™
“ H AT IR JUR AT USRS AST O RAS (IS 58S, (5555 7 A
T (STAT),  HALAKAT-B /Smad B A{E ZiEE (TGF-B /Smad), Sox9 ¥
P

RAS BB AN 15475 5 1 2005 B b 5, 6 483 40 S I 485 )y T 1A E A
Fil. {H RAS 7E SCI JG¥#is A ta— Bl e Uiy, H 2R TE T =44k
SRR B A 2 T A o BEAE AR, BB AR 22 R G A 85
B T Al S A 2 AR, T SR (T T U R B TE — 5 2R A R, A X e 2
SUBEA TR 16 SCL S, Rt B P 6 ot 240 i it B Bz IR 482 % 5 v
WA ON SN R TG R A, RAS 431 22 it 30K (H 2R (14 IR 7 IR 4H
MM R B T — AW EAB I F AR AN RSN IRSE, 78 RAS FHOZH M 7058 Jof 1) 3
[ FH T 38 A T S8 1 R T 2H 2R 0 BT E A2 A A S BB, e 2 S P 3 o
B L RIS T A 2 A S A F AR, P 7RG AN T Hh B B R A R o
FERRRCE RZHE (CSGPs). WIKEH (vimentin) . #AHE (tenascins) Al
JRIFE A (collagen) ™, XUl [HF X 5 RAS —ilE S 5B BN,
M AE K (VI 5 52 BG4, Wilsih oA K™ . Bk4b, RAS 7£ SCI JE3KIA EGFR L
P, WO R AR RN T2 4 (BGFR) A S i kAR s B s an ™ ', JR
REBR R 25 B (22 Bl o b3 on, AR e IR T F ™ o TRI B A pA) A b 52 560 35
LR CSGPs AT LASM /b 5 i R BRI (OPCs) M4 e, AT 410 sl B s T
VYIRS E TR I SCL 5 AST [RIAE T LA 43 WA i) K] SR BELTHS 4o £ 9 1) 7
A5, AST ML FRIiX ephrin L ephrinB3 (321K 4 EphAd R4 5¢ 5 17 /F
FY o DR, ey St B T FRE R A B Ak, AT RO R T B, RO B A5
PRI T B ERNG  — . 7L, A TR IR B A5/ Raf/Mek/Erk {55 1£ %
M % T RETE A BERG 5 IR A0 M P A rh A AR

Raf/MEK/ERK 15 5% Sl % 42 — 25 AT AR 2 MR 3R T I2 3G A IO 2270 R
WA T (MAPK) @ . M H RIS 5 2R 2 2 RAME ST, RIS
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FFE Rafs T Raf nlKE Mek BERRILISIE, p-MEK #E—D@ERR1L ERK1/2, #AJ5
p-MEK1/2 FRAE 4% A (1) ETK-1L BERRAL, eiiAm =X B0 i Rk wh 22 i g 41 14
(EREpERuEALYi ) O Y e T R N W B st oA T N
A TS A R T AR

Raf #&—7Ff 40-75kD ¥ R HE [N, $7 Dedmfith 22 /95 2 IR o 1 I R IR AL g, 72
IR FLEN ) B AR = PR A-Raf . B-Raf. C—Raf (8} Raf-1), H1 C-Raf &
HRIRF 08 V2 (U " o 38 Raf 7E#% S 40M - TR RES . 52 BieAE R
5 5WOE S, Ral AT N IB P 100, B 5 R A2 44 B o538 O 2k 8 LI A A7 s 5
WAL T T BB AG 1) Raf B4R, WEAGJS M BERR AL Raf BE— DUH0E JERERR AL N il
IR I N, RIIERR AL U 14 MEK, 5 38 SUE— 00 - IR AL Al B 5 5
P (ERKD , W& 145 1) ERK 2k e o ol 98 1, 5P A () F 48 A P 2 7 oK B4 )
2 5 e 200 M R DR P 2 ™ o 40 P B SR T o 2 BBl T A AR R 1 400 M 4 £
WE S R A, R8I AR sk R 7 R, S 5HMmIETE. SMeel &
TS5 2 A B R T o I SRSk IR T R I Raf S ER F1RENS 1T 4P & 41 i
G, SR TR A RIS U B D538 R s 2, T REAS T T AR 20 M P AE D A 1, X STy
R HAEM A LU R B IR bl EEAER™

Mek & ELAT OURE 5 14 1) A 1V, ELFE Mek 1 Al Mek2 PAPEZY, B AT RER IR 11,
ERK b Tyr A1 Thr PS5 AL 5T #50E - ERKL/2 ZE8% B I Mek BERR IR 103
I I A PR B A AR N, @ A 3B 4E ATF. Elk-1. Ap-1. NF-kB. c-fos
A c-Jun SF5E A BU S SRR OC R ARk, S SRR TE 5 701K
FE A B 40 5 2 RE AN R TR A5 DL B A R T 55 22 b A 2 S v

2 i A1 5 0 (ERK) XA 5 MIEAY, A4 Erk1/2. ERK5. P38 Al JNK,
C RS T NG R T 52 AR T R AR Y KOG R T, AT R ARz, T
I N BREA 2 3. B BRI ThEE. AU RS — RAVE SR,
TEMZ RS H, Raf/Mek/Erk 5 Sl B EAR A AL AE B KB MR RIETT
HAAEEEH . BAh, AUMAE ARSI K B ERKL/2 SR8 2 40 P T2
SRR R I Raf/Mek/Erk 38 8 B i 52 w0 58 Ak O ThRE A% 45

TEMZ R4, Raf/Mek/Erk {5 538 B 1035 40 38 0 C 28 4 1E B 5 4 22 2H 243
e Z &M K . Carbonell W FT X SCI f&, BEERALIEALIT ERK 2 fEMPZ TT
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