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Effect of Neuregulin on the expression of MMP-9 and TIMP-1 in spinal cord ischemia reperfusion
injury of rats/ZHANG Tongxing, JING Wanli, ZHANG Tao, et al/Chinese Journal of Spine and
Spinal Cord, 2016, 26(7): 642-649

[Abstract] Objectives: Objectives: To observe the effect of Neuregulin—18(NRG-18) on the expression of
matrix metalloproteinase—=9 (MMP-9) and tissue inhibitor of metalloproteinase—1 (TIMP-1) in rats with spinal
cord ischemia reperfusion injury, and to investigate its function and mechanism. Methods: 48 SD rats were
randomly divided into control group(n=16), ischemia reperfusion model group(n=16), NRG-1B treatment group

(n=16). Abdominal aorta was only exposed in control group. Spinal cord ischemia reperfusion injury was in-
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duced by occluding the abdominal aorta in the other two groups. The NRG-1B(10mg/kg) was injected through
tail vein immediately after opening the artery clamp in the treatment group, and the ischemia reperfusion
model group was injected with an equal amount of 0.1mol/LL PBS buffer solution after opening the artery
clamp. Neurological function was assessed by using the modified Tarlov standard. Sampling test was performed
at 3h, 6h, 12h, 24h respectively after injury(4 rats at each time point). The pathological changes were ob-
served by HE staining. Protein and mRNA expressions of MMP-9 and TIMP-1 were assessed by immunohis-
tochemistry and real-time PCR. Results: The Tarlov scorein model group decreased significantly at each time
point compared with that in control group (P<0.05). Neuregulin treatment group induced a markedly improved
Tarlov score at 6h, 12h, 24h compared with model group(P<0.05). Spinal cord injury was identified by HE
staining in both model and treatment group. However, the injury in treatment group was alleviated compared
with that in model group. Immunohistochemistry result showed that there was no positive expression of MMP-
9 or TIMP-1 in control group. The number of MMP-9 positive cells in 3h, 6h, 12h, 24h model group was
9.00+1.63, 23.80+1.71, 28.30+1.50, 34.80+2.63 respectively, which was 8.50+0.58, 17.80+0.96, 20.80+3.50,
30.00£2.16 respectively in treatment group. The number of positive cells significantly decreased in 6h, 12h,
24h treatment group compared with that in model group(P<0.05). The number of TIMP-1 positive cells in 3h,
6h, 12h, 24h model groups was 11.80+£0.96, 12.30+1.50, 7.80+£0.96, 7.80+1.50 respectively, which was 12.30+
0.96, 13.80+0.96, 10.50+1.73, 10.30+£0.96 respectively in treatment group. The number of positive cells signifi-
cantly increased in 12h, 24h treatment group compared with that in model group(P<0.05). Real-time PCR re-
sult showed that the mRNA expression of MMP-9 in 3h, 6h, 12h, 24h control group was 4.93+0.21, 4.95+
0.24, 4.96+0.25, 4.98+0.23 respectively, 5.38+0.25, 6.53+0.31, 6.87+0.29, 7.53+0.33 respectively in model
group, and 5.35+0.26, 5.56+0.22, 5.74+0.27, 5.90+0.31 respectively in treatment group, the mRNA expression
of MMP-9 in 6h, 12h, 24h model group significantly increased compared with that in control group(P<0.05).
and the mRNA expression of MMP-9 in 6h, 12h, 24h treatment group significantly decreased compared with
that in model group(P<0.05). The mRNA expression of TIMP-1 in 3h, 6h, 12h, 24h control group was 4.74+
0.23, 4.76+0.21, 4.73+0.25, 4.76+0.24 respectively, was 4.53+0.32, 4.62+0.21, 3.83+0.20, 3.65+0.32 respec-
tively in model group, and 4.55+0.26, 4.65+0.27, 4.28+0.22, 4.25+0.24 respectively in treatment group, the
mRNA expressions of TIMP-1 in 12h, 24h model groups decreased significantly compared with that in control
groups, and the mRNA expression of TIMP-1 in 12h, 24h treatment group significantly increased compared
with that in model group(P<0.05). Conclusions: Neuregulin plays a role in neural protection in spinal cord is-
chemia reperfusion injury, and the activation mechanism may be caused by the down-regulated expression of
MMP-9 and the up-regulated expression of TIMP-1.

[Key words] Spinal cord injury; Neuregulin; Ischemia reperfusion; Matrix metalloproteinases—9; Tissue in-
hibitor of metalloproteinase—1; Rat
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fa FREAEPE SD KR 48 H K 200~250g,SPF
e, WA E N R AR R A R B A
35 B A ik 5 o 52 5 s ) G [SCXK - (Z2)2014—
0001];NRG (396-HB-050) 1 H 3 [# R&D Sys-
tems Inc;MMP-9 TIMP-1 7% F 414  SABC %
#2050 & [ I 7S B PCR G #E
YR & [ TaKaRa A,
1.2 shiy o dl S5 BaRLHAE

48 HKFRBEHL 5 % B4 (n=16) | Bk il 75V
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FE 3l Bk J5 7 B 28 R # k 0 59 45 5 A9 0. 1mol/L 1Y
PBS ZZ ik .
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W0 43, S e BHRI R OIE RN 51 48, 58 4
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W] 35 B (HAS BE Sl 37 B0 ST AN FR 3 43, AT T,
EICEATE ;4 47 WA EEOL  HARRERE ;5 47,
REENBATE (AR R ;6 4 IEHATHE,
1.4 A BERE A U

B4 553697 40 43 ) F P8 1 3h 6h 12h
24h (BEASIFR] R 4 FO)RRIESh ) , P IF ik 22 58 .0
JIE | 28 22 0 Z A6 8 B TF F sh ik, 8 R A0 B
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PCR Kl , 75 — BOAHE [ E T 4% 2 KW EE, 7>
W25 H AT HE e S ez 24k . % B2 5350 T
A4 16 I 3h,6h  12h 24h (BESHE] 4 H) X
FH IR J7 35 AR B8 B 1 B L1~L6 B4 .
1.5 HE Jefa 2] 815 055

HALA NI dpm ELMY , fRUIH 5
BB LR BRI PGS A 3 5k B A
[ 7€ J5 24T HE Je e BB IRUNE ( BEas oK
A2 (3min) , K (Smin) , TR ER K (BE 3 T),
JKPE (Smin) , 4L (1min) , 7K e (Smin) , Bt 7K 5 # |
WSS Ao FEGF e T LS B B AR A

1.6 MMP-9 TIMP-1 Gl fk gefa
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B E R LA PBS AU —Hi /R I IR, BHPE
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NEE S I AR SRR P A 4, LA
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1.7 Real-time PCR kzilll MMP-9 TIMP-1 (¥ 3
ik

SRR AT S A 2L HUE RNA; S 18
PrimeScript™ [I  1st Strand ¢DNA Synthesis Kit
R & E W cDNA; 218 TaKaRa SYBR ® Premix
Ex Taq™ 105 & 9 4% H 9 5 B ;MMP-9 F1
TIMP-1 i 51917 51 % H Premier 5.0 it {4
Wit B-actin TEA NS IR, SIYZFCALR —1lix
BAEYHEARGRITAEA A S (E 1), ¥ 3550
DI95°C 30s, 295%C 5s,58°C 30s,72°C 30s,40 4
EFR ., 395°C 15s,60°C 60s,95°C15s, 1B kN
58°C 30s. ¥ 1445 o AR A f IRAE PR 4L CufE, R
FH 27000 G SRR R SR L 3
1.8 Siil2e ik

KT SPSS 19.0 A #ATHE o0 b, TR
L sos (KRR ME 22 ) FOR | 2% 2H 2 i) AR L 3%
K H ANOVA #8255 %t B 20 677 4 5 B R 4
Z 18] 5 P G L3R SNK—q K 36, P<0.05 ol 25 5
EEERI -8

2 %R
21 SR L S RIS
X IR B R E 3 177 . BORALK BRI

&1 MMP-9.TIMP-1 RS EREH5I#F 5]
Table 1 Primer sequence of MMP-9, TIMP-1 and

reference gene

RRESS
ElEZEXS 5191751 JE (bp)
Primer name Primer sequence Fragment
length
MMP9-qPCR-S  5'TGGTTCTTCCTTCAAGAATCG 3’ 6
162
MMP9-qPCR-A  5'GAGGGATCATCTCGGCTACC 3’
TIMP1-qPCR-S  5'CCAACCCACCCACAGACAG 3’
249
TIMP1-qgPCR-A  5'GCCCGCGATGAGAAACTC 3’
Rat B-actin-S  5'GCGTGACATTAAAGAGAAGCTG 3’
500

Rat B-actin—A  5’AGAAGCATTTGCGGTGCAC 3’
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3h B is B A, Tarlov P44 5 B 5] 7] 4E K %
WAL, PR 24h 12 3 DI REIT4r fe ik, NRG-18
AT 2 Tarlov W45 AR L B B T, T
11 6h 12h 24h SR HL AR 25 S G it 2478 X
(P<0.05,% 2),
2.2 WL

DL 1, X BRZE A BE K | 1T 40 ST T, i 22
TR Z MY AN A0 BT BT AR A P
T 3h S PR 1L 5 0 B4 E AT R B B2, 6h
A LR 43w 22 0 [ 4 JR) A 8 B s Y Tl Bt A%

K2 BEAAEREE Tarlov iEHER  (n=4,x4s,5)

Table 2 Tarlov scores at different hours in different

groups
I ] JOEEi BRI 2 NRGif 7 4l
Time Control group ~ Model group NRG treatment group
3h 6+0 4.500.58" 5.00+0.82
6h 6+0 3.50+0.58% 4.50+0.582
12h 6+0 2.50+0.58" 4.00+0.80%
24h 6=0 2.30+0.507 3.50+0.582

D45 0 B LA P<0.05 ;@ 5B 4L X # P<0.05
Note: (DCompared with control group P<0.05; @Compared with

model group P<0.05

1 2% 41H B4 UK [ IR 5 9 955 3 A8 (HE, x200) :S1.,S2.,S3 .54 4 %F B4 ; A (B .C.D 43 511 8 F-ifE 7E 3h 6h 12h ,24h
BRI sa bcd 730000 45245 3h 6h 12h 24h J6 77 4L B T RLAT Sk 3 78 IE M 200 LT K 38 /R SE T sl T 20T, AT Sk

CRANCIRAY R N Lol S

Figure 1 Pathologic imagesof the spinal cord in different groups(HE, x200). S1, S2, S3, S4: control group. A, B, C, D:

model group at 3h, 6h, 12h, 24h after reperfusion. a, b, ¢, d: treatment group at 3h, 6h, 12h, 24h after treatment. The

short arrows indicate normal neurons. The thick arrows indicate death or apoptosis neurons. The thin arrows indicate the

tissuevacuoles
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AN M A S RS, T LR R i A
AR 2 MR 9 5 120 o 25 70 B S T 46 20 i LA
B EA S A TR e BTN TS, 2L LA AL
o P KL 2 i R 4 22 5 24h i B OB i — 20
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M ZETEL . IRYT A FRHETE 3h A R BEAZ AL 5 0] IR
2 G W Sk 22 5 5 6h [ 45 i 28 0 B R Y 4
RO R TTRAT AN PR 20 R T el 2
12h ZH 2005 BRI AU 2 B i s, T LR %
I 245 o 22 T, 40 D R 2 QTR B, A AN L

B AR 8 5 24h W] UL R AR M IR SE AR 2500 L 4
SERZETL, K (H AR FORTE B SRR AR L
A AL U] 0 s, AR A W] WA 2 A o8
LSRG
2.3 MMP-9 TIMP-1 %y 4 fh 45 5

UL 2 3 J 3k 3, % B4R L MMP-9 | TIMP-
1 R VRSN MG, AEAYZ . PR 7 3h 3 MMP-9
BEE 20 36, B 400 2 0y At 46 0 i 2 2t R A
IR YL, F BT T A K g R L BH M
LS B B () A 22 PR 120 PHPE M) 2

{":"'.i

2 SAFREA LT MMP-9 Y 8 214k K5 (SABC, x400) . S1.,S2.,S3.S4 X HRZH, A1 B1.C1.D1 4350 4 F-#E iF 3h,
6h . 12h 24h BB | al bl cl.d1 23008 4525 3h 6h12h 24h JAY7 20 o X B R UL A0 252 BE 2k 400 L, 5 B 20 S5 0 7 Al I oh
i I A8 78 e B BRI 22 5T (M 2 0 I IR B A B ik )

Figure 2 MMP-9 immunohistochemical images in thespinal cordin different groups (SABC, x400). SI, S2, S3, S4:
control group. Al, Bl, C1, DI: model group at 3h, 6h, 12h, 24h after reperfusion. al, bl, cl, dl: treatment group at
3h, 6h, 12h, 24h after treatment. Control group showing none immunopositive cells, model and treatment group showing

immunopositive neurons indicated by thin arrows. The cytoplasm of neurons were brown stained
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B3 SUEREALD TIMP-1 19 5 4L 1R (SABC, x400), S1.S2.S3.54 #1203 f41, A2 B2 .C2.D2 43 5y 7 HE TE
3h.6h,12h 24h BEAIL a2 b2 c2.d2 53} K 47 25 3h 6h 12h 24h 3R 77 AL . 0k HEAH R DL S B 240 0, 63 Y 41 5 3 7 4 1]
P Sk 18 7R B e B AR 22 T8 (M T K AR o (R )

Figure 3 TIMP-1 immunohistochemical images in the spinal cord in different groups(SABC, x400). S1, S2, S3, S4:
control group. A2, B2, C2, D2: model group at 3h, 6h, 12h, 24h after reperfusion. a2, b2, ¢2, d2: treatment group at
3h, 6h, 12h, 24h after treatment. Control group showing none immunopositive cells, model and treatment group showing

immunopositive neurons indicated by thin arrows. The cytoplasm of neurons were brown stained

*3 HHEFYAREESK MMP-9, TIMP-1 % % B 1% 240 i £ (n=4 ,xxs , N AFALEF)
Table 3 MMP-9, TIMP-1 immunopositive cells at different hours in different groups

MMP-9 TIMP-1
X HRZH [ HIT Ul Xof BR 21 FEAZH T A
Control group Model group Treatment group Control group Model group Treatment group
3h 0 9.00+1.63V 8.50+0.58 0 11.80+0.96% 12.30+0.96
6h 0 23.80+1.717 17.80+0.962 0 12.30+1.50" 13.80+0.96
12h 0 28.30+1.507 20.80+3.50? 0 7.80+0.96% 10.50+1.73%
24h 0 34.80+2.63% 30.00+2.16% 0 7.80+1.50 10.30+0.96%

D50 AL P<0.05 ;@ 541 % P<0.05
Note: MCompared with control group, P<0.05; @Compared with model group, P<0.05
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S3 A, FRHETE 24h IRVE(E IR YT A FEETE 3h 5
RUZH WO oW e 22 5, 1 PR 6h  12h 24h
MMP-9 [H 4 4 A £l 5 158 A0 24 B 3 ol /b B AU 20
TIMP-1 FHPE 4t A 3= 28 h 2 Fiowh 28 0 40 i S /b it
LA PN B2 200 B B 4 200 e 25 o [ 228 4 9 20 5 TR 97
2 TIMP-1 FH 1 40 i 20 7E 45 I Ja) 50 3 22 A Y
4, FEHEVE 12h . 24h TIMP-1 5% B 40 o 5 5
BERVAH A, 25 A geit 22 L (P<0.05) .
2.4 MMP-9 TIMP-1 #) mRNA #ik

L3 4, X HR4] MMP-9 TIMP-1 {04 fi %
KRR BT 3h MMP-9 £k THi , k&
W P 3 B ) S 3 n , PE T 6h MMP-9 ik
B MR W T, OF T 24h ik &, JRYT AL
MMP-9 BB ) /D, FHEE 6h 12h 24h
ZERA G L (P<0.05) , BRI FEREVE 120,
24h TIMP-1 &k 5%t I8 20 B & F# K (P<0.05) , A
S FEHETE 12h 24h TIMP-1 263k BB AU 20 B i
T, 250 gt 24 L (P<0.05) .,

3 iFig

R AL T AL 4 A A A B A 3 1)
Ak kPR R 1 BB B AR 2 onIR RS T, Sl
P2 T RE RSB B, AR A S R U E
A, FRER S M T Re e 2 — H R R
B 2f FU — ROME, AR O AT K S T R R 5
A BER 0 0 B A BRBLR, A O A AL B
FUA YT BE S I FEE B3 250 BT ik . BN
HNEAH K SCHRIRGE NRG 760 I % T 2538 61
F St I, P R 0 O T B A AR E A
Hedhli ZE096F 57 % #1 NRG/ExbB 15 5 18 #% 76 .0 Il
200 JH 1) A T R I e e v 4% R AR Y 2R
W A ORFFEUE SE NRG—18 o fii ffe ifit -3 1 451 405
HATVEAERIRITME R AR 1T NRG X 4 8 Bt 1P 8

TR 5 R T7 ROR 1 AR WARIE AR 5E NRG X8
i ke 1 PR TR O AR IR VE T, ARG
F7R R SR AT RRIRYT 2, AR BRI A K
B 5 S5 10 T 0L A A A B B RS
WIWE 58 NRG X Bk 1 £ 1 453 45 (996 97 R4
Ko

i 4 JB B AW (matrix metalloproteinase,
MMP) J2& — 2H 40 i &1 35 St 6 e 1l K R0, < I i
FIE 2 2190 ) 55 (tissue inhibitor of metallopro-
teinase , TIMP) J2& H: 8K 4100 il 57, X 4 457 411 i 4 3k
JoT 1) - e i AR T T A R AR 22 BL AL U
R MMP 25 1 kb & R G803 J5 2 Fhoie 21
i FE . Duchossoy SFMWF 5% IIE SE 2 M BB 4141 )5
eI | SR — A E S RIEOR AN A2 TT
PN B2 200 R S 4, T MMP R 4, -2 MMP
PyFeIA R, Y B RRSER I SR S BE AR 1 S
MMP-9 25 T 4k & Ve it 0 s B /2, JF 5 %
TR AR T A FEIE HIFE A a0
HATRFEER MMP-9 TIMP-1 E 446 7 | il
T MEENRG X MMP-9 TIMP-1 3 3k (14 5% Wi #7) 25
Y UENR G7E 8 Gl 1L -FHE T 40 O i Fe vh 2 5 2

M ER
ARWFFELER T, P 3 AR A Y R B
J5 2 Sl T RE V73 A0S IR ZH B R A, A B2 2

5 B 05 75 48 1T UL s NRG 34897 41 10 K BUR iz 3
NRETF4r B BAr AL, s B B AR 1Y 21
R R E LA X RZ R WL MMP-9  TIMP-1 FH
PRI ; A2 3h B MMP-9 5% FH 4 40
PR T ESF U A28 2 B 200 A 088 o, B4 40
i €0 R B T IR, PR T 24h SR IEE ;TRYT
ZH MMP-9 %o i VR 40 i B e e A Al ik /b | -
1 6h 12h 24h JA Y7 4 5B 20 AH 1 22 e A G it
2R L (P<0.05), LE55 S de Castro 5P HFFY

F 4 FHEDYWAERES MMP-9,. TIMP-1 mRNA K &iE (n=4,x#s)
Table 4 Expression of MMP-9, TIMP-1 mRNA at different hours in different groups
MMP-9 TIMP-1
Xof g2 AL 2 R Xof R 2 FEAZH RITH
Control group Model group Treatment group Control group Model group Treatment group

3h 4.93+0.21 5.38+0.25 5.35+0.26 4.74£0.23 4.53+0.32 4.55+0.26

6h 4.95+0.24 6.53+0.317 5.56+0.22% 4.76+0.21 4.62+0.21 4.65+0.27

12h 4.96+0.25 6.87+0.29% 5.74+0.27% 4.73+0.25 3.83+0.20% 4.28+0.22%
24h 4.98+0.23 7.53+0.33% 5.90+0.31% 4.76+0.24 3.65+0.327 4.25+0.24%

7D 5% B4 H i P<0.05;@) 5 BB 4 4% P<0.05

Note: (DCompared with control group, P<0.05; 2Compared with model group, P<0.05



o[ A 2 7 2016 4EA 26 255 7 )

Chinese Journal of Spine and Spinal Cord,2016,V0l.26 ,No.7 649

4R B BERIZH TIMP—1 %3 FH P 40 i K5 vk

HE 2R 8 /0 5 VAT 20 TIMP—1 %05 BH 1 40 i B &2
TRHEVE 12h 24h VA7 41 SECBU L AR L 22 5 Se it
R L (P<0.05), X R4 MMP-9 TIMP-1 )
mRNA (A BARK T 2635, B i P 7 1 450 70 4
MMP-9 1) mRNA ik 3 i TIMP-1 #) mRNA
Lk > NRG-1B 1697 i MMP-9 i) mRNA %
KA R 49 B B /D TIMP—1 9 mRNA 385 %%
BRI, T AT e 22 R A ST # 5 0
(P<0.05),

A5 3 3o O £ I P A R A S R TR
Xof B2 K B S5 O 2 DI REVE 43 | S AL MR
fEL 2L MMP-9 TIMP-1 % 1 il mRNA 7K F (1) &
ik R s 5784 & B MMP-9 TIMP-1 3 54 #
I PV T 400473 1 B el R 3l 3 E R NRG R YT 4
5 B AL PR T R Y 4 F 8 21 21 MMP-9 TIMP-1
M mRNA 7K1 638 L H AR (a3 g5 1L %
B NRG W] 7 5 i il i 798 v 5477 0 2 v & 4 b
AR ER, ZAE AR SEEI A AR S MMP-9 19 3%
ik PR A TIMP-1 (9235 LEA ¢, H AR
ML AT g 2 18 3 4+ MMP-9/TIMP—-1 1) - 1t 3k
R I~ RE B I, 05 P28 0 A A IR B
ﬁﬁsdﬁ e 5t L PV 0 A K HE RN Y A 2 AR A A

. 1H NRG ¥ MMP-9/TIMP-1 % ik iy {5 5 i
E%HL%J&E@%FVEFHM%U% FIRA
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