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(FE] B0 E M B A/ 7L 8 ) 5 N8 R0 1 (mTOR)/p70 M A S6 2 11 (p70S6K)
55 3 X K RUA BB I 43 (spinal cord injury,SCI) J& # 28 125 K o 28 ) e 42 (9 5% i, Ay i adk SCT 18 4 #2416 4%
TFEEOLEMKAR . 773K .72 FUMEdE SD R B 7 42 A SCI LAY 5 B ALY 70 M 41 (Act 41,SCI+ATP) | % R4
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IR F Western blot Wl 4 241 75 AR J& #5 B 8] 55 F B 41 21 Akt . p—Akt .mTOR .p—mTOR .p70S6K .p—p70S6K |
Nestin NeuN & 1 #2351 00, 995 2H AL A4S I 4% 20 78 AR J5 45 B 18] 45 /) Nestin #1 NeuN #5500 . 5 R .45 SCL 4l AR
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[Abstract] Objectives: To examine the impacts of the protein kinase B(Akt)/mammalian target of rapamycin
(mTOR)/p70 ribosomal S6 protein kinase (p70S6K) signaling transduction pathway on neural regeneration and
functional recovery after spinal cord injury (SCI) in adult rats, and to provide the molecular mechanism for
promoting the SCI repair. Methods: A total of 72 female Sprague-Dawley rats of minimal injury model was
randomly divided into the following groups: activation group (Act group, SCI plus ATP), control group(Con
group, SCI plus saline) and interruption group(Int group, SCI plus ATP and rapamycin). The sham-operated
group(Sham group) including 24 rats undergoing laminectomy without SCI. The BBB locomotor rating scale
was used to evaluate the animal’s locomotor performance after different treatments were administered at 1, 3,
7, and 14 days following SCI. The changes of Akt, p—-Akt, mTOR, p-mTOR, p70S6K, p-p70S6K, Nestin and

NeuN expressions in spinal cord tissues of all groups were detected by using Western blot analysis at all ex-
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perimental time points after different disposals were administered following surgery, and the immunostaining

Locomotor

which

was further performed for detecting the Nestin and NeuN in all groups after surgery. Results:
function assessment showed the BBB scores were 3-5 in the animals with SCI at 1d after injury,
gradually exhibited partial recovery of locomotor function after 1d following injury. No significant differences
in BBB scores were observed among the three SCI groups at 1d and 3d after injury(P>0.05). At 7d and 14d
after injury,
Con and Int group (P<0.05).

and p70S6K in spinal cord tissues of all SCI groups at all experimental time points after surgery compared

the rats in the Act group exhibited significantly higher BBB score compared with the rats in the
Western blot showed prominently elevated phosphorylation level of Akt, mTOR
with the sham-operated group (P<0.05). The phosphorylation level of this signaling pathway in the Act group
was significantly elevated by exogenous administration of ATP compared with the Con and Int group at all
experimental time points after surgery(P<0.05), and the elevated level was particularly evident at 7d after SCI
(P<0.01).

compared with the Sham group at 1, 3, 7 and 14 days after surgery(P<0.05). A marked upregulation of nestin

Prominently elevated levels of nestin were detected in the injured spinal cords of all SCI groups

was noted in the Act group following SCI compared with the Con and Int group(P<0.05), and the number of
Nestin—positive cells in the Act group was more than that of the Con and Int group (P<0.05). Significantly
decreased expression of NeuN in the SCI groups was noted compared with the Sham group after surgery (P<

0.01),
3d after injury(P>0.05). The expression of NeuN in the SCI groups gradually increased after 7d following SCI.

and no significant differences in the expression were observed among the three SCI groups at 1d and

The injured spinal cords in the Act group showed faster increase of NeuN and significantly higher level of
NeuN expression compared with those from rats in the Con and Int group at 7d and 14d after SCI (P<0.05),
and the number of NeuN —positive cells in the Act group was more than that of the Con and Int group
respectively (P<0.05). Conclusions: Activated Akt/mTOR/p70S6K signaling pathway can significantly increase
the expression of Nestin and NeuN in the injured spinal cords after SCI and posses the potential of
promoting neural progenitor cells(NPCs) proliferation and neural regeneration, which improves motor function
and promotes neural repair following SCI, intervention to this signaling pathway activity should be considered
as a potential therapeutic strategy.

[Key words] Spinal cord injury; mTOR; Rapamycin; Protein kinase signaling cascades; Neural regeneration;
Rat
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1 #R5FE
1.1 3h¥5 20 AL

96 F AR fd R MEME SD KB, 7K FE 250~300g
(H AL BE 27 g S 96 sh b 4244 ) . ATP (LR 5%
B 253\ TR %S E (rapamycin) (Sigma 2 A
USA); i £ 50 B $it & Akt 1 phospho —Akt
(Serd73),mTOR #1 phospho —-mTOR (Ser2448)
(Cell Signaling Technology /A F] ,USA) ; %t £ wi &
Pt #A p70S6K . phospho—p70S6K (Thr389) . fl £ 7t
PEHTIA Nestin LS 52 BEDT 1 NeuN (Abcam 24 A
Cambridge ,UK); % fif % & # (polyvinylidene
difluoride ,PVDF) i Western blot £zt 1k %
KICH (AB & ) (Millipore 22 ] ,USA); /NR £ 58
FEPLIA B-actin (LB P2 &R A WH AL F) ; =
W bk T B2 (BCA ) 2 o £ D 6 (b ot 1 28 2R A
Py H RN\ ) 5 AR o 404k ) B (HRP) bR i 19 —
P R MR- R - A E SR
(SABC) % 2 40 Ak i 7] & F1 DAB 5 €83 7] & (X
DU £ 18 A= W) 8K 22\ ) DPT1 G o B B
(Olympus, Japan ) ;Image—Pro PLUS 1453 #7514
(Meyer Instruments 22 H] ,USA),
1.2 SRR &

72 LK 2 i Mothe 552 J7 i il 7 K U
T SCT L 1% 1 LU 22§ (30mg/kg) MR I i 5 R
T W LA I EE . U IER YT 2 Sem, )21
IF, B, 2 B HE , LBk T8~T10 k% K AH
BLAERR , 75 T8~T9 V- 4T JFHEAE | 7870 % 5% B
TS, TS 3 5 ) 30G TE T A g
(HEA 3 5 BHAR A 45°) AE TR BB B T, LA
A EE M b e bk R 2 bRk, K 2R D g
LA AR} Hb R A E B S B i AR (T 0.5mm) , JIF
KBTI AT i 2 iy 148 49 1o Sk s R, A3 IR 24
Smm {1 BE 507 DX (BT 5 B8 T AR 1R A
YRy 45° KK LR 135°) 48 A WLIA R EZ Bk
LLEh Y SR $ g BUR R MEIE S IF T e BT X
ANEEMEPE, Bl 1d 87 BBB W44 3~5 4
Y BN AR 75 AR S5 B TR IS AR O B HE IR, B
ZEMIIGERE . HA 24 HKEATHRF A, R
AT HERR YT R AT AN 3 7 SCIL
1.3 h¥rd iz sh D ae il il K 20 2R it A

72 2 SCI K BBEALSr 3 2H . 3005 21 (Act
) B BEI A 51T ATP[40mg/ (kg-d) Ji697 7d(24
H) s X IR (Con 21) , 5 Bl 0475 )5 17 55 4 2 PRLER

KIGIF 7d(24 H) ;s T84 (Int 41) , B BB 517
S ATP B G H A %5 R [3mg/ (kg-d) IAYT 7d
(24 2) AR F AL (Sham 41,24 H)FeHEM DI B A
JEAT SR AP AKIEIT 7d, T ARJE 1d .3d,
7d . 14d, %% SCI 4534~ ] s L 6 H K ELAT BBB
B EEIEST, P45 5 Sham 414> BF ] A1 6
HRR—RALE, Dl sl UIEChH 3 4
B HE T BLAL 2 1.0em K 19E BEAL SR KT
U 5 AR S5 A, — 3 [ 58 7 4%1 PBS
ZRWEE T 4CH R, R e HAE =058 5 05
— I RAFEA D FRAT R A B R IA A
1.4 Akt/mTOR/p70S6K {5 5 i 4 2 11 % 2 1k /K
RA Ok oAl

FH RIPA 2 #hif [ (50mM Tris—HCl,pH 7.5,
150Mm NaCl,ImM EDTA,1% NP -40,0.25%
Na-deoxycholate, ImM PMSF,0.1% SDS), it A £&
1 0 A8 2 T 4T 9 791 (Sigma ) ] 24 M B BE 4141, 4°C
BLOHLE L 15min (12000r/min) |, W 4E i W1 H
BCA & [ st il il A I s A vk B, AL 8
1) B L RE 2R N 5%~17% SDS—58 T4 45 i
BEE VKR, % A PVDF J (0.45 wmol/L) , 5 i
H 290 B M &E A THh =R 20 J5, 250
Akt.p —Akt . mTOR .p —-mTOR (Ser2448) .p70S6K .
p—p70S6K (Thr389) (1:1000) ,B-actin (1:400) — ¥t
ACHE B L0, LW IR 5 vk 75 2% »h W (PBST) ¥k 3
YJE Iin HRP #/i2 9 —H1(1:5000)37CFH 2h, &
PBST st 7050k e, H M8 15 5 B s 22 2Ok
ERNIFIRESE T X R I, >R Western blot 2
FE A HT Akt . p—Akt . mTOR .p—mTOR (Ser2448) .
p70S6K F p—p70S6K  (Thr389),p—-Akt ,p-mTOR ,
p—p7O0S6K 1) AH X ) %5 B e 3k o 3 45l 1 BB
% M N A9 Akt .mTOR .p70S6K 1) 2 % 4%
JE K Act HABERR ALK LUAEAE N 1(100%) , H
AR 2H AR R A 7K 050 A 5 R G 25 BE L
Act 41 XG5 E
1.5 Nestin 5 NeuN & 4 2 ik B

FH 5 92 21 b % 25 41 K BRUR J5 5 8 4 21
Nestin 5 NeuN & I F Rk, HEUEE )5,
A LA S O VD — RS L2 Spum
R 52 R YL R, BT A 2 R R 1 4R
A b BB 2= OKE 3% H0, EEEE
10min, ZEMKPEJE HCA 10mmol/L ik 2 £ (pH
6.0) PAT G PLFAE & & ENHE R R 28 vP I (PBS)
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Ve G , 5% 1L 7% & (BSA) 2= iR 3] 1h,
— 3T Nestin (1:200) NeuN (1:500) 7 % 2 2H fk 42
0, 4°CIHE T 3% . PBS ¥E 3 ¥k (Smin/¥R) 5, i I
EYFAEY R/ P, E IR E 30min, PBS Ut
3WJE, I ABC i = M F 30min, £ PBS
VR G ] & B R i (DAB) 2 8 S g% K |
B F ., Olympus 2% W iBE T WLEEIFH0 I B X
B F PBS AU —¥1 . Nestin & NeuN BHVEA0 G}
B KU R A W X AL R 3 4K
/IR 350x350wm LY H AR 40 5L

K 1.4 ) Western blot J7 1 46 0 4% 2H K
SRR S5 A HE 40 21 A Nestin 5 NeuN 45 H ik DL &
Act 415 Int 40 7F AR J5 £ B [8] 45 Nestin 45 NeuN
E A5 0L, Nestin 5 NeuN — 47 (0 9 & ik
FE R 1:1000, XF 424 K ARG Nestin Fl NeuN 9
Western blot ~F 22 T2t 3 H1 5% JHAH X 0 % B 3, HAH
X B 2R IR Ry B ARl 1 B B LR R 1Y
B-actin,
1.6 G5

K HI SPSS 16.0 Geit 3 A #4750 07, TH o
BELL s R AL CASAT B R 38 07 22508, PR
Fe# R LSD 5, P<0.05 234 Giit2rE X,

2 H#R
2.1 %4 K5 BBB iz sh W) REVES

Sham 2 R Ji5 4 0} [8] 55 /9 BBB 343 1 4 21
4%, %% SCI 47 R J5 i BBB ¥4 ¥ FEAC (£ 1),
SCI J& 1d.3d 4% SCI 4 BBB P43 JC W 3 1k 2% 5+
(P>0.05),SCI Ji7 7d \14d i} Act 4189 BBB -4 W]
B =T Con 4H (P<0.05) ,Int 21 8 2 PR T Act 44
(P<0.05).,
22 HYAHEHEHL P p-Akt . p-mTOR K p-
p70S6K 113 ik 18 il

A5 A B ] 845 2 B4 2P p-Akt . p—
mTOR J p—p70S6K &k EH LK 1 ik 2, 5
Act .Con J Int ZH4H E , Sham #2H K L4 6 2H 21
1 p—Akt . p—mTOR A p—p70S6K 7E £5 i [A] £ 44 52
oK FRIE ,, 2R A %% L (P<0.05) . SCI &
2 WA A5 Act 2 R BB p—Akt,p-mTOR 2 p-
p70S6K F ik KF-B1 & T Con X Int 41, 22 5+ 1
GiitsE L (P<0.05), 7€ SCIJ5 7d,Act 41/ p-
Akt .p-mTOR FI p—p70S6K 2 ik /K F ik 5] % &
Z G H R A K T 32 i R AL

2.3 Nestin & NeuN B9k 150

B 5 21 214k 27 K 4% 21 K OB BE P Nestin
L NeuN [ IK G OLILIE 2.3 FIZE 3, SCI A 4
FK Nestin B3 %, 78 K5 7d % SCI 4
Nestin ) 2 5 7K 3 B & & F Sham 41, Act 41 /)
Nestin XK FEH B F Con A M Int 41, ZJa,
# SCI 4 Nestin )R K-F3Z 8 T B, 4% SCI 41
TEAJE NeuN iAW AKX T Sham 4, fEARJF 7d
5 14d FIR B 5, Act 4H NeuN ZE ARG 14d /9
Rk K BT Con 2H M Int 2H , 400340 2

x1 REEHEEASE SCIAKXR BBBiESE R
(n=6,x+s)
Table 1 BBB score in the activation, control, and

interruption groups after SCI

Act4l ConZH Int#H
Act group Con group Int group
1d 4.47+0.35 4.43+0.22 4.53+0.43
3d 8.75+0.74 7.70£0.61 7.28+0.64
7d 13.64+0.752 10.04£0.73 10.64+0.53
14d 16.59+0.60"2 11.63+0.58 12.71£0.72

D5 Con 41H# P<0.05;@5 Int 41 % P<0.05
Note:  (DCompared with the Con group, P<0.05; @compared with
the Int group, P<0.05

Akl

TR

mTOR

p-SEK,

P-@alin

Bl 1 Western blot & I 2 41 K AR S 7d H 84 p-Akt,
p—mTOR .p—p70S6K 1 F ik i % , Act 4 p—Akt . p-mTOR |
p—p70S6K (¥ F KK W] i 5 T Con £H Int ZH & Sham 4

p-mTOR,
and p-p70S6K in spinal cords of all groups at 7d after

Figure 1 Western blot analysis for p-Akt,

surgery. Significant upregulations of P—Akt, P-mTOR, and
P—p70S6K were noted in the Act group compared with
the Con, Int and Sham groups at 7d after surgery
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/R SCILJ& 1~7d Nestin FHPEZAA M BZEHIE 2 , 2 NPCs & NeuN FHPERR 240501

Ja R, HoA Act 41109 Nestin FHPE40 M EE AR S Western blot £ Il £ 2H K FUA 88 Nestin &
7d HiE £ F Con 45 Int 4 ,NeuN FHY: 40 @ 5 4% NeuN [ £ XM WL E 4 F1E 4.5, Act 411
SCIJG FREBI W, Z 58 W 1Tk, 7EARJT 14d BI85 Nestin 55 NeuN kK FLEARG 7d FI 14d ¥ 9
ZF Con 45 Int 4, 5 Con 41 5 Int AAHLL , Act BT Con H X Int 4H . Act 41 Nestin FIATEA
2H 7 i 2H 240 1 B 3 AT UL T 22 (Y Nestin FH P J& BT ES Td KRS N R, 5 Int 4140

£2 AEEMBELAESZRHAKXREED Akt.mTOR 1 p70S6K #I ;B4 1k K F (n=6,xs)
Table 2 The phosphorylation levels of Akt, mTOR and p70S6K in spinal cords of all groups

at all experimental time points after surgery

1d 3d 7d 14d

Akt Act4l (Act group) 1029 1929 102® 102®
ConH (Con group) 0.7320.15% 0.58+0.1219 0.34+0.05% 0.48+0.04%
Int4H (Int group) 0.67+0.1319 0.47+0.06% 0.38+0.07% 0.54+0.11%
Sham# (Sham group) 0.4320.06 0.26+0.04 0.08+0.01 0.29+0.04

mTOR Act# (Act group) 102® 1029 12w 102®
ConZl (Con group) 0.78+0.20% 0.52+0.14% 0.2120.09% 0.55+0.06%
Int4H (Int group) 0.72+0.14% 0.440.08 0.12+0.07% 0.48+0.03%
Sham#l (Sham group) 0.4620.07 0.3720.06 0.0620.01 0.32+0.02

p70S6K Act4l (Act group) 102® 1028 j 102®
ConZ (Con group) 0.62=0.14% 0.45+0.05% 0.28+0.08% 0.49+0.04%
Int4 (Int group) 0.59+0.08% 0.40+0.03% 0.16+0.09% 0.33+0.02%
Sham#H (Sham  group) 0.38+0.04 0.27+0.03 0.09+0.02 0.20+0.01

D5 Con 4l 4 P<0.05.2% Int 4 H 4 P<0.05,3)5 Sham 41 £ 4% P<0.05
Note: (DCompared with the Con group, P<0.05; @compared with the Int group, P<0.05; Gcompared with the Sham group, P<0.05

& 2 FEHAL Y R S H KRR G 7d B B840 2104 Nestin 1 FL X 1E M (a
Sham ?ﬂ b Act4 ¢ Con 4 d Int ZH),Act ZH 1 4 7 B B 58 T Con 4 Al Int
2, Con 5T Int 4, =458 T Sham 40 ( x400)

Figure 2 Immunohistochemical staining for Nestin in spinal cords of the
activation, control, interruption, and sham-operated groups at 7 days after
surgery(@ Sham group; b Act group; ¢ Con group; d Int group). Prominent
upregulation of nestin in the Act group of rats compared with the Con and
Int groups, and the immunoreactivities in Con group rats is stronger than the
Int group. Reduction in Nestin immunoreactivity in the injured spinal cords of

the Sham group compared with the SCI groups( x400)
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B3 b i n S REARE 14d BF B 8541800 NeuN 19 3R 35 15 0l
(a Sham 20 b Act 4 ¢ Con 44 d Int &), Act ZH YL W 38 T Con 4 A Int
2, Con 4158 T Int 41, = 41355 F Sham 41 ( x400)

Figure 3 Immunohistochemical staining for NeuN in spinal cords of the

activation, control, interruption, and sham-operated groups at 14 days after
surgery (a Sham group b Act group ¢ Con group d Int group). Prominent
upregulation of NeuN in the Act group of rats compared with the Con and Int
group, and the immunoreactivities in Con group rats is stronger than the Int
group. Reduction in NeuN immunoreactivity in the injured spinal cords of the

SCI groups compared with the Sham group( x400)

#*3 HBAKXRAREEEE S Nestin F1 NeuN PR M 20 B i+ 51 (n=6,x%s)
Table 3 Nestin—positive and NeuN—positive counts in spinal cords of all groups

at all experimental time points after surgery

Nestin FH A4 20 g 7 5% NeuN FH 14 41 i 1 %1
Nestin—positive counts NeuN-—positive counts
1d 3d 7d 14d 1d 3d 7d 14d
Act4l(Act group)  21.6+7.67  49.5+9.47%% 68.3+12.7729 342483129 46.4+133%Y 3154987  76.4x19.3"29 105.6+20.472%
Con4l (Con group) 17.3+59  29.7+6.17  40.4+9.6" 19.1x4.4 3731197 24.5+¢8.60  43.8+11.67  66.2+18.97
Int41 (Int group) 16.8x4.3  25.4£727 356830  22.7+53 39.8+12.10  29.7+7.20  46.5+9.4Y  58.1x15.77
Sham# (Sham group) — 13.7+4.5 14.1+4.2 15.8+4.9 15.2+3.7 21374332 194.1+26.7 215.8+30.9  206.5+29.4

7 : (D45 Sham 41 L4k P<0.05;@5 Con 41 4 P<0.05;3)5 Int 41 4% P<0.05
Note: (DCompared the Sham group, P<0.05; @compared with the Con group, P<0.05, Gcompared with the Int group, P<0.05

%X 4 Western blots 77 i%# il & A K R 7E AR J5 A 5 B /8] &5 Nestin 71 NeuN EH R IZHHETRLZFEE  (n=6,x%s)
Table 4 Relative optical density of Nestin and NeuN in the all groups at all experimental

time points after surgery respectively

Nestin NeuN
1d 3d 7d 14d 1d 3d 7d 14d
4]
A(f:cé;%up 2.62+0.34Y  4.45+0.5312%  §,62+0.9412% 422+0.33029 1.34+0.15%  1.15+0.13V  2.58+0.18%2% 4 .42+0.3412%
COEIOI;EUP 2.35+0.297  3.64+0.317 4.93+0.57Y 3.07+0.24% 1.26+0.087  1.07+0.127  1.44+0.217 2.26+0.29%
In:n;f%up 2.46+0.367  3.42+0.187 5.24+0.647 2.73+0.29% 1.46+0.267 1.22+0.14Y  1.68+0.197 2.54+0.24%
ShSham?H 1.53+0.27 1.67+0.24 1.49+0.32 1.74+0.22 9.51+£0.82  8.67+0.75 8.85+0.92 9.28+0.86
am group

1 : (D Sham 21 H42 P<0.05;@5 Con 41 142 P<0.05;3) Int 4 H. 4 P<0.05
Note: (DCompared with the Sham group, P<0.05; @compared with the Con group, P<0.05; (compared with the Int group, P<0.05
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Act Con Int

Sham

Bl 4 Western blot 77 KM Act 415 Int 2 88 Nestin 5 NeuN ZEARJ5 1.3.7.14d Wsh AL XA, 5 Act A L, Int

3105 6T Nestin 5 NeuN A9 3k 1% Jin 45 88 4 2818

Bl 5 Western blot J7 3% K Il 45 2 K U430l 76 SCI J& 7d Iy

Nestin F1 14d iF #5 NeuN Fik K, Act A BEH 21 B9 Nestin M1 NeuN ik /K0 & 5 F Con 4 X Int 4H

Figure 4 Western blots showing the dynamic changes of Nestin and NeuN expression in the animals of the Act and

Int groups at 1, 3, 7, and 14 days after SCI. Compared to the Act group, the injured spinal cords of Int group showed

slower increases of NeuN and Nestin after SCI Figure 5 Western blot analysis for Nestin and NeuN in the traumatic

spinal cord of the Act, Con and Int groups at 7d and 14d after SCI respectively. A marked up-regulation of Nestin and

NeuN was noted in the Act group at 7d and 14d following SCI respectively compared with the other two SCI groups
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