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Matrix Metalloproteinases in Cardiac Remodeling after Myocardial Infarction
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[ Abstract ] Cardiac remodeling after myocardial infarction is closely related to heart failure and arrhythmia,and affects the prognosis of
patients. Matrix metalloproteinase( MMPs) is an important regulator of extracellular matrix components and plays an important role in cardiac
remodeling after myocardial infarction. To investigate the efficacy of MMPs as biomarkers for myocardial infarction or heart failure and its

prospect as therapeutic targets , the expression changes, detection methods and treatment status of MMPs in the process of cardiac remodeling

after myocardial infarction were reviewed in this article.

[ Key words ] Matrix metalloproteinases; Myocardial infarction; Cardiac remodeling

IO LA L ( myocardial infarction, MI) Ji7 .0 i B8 #4
(cardiac remodelling, CR) FAHE& 44 T 20 40 70 4E4L,
& HH MI 3015 ) R I 80 G A 1 sl Al
NEVERISSAE I BE UL , KB S5 R IR O E RN
JESHITIRER UL , ¥ K 0 o3 A0 45O WLAE B . 4T 4

BIEE  FMFE, E-mail ; sunyangyjs@ sina. com

MY A0 ff A0 3 5T (extracellular matrix , ECM) Fl5& 0k 36
Wk&RGe. MIJ5 CR 257 =B Be, 51910 48 5 S B
B, B R S TR TE B B, 22 5 S R A B, R
[FIBT B, ECM 5 B B3 fife 1 P 34 6 o 5 22 G 22
F T 4 J@ 4 B ( matrix metalloproteinase , MMPs ) 7f i



OB R 2019 4E 11 A58 40 356 8 Wl Adv Cardiovasc Dis ,November 2019, Vol. 40, No. 8

- 1095 -

5 ECM P e SCHVE F , AN B 0 ECM. 54319
REARE A G R E , TiT ELAS WT S 4R 440 b 43 58 12 P
TR ECM (i, HATE &3 MMPs % i &
25 AN RCBR, H e A0 | 0 L P R 4 LA
FIRLZT 2 20 ity 45 22 Fh 28 70 (%) 240 Jif 2 W] 43 %6 MMPs,,
MMPs 1315 57 B 7 53 7 538 J F0 B0 128 )5 A A A 1 ™
weEE . 2Pk MI S, S5 JE i A 98 58 40 i Y 73 S0
WAL 3K MMPs ; MIJ5 7 d 4, BEFEIX. MMPs 3= % i
PR (PR 4 A B AR ) 7= A s M 2 7 d LA
Jei o O WUSCET 24 40 i T 0 200 it ki > MMIPs (1) 32 225k
P, L Fh MMPs A H B4, T R 2% B4 1 FH 4 -
AFFZER MMPs HAG £ [ (14 53 W4 A5, 2300 T MI
S BN TR Bsf 1] g5 10 BRUE AR 5 AN [R] MMPs (%) I A 28 X
[l — RSy ] Bl 22 Fh MMPs [fit
1 F& MMPs FIIBE R =

FEELAIY 25 F MMPs Hr, 2525078 MI 5 () 12K b
/00 % (left ventricle, LV) 20 21 v gk 47 2ok A6 00, 43 4%
MMP-1 MMP-2 MMP-3 . MMP-7 MMP-8 MMP-9 MMP-12 ,
MMP-13 MMP-14 Fil MMP-28 25 3 1 43 54~ 23 4 Fib
MMPs (1) 7= 4= J7 X AE IR SH 5 MI J5 CR Y
3\3/%[4»13: .
2 MMPs 7£ MI J5 CR HEI{ERHLEI

MMPs 1 R 355 ECM (1) 3 22545 , AL RE B4R
fif 5, IR RE VA ML S (%) 40 i DR 1 Fn A R vk
S5 RIER N, MMPs Rk RIS 3Rk i MEFLL AT
[E T HEXS CR = A RSO R 2 . 254G ] 5
7 A B, MMPs 1V R800 S A 15 19 5 A 5 52 0
7 3 G HBA BT, MMPs ¥ 3000 2 1

MMPs [ fif ECM 7= Az AX 22 A ] i e Jt 2 1 A
AR A B, Rel I SRS 5 R e ECM R AT AR
[FIFEZXF CR = A A AR50 o 4Ky i MMP-2
F1 MMP-9 77 %) C-1158/59 JieJii A B i AN B MT 955
KhJE 6 O 5 A, B Ak ZE = YK . MMP-2
MMP-9 MMP-3 FI MMP-7 Z&fig &5 # & 1 ) , g = 4 4E
Wi M KR B, 800 JUE o8 2T A4 240 i ) S S e i
PRI A AT . MMP-9 B B A 1 /N AR WS 28 11, 3 5
Vil 440 2 TR 5 14 I/ INAROBE R £ 4 s e ok 4
TR T, D0 I A

T340, MMPs [ T BEFR IR AL, b B 5 s B
GEOTEE A . Flin, MMP-O A 55 v 7 240 it B e
A 5 A8 I 12 3% % 1 ( neutrophil gelatinase associated
lipocalin, NGAL) 25 &, JE it MMP9-NGAL & 491",

XFPES G A 2 A RERFSE .

MMPs AN RE7E 20 fL S 2/ T, 15 2 MMPs i 5
HYMENMER . HRTE & ¥ MMP-2 , MMP-3 MMP-
9 MMP-13 F1 MMP-14 % £ f MMPs 545 411 N4
MMPs £ 4 i P 59V F 2 52 i CR, 491 40 e 9, MMP-9
J&i , B INCo LA B N ATP-Fr 45 R G BB V7 4, 3 2o
HrFELORL A E AP AL K AR R ) g 2>
ST, 2 ML O REDRET™
3 MMPs g9 7 iE

T 20 42 90 AEARH I AR MI 22 9.0 JULZH
UK 21 MMPs 23R 59 I, 22 J5 10 30 22 FhoR (0 4
778 K B g I MMPs f 5 A5 v, W
MMP/TIMP [ AH, LA K S5 52 MMPs (R .

I B S FUR, MMPs 36 5 46 0 32 4 55 il
SRR (RS2 PG ) o e FH 0% 2 B e sk s 2
FI RS A , B2 MMP-2 1 MMP-9 (i 47 , i 19 25
FJ& MMP-3 [JEEH . & B AR 2T i ) T
AP P 2 i i 12 T 25 o 45 A, AR Ty i R g P g i i
FIIA 1) SDS-2R P s Bk e B s v , AR 43 1t FL UK 40
B S A M AR BT S K R
MMPs 75 PE 9K 5 K S IR, 2% 15 Hr 5 W e 40,
e, 7E W (675 S R ] B O A0, A TR 5
MMPs (% 3 V£ 8 1E b (8 R 33 Fl J7 32 Bk AT U %% %)
MMPs {5 HETE, WSS AT, SR, B vk
TN P TR AR 0 1, TG I MMPs 7 { P 114 S5 B
TR PRI — BB 5T /N ) A7 il 2 1 7 00 £, DA
Al MMPs 78 MI 3358 F (36 1

BAE, T 2 XA~ MMPs Fil TIMPs FF & T K
TR, D PEAS 2H 2L A A1 1 MMPs AH Xt i i
B T N R NI v . T R A, B TR I
FEL AR BR 3 40 77 £ MMPs, AT BE2x Ak i 2 755
MMPs ¥ & | T DA S5 B AN 2 75 1038 H ol a2 3 40 i T 7™
A i MMPs (4235 MMP-7 . MMP-8 . MMP-9 . MMP-12 |
MMP-14 F MMP-28) .

PR MMPs 36 P 8 3% 5 R IS 240 . —
Tt MMPs #8545 AR 400, 2248 S 149 R 400 ] o 928
B3I vk Bl B 11 0T A 2 5 vk A TSR AR VT Al o mT
T X R E BT 25 R AT I, 8 — 25 3 Hr i B He
ST O, SR X PP T T A HLBSTEAN R IR H %
FE B 15 MIAHC Y MMPs (94, B G2 7 7
16 PR E T4 MMP-9  {HORIE H T LT R
Yi{E B ) MMP-12 1 MMP-28 %



- 1096 -

O IR AR 2019 45 11 A% 40 555 8 W] Adv Cardiovasc Dis ,November 2019, Vol. 40, No. 8

®1 BB MMPs R REE ML HEER

4
TR (LTS L 55 TIMP-2 (1958 T 1

P RG MMP-2 3]

HEAEIX MI 5 16 Jal i I {E

He i i M1 75 L 5 M % 5
120 L B £ 4 40 A TTHRRM. 14 JEATE ey MO A
E VL E 4R =3 R EAY R R Qi s
MMP-1 it T 2500 TIT 750 e B e, & 28 d FREF| 4
IV % A Pl " " , T gLy b sE R
{811 50% 724514
TEAMS 4 R e UL/ 5 26 1157 76 20
DL N 4 N A 3 B ECM AR 3E 28 i 4 i)
CAARE WG  HINIILGERE O GERRIEMEIEE vy g NP2 AP R I 2
MNP RS A JEER sl R R P
MRS T LR BELLE 0 0 S B, S 5 1 4E R s ¥
e
e 2 F0 ECM Sy AR 1. SR ILr MMP-3 B [T+, M1
(4 4k 4 INERH MMP-3 5 ML) i
mpy A R e RIEE L E ORI 53 R MG 48 b e ) AT MU AR
zulih N IEAE G
M FE
MMP-7 35 PR 5 5 0o R B
IV Y J i 2 43 4%
U WLAT M . P Bz 4 e F:ﬁ;ﬁéz ;ffge ém;@;i PVBLIIAT R S MMe=7
R %ﬂEﬂ:*élﬂﬂé ’ %\Cxﬁﬂ:ﬁﬂi\lii *“w MMP f' CEE FIEZ MLE LV 373, 368
. = e *5 ' B £ AL S MI
MMP-2 MMP-9 4 H.Alli MMPs
AR
I — MIJ5 6 h AR I, 12 h ik
T AL 4 11 7
wes A T e B, bR T M. 75 MUJ ot bR A
” 5§53 KU B
O JULAR i 20 B
DAL PSRN b s e B IR, 581 SRR 7 d oAk R P A0 MMIP9 i
WP B A R BURASA R R AW
WAL R e ¥
A L2 ﬁ%ﬁwm@ﬂmﬁﬁﬁaﬁw ‘
R AUREAMBEE T AT A ‘ MI LB MMP-12 2 4E3R
I W 4 e N = 51 FIFIEHNN T d 2473k .
WP e, RO PR 0 0 R T, 4 I 41 U
;M o MR R R VR e e it B0 DR A
: W 4 L 24 0 T
Wefie ECM 25 o iy 1 70 50 2F 16 2
LA R RO RRAI I s R A B R R
MMP-14 T PRI S AL K TR R e R TR ’

e S0 S 40 v g R A

i TIMP-2 . A 22 ) & @ Bk -2 .

I RATF 5% F 22 fdE FH A9 MMPs 336 4 PR AG 38 F5 4
MMP/TIMP [LA8, {540, MMP-9 {5t 5 TIMP-1 454,
DRI B 42 5 MMP-9/TIMP-1 FefE'™ . SR T TIMPs [
AEZISCEAER, s g AEPURAME S S1 MR T
TIMPs #b, o2 BREE [ UL AE 5 76 2R ) MMPs 454
L DRI, 3 0 P B — L AR PRAG MMPs f 44
DI P AR B, X T MMP/TIMP {5 f) A% 35 7
I
4 MMPs FHI 5B

H 20 22 90 AR LIk, i 58 F AT — ELAE I &
MMPs S5, AR ZERRE MMPs 30080 3] 2% 7 2] 26 9%

f MMPs D7), 1 %5 0 B2 AR 5 19 MIMPs 370 ) 552
1A 1k, BARRS MR 7547 1 250 MMPs 411 il 571
I PRI . SR i K 22 % MMPs 3 il 50 45 AN BE UE A A
R, I ELA PR K | B R AE (0 8 2 0 S e
RESERIAE T o i R 2 W) 3 2 A 2 % MMPs
S22 A WA FAATEUAS JE RO 30 4 e AN 0
4.1 FEEFEEHADEIFI

124 1k, ME— A —> FDA HILHE ) MMPs il il 551
JEE SR AR o 9 R R O AR BRI R, AE 0
MMP-2 Fl MMP-9 £ ML K B 3 ) 8 3R T
2 MI gkt v MMP-8 MMP-13 ' TIMP-1 \ TIMP-2 il [



OB R 2019 4E 11 A58 40 356 8 Wl Adv Cardiovasc Dis ,November 2019, Vol. 40, No. 8

- 1097 -

RIRIFHE AT A N, MLJ5Re2e 7 d (IR
IR B R (100 mg 2 YK/d) JRYT, REREARAR FE 1 AR
R G IRARM A AR L 5 B KA o ) 4 e
B ) GO A ] MMPs | 45 ) 85 223697 )5, TIMP 2 (17K
FH o
4.2 IEFEEHD I

TR £ MMPs 300 i 57] 5 = 4 55 0 32 %
P, PR — S8 S5 % H R IE AR SR AT = PR M 1) MMPs
TR AT 2, SR 1 AS BETIE FH 33 46 158 158 1 41 o 50 %o
MI J5 CR HA LR WER . i, 2 Xt /N BRaEA T i — 35
PEREPE MMP-O 11 il 77 (1 9F 5% & B, MMP-9 101 1 7] 7%
A BY. T AR A 15 TG it HLAE MIJR S 7 K,
MMP-O 171 371 2 i 48 HE X 3580 B A2 00 JUF T R S
fbo PEPEPE MMP-12 050t 2 51 2 MIJ5 .0 DI REAS
K18 RO IR & Az 4. X EeFoE R I, PR MMPs
PR AE 53 7 B 40 A 2 180 A9 AF 9 AR A4 D B A 9 22
SRRSO IEAERIE 22 1 e 8 MIMPs 3100 441 351 B85 85 0 A v
LA —E RIRE
4.3 [E#EHNHE MMPs

HATARZH0697 ML FLL 77 3208 59 2549 [ ) 4n iy
B E IR E W (angiotensin converting enzyme, ACE)
EN R NIREEE S o | IR LN e RGN 3R T B e e
FUFN B A2 AABH A 7 | # A8 RIEE AP ] MMPs

ACE 51 B A 23 MI BiJ5 ™ . ACE {4k
IR LR 5 MMPs 354k X B Z5 R AR, R Itk ACE #]
FURE I MMPs PR o i, R4EEFI
(¥ >4 mmol/L i) FIF| ¢ F] (¥ > 1 mmol/L
i) REPI ] MMP-2 ()3 1 , R HGE5 R (& Sk 87 nmol/
L ) REAM ] MMP-O f 354

Y5 ACE $l 70 AEARL, i 45 ik R 1 32 (AR BH 4 77 4
REAM I MMPs (7K, g MI 5 ECM Sy, #ivbiH
(REBEPEIMAT Bk 2 11 B2 R 35507 a7 e, N
I H MMP-2 7K R, 4232 #2238 K1 ( ACE 141 551 )
FLF VDI S B AR YT 1 MI R I 2% rf MMP-O 7K
AR, HL MI 5 LV FAgZ i

TREE [T T R 4 o 4k 70 55 77 B4 A R B % L4 e
P MMP-2 1 MMP-9 {35 ¢ %  [R itk 26 [ [ % T2
G R T E ML G 3 ~ 14 d N (FbF7E ACE 417
HIFATT IS ) A FH 1 R 4 B R0 7, AR O AL
e 45 Iy R BT A g 20800 fe P TR (4] I A% 1 455 47
(IR PR ) R4 T A B, BE AT PRI S [ 5 5 = A
f) MMPs 354 38 i, 3B S FL 5% i M J e B T AL

O 7 3 FECE KA TR I YR YT (24 7)) BE ks LV
(ITIEE , FERAC M2 MMP-9  TIMP-1 1 T 78 fis Ji 3 3
A St IRV JE o

LI R M, R R BURN R MMPs (1)
Feak i Bs Mo W R R BT R % AR IR YT ER R
PARINE Sk N7 A OB - 2L L R L /) gl T AN A g
MMPs 5 PEREAR, LV A5 B3 5 5 4 1 SE 696 R IG T MI
RS BUS , MMP-2 (1) mRNA 7K SERRAR , S04k 1 b7
EWIRIEAR . Al 2 i 95 B S FT % R A B M A5
UG, B H) MMP-2 36 P B i it fb 8 -1 3%
IR RN E WA R T R A . AE MT B I R
IR A B2 45 5L, SR FHAR IR T7 N R 2 b i
()00 77 508 BB 3 1L o MMP-O (475 PERR AR . Bt
3 ELO NP2 RO R 27 25 B BUAE 7 M AR ot
B IR E SR Eaas T
5 RE

FARTERT J2 20 Z4F N, MMPs 7.0 I 38 4535,
WAS T — 25X ik (H T MMPs R85 2 VERIAL
il 52 2% , MMPs ZE.0 IE B 47 5 A1 4UE 2 b G AE ) 24 4
FRTEE— 058 . AR B — DR T R R IRA T
fiff B —Fh MMPs [ 554 (D RE IS FnAE AL, IF &
For D e 5 R SR BUAR, S8 AR I O i, ST R
MMPs SCEHE e o o5 — G2 7 [0 & MMPs 7€ MI J5
CR i FHALHIRTSE , LV o985 #E rp, AR [a] i ] o5
AN AL MMPs 3 3% i) F 2 Fl it AN 6], 2 FBE 43 i
MMPs ()20 i 41 5 AE H, ZFf MMPs 7£ [/ — KK 9 b P
[F] A FHBRAH B30 4, 44 1, MMPs 42 2% (1) D 28 Xk AL il
(BT A BT W 2 Fh MMPs [REHE R sGE 2R &
T BB RN o IE A, 38 75 X MMPs 170 i1 75 32F £ 7 5
25T, AT & R 5 A 30 259

& F X Wk

[1] Cohn JN,Ferrari R,Sharpe N. Cardiac remodeling-concepts and clinical impli-
cations:a consensus paper from an international forum on cardiac remodeling.
Behalf of an International Forum on Cardiac Remodeling [ J]. J Am Coll Cardi-
0l,2000,35(3) :569-582.

[2] ShiS,YiJL S 100A8/A9 promotes MMP-9 expression in the fibroblasts from
cardiac rupture after myocardial infarction by inducing macrophages secreting
TNFa [J]. Eur Rev Med Pharmacol Sci,2018,22(12) :3925-3935.

[3] Lindsey ML. Assigning matrix metalloproteinase roles in ischaemic cardiac re-
modelling [ J]. Nat Rev Cardiol ,2018,15(8) ;:471-479.

[4] TIyer RP,de Castro Bras LE,Jin YF et al. Tr anslating Koch’ s postulates to i-
dentify matrix metalloproteinase roles in postmyocardial infarction remodeling:
cardiac metalloproteinase actions ( CarMA) postulates [ J]. Circ Res,2014,114
(5) :860-871.



[10

[12

[13

[14

[15

[16

(17

]

]

1098 -

O IR AR 2019 45 11 A% 40 555 8 W] Adv Cardiovasc Dis ,November 2019, Vol. 40, No. 8

Lovett DH,Chu C, Wang G,et al. A N-terminal truncated intracellular isoform
of matrix metalloproteinase-2 impairs contractility of mouse myocardium [ J].
Front Physiol,2014,5 :363.

Matsumura S, Iwanaga S, Mochizuki S, et al. Targeted deletion or pharmacologi-
cal inhibition of MMP-2 prevents cardiac rupture after myocardial infarction in
mice [ J]. J Clin Invest,2005,115(3) :599-609.

Hardy E,Hardy-Sosa A, Fernandez-Patron C. MMP-2:is too low as bad as too
high in the cardiovascular system? [J]. Am J Physiol Heart Circ Physiol,
2018,315(5) : H1332-H1340.

Lindsey ML, Hall ME, Harmancey R, et al. Adapting extracellular matrix pro-
teomics for clinical studies on cardiac remodeling post-myocardial infarction
[J]. Clin Proteomics,2016,13(1) :19.

Lindsey ML, Escobar GP,Mukherjee R. Matrix Metalloproteinase-7 affects con-
nexin43 levels, electrical conduction, and survival after myocardial infarction
[J]. Circulation,2006,113(25) :2919-2928.

Fertin M, Lemesle G, Turkieh A, et al. Serum MMP-8:a novel indicator of left
ventricular remodeling and cardiac outcome in patients after acute myocardial in-
farction [ J]. PLoS One,2013,8(8) :e71280.

Webb CS, Bonnema DD, Ahmed SH, et al. Specific temporal profile of matrix
metalloproteinase release occurs in patients after myocardial infarction ; relation to
left ventricular remodeling [ J]. Circulation,2006,114(10) :1020-1027.

Zouein FA ,Decoux A,Tian Y, et al. Cardiac fibrosis and heart failure ; cause or
effect? [ M]. Springer,Cham 2015 :237-259.

Koenig GC,Rowe RG,Day SM, et al. MT1-MMP-dependent remodeling of car-
diac extracellular matrix structure and function following myocardial infarction
[J]. Am J Pathol ,2012,180(5) :1863-1878.

Lindsey ML, Iyer RP, Zamilpa R, et al. A novel collagen matricryptin reduces
left ventricular dilation post-myocardial infarction by promoting scar formation
and angiogenesis [ J]. J Am Coll Cardiol,2015,66(12) :1364-1374.

Lindsey ML, Zouein FA, Yuan T, et al. Osteopontin is proteolytically processed
by matrix metalloproteinase 9 [J]. Can J Physiol Pharmacol,2015,93 (10):
879-886.

Iyer RP,de Castro Bras LE, Patterson NL, et al. Early matrix metalloproteinase-
9 inhibition post-myocardial infarction worsens cardiac dysfunction by delaying
inflammation resolution [ J]. J Mol Cell Cardiol ,2016,100109-117.

Bouchet S,Bauvois B. Neutrophil gelatinase-associated lipocalin (NGAL) , pro-

matrix metalloproteinase-9 ( pro-MMP-9) and their complex Pro-MMP-9/NGAL

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

in leukaemias [ J]. Cancers,2014,6(2) :796-812.
de Castro Bras LE, Cates CA, DeLeon-Pennell KY, et al. Citrate synthase is a
novel in vivo matrix metalloproteinase-9 substrate that regulates mitochondrial
function in the postmyocardial infarction left ventricle [ J]. Antioxid Redox Sig-
nal,2014,21(14) :1974-1985.
Iyer RP, Patterson NL, Fields GB,et al. The history of matrix metalloproteinas-
es:milestones , myths , and misperceptions [ J]. Am J Physiol Heart Circ Physi-
0l,2012,303(8) : H919-H930.
Spinale FG, Villarreal F. Targeting matrix metalloproteinases in heart disease:
lessons from endogenous inhibitors [ J]. Biochem Pharmacol, 2014,90 (1)
7-15.
Peterson JT. Matrix metalloproteinase inhibitor development and the remodeling
of drug discovery [ J]. Heart Fail Rev,2004,9(1) :63-79.
Pfeffer MA. ACE inhibitors in acute myocardial infarction :patient selection and
timing [ J]. Circulation,1998,97(22) :2192-2194.
Yamamoto D, Takai S, Miyazaki M. Prediction of interaction mode between a
typical ACE inhibitor and MMP-9 active site [ J]. Biochem Biophys Res Com-
mun,2007 ,354(4) :981-984.
Miyazaki S, Kasai T, Miyauchi K, et al. Changes of matrix metalloproteinase-9
level is associated with left ventricular remodeling following acute myocardial in-
farction among patients treated with trandolapril , valsartan or both [J]. Circ J,
2010,74(6) :1158-1164.
Rude MK, Duhaney TA ,Kuster GM, et al. Aldosterone stimulates matrix metal-
loproteinases and reactive oxygen species in adult rat ventricular cardiomyocytes
[J]. Hypertension,2005,46(3) :555-561.
Jones K, Saxon L, Cunningham W et al. Secondary prevention for patients after
a myocardial infarction: summary of updated NICE guidance [J]. BMJ,2013,
347 .16544.
Mill JG,Milanez Mda C,de Resende MM, et al. Spironolactone prevents cardiac
collagen proliferation after myocardial infarction in rats [ J]. Clin Exp Pharma-
col Physiol ,2003,30(10) :739-744.
Cimmino G, Ibanez B, Giannarelli C, et al. Carvedilol administration in acute
myocardial infarction results in stronger inhibition of early markers of left ven-
tricular remodeling than metoprolol [ J]. Int J Cardiol ,2011,153(3) :256-261.
Gheorghiade M, Goldstein S. Beta-blockers in the post-myocardial infarction pa-
tient [ J]. Circulation,2002,106(4) :394-398.

MAS B #1.2019-03-22



