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Expression and significance of CHOP related ERS after acute spinal cord injury in rats/LONG
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[Abstract] Objective:To investigate the significance and expression of CHOP/GADD153 (C/EBP homologous
protein/growth—arrest and DNA damage inducible gene 153) after acute spinal cord injury and the role of
ERS to spinal cord injury.Method:Rat model of ASCI at level of T8-T10 was established using modified Al-
len’s method.All rats were randomly divided into two groups:test group experienced SCI while sham group
were left as control.The nerve function of spinal cord was evaluated by modified Tarlov score,after that the
animals were sacrificed at 3h,24h,3d,7d respectively after injury.The morphologic character and expression of
CHOP was detected by immunohistochemistry.Cell apoptosis was examined using the TUNEL assay.The expres-
sion of CHOP and apoptosis was quantified by the use of IPP(Image—Pro Plus 6.0).The result was showed as
the forms of 10D (integrated optical density) and mean density.Result:Paralysis was evidenced in test group
rather than sham group with the Tarlov score in the former much higher than that in the latter at each time-
point (P<0.01).However necrostic cells and apoptotic cells were not evidenced significantly in sham group
sham rather than in test group at each times—point (P<0.01).The expression of CHOP and cell apoptosis in
test group both elevated at 1d,which peaked at 3d and decreased at 7d after SCI with the same tendency of
3h<1d<3d>7d (P<0.01).Cell apoptotic was time—consistent with the expression of CHOP with the correlative
coefficiency (Preason’s) of 0.644.Conclusion: ASCI can induce the expression of CHOP by means of ERS,

which is related to the aptoposis of neurocyte.

B TUE W f 4 K e Z 5% W55 H (20081491)

SE—1EF B ) (1983-) FEEENT A, WFFE 5 1) 5 A 5 47 B0 1
A1 : (0731)5295125  E-mail : drywdeng@yahoo.com.cn
IR X4 S



o E A A A 2% R 2000 4E5S 19 455 6 )

Chinese Journal of Spine and Spinal Cord,2009,Vo0l.19,No.6 459

[Key words] Spinal cord injury;Endoplasmic reticulum stress;Cell aptoposis; CHOP

[Author’s address]
Changsha, 410011, China

Emery 55 W & B 201 B 88 # £ (acute spinal
cord injury,ASCI) J& LAF7E 40 M IR T- A9 BL 4, 40
Mo PR 1252 ASCI J5 8 4k J& M40 05 o 72 rp iy 1 22
e A B A . H BT A0 T A PSR
WA, ZORRIRARFISE T 24T PN I I 1 3K
(endoplasmic reticulum stress, ERS) J& iz i1 JL4F
ARBFHHTRR AR KW ERS S 5T £
ol UL i T R O 5 712 A e e L AR DR
(3.0 G 25 23 St 1L R o 28 2R G AR P T R AR
MR R, SOk Sz BT, o AR KA
DNA it % 7l % 7 3L K 153 (C/EBP  homologous
protein/growth arrest—and DNA damage inducible
gene 153,CHOP/GADDI153) J& ERS 4 bR &
P e S A Zk i AR P B 3RIA . ERS MM R H
CHOP 74 #8451 03 v 59 28 1k [ 9 AP R A R B A O
JrHIRESE o AR 925 X ASCI 5 ¥ Bl 2 21
i CHOP Fak A4 id i T iy 22 4k, & 7E K ERS
FE ASCI g B A BT R P A 3

1 #R5F*
1.1 5554

48 HfdthE 6~8 J& SD KBl (I A N REEBE
S SR MEMER ), /R E 320~400g, Fif
BLAr R 2 21, %5 BRAH A S50 20 (SCT 41) , SR I PR
T 2H AR H5 02 405 O IR R] 255328 3h24h 3d \7d U4,
AR J5 TE bR T E s, BRI s [B) AR BE S
1.2 iRy

Z: M Allen 75 il /54 B B2 5B | 19 5 2 LE
-4 30mg/kg WRIF R FRUS , 48 331 41 [ 52 DU
MITA T FAREG L 55755 T10 4b S HJH
il 3xdem [ FLAY B 3% %% & ML 7 2 kG 7
T10 K-35 5B IE Y1 TF 25 3em Bz ik, 5 1 5
SR T R 2 PO ) AL A 2 R TO~T L1 ok 2 R AFE AR
PIFE T9 T10 HEH , o 55 i 4 15 Fl 25 1.0x0.4cm
KN, 10g R T8 &8 W 28 78 S i
M 2.5cm = JE B o % ARGz sh AT & 5 m AR, 5
Tia) 5 W S o B s O RE D R T, B
25gef (b - JHEOK - [ HITE ), KRR IR il 4%
VE R MRS VR BT 1 22 3% )2 6 b 0 ok
W IR e, 6 B R B T9~T10 HEAR VI

Department of Spine Surgery,the Second Xiangya Hospital of Central South University,

BRA U1 0% 3%4 A 1k, B KA R R RLE
HRERE 10 TN, AfFEHEK T 3d HIAG2H
3do ARJG/NCEFE o B H R HEIR
1.3 #h&YIEevEm

A5 3h . 24h 3d . 7d 43 51 5L S 56 £ A R
)5 iz sh i e, 947 Tarlov W43 .0 4, 58 &7k
WERE ;1 43, B LA H R PRI ;2 4, R s Bhas,
HANRE ST 33 40, BB YN 37, TC¥E AT 4 43, v 4T
A E AR5 4 I
14 WA KRy dit

e A I B ) 0 45 B 6 R R 10% 7K & &
1 (6ml/kg) I 16 PR3 SR RR I K BRI , 4T JF K Bl g
i, LA 7 SR s AR R A O EEE
KT, 35 A0 B A BEER 7K 100ml Bk HE 1 K
RO IE , P DL 49% 2 3 WD E T 29 15min Ji5
2 9% 2 (20 T /min ) R 3h, DL T8~T10 Ry
O, BUR AT BEE FEZ 2em , LIRS w5 ) 247 20 05
FoMERRT | HE AR BB 2 0 R 2 408 SR R
A 412U B ok FHBE R 2% v (PBS) 18 Vi 41
U5, BT 4% 2 RW BT . 5 A,
YES5 DA LR V) 5 5K, VIR TR Spum,
BEHLAHEL 2 5K U) R ¥ 3E 17 HE 4L F1 FH ABC ¥
AT RPE AL . FE SRS  H0, H B A A
V5 kb S A W I TE H 2 1003 BEL BT B il 0 AL
PBS 0k, IAGE S B —PL CHOP(Hh 342
AR E RSB E 1:200),4°C, KA F 1% .
A E L PR ABC E AW HE . DAB B
(DAB XMl &M AP EEMABRAA ), K
HPIAS-1000 75 53 B £ 055 21 MG i 45 3 B R 40
PEAT UG AT A 38 Bk D) BEMLRSE 5 A S
B2 (400 A5 ) BT | L4t H Yo oA B 60 h BH 4 0
Y) 7 19 10D (integrated optical density) % Rt %%
B, BHE 40 MR 22 TOD (B K, 3278 90 58 B i
BT
1.5 TUNEL %7

BEMLAH D) R (1.4 )1 5k B aE AKE &
15T H 3%H,0, Zb B 10min, ZRIH /KT 3 K, 1:
200 FE M K 37°CiHAL 10min, U B THH
200ml 0.1mol #71 BR #h 18 & b, B &=
Smin, PBS #1% 2 WR . U 3 0 8 S A 1 e R



460 o A RE S A4 7R 2009 A5 19 5 6 1)

Chinese Journal of Spine and Spinal Cord,2009,Vol.19,No.6

U (TdT) MAnicdi#® (TUNEL L) & A
Roche 28 7)), FH 9 8 1ot e W 58 HL 96 O 36 3k (4%
I, K 515~5650m) , 3 & 58 (450~500nm) , FH
PEFR IR ML & et s, 7 40 55 T oRER
16, Bk YT B S AP0 A0 T 15 B0 T
% FE (mean density ) K438 | 52 MR - 2510 %%
JEE R MR T 2

10D K-35 5% J3 1) D &5 {4 TPP - (Image—
Pro Plus 6.0)%kf4.
1.6 Giit=orr

T AT B 35 DA B bR o 22 (ws ) R, I
SPSS 16.0 4t it 4 7 K £ ,one way ANOVA Jj
%, 77 22 3¢ W SNK ¥k (q K56 ) , 77 25 A 5% i
Tamhane % (q K25 ) , £5 48 b (8] 46 & 20 ok H
LR AR K0T, P<0.05 A GiitariE X,

2 H£R
21 AR

A S Xof HE2H 45 B ] A5 R BR 34 R O B A R e
SO0 A1 R AN [R) R 1 T ) e B A, 3d I
oA B, A5 I ) A5 S 50 41 5 X R 4H Tarlov #F43
Z 8] 22 54 e it 24 B L (P<0.01) , Xf B4 P43 44
EFLEAE (F1),
22 HLEKA

Xof B2 R 0L B S R T SRR AR AR, SEER A 3h
B LAIRAE by 3, AT LR A i, I U Ak 40 A%
RS 2 M A, 1 B IR T T S, T D A 42 4
[ 25 KT /A, 3d B 1d B T A g £ 7d
WHET-A T TR (E 1),
2.3 CHOP F£ik1EMm

G 58 BH P 200 B 2 S BAR B TR e, AN A%
RO 2B AN & RS2, Mk

®1 HHKXKBRARFMES Tarlov 4 (vts,n=6)

253 3h 1d 3d 7d
X 20 5.00£0.00  5.00+0.00  5.00+0.00  5.00+0.00
SR 3.83+0.757  3.50£0.55Y 2.33x1.037  3.50+0.557

1 (D5 %) 18 2 8 P<0.01

i, RARTE Bk A RO X BE 4 b BEE 40 A AN
B, 5236 2H TR )5 3h B B 5B CHOP 93635
HJ2 BT 2 DL M YR8 Oy 3 (1 2) , BH 1 40
DI ou il 32, B3k Bidifs
1d B} CHOP 354 s m, A5 3h RikES T
L JEW W 225 45 3d i CHOP By ik ik 7
g, 5 1d i CHOP £ix A G %8 X (P<
0.01);7d B FRW TR (% 2) .
24 g

ST R TR, A RS R
F SR FEFI AR W5 AL o 1d 3d 7d B 55 56 20 5 %
MMM T 22004 Geit 242 L (P<0.01), L4
N, )5 3h BV A0 T 0 B, 1d B R T 3%
IRBE I, AR 3d B, JA TR IR IR B e L 7d B3
IR AT T B, A5 R] A R 4 A0 T R 2
5 H 3h<1d<3d>7d(P<0.01,% 2,5 3),
2.5 CHOP ik 5 20 Ja i 7= (0 A 1

PN LRI E SN o 37 T DB STy =k
FL, T 3d A E 0, X AT AR DG M S H
M R L Pearson 50K 0.644, R B L EFH
HEMK (B 4),

3 it

5 0 1 NI T Y Bk BT Y R
ANt 2 3 0 O BRAIL R 2647 T AR5, A B
WL 3 B ol D A LB 475 1 4k A 7 3 B Tk B 2
AR A5 1E , E A AU 15 15 6 B B4 2 4 0
PR YA AR, L IRAE RS 545 R0 B
QIR A AR BRI R BRI e S A
AH R AN A, RAEN T

VR 20 TR M A T — R
B BEAE BRI B A Ak A M o S R M A
F1 52475 25 I 025 B 00T 26 0 B g 1, JBiE AT
Halnl T A A A AT L i 2 ) e ) B A O
ENT AT, A ] BEAR AT BE DI RE 19 /K & i
AERMTSERM, A TR RE AR M A
O Y A0 A T PR A R P SR T, )

®2 ZIWASWHRAFRERES CHOP #1 TUNEL Rk (xxs,n=6)
CHOP( S BUICHE ) TUNELCF-#6% B ,x1072)
3h 1d 3d 7d 3h 1d 3d 7d
XERAL 1256.05£147.37  1149.99+53.12  2312.8760.13  1545.81£70.62  8.50:0.40 10.65:0.27  8.60£0.28  7.70+0.28

SHA 2639.4+150.987  2828.12+235.027 3628.09+139.25%2 3185.21+47.647

8.52+1.27 13.63+0.2772 17.38+0.31%? 10.35+0.28"%

(D5 HE 2 e P<0.01, Q)5 [F) 45 b AT — I ] 245 e %% P<0.01



o A HE A 2% R 2009 4EES 19 B85 6 1 Chinese Journal of Spine and Spinal Cord ,2009,Vol.19,No.6 461

Bl1 a xMHEAUR WA T RIASE b SCH4L 3h il b4 i
R R B A (S P 7n ) ¢SSR 1d T UL 4 Bt 0 T A
IR GETR] I A7 A (R Sk BT 46 S P T /MA B R 4 ) d S8R 3d
A L g T, 2T MA B e SRR 7d I E T AR
SEBIRU i (HE x400) B2 a X HEZLAR W CHOP 3R ik fHPE
400 b S 3h AT WL CHOP 335 B4 40 i, T W #h 28 e 4
Ji e 0 A R B O B B AR T ¢ SRR 1d B
FRVEANMINE 2 d SCE0d 3d MR 8 e S04 7d
4 3d 4 CHOP Rk b (Fe e 1L x400)




462 o A A G 24 R 2009 AEAHS 19 B 6

Chinese Journal of Spine and Spinal Cord,2009,Vol.19,No.6

o - = T ™
s | il

4 CHOP 58 AR S& 23 Hr 4]

CATET Z MM AN AFAR S, EHBEN—
A E BB AR T VA B AR SE T2 AR TR AL (A1
UENE R AR ) AL R 07 ik A (P PR PR R AR ) 2 4
L PR G 2% 2 M 1 3R A ERS SR 3l IR TR AR R
AR A e B — BB 9 U8 T2 A5 5 15 = i AR Sl AR
HAEM SRR Z A ORI |
T LR AT |2 B 18 5 H | Ca? 6 i 25 i i i)

(3

.
l =
(39

B3 axBHABPT AN E,
KWW B kE b K
55 21 3h B Al UL A A48 T8

R L FEAL DA B
Hif d SR A 3d gk (e
HERARWE e FTR4Al 7d
A 3d B 20 & 9 2> (TUNEL
x40)

RN BT EE I B ERSY 8 0 B2 O
A1 & H I (unfolded protein response,
UPR), & AT & RE D m . & s, L
325 I IR, (H A I ) 3 5 ) ERS WU S 3h 40 i 4
T2, GADDI153/CHOP (growth arrest and DNA-
damage —inducible gene 153 @ C/EBP —homolo-
gousprotein) & ERS #§ 57 19 % s 1 1 12 g
C/EBP §% 5% N 7 ZK W 51 . PERK ATF6 LI K&
IRE-1 #FBE W15 5 CHOP 19 %% 5%, #Kifii PERK-
elF2-ATF4 J& CHOP H H A& Prb i ¥, CHOP
R TS , HamErE R T
OCAAT X 5 1 Al i 45 11 B e 5% [N 1 C/EBP K
W, 5 4% Fh 20 B 0 sl me R AR G 5 ek T
FAE ., TR IREL,PERK #1 ATF6 (1415
fEEI%F CHOP 7= /£ 5 e i CHOP B3I% . IE
WAOLT ,CHOP ik + 31 , 78 A 5T 19 13 380 17
B, HFeak W 20 NS S A M TS, Zinszner
SRS W, CHOP 9 2 3K 1% Bl nl i 3 52 i 400
ML AETE , chop—/—2H ML T2 2 W] 4L chop+/+ 4



o E A A A 2% R 2000 4E5S 19 455 6 )

Chinese Journal of Spine and Spinal Cord,2009,Vo0l.19,No.6 463

HA, /N B P S ER 25 S R FESE TM 5, B AR
/N BUE B2 B CHOP mRNA 7K - 78 50/ I 1 T
fmIfRREE 2~3d, FIIReAS R IR U AH N B 2]
ZU2E R I AT LB /NG L R A0 i K R BE | chop+/+
ANEE IR AR AR T A B & 1T chop—/—/IN BRURE IR #4242
H B /N LR A 98 TR A%, #8 CHOP 1
ERAD H BA7 CHEE A .

ARBGE R, A R R 2 D) AR B
25T X BRAL, UL SCI sh i AL 2 il i 2y . 3d Hif
()iz s Vo e i, 3h, 1d #1 7d ToBH 2251, 136HH
T R M A 05 i 1 Ak 2 A 40 v W B R R A 0 05 5 1Y
3d Adr . SEE4LH CHOP fY 2635 W W 7 T % B8
40, Ui SCI fEf8i% S ERS; W R A 4 4140
FRFE A K A R T LR 3R B
W UL 4 SR AE S 32, CHOP 7E4 43 )5 3h J5 BVA
Feik,1d M 3h 4 F R T0 B B 25 0], 3d i Ik E R
g, 7d 41F0 3d 41 TC A 22 ), 7 3d A4 A PR
B, eIk ok A, T RE-S L P T I EE 2 A
WO R A RO VE R G, U W T R P T
JO7 80X 200 BEL YR T A R RS G, 3d I R U I 0
WA A A0 e 0T B4 0L 3 T N R R D i
5, MiE S T ERS A ¢ P 40 M 98 T (ER
associated death, ERAD), & i ZH 21451405, Tunel 4%
WAL UL TR TR X 5 Wada SRR
FEMEE AL, A ST & B CHOP 5 41 jifd 374 7~ W
WG R EBCH 0.644, EE— UL T ERS
A BRSO T E R AR R & 3L, CHOP &
BLRINTEM ST M rh 7R T A0 i 2R ik b | X
A e R 2 X R SR T o A T 82 AR A 25 A
K, BZ,CHOP ik /KX T ERS 17 7 1 41 g
TR A 2 X EENER,

25 BT id  ASCI H: 3 3= %2 L 41 i 36 38 4
F R T £ ASCI RENEIF 5 N 5 9 i
WOt HRE 9% 19 i ERS AH G2 F 98 T2 & 11 CHOP
ik, F I CHOP 35 /K V54K, 3d B CHOP
&K B S 3 v DA 5 | RS A L 4 AR LR T L ASCI B
V5 S8 ERS K2V (4 3 Ff B 1) 45 o5 ] Lo 3R AT LA
Je TR YT B A A 4 A A 1 B R A

4 SEXW
1. Emery E,Aldana P,Bunge MB,et al. Apoptosis after traumatic

human spinal cord injury[J].J Neurosurg, 1998,5(4):911-920.

2. Roybal CN,Marmorstein LY, VanderJagt DL, et al. Aberrant
accumulation of fibulin-3 in the endoplasmic reticulum Leads

to activation of the unfolded protein response and VEGF ex-
pression [J].Invest Ophthalmol Vis Seci,2005,46 (11):3973-
3979.

3. Meex SJ,Van G,Ayoubi TA, et al.Activating transcription fac-
tor 6 polymorphisms and haplotypes are associated with im-
paired glucose homeostasis and type 2 diabetes in Dutch
Caucasians [J].J Clin Endocrinol Metab,2007,92 (7):2720-
2725.

4. De Gracia DJ,Montie HL. Cerebral ischemia and the unfolded
protein response[J].] Neurochem,2004,91(1):1-8.

5. Umareddy I,Pluquet O,Wang QY ,et al.Dengue virus serotype
infection specifies the activation of the unfolded protein
response[J].Virol J,2007,4:91.

6. Paschen W,Gissel C,Linden T, et al. Activation of gadd153
expression through transient cerebral ischemia:evidence that
ischemia causes endoplasmic reticulum dysfunction [J].Brain
Res Mol Brain Res,1998,60(1):115-122.

7. Li GL,Farooque M,OlssonY ,et al.Changes of Fas and Fas lig-
and immunoreactivity after compression trauma to rat spinal
cord[J].Acta Neuropathol Berl,2000,100(1):75-81.

8. Ekshyyan O,Aw TY.Apoptosis in acute and chronic neurolog-
ical disorders [J].Front Biosci,2004,1(9):1567-1576.

9. Pahl HL.Signal transduction from the endoplasmic reticulum to
the cell nucleus[]J].Physiol Rev,1999,79(3):683-701.

10. Szegezdi E,Logue SE,Gorman AM,et al. Mediators of endo-
plasmic reticulum stress induced apoptosis [J].EMBO Rep,
2006,7(9) :880-885.

11. Yokouchi M,Hiramatsu N,Hayakawa K,et al. Atypical bidi-
rectional regulation of cadmium induced apoptosis via dis-
tinct signaling of unfolded protein response [J].Cell Death
Differ,2007,14(8) : 1467-1474.

12. Oda T,Kosuge Y,Arakawa M, et al. Distinct mechanism of
cell death is responsible for tunicamycin—induced ER stress
in SK-N-SH and SH-SYS5Y cells [J].Neurosci Res JT,2008,
60(1):29-39.

13. Zinszner H,Kuroda M,Wang X,et al. CHOP is implicated in
programmed cell death in response to impaired function of
the endoplasmic reticulum [J].Genes Dev,1998,12 (7):982-
99s.

14. Wada S,Yone K,Nagamine Y, et al. Apoptosis following spi—
nal cord injury in rats and preventive effect of N— methyl D
asparate receptor antagonist[J].] Neurosurg,1999,91 (1):98 -

104.
(Wi B #91.2009-02-09 & 181 H 11 .2009-05-11)
(BT #F K
(KLIH B au)



