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The Temporal Changes of Matrix Metalloproteinases in Experimental
Middle Cerebral Artery Occlusion and Reperfusion

Kyung Yul Lee, M.D., Won Seok Yang, M.S., Eun HeeKim,
Ji HoeHeo, M .D., Ph.D., Dong Goo Kim, M.D., Ph.D.*

Department of Neurology and Pharmacology*, Yonsei University College of Medicine

Background : Matrix metalloproteinases (MMPs) can degrade a wide range of extracellular matrix components. The
degradation of microvascular basal lamina by MMPs may be, in part, responsible for the hemorrhagic transformation,
brain edema, and accentuation of ischemic injury in cerebral ischemia. Although MMP-2 and MMP-9 were reported to
increase in cerebral ischemia, the temporal patterns of their increase are uncertain. Methods : By using gelatin zymogra-
phy, we investigated the activity of MMP-2 and MMP-9 in 10um frozen sections of ischemic and non-ischemic hemi-
spheres in spontaneous hypertensive rats (SHRs) after variable time of reperfusion following 2 hours of middle cerebral
artery occlusion (MCA:0O). Adjacent 2mm-thick slices were stained with 2,3,5-triphenyltetrazolium chloride (TTC) solu-
tion to define the area of ischemic damage. Results : The infarcted zone could be visualized well by TTC staining after 3
hours of reperfusion. MMP-2 was observed in all samples examined, while MM P-9 was observed only in the ischemic
hemispheres. In the ischemic hemispheres when comparing with non-ischemic sides, MMP-9 was increased in all groups
undergoing MCA:O, as early asin 2 hours of MCA:O group, while MMP-2 was increased only after 6 daysin the reperfu-
sion group. MMP-2 and MMP-9 activities per unit volume of infarction increased during the reperfusion period and were
highest after 6 days. Conclusions : MMP-9 increased early after MCA:O in the SHR and both MMP-2 and MM P-9
increased during the reperfusion period. These findings highlight the early potential role of MMP-9 in cerebral ischemia.
JKorean Neurol Assoc 19(3):278~284, 2001

Key Words : Matrix metalloproteinase, Cerebral ischemia, Middle cerebral artery occlusion

o0 0000 000 00-0-00 (blood brain barrier)0l

000 0O ooo bobo.obo0ooo ooo oooo oo
000,00 0000 0000 o000 0o ooo o
000 0o0do oooo oo.2®

0000 ooooo 0o 0 0o oooboo ooo o
O matrix metalloproteinase(MMP)O 0O .* MMPO O
0 000 0oobo0oo ooboo O 0b obooo ooo

00000 (Extracellular matrix)d 000 OO0
000 0OO0o0o ooo0 ooo oo.ooo Oogdd
(basement membrane; basal lamina)dl type IV
collagen, laminin, fibronectin OO 000 0O0OO

Manuscript received December 27, 2000
Accepted in final form April 6, 2001

* Address for correspondence
JiHoeHoe, M.D., Ph.D.
Department of Neurology,
Yonsei University College of Medicine
Sinchon-dong 134, Seodaemun-gu
Seoul, 120-752, Korea
Tel : +82-2-361-5467 Fax : +82-2-393-0705
E-mail : jhheo@yumc.yonsei.ac.kr

* 0 000199900 000000 0000000 000 o
00 0000 0O0@HAMP-99-N-01-0002)

278

0O 0000 00 000 MMPO OO0 OO OO O0OO
000000 0000 000 Oooo oo MvmPO O
oooo0 0o0oO ooo 00,00 0 0o, ooooo
000000002000 000000 00000 OO
00000 0000, 000 000 ooooo oog
000 000 oo MMP OO0 MMP-20 MMP-90
00 gelatinase A (72kDa type IV collagenase) O
O gelatinase B (92kDa type IV collagenase)d O
O00.000 00 0000 OD0DOO0 OO0 obooooo

Copyright 2001 by the Korean Neurological Association


https://core.ac.uk/display/225419083?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

type IV collagen0 0 laminin OO OO 0000 OO
0 00 00000 ooboo ooo ooo o ooa o
000 000 oood 000 ooo MMP-2 OO0
MMP-90 00000 OOO0O OO .

0oo0odod oo oboo oo ooo, oobooo oo
0o MVvPO O0OO OO0 O, MMPO O0O0OO OO OO
000 doooooooo,0oobo0oboooooaoo
000 0000000000 00000 oo2og
oo, 0oood mvP-20 MMP-OO OO OO0 OO0
0000 0O02® 000 000000 oooo-o0o0d
000 00 0oobOo. o000 oob booooo oo
000 0oob0d OO0 oob boodob oob oo
oo0dd obo.d0obo ooob oo oo oboog oo
0Oo0b0ob0DbO oo oo obobob bobo oo o
0 00ob0 oo boo oo. 0 oobboo ood
000 000 ODooobO ooboo oo o oooo o
0 0 0ooood MmvP-20 MMP-9O OO O O0OO
000 00 0000 oo oboooo ooo.

ggg oo
1. 00000 000 oooo oo

0 0Ooogono 250—-350 g0 0O OOO OO0O O
(spontaneous hypertensive rat)d0 00000 . O O
00 0oooob 0bbo0o ooooooo oboo ooo
oo ooob bbobbobobobob oo bbooo o
gobo.boooob booo boo O boo oo
o0 MMPO OO0 OO OO0 200 00O OoOO0OO
goo b0 oooob ob oo 3,1800 0 60 0O
gobo0o 0 o0oodbo 400 0o, oo ggooo
Jod0o0O((Table 1). 0 O0OO0O0OO O 20000 0000
0 Oboooboobob, 0000 oo0oo ooo 200 od
060000000000 O0O0DO 1000 0o oo
0 dobod. b0 bbb 0o bob DobOo oo
0 0o0d0o b0bo bodoo 0ob toob oooo
O2*® 0, 00 isoflurane OO 00000 OO0 OO
gobb boooo obbobo boooo gooobob oo
U0 00dddod bboo o0 odgg.bbobobo oo
oo0 0oob 0 oobb oobb oo oo oo, O
000000000 0000 00 0obo0 0 0 poly-

000 0000 OO O Matrix Metalloproteinasesd OO0 OO

L-lysined 0 OO0 4-0 OOO O(Ethicon,
Edinburg, UK)O 00O 0O0O0OOO OOOOO2 OO
000 ooooob oo oo oo oo oo ooo
00 o0o. o000 0b 0 0obooob oo oo g
0 0000 000 D00 ooooo.oooo isoflu-
rane U0 UJ0O0O0O0O OO0 OO0 OO0 OO0 O0O0O OO
0oddb 0obo ooboo. ooob ooo boo o
0 0000 obob oobo o oo ooboo o oo
0,00 000 00 0b0o boob oboo booo
oo, 000 0 18d0d ooood.

2.00 00

Urethaned 0000 0000 OO0 OOOO peri-
staltic pumpl] 0000 O0O0O0O OO OO0 00O
00 0000 OO0 000000 Dooog ooood
00 00 DOODOD. 000 OO0 brain matrixd 0O
000 00000 0000 2mm 000 OO OOO
oo0o. 00 400067 mm) 000 OO0 OO0 OO
0 O Tissue-Tek OCT compound (Miles, Inc.,
Elkhart, IN, USA)O 00O 2-methylbutanell OO0
0000 0000 00O 000 0O o0 -800 0DOOO
000000 OO 0O ODO0OO0 ooO0ogd zymography
JoD0oo. ooo ooo 2% 2,3,5-triphenyltetra-
zolium chloride(TTC)O OO OO 37000 3000
0000 00DO00D0 00 b0o0o0 oob ooo O o
oooo.

3. Modified zymography

00 0 000 000 10 ym0O cryostat 00O OO0
0 120 O OO 00O (homogenizing buffer) (1%
Triton X-100, 50 mmol/L Tris-HCI[pH 7.5], 75
mmol/L NaCl, 1 mmol/L phenylmethyl sulfonyl
fluoride[PMSF; Sigma])J0 OO OO0 O O OO 40
00 2000 9000 rpmUO0 ODO0DO0OOD ODOOO O
0000 -8000 OOOOO.O0ODOO OO0 ODO0OOO
zymographyll bovine gamma globulin standard
0O OO0OO0OO0O Bradford 00 (Bio-Rad Laboratories,
herculus, CA, U.S.A)0 000 000 0D0O0OO OO
oogd.

Table 1. Size of infarctions according to the duration of experimental middle cerebral artery occlusion/reper-

fusion of therat

Group
MCA occlusion Reperfusion Number of rats Size of infarction(%)
0 hours 18 hours 3 0.0
2 hours none 4 not measured
2 hours 3 hours 4 32.4+ 0.70
2 hours 18 hours 5 32.8+ 3.54
2 hours 6 days 3 29.2+ 8.17

MCA : middle cerebra artery
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Figure 1. Gelatin zymography of ischemic and non-ischemic rat brain tissues. MMP-9(matrix metalloproteinase-9,
92 kDa) and MMP-2(matrix metalloproteinase-2, 72 kDa) are detected in ischemic (1) brain tissue. In non-ischemic
(NI) side, only MMP-2 is detected. 20; 2 hours occlusion without reperfusion, 203R; 2 hours occlusion with 3 hours
reperfusion, 2018R; 2 hours occlusion with 18 hours reperfusion, 206DR; 2 hours occlusion with 6 days reperfusion
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Figure 2. Integrated density of the matrix metalloproteinase-2
(MMP-2) gelatinolytic activity. MMP-2 activity is significant-
ly elevated only in the ischemic hemisphere of a group
206DR. 20; 2 hours occlusion without reperfusion, 203R; 2
hours occlusion with 3 hours reperfusion, 2018R; 2 hours
occlusion with 18 hours reperfusion, 206DR; 2 hours occlu-
sion with 6 days reperfusion, * p=0.0152
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Figure 3. Integrated density of the matrix metalloproteinase-9
(MMP-9) gelatinolytic activity. MMP-9 activities in ischemic
hemispheres of all the groups are significantly higher than
those in non-ischemic hemispheres. 20; 2 hours occlusion
without reperfusion, 203R; 2 hours occlusion with 3 hours
reperfusion, 2018R; 2 hours occlusion with 18 hours reperfu-
sion, 206DR; 2 hours occlusion with 6 days reperfusion
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Figure4. The temporal changes of matrix metalloproteinase-2(MMP-2) and matrix
metalloproteinase-9(MMP-9) gelatinolytic activities per unit volume of infarction.
MMP activities show atrend of steady increment during the reperfusion period.

MCA; middle cerebral artery
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