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Effect of MEK inhibitors on glial scar formation after acute spinal cord injury/LIN Bin, SHEN
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[Abstract] Objectives: To investigate the influence and mechanism of the MEK inhibitors on glial scar for-
mation after acute spinal cord injury in a rat model. Methods: Thirty—six adult female Sprague—Dawley rats
were divided randomly into sham injury group (group I), SCI group (group II), and U0126 treatment group
(group IM). SCI lesions in group II and III were made by modified Allen’s impact device; while the sham
injury group only accepted the pseudo-—operation. Locomotor capacity was assessed based on the 21—point
Basso, Beattie and Bresnahan score at 1d, 3d, 5d, 7d, 14d, 21d and 28d after injury. Somatosensory evoked
potentials were used to assess neurologic recovery. While the lesions were obtained and studied by conven-
tional histology, GFAP and Vim immunohistochemistry(HIC) by using light microscopy at 14d and 28d after
injury. The rats were sacrificed at 14 and 28 days after SCI, perfusion fixed. Results: There was no obvious
changes in BBB score and other index in group [. After SCI, hind limbs motor function in group II and
group Il showed varied degrees of recovery, after 28 days, the BBB score in group Il was 12.00+1.70, and
it was 16.5£1.08 in group Ill, group I improved more remarkably than group II (P<0.05). Somatosensory e-
voked potentials prolonged after SCI, while the amplitude decreased significantly; the latency and amplitude in
group Il increased significantly than group II (P<0.05), the incubation period in group Il at 28 days was
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16.86+0.55ms, and the amplitude was 4.19£0.11wV. HE staining showed glial cells increased after SCI, glial

scar formed obviously at 28 days.

Compared with group II,

the scar volume in group [l was smaller;

astrocytes activation and proliferation of GFAP expression significantly increased in group II and group III.

At 14 days,

the GFAP expression in two groups was 143.56+1.09 and 133.56+3.31 respectively; Vim

expression of the two groups was 110.68+9.41 and 102.44+6.93 respectively. At 28 days, the GFAP and Vim
of the two groups were 110.68+9.41, 102.44+6.93 and 72.96+4.16, 66.44+4.46 respectively. The expressions of
GFAP and Vim significantly decreased after intervention of U0126(P<0.05). Conclusions: MEK inhibitors can

inhibit star glial cell proliferation as well as the expression of GFAP and Vim, which can decrease glial scar

formation, and then improve the hindlimb motor function.

[Key words] Spinal cord injury; Inhibitors of mitogen—activated ERK-regulating kinase; Glial scar formation;

Glial fibrillary acidic protein; Vimentin
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1-lysine) . ¥ J& 25 F (Vimentin, Vim ) i 71 & (45 M
WLHADRA R A A ), V0126, — H HL 70
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G0 H, I 7 B G AR B ER K Sml DAAR 784
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KR ESEHERA T UM) )5 A48T
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28d 3wl 54T BBB P WEEE A AEAR L S A
T ABXEPE A bR+ o K
1.3.2 )2 IRIEE L BAL(SEP) NS & FAL
ASCRE I, i A T IR LR, S il T
TEM Tem &b, HCHE BE A 1.5~4mA I 58 0.2mA
W% 1.9Hz 3% 2277 PORNS N 20~40 K, gk
e B TR 2k 5 bk aE 58 S ab sk e, 2%
HLAR BT HS 7 0.5em b Hb 2k S AR B R K
B S R ES LA BRUS I B Bl 2 R o
S EE R BRAHT . Mifa 4K s 14d Kb e
28d B SEP P1 SR S P1-N1 Ui iy A2 4k
133 UMK HALBIYEBRGE
14d . 28d B LA AR D it ik 493 X Ay v DG Sk FE 1
Uiy [] 35005 b e R AE AR , R 29 1em A 20 21
(& X I BN BOAHE) . 10% a1
K., AEE, FRAEMEANTI R (F)E
3um) J& , 17 HE 0 GFAP K Vim % 28 41 1k e
(P UE =98
14 St

TIG AR E AR EZE (vxs) TR, K
SPSS 16.0 A ab FREIE 25 5, 45 2H BBB P53
Ko BH P 40 M3 %0 4h 2R W 2 TE) b R B Mann -
Whitney U %60, 85875 & HL A0 45 5 4% 41 8] L 488
KB ZE T 25051, LL P<0.05 Fom it b 24H 2 (1)
2R BGIFRE L,

2 #£R
2.1 BBB it

PSR 1, 1 4K R4S IR 2% BBB i
W AR, B RER OGS 7d, T 2H K I 4H K B
WEHE 5 Y BBB PRy LR LG it 2: 22 5% (P>
0.05);7~28d, Il 41 K B I iz 30 Ty he 0 4k &2 B i
BINAR, WAMILZER B A gIF¥E L (P<
0.05), II K I 2H K B 4% B ] 55 BBB #F4r 5 1 41
FH L 22 S5 A Ge it 5 L (P<0.05) .
2.2 SEP il 4k

SEP MR ) S it e A I 25 S L 2 3, T 41
TR A s [ 5 s AR 30 S e e JE R B B fk . KEUVE
BEA05 5 24 K SEP W8 DRI B b SE K Ik e B e R
%, Ha)a 14d, M4 PR AR 00 I Jed 4, 6 iRd Y 4
ET, STdMt, 2R AEA5IF¥EL (P<
0.05). i) 28d, Il 41 SEP 4R 1 FR 4 1T 46 5, I%
I BT, B5 14d if R E S A Gt X

*1 HHAFERE BBB FS%ER (ws,57)
Table 1 The BBB score results of each group at

different times

205 14 1) I 21
Group Group 1 Group 1I Group I

Pili 2K (n=12)
The day after injury

filE 1d(n=12)
After injury for 1 day
HiJ5 3d(n=12)
After injury for 3 days
il 5d(n=12)
After injury for 5 days
ils 7d(n=12)
After injury for 7 days
fiJ5 14d(n=12)
After injury for 14 days
fiJ5 21d(n=6)
After injury for 14 days

il 28d(n=6)
After injury for 28 days

21.00+0.00 0.00£0.00”  0.00+0.00”
21.00£0.00 1.65+0.677 1.45+0.897
21.00+0.00 3.50+0.697  3.45+0.997
21.000.00 5.70+0.80% 5.20+1.157
21.00£0.00 7.80+0.767  8.15+1.047
21.00£0.00 9.65+1.507 13.7+1.2612
21.00£0.00 10.40£1.51% 14.1+1.52%2

21.00+0.00 12.00+1.707 16.5+1.082

.5 1 45 P<0.05;@5 I 4 H 8 P<0.05
Note: ®C0mpare(1 with group [, P<0.05; @Compare(] with
group I, P<0.05

*2 HHELEHRE SEP EKH
Table 2 SEP latency at different times in each group

(xts, ms)

21 5] I 11§ I 41
Group Group 1| Group 1I Group I

Pifif (n=12)
Before injury

Pili 4K (n=12)
The day after injury

5 14d(n=12)
After injury for 14 days

HiJ5 28d(n=6)
After injury for 28 days

13.54£0.39 13.57£0.46 13.57+0.29
13.62+0.39 23.3620.367 23.53+0.427
13.60£0.45 20.41:£0.34% 19.72+0.4372

13.58+0.45 17.43+0.447 16.86+0.5572

H:D5 [ 4l P<0.05:@5 1L 4114 P<0.05
Note:  (DCompared with group I, P<0.05; @Compared with
group I, P<0.05

®3 HAARFERE SEP IR
Table 3 Amplitude at different times in each group

(xts, pV)

28531 4 I 1122
Group Group | Group I Group I
it (n=12)

5.98+0.22 5.97+0.25 5.96+0.23

Before injury
Pl MK (n=12)
The day after injury

fiJ5 14d(n=12)
After injury for 14 days

fiJ5 28d(n=6)
After injury for 28 days

6.02¢0.25 1.71x0.287 1.74x0.327
6024042  338+0.507 3.8420.3372

5.99+0.30 3.79+0.41V 4.19+0.11%2

D5 [ 418 P<0.05;@%5 I 41 1 # P<0.05

Note: (DCompared with group I, P<0.05; @Compared with
group II, P<0.05

(P<0.05) ; AR, TT2H SEP W AR W14 14d B B 88 4
S, R TR R A 25 S A ISR T L(P<0.05),
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5 [R13 1T41AH e IR A Geit 27 2 L (P<0.05) .

23 B EE R

230 WIRMEE 4l B AL f5 R el Ul 214 45
e T K B 14d K 28d 5 AT LR A5 T
BORE AR IR T B, 5 05 REORG 72 B I HL AT LA
FY, HARA, T 4 14d K 28d HIRHBESY BLR
A LD VR AR RS A MR IR Y B, 5 R RS i 5 RS AT
FEHER S, FARMNECA ¢, [HHAREAR WL W] K
Jifr, J I R I R B T AL R A RV A

232 HARME-Pradee AREEOIE 14d, T4
GRS Wk A T AR o Tl (| P W < 2o )
T IR ™, R BT A 28 TV A, WD S JB 2 04 XK
T AR AL IR BT 28 JP I 1 5 10 o v Al L R i ik 1)
W Beas i, A e HE S 25 AL ;28d 5 BB K
JoT BT Ik AR W AT A G A i — 2D R
IR 2 T0 U i A T B K o 1 28 M PR S
ST R PR, ek I o 4 6 8 4 i TP S0
(I SRR (B 1), 1 INZHAEAR TS 14d B, 2R m] U
B HELE PSR , 9 5 A0 I, A 2 on i ok i
JUE 0 240 6 AR R, 9 T B S IR 52 (R 8 R
Bl 45 11 4% 528d i, 4% 0 48 JE VR T 0 %, TR
T TR RNV T/ (B 2), T AHAE 14d 1
28d I, KL sh YA BE Sk # O I AR Ak, i 2 o0 45
Fa IR T, 18T R BT SRR B I, R DL s e B 5
AR I T 4D HOU R K BUEHE AT WL/ i
kb, B AN R AR IS, 2 LR K U BEHEAR V]
Bk 325 A FE AR R ARG, 5 AR Ak & B BE 43 T e
233 GFAP frd 4ifk 2= e 45 3 GFAP [H
PEAN LT ESE R W2 4, GFAP Gy 434k F e o
AT D, B P 200 O 2 A 2 T G vk ) LA
SRk, T 4l 14d & 28d B, GFAP BHM: 41 i
el RN TN AV NS W R N T
P22 ST A5 R B AR He g, D41 14d B o] WA
HEA 05 b GEAP BH P 20 ff 22 15 50 i 3 i, 40 i IR
Y| 20 P R A A TR 2 Ak A K 4 s R 2 I Oy B
I VR BH PR A B 3R | T 0 B S T AT D
R TR i I A R 3 A AR L L 0 477 A 8 A R R
B (1K 3);28d A #4517 Bt GFAP PHAE: 41 it % a5 %k
5 14d B I 508 0 (P<0.05) , 5 PH 1 20 it i 44
TR, 8 HORL K A L 2 45 58 SR R T AR
BRI BURIR , T S i, 5% P A DL B2 &4
Muik (& 4), MZH GFAP BHE 40 i 2 35 %k 2 7
14d K 28d Bf 5 MM Ik 2 R WA G it &2 X

(P<0.05), H GFAP FHYEAEMIRFRAR /N, AR
YL fa AR TR I U Y L A2 /N (B 5.6)

234 Vim AL bR R AR Vim RS
Mottt g s R % 5, 1 HEAREMELRES T
Vim BH 4 20 M 32 36, o] DL (1 5T B 45 4 OE E A
ZouM A 58 (B 7). T 2H X M2H ) W Vim
BH M 4 B BB 2 A e £ 0K , T G ik | 58 5 &t
TSR 14d B Vim BHAE 40 8 60k B o 3 58 | R AR
KINAS — T JE 3 Gk W1 e 28d i 11 26 & I
2 Vim FHYEAN MR A AR S 14d B T3 B 5 0
B (P<0.05), HII4L5 0 4A L, 14d K 28d A
Vim P20 2 8 B 24 %70 (P<0.05) (1 8.9) .

3 it

2 L 1) A A AR FL A 2%, AR A7 B T A
IR R E 5 40 BSR4 T (5 R3S, iR 2
TE 4 B 2 18] #4715 B A% 33 . MEK/ERK 15 %53 #%
T2 A0 LA SR 5 A T 2 A P I A 4 At I
AR ELE M —, AEIME S 40
F 2R KBTS Ras Raf-1 & MEK, Jf if —
A ERK B B2 AL 1 15 1k, ERK 6 16 5 T 1 A 4i
JL A% , AL P A P R At R I Ay R R

H#H N MEK/ERK (55 @ e 5 &
i S5 0T % 240 i DR 1 2 kst A T ) A 407 7 AR
AFHZFEED 257 400 1o F2E 0 X i
15 5 300 [ 17 BELA T L3 361 2 RE S5 g 2 40 i 1
TR 5B BE D RE K, ASHIF 8% R R AT 42 1)
AER & W PF o £ 2 2t BBB PF 4 K )25 &
P o7 G T K 52 B A R RO B 40 0 o o
REMEE, FRATAT LA MEK 59l 57 of 42 i
BEI 5 5 K Rz sh ey o 2 ek 2 . st
JRBE, Al RES MEK #0500 o7 40 il 58 5E N A Bt
ML T A G, (HAHERR 5 MEK #0504 i T
JE ORI BB A 56, 1A K BRUS Bz 3l M) g
Pl 25 1) il Bl A R T 174 B A 6 B[] A 1 K
52, IR KR RASE8 0 5 & Dime A A
KIRE T TT,

VFZ P58 £ ERK B 35 5 5 B 0 )5
ZAE 52 KIRAEARAT B, Yu FFUORIESE T A
fila , B Ak i ERK w] 760 2850 /NI J5 400 i K
FERURE R A kLR AL R T A0 A Hp Ak
Fik, HIRATIN M MEK/ERK 15 538 ik ik 2 5
T BRI Y i B, AR SRR F DMSO Ryt i
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B1 HERERA)E 28d 8 KBl £ T0VE i AL TE ISR 9 25 Y PR S5 ), DR I Jo A i (. 8 288 i, I o IR T Il (HEE
x100) B2 A8 055 28d AR BURIE M SR /M 41/ (HE x100) B 3 4L )5 14d #4615 4b GFAP
PP 200 i R 8 5 e 10, A M TR %, A M (A I TR, 9 S I 8 M ol 0 T S S B P D B M 3Rk T 40 A
IR AT DL R A B A IR L LA A Ak A R AR (GFAP B2 %100, T 1)) 4 N 4t5)E 28d A 41 ab i
5715 B GFAP FHPEAN N 35k Bt 5 14d I P e T 8 /0> L B2 A0 O A O K, 0 b T AL B, A I 40 45 52 8RR R AR, TB
R 1 8 T I 5.6 T2 GFAP FH 40 3 38 & 78 14d K 28d i 45 1140 L Be Wl st 2>, B GFAP BH 41 i 14
TN Gl AE b e ik | I BB YA AL/ B 7 T A ey Ak g (R Vim FHAE 40 2 5k 52 B0k i 28 oo A e 445
foeke B8 MG 28d TR )G , e B AL YL o m] WL Vim PHPEAN M, 05T & £ 48 €0 B0RE , JE 2R k| 28 ik &2 il
R x100) B9 M5 28d W Vim 440 2 1k B ¢ 112 W] 982 (- x100)

Figure 1 After SCI for 28 days, HE in group II showed that neurons dissolved and liquefied, forming a large number
of vacuolar structures, the inflammatory infiltration reduced, glial scar formation for a large number of glial cells surround
Figure 2 After SCI for 28 days, HE in group Il showed that scar formed, scar size was small compared to group II
Figure 3 After SCI for 14d in group I, the number of expression of GFAP positive cells enhanced. Cells deeply
stained, hypertrophy, and neurite extension. A number of positive cells surrounded the cysts cavity. Astrocytes prolifera-
tion and hypertrophy can also be found near the injury, but proliferation extent was less than the injury area (GFAP x
100) Figure 4 After SCI for 28d in group II, Compared with after injury for 14 days, the GFAP positive cells ex-
pressed significantly reduced.But positive cell prominence was thicker and longer longer, and mutual entanglement woven
into the mesh, formed a dense glial scar (GFAP x100)  Figure 5, 6 After injury for 14d and 28d, the number of
GFAP—positive cells expression in group Il significantly reduced. The GFAP positive cells became smaller, less promi-
nence, pale staining. The scope of glial scar was smaller(GFAP x100) Figure 7 Vim positive cells in group [ was
negative, and the structural of neurons was integrity(GFAP x100) Figure 8 After SCI for 28d in group I, the Vim
immunohistochemical staining showed that positive cytoplasm contained brown particles, the positive cells prominence
formed radially as the spider(GFAP x100) Figure 9 After SCI for 28d in group Ill, Vim positive cells decreased sig-
nificantly compared with group II(GFAP x100)
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*4 REATFEHIE GFAP FHEMMEITEHE R
(x5, ,n=6)

Table 4 GFAP positive cells at different times in

each group
A5 BifF 14d i/ 28d
Group After injury for 14 days After injury for 28 days
ol 27.8241.29 27,1166
roup
G 4 I 143.56+1.09% 110.68+9.417
roup
et 133.56+3.3172 102.44+6.937
roup

D5 1 41H 8 P<0.05;@5 141 4 P<0.05
Note:  (DCompared with group I, P<0.05; @Compared with
eroup I, P<0.05

x5 HBAEAFERE Vim FREMBEITEHER
(x5, ,n=6)

Table 5 Vim positive cells at different times in

each group
215 fiJ5 14d YiJs 28d
Group After injury for 14 days After injury for 28 days
L 4] 0.000.00 0.00£0.00
Group |
G 12 I 93.82+4.487 72.96+4.16"
roup
e 893246507 66.44+4.4672
roup

D5 T 414 P<0.05;@5 I 41 4k P<0.05
Note: (DCompared with group I, P<0.05; @Compared with
group I, P<0.05

4, HJFEHAEF,00126 75 £ ] DMSO 18 ki
8 FL I8 A SCHR R 1 DMSO X 2 1 36 451 45 5
WIAIRITE R A G S R B B R Je 2 A
K4 J8 B RELEHY I E AR, S ot R IRAE R
JiE 20 LI, B R T AR AR IR T L, TR
B, R S T 200 e A 8 B s O 08 ) G I R
U0126 1T J5 7R T UL b A 3 ol A8 AR B 5
Fl s 452, B 25848 GFAP Vim &1
18 2 IR A Sy I 5T A4 L S 5 38 SR BRI AR B
PP e AR 22— AT Sl Uk e ta 55

7R, 00126 15 , 5493 Jm 35 0 AT L 22 8 s I 24
JH S 0 3 A2 BE K, {H GFAP K Vim 3835 () 72 i
2%, BH A0 i 20 o e I 470 e B I
TV JTE FETRE /0N BH 1 200 L 22 38 T A 6 Fh O AT ) v
LN U0126 T E f R I GFAP A& Vim B3Rk,
R AT B TR I ot 4t L Py 386 3, G v Vi 2 1 7R AR
Bit b R W23k 35 Vim & A A A T 1E 3 A
TR ST A e TR 43 ) B S Tk

M &4 Vim A RIS W8 E, B Vil 7] T
J2 W 473 e e Ak i S A, A S0 50 3 i X
MEK/ERK {5 5 i i#% iy BH# , 45 2R GFAP & Vim
FKikBETIH,

AW LS R R BRI 5, R MEK $i)
W1, A — R L CGE A BRI e R RO
J ¥ BBB 1743, AR dE i 2 DRk &2, W] B o]
¥ GFAP J¢ Vim ik, Bk, R ATI0H MEK/ERK
FoEETRES S T R BRIR I
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