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[Abstract] Cerebrovascular diseases such as intracranial atherosclerosis, intracranial aneurysm and ischemic stroke

have become the important causes of death and disability. The structural and functional changes of cerebrovascular, which are

caused by various pathogenic factors, are the common pathophysiological basis of cerebrovascular diseases. At present, the

etiology of cerebrovascular diseases has not been clarified. Growing evidence suggests that matrix metalloproteinases play

an important role in the occurrence and development of cerebrovascular diseases. Blocking or inhibiting the expression of

matrix metalloproteinases provides a new theoretical basis for non-invasive treatment of cerebrovascular diseases. This review

discusses the relationship between matrix metalloproteinases and cerebrovascular diseases.

[Key words] matrix metalloproteinases; cerebrovascular disorders; atherosclerosis; intracranial aneurysm; stroke

A FHURZS T il 00 A 4RI ZH U AR . Y
ik 100 A7 ] PR PG AR IS, I A8 85 ) RN ) R A A A
1k, CUFE NG . B AR I RS
IR FERREL BRI, 1 i A8 7 A — FR A
AR DA AERE I A 1EF 09 A BT D BE, 1Y SR
PR S A A BRI NG I A5 R SZ Y L, G il K P
BCBIKGRAEREAY, 5PN B TR B sl i A A v 4 —
FAN A, TR SR, Sty
KT AT,

S A I OGS 5 s I, L RE H P B 45 A
IR 5T J B, Herh BT 4 J8 2R B (matrix
metalloproteinase, MMP ) % YK 40 ffd #b F& S

[WFSHEA] 2019-12-20 [#ZH#] 2020-03-31

[ Acad J Sec Mil Med Univ, 2020, 41(8): 876-879 ]

(‘extracellular matrix, ECM ) & iX — i # 4= # i
FREgEsE " T AR SRBOR M 2 A IEYE 2 ], MMP
TEVA T 0L P RS-0 LA L ) ey T 2 4 EE A
Mo RSO MMP (/E LS &, 2718 MMP 78
G A A RERE AL . N BRI A R R
I PR i 2 5 TR S 0 R, B A A M 5 1Y)
IR R HET Y U

1 MMP LigErIEi

MMP J2&— 05 25 5~ R 19 IR A i, L5
H S RSF AR T A G . IER RN
T MMP LUK G BPIRASAFAE TR, 452 BN SRR

(EE£TBE]  EKE s I N AL GV b1 B A T I st I H (2016YFC1300703), 5K H SR K} % 5: 4> (81701136). Supported
by Key Project of Prevention and Control of Major Chronic Non-communicable Diseases of National Key Research and Development Plan
(2016YFC1300703) and National Natural Science Foundation of China (81701136).

[MEEEA] X AR, A B B2 il E-mail: tanghaishuang5755@163.com

"Il {EE# ( Corresponding author ). Tel: 021-81873453, E-mail: chstroke@163.com



S5 8 41 R, A BTG AR A RETE I L O P RIS

e 877 -

B, MMP i K25 A 8 DI Bk, F e 2 I
MMP & & & i 25, MMP #3076 . MMP &z - i
Gross fl Lapiere 7E M} H X8 19 v 4% - MMP-1 .,
TENIR, MMP S BURTE KA L b ki, 124
ik, TEARE RS & B 24 F MMP, X & MMP
Yo 6 AN IRFEEEZE (MMP-1, MMP-8,
MMP-13) . B Ji& fif 28 (MMP-2, MMP-9) .
) R %25 (MMP-3, MMP-10, MMP-11) | %t
JEHARESE (MMP-7, MMP-26 ) . 4R &M
fiti 2% (MMP-14, MMP-15, MMP-16, MMP-17 .,
MMP-24, MMP-25 ) K HA25 MMP 7 |

TR, MMP FE IS B 2R . 40 4k
T, AEME R HEEZER; RERES
T, MMP )22 5 R4 R . Ui &G K& E
R, K. MMP Ff# ECM 42 iF 98 AE 41 it 1Y 7=
. R, REE S R TSR IR A
SUIEH 457 . MMP ) U 8 52 3 5 42 @ 8 A g 41
21 0 1] ¥ (tissue inhibitors of metalloproteinase,
TIMP) # f5. ZEH#HRZE T, MMP & & 18 11X,
TIMP i iof 5 H A5 G 45 0 20 20, eSS
FRAME N MMP 3244 P 4 R 7 B S8 Ak g 38 R 3
FOMEE, B a3 MMP 5 TIMP Z [H]
B AT, AT R FEAE AT o Ak, MMP 78
FLAA PN 118 2838 380 32 R TR 7 B 5 e {7 5 3 1% 1 1A
¥, i, TNF-a M IL-17 7] 38 3 | 5 NF-xB %
5 I MMP-9 f 85 S, N R i 2o Tl i
A DE BTG 6 T R W T A 258 MMP-9 1 5%
'Y MAPK J% TNF-o ] i i NF-«B {5 5 1 % |
i MMP-2 355

2 MMP 5xmE#HEEL

i 1L A 5 AR B A SR LA PNt A A3 25 L R 45
W, UL R & A RS A R, 5
M VESRIE SR B A ks A Ak ol R 00 S B A%
Yiff . E VRN AT 2R A AN A, 1 AT LA A
FERMERF R T kAR, HWElE PO ok Al
AR B LAY ) 00 TR A B A o AR Rl Ak A kI
P L L A 0 KR B i i A O A R
I P B Aty A A 0 A A A P AT R
B BH, BIF5Y 26 B MMP ZEAR JE 3 RO AL BEHTE Bl
ML/ SR R BB 945 507 T & A EE BRI
Kadoglou % ™ BF5¢ & ¥, MMP-2 HA {24 3 ik ok
RERE AL BE LR B 2 A9/ T, Abdelnaseer 25 ' % B %5
Bl Ik N G TR AR MMP-9 kN, Jmil ik
JnEy) MMP 5 30 8f) ko 75 ¢ R %10, A AE R i i

o A v Ay gt P i A R T AR A AR R
B, MMP A i 1451 9 L2 e 34 5 R #8119
AEF1, $E7" MMP 5 s ikl RERE L BEBR (1 2F K g
SEPEBYIAR S Johnson 2 AE B LI HHIF S,
MMP-3, MMP-9 EA7 g 7 o 5 BE B3 A= Ko 3 hin £
Pk MEVERT, I MMP-12 253235 W] 2 0 i B b
AT EME. B4 45, MMP 22 5T
G 0L R R RE AR 1) K A e A, (HUARTR]IE 2K MMP £
Sk FERE AL BEER (14T i B rh i BB &4 T AN
YER, (HEARDLE R R &

3 MMP 551 zhBkIE

Vit N B PP TR 2 i I s P, o™ Y
i e DR S s 1S L i e BOE R R
H R T51 PN SI DkRE i R i R TR, BRER . A%
LI 3L 311 727 PR 3R 102 5 PN Bl R T 1l ) e A
BRI 2R o 18P 90 S I A A2 3 s PN 3 Bk g T it
KRB EZRNER, RAEAEAE R R sh 12 pd
AT AR -, JE A5 A 4 M 2 I
KAYEF, MM IS RETR S 205, ECM REfif, R4
7] S SOk BT AR R F A, R — i
Firh MMP A& 45 T B 2R, e A Bk 2 it
FRLET MMP 25 BN ke &4 &AL
D

Rojas %1% I 1EH ML HTEL, A3 kR
FrAs i MMP-9 ks, HILFRE K504 3
JKIRE (49 /NG 5. Bhatia 25 BF ST & BR, 5P R
e 54 3l kg vh A AE AT BE S AL IS, Bl Dk B
AL S KRS RSO kA A OC. MMP 5
I8 BEES AL OC R BT, X LJE MMP {2 2 i 4 30 ik
R RIEMTT 2 LR AT A
A5 BB 32K ( protease-activated receptor,
PAR ) 354037 BEL DT - 7 JUL 400 0 Fy 5 s i i e
1, ) SR BH BT MMP (1) 28 35 AT 2 fii N 30 kg
BE YT B BRI KAl . Nuki 287 78 /N B30 ko A
AUIE S [ AR MMIP 3% 3K R I 25 410 1 5 PN 30 Dk e ik
Ji&, Ik B MMP-2 55/ 0N BTN 3 BKORE 4 A A e
X1 60%, MMP-9 Rl /)N TN Sl bk % A= 5
1T 40%. Xiong %" 75 /)N U5 JLEE & AF£F 30 ik
AR B, A MMP-2, MMP-9 26354 & FH
Wr T ECM Y [ AfE, I 1T i 35 I 3l kR B e 24 XL
K. Feng 25" LbAs T 1N R i L Sl kg 5 s 2 5
kR B A I T MMP-9 (25K 22 5, Ak I o
MMP-9 & 3 ik 55 3l iR i 44 . Aoki % 7E
I3 3 127175 S R BBl bk e A h A 3, Ay 726



* 878

BOFEERFFM S 20204E 8 H, 41 %

25 AT IS 30%~40% f5 N S KR B RR, HLHI AT
BE A MMP 23513, Yoshimura % 2" 1E— 15
[l A R 2 B, IR AT T 2259 B s ko s
SR R B AT AR IRZGA, X — AL T
MMP 7 fii N 2 ke oF J8 J Tk #5 1 EEE AR . B1
BB, i sk B & A2 5 MMP (16 R A5 21
ZHFFCRIUESE, X & 56 2R TR AT ZEKE A i 4 3
VK98 BITR YT AT A S2HL

4 MMP 5H 4 fxzE s

1 2R ST P HHS 1 7™ B A 10
2 50% 114 ok Do JEE T s o o £R S R R R 1S A N
FET 2 IR Y IS B0 A K e I 57 A A
TG 2 R M E R N, 2T s
MMP 3 33 A A28 RAE I . i . wk
A ML s 5 22 o 3k 420 A S IR M 2 e P R 4 R
T L Abilleira %2 % B IE # M HE,
ek DX ST o I AR 3 Y MIMIP-9 36 K 7K AT I 35 1
o WuE PR R B, RIS S d N, B
I3 MMP-9 {55 F KIRAS, I i 5 F v 2 i
SN, 22K IS R E IRV AT AR R LR
Alvarez-sabin 257 % B Ik 1 1L 28 oF MMP-2.
MMP-9. MMP-3 }% TIMP-1 1 TIMP-2 3 ik # I
W, PR MMP 56 e & HATHEH
MMP 57134 57 % 4 1L B 76 S SC IR mr 5T o B
— B AR P8, e S R I 2 A T SR
IFA R

5 MMP 5k fwzE s

SR I O A v R i A 2P E R ZE R B A R
FAE, FE A P, s R AR T 80%.
WFFE W], MMP 55 B v ik 2 o e R ) 7,
MMP i 12 B fif ECM il S5 1L fii o B 2 5 e il M 2
Y & A . Zhong 45200 s R 2 M ol o P i A e A
F MMP-9 3k 5 . AR 20 S B7E il e 1.
T R RUBE A, MMP-2 Fl MMP-9 % fi# ECM
55 R T ot A W B K e R 56 A Sl i 2 A A
P 5 %0 K I MMP-2 32 35 7K F- 48 Y L %
MMP-2, MMP-9 &k, i A i 55 7 /N B 3l ik
1 SERR ALK I, 2H 2 4T 5 i )R 05 57 ( tissue-type
plasminogen activator, t-PA ) Y7 & il 543
i, R A I MMP-3 38 7KF-38m, IRk s
MMP-3 R I8 P9 R BBy ) . Zhang %574 3
i meta 73T & B, A5 MMP-1, MMP-12 #5E[H
FEBR MMM A RS F RGN ARSI A v e

1, MMP FEfiEIH ECM (1 [a] Bt b7 A= 1f 5 2 ik
By = A AE T A MMP 7EH 6 ECM I 38
T RKREAFALEERKKE T, B2, MMP
30 3 AN (R B E e e A 2 v g At R 52 91
FERTEVER, 1% MMP A9 1E— A5 B7F 7t Ay e ot 1
A R AR 1Y T 1]

6 INETREE

MMP 38 2 AR R HLH 2 257 i 158 ok A
Ak sl bk . i A A e I a0 Y
KL K. MMP i ECM | BRI K B e o] BE
J& MMP 1 F 116 3L [R] 95 B A= BERE, BH KT MMP 3X
—VEFIMLEI S8 2R 2 Ry B e
SRR, MMP ZEM A ARZ, AF MMP 7EA R
F18) i A7 96 TP AE FHA T ASI), i — 2D A 5 R
MMP (4 53 G FE F AL A e BA fii 155795005 79 & 9
HILH AR H BT ) T T b At T8 7T Rk

[£& % xx #f]

[1] CHEN Q, JIN M, YANG F, ZHU J, XIAO Q, ZHANG
L. Matrix metalloproteinases: inflammatory regulators
of cell behaviors in vascular formation and remodeling
[J/OL]. Mediators Inflamm, 2013, 2013: 928315. doi:
10.1155/2013/928315.

[2] REMPE R G, HARTZ A M S, BAUER B. Matrix
metalloproteinases in the brain and blood-brain barrier:
versatile breakers and makers[J]. J Cereb Blood Flow
Metab, 2016, 36: 1481-1507.

[3] CUIN, HU M, KHALIL R A. Biochemical and
biological attributes of matrix metalloproteinases[J ].
Prog Mol Biol Transl Sci, 2017, 147: 1-73.

[4] YOUNG D A, BARTER M J, WILKINSON D J.
Recent advances in understanding the regulation of
metalloproteinases[J/OL:|. F1000Res, 2019, 8: F1000
Faculty Rev-195. doi: 10.12688/f1000research.17471.1.

[5] GAO C, LIU W, WANG X, LIU X, ZHAO S, FU S.
IL-17 Stimulates migration of carotid artery vascular
smooth muscle cells in an MMP-9 dependent manner
via p38 MAPK and ERK1/2-dependent NF-xB and AP-1
activation[ J]. Cell Mol Neurobiol, 2009, 29: 1161-1168.

[6] WOO C H, LIM J H, KIM J H. Lipopolysaccharide
induces matrix metalloproteinase-9 expression via a
mitochondrial reactive oxygen species-p38 kinase-
activator protein-1 pathway in RAW 264.7 cells[J]. J
Immunol, 2004, 173: 6973-6980.

[7] JOHNSON J L. Metalloproteinases in atherosclerosis[ J].
Eur J Pharmacol, 2017, 816: 93-106.

[8] KADOGLOU N P, DASKALOPOULOU S S, PERREA
D, LIAPIS C D. Matrix metalloproteinases and diabetic
vascular complications J . Angiology, 2005, 56: 173-189.

[9] ABDELNASEER M, ELFAYOMI N, ESMAIL E H,
KAMAL M M, HAMDY A, SAMIE R M A, et al.
Relationship between matrix metalloproteinase-9 and



S5 8 41 R, A BTG AR A RETE I L O P RIS

* 879 -

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

common carotid artery intima media thickness[J].
Neurol Sci, 2016, 37: 117-122.

TR, TR, AR, Rk, B kA, 55 SiE)
Jik 6 RE R AL BB CD40 . MMPO [ 35 Je & X [T 1. 58
TR R, 2008, 29: 1065-1068.

WANG J H, DING S J, DENG B Q, WU T, CHEN H,
ZHANG S S, et al. Expression of CD40 and matrix
metalloproteinase 9 in carotid atherosclerotic plaques
and its significance[ J]. Acad J Sec Mil Med Univ, 2008,
29: 1065-1068.

JOHNSON J L, GEORGE S J, NEWBY A C, JACKSON
C L. Divergent effects of matrix metalloproteinases 3,
7,9, and 12 on atherosclerotic plaque stability in mouse
brachiocephalic arteries[ J]. Proc Natl Acad Sci USA,
2005, 102: 15575-15580.

LIT, LV Z, JING J J, YANG J, YUAN Y. Matrix
metalloproteinase family polymorphisms and the risk
of aortic aneurysmal diseases: a systematic review and
meta-analysis[ J]. Clin Genet, 2018, 93: 15-32.

ROJAS H A, FERNANDES K S D S, OTTONE M
R, MAGALHAES K C S F, ALBUQUERQUE L A F,
PEREIRA J L B, et al. Levels of MMP-9 in patients with
intracranial aneurysm: relation with risk factors, size and
clinical presentation[ J ]. Clin Biochem, 2018, 55: 63-68.
BHATIA S, SEKULA R F, QUIGLEY M R, WILLIAMS
R, KU A. Role of calcification in the outcomes of treated,
unruptured, intracerebral aneurysms[ J ]. Acta Neurochir
(Wien), 2011, 153: 905-911.

CHISTIAKOV D A, SOBENIN I A, OREKHOV A
N. Vascular extracellular matrix in atherosclerosis[J ].
Cardiol Rev, 2013, 21: 270-288.

NUGENT W H, MISHRA N, STRAUSS J F 3",
WALSH S W. Matrix metalloproteinase 1 causes
vasoconstriction and enhances vessel reactivity to
angiotensin I via protease-activated receptor 1[J].
Reprod Sci, 2015, 23: 542-548.

NUKI Y, TSOU T L, KURIHARA C, KANEMATSU
M, KANEMATSU Y, HASHIMOTO T. Elastase-
induced intracranial aneurysms in hypertensive mice[ J ].
Hypertension, 2009, 54: 1337-1344.

XIONG W, KNISPEL R A, DIETZ H C, RAMIREZ F,
BAXTER B T. Doxycycline delays aneurysm rupture
in a mouse model of Marfan syndrome[ J]. J Vasc Surg,
2008, 47: 166-172.

FENG X, PENG F, ZHANG B, WANG L, GUO E,
LIY, et al. Lower miR-143/145 and higher matrix
metalloproteinase-9 levels in circulation may be
associated with intracranial aneurysm formation and
rupture: a pilot study[ J . Clin Neurol Neurosurg, 2018,
173: 124-129.

AOKI T, KATAOKA H, ISHIBASHI R, NAKAGAMI
H, NOZAKI K, MORISHITA R, et al. Pitavastatin
suppresses formation and progression of cerebral
aneurysms through inhibition of the nuclear factor kB
pathway[ J ]. Neurosurgery, 2009, 64: 357-365.
YOSHIMURA Y, MURAKAMI Y, SAITOH M, YOKOI
T, AOKI T, MIURA K, et al. Statin use and risk of cerebral
aneurysm rupture: a hospital-based case-control study in
Japan[ J]. J Stroke Cerebrovasc Dis, 2014, 23: 343-348.
SERRONE J C, MAEKAWA H, TJAHJADI M,
HERNESNIEMI J. Aneurysmal subarachnoid

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

hemorrhage: pathobiology, current treatment and future
directions [J]. Expert Rev Neurother, 2015, 15: 367-380.
CASTELLAZZI M, TAMBORINO C, DE SANTIS
G, GAROFANO F, LUPATO A, RAMPONI V, ET
AL. TIMING of serum active MMP-9 and MMP-2
levels in acute and subacute phases after spontaneous
intracerebral hemorrhage[J]. Acta Neurochirurgica
Supplement, 2010, 106: 137-140.

DANG B, DUAN X, WANG Z, HE W, CHEN G. A
therapeutic target of cerebral hemorrhagic stroke: matrix
metalloproteinase-9[ J ]. Curr Drug Targets, 2017, 18:
1358-1366.

ABILLEIRA S, MONTANER J, MOLINA C A,
MONASTERIO J, CASTILLO J, ALVAREZ-SABIN
J. Matrix metalloproteinase-9 concentration after
spontaneous intracerebral hemorrhage[ J 1. J Neurosurg,
2003, 99: 65-70.

WU H, ZHANG Z, HU X, ZHAO R, SONG Y, BAN
X, et al. Dynamic changes of inflammatory markers in
brain after hemorrhagic stroke in humans: a postmortem
study[ J]. Brain Res, 2010, 1342: 111-117
ALVAREZ-SABIN J, DELGADO P, ABILLEIRA
S, MOLINA C A, ARENILLAS J, RIBO M, et al.
Temporal profile of matrix metalloproteinases and their
inhibitors after spontaneous intracerebral hemorrhage:
relationship to clinical and radiological outcome[J].
Stroke, 2004, 35: 1316-1322.

LEE C Z, XUE Z, ZHU Y, YANG G Y, YOUNG W
L. Matrix metalloproteinase-9 inhibition attenuates
vascular endothelial growth factor-induced intracerebral
hemorrhage[ J 1. Stroke, 2007, 38: 2563-2568.

WEN D, DU X, NIE S P, DONG J Z, MA C S.
Association between matrix metalloproteinase family
gene polymorphisms and ischemic stroke: a meta-
analysis[ J]. Mol Neurobiol, 2014, 50: 979-985.
ZHONG C, BU X, XU T, GUO L, WANG X, ZHANG
J, et al. Serum matrix metalloproteinase-9 and cognitive
impairment after acute ischemic stroke[J/OL]. J
Am Heart Assoc, 2018, 7: e007776. doi: 10.1161/
jaha.117.007776.

B, £9, S, B — 5 . SRl PB4 K R
HYIMMP-2 . MMP-9 5 2538 46 5 i K i 22 [T 1. 58
TR AR, 2010,31:1193-1197.

JIAO H X, WANG P, MA T, XUE Y X. Changes of
MMP-2, MMP-9 contents in cerebral tissues and
cerebral edema in cerebral ischemia-reperfusion rats[ J ].
Acad J Sec Mil Med Univ, 2010, 31: 1193-1197.
KURZEPA J, KURZEPA J, GOLAB P, CZERSKA
S, BIELEWICZ J. The significance of matrix
metalloproteinase (MMP)-2 and MMP-9 in the ischemic
stroke[ J 1. Int J Neurosci, 2014, 124: 707-716.

SUZUKI Y, NAGAI N, YAMAKAWA K, KAWAKAMI
J, LIINEN HR, UMEMURA K. Tissue-type plasminogen
activator (t-PA) induces stromelysin-1 (MMP-3) in
endothelial cells through activation of lipoprotein receptor-
relevated protein[ J . Blood, 2009, 114: 3352-3358.
ZHANG G, LIW, GUOY, LID, LIU Y, XU S. MMP gene
polymorphisms, MMP-1 -1607 1G/2G, -519 A/G, and
MMP-12 -82 A/G, and ischemic stroke: a meta-analysis[ J ].
J Stroke Cerebrovasc Dis, 2018, 27: 140-152.

[Fx4ig] B



