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ABSTRACT

The integrity of the extracellular matrix is maintained by a balanced interaction
between the matrix metalloproteinases (MMPs) and their tissue inhibitors
(TIMPs). In heart failure the levels of MMPs and TIMPs are altered resulting
in an imbalance. MMPs and TIMPs contribute to various aspects of cardiac
remodeling and function. In the present review the contribution of MMPs
and TIMPs to the development and progression of cardiac diseases will be

discussed. I 2013 Trade Science Inc. - INDIA

INTRODUCTION

Homeostasis of the extracellular matrix (ECM) is
maintained by a balanced interaction between matrix
metalloproteinases (MMPs) which degrade the ECM
proteins and their inhibitors, the tissue inhibitor of ma-
trix metalloproteinases (TIMPs).

MATRIX METALLOPROTEINASES (MMPs)

Action of MMPs

MMPs are the the predominant enzymes respon-
sible for the degradation of ECM proteins. MMPs are
Cu?*- and Zn*" -activated proteases that are synthethised
as inactive zymogens (pro-MMPs) which are activated
by the removal of the amino-terminal propeptide by
autoproteolysis or by another MMP or serine protease.
The following MMPs which are involved in myocardial
remodeling, are identified up till now: MMP-1 (intersti-
tial collagenase), MMP-13 (collagenase 3), MMP-8
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(neutrophil collagenase), MMP-2 (gelatinase A), MMP-
9 (gelatinase B), MMP-3 (stromelysin), MMP-7
(matrilysin) and a membrane-type MMP (MMP-14).
MMP-1 degrades collagen types I, II, III and base-
ment membrane proteins; MMP-2 and MMP-9 de-
grade collagen types I, III, IV and V. MMP-8 and
MMP-13 act on collagen types I, Il and III; MMP-12
on elastin and MMP-14 on fibronectin, laminin-1 and
collagen type L.

MMPs as biomarkers in heart failure

In patients with heart failure the serum concentra-
tion of MMP-1 is higher, lower or unaltered in com-
parison with normal human subjects, while the serum
concentration of MMP-2 and MMP-9 are elevated or
unchanged (TABLE 1).

Increased as well as decreased or unchanged lev-
els of MMP-1, MMP-2 and MMP-9 in serum and left
ventricle are found in patients with dilated and hyper-
trophic cardiomyopathy (DCM, HCM)!'-14l
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TABLE 1: MM Psin patientswith heart failure (HF)

TABLE 2: SerumTIMP-1in patientswith heart failure(HF)

Main Findingsfor:

MMP-1 MMP-2 MMP-9

Studied Condition

Reference

BARTON et al'¥ HF

detriorated 0

end-stage =
GEORGE et a'? CHF

(EF 38+14%) 0 0
LOPEZ et al® diast HF (EF>50%) =

syst HF (EF<50%) 0
ALLA et alt* HF (EF<35%) 3
JORDAN et al® CHF \)
MARTOS et al® diast HF (EF<50%) = 0 0
FRANTZ et all” CHF (EF 36-55%) =
GONZALEZ etd® HYP=HF 0
ZILE eta® diast HF (EF<55%) 0
KRAMER eta™®  HFrats 0

Tincrease | decrease = unaltered CHF: congestive heart failure
diast: diastolic syst: systolic EF: ejection fraction HYP:
hypertension

Prognosticand predictivevalueof MM Psin heart
failure

Theserum MMP-2 levelsare correlated with the
NY HA functional classes?. High levels of MM P-2
(>352 ng/ml) independently increasethe risk of hospi-
talization for HF, death or both'. In moderate HF pa-
tients Jordan et a'® al so found an associ ation between
the serum MM P-1 concentration and clinica endpoints
such as death due to any cause, readmission dueto
HF, and heart transplantation.

TISSUE INHIBITORSOFMATRIX
METALLOPROTEINASES(TIMPS)

TIMPSarephysologicad MMPinhibitors. Thehu-
man heart contains4 TIMPtypes. TIMP-1, TIMP-2,
TIMP-3and TIMP-4 are 21-30 kDaproteins. TIMP-
3istightly bound to ECM, while TIMP-1, TIMP-2
and TIMP-4arelocdized extracd lularly in solubleform.

Serum TIMP-1and heart failure(HF)

Theserum concentration of TIMP-1ishigherin pa-
tientswith HFincomparisonwithnorma persons(TABLE
2) except inonestudy!®. Theserumlevelsof TIMP-1
and TIMP-2 ared so significant higher in patientswith
dilated and hypertrophic cardiomyopathy!*:*% andin
patientswithmyocardid infarction (M )58

. .. M ain Findings
Reference Studied Condition for TIM P—lg
LINDSAY et d™ HF 1
TIMMS et al?” HYP + HF 0
BARTON eta¥  HF 0
GEORGE etd®  HF 0
JORDAN et al® HF 0
MARTOS et d®  diast HF =
KRAMER et d™ HF 0
FRANTZ et all” HF 0
BIOLO et al'® HF 0
GONZALEZ et d® HYP+ HF 0
ZILE et d™® diast HF 1

Tincrease = unaltered diast: diastolic HYP: hypertension
Prognostic and predictivevalueof TIMPsin HF

Frantz et " suggested that TIMP-1isastrong
predictor of mortality. They found that patientswith a
highplasmaTIMP-1leve (>1917 ng/ml) haveamuch
higher all-cause mortality than patients with lower
TIMP-1levels (<1390 ng/ml). Jordan et al'® observed
inmoderate HF patientsthat patientswithaclinica end-
point such asdeath due any cause, readmission dueto
HF and heart transplantation haveahigher sscum TIMP-
llevel.Anincreasein TIMP-1 and hence areduced
degradation of collagen has a poor prognosisin pa-
tientswith moderate HF

For serum TIMP-1leves, Georgeet d? did how-
ever not find a predictive value in moderate HF pa-
tients, when mortaity dueto to HF asan endpoint was
used..

In patients with an acute myocardia infarction
TIMP-1isastrong predictor for total and cardiovas-
cular mortality!8-

HIGH VARIABILITY INMMP/TIMPEX-
PRESSION

Theexpressonof MM Psdiffersstrongly inthevari-
ous cardiomyopathies. For theexpression of TIMPsis
the nature of the underlying cause of the cardiac dis-
ease lessimportant. Cardiac remodelingisaso ady-
namic processandtheMMP/TIMPactivity isasofluc-
tuating inthis process. The method for the determina-
tionof MMPS/TIMPsin the aforementioned studiesis
asoimportant. TheMMPSTIMPslevelsare assayed
by histology and immunohistochemistry in biopsy
samplesand by enzyme-linked immunoabsorbent as-



ACB, 2(1) 2013

Paul J.Lijnen et al. 39

saysin serum and/or plasma. These assays however
do not di scriminate between pro-MMPs, active MM Ps
and MMP-TIMP complexes. Only in the study of
Lombardi et a*? adiscrimination is made between
active and free MMP-1. In patientswith HCM they
foundincreased leve sof activeMMP-2, active MMP-
9 and total TIMP-1, while free MMP-1 and active
MM P-1wereundtered. Another way of measuring the
MMP activity isto determinetheMMP/TIMPratio.

TIMP-1IN PATIENTSWITHANACUTE
MYOCARDIAL INFARCTION

That TIMP-1isapredictor of total and cardiovas-
cular mortality ispredictable since M| and the subse-
quent wound healinginduce astrong turnover of ECM.
Immediately after aMI, the existing ECM structure
degradesand thisisaccompanied by anincreased pro-
tease activity and by ahigh probability of LV rupture.
Infiltration of inflammatory cellsoccurswith an early
riseof MMP-8 and MMP-9 activity. Thisleadsto pro-
liferation and maturation of fibroblastswhich produce
more collagen resulting in matrix deposition and scar
formation. Inthelater phase of post-MI remodeling,
inefficient support of newly formed ECM within
(peri)infarct regionleadsto LV wall thickening resulting
infurther infact expansion, LV dilation and eventualy
HF. Impaired or insufficient ECM remodeling leedsthen
to LV rupture. Thus, early prevention of adverse ECM
remodeling intheinfarct and surrounding myocardis
critica inthe prevention of ruptureand the preservation
of thecardiac function after aMl

INHIBITION OF MMPsAND CARDIAC
REMODELING

Inapigmodd, asd ectiveinhibitor (PGE-530742)
was administered 3 days prior to aninduced myocar-
did infarction and echocardiographic examination at day
10 post-infarction reveal ed al essincreased percent-
agefractiond shortening, when compared to placebo?-

Inthe PREMIER trial (Prevention of Myocardial
Infarction Early remodeling)® 125 patientswith afirst
ST-segment e evation M1 (EF 15-40%) wereenrolled
48+ 24 h after MI and treated with the MMP-inhibitor
PG-116800 for 90 days. ChangesinLV diastolic vol-
ume, LV systolic volume, LV gection fraction, sphe-
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ricity index, plusratesof death or reinfarction werenot
sgnificantly improved with PG-116800. The reason of
thisunsucessfull outcomeisprobably thetiming of the
drug treatment. MMP level srise within hours of Ml,
whereas therisein TIMPs lags by afew days. The
initia risein MM Psisresponsiblefor the degradation
of the ECM whichislater replaced with scar tissue.

Treatment of micelacking TIMP-3withthebroad
spectrum MM P-inhibitor PD-166793 for 2 days be-
foreand 2 days after Ml markedly improved post-Ml
infarct expansion, LV ruptureincident, LV dilationand
systolic dysfunction in these miceup to 1 week post-
MI24- Hence, MMPinhibition after 48 h of infarction,
suchasinthePREMIER trid, islikely unableto block
theinitial damaging effects of MM Pson the degrada-
tion of theECM. Theinitial rissin MMPsearly after
MI isatriggering factor for subsequent LV adverse
remodeling, LV ruptureand dilated cardiomyopathy.
Hence, timingisacritical factor in devel oping atreat-
ment to maintain ECM integrity post-MI.

CONCLUSIONS

AlterationsinMMP and TIMP expression are cer-
tainly involvedin heart falure. However whichMMPsor
TIMPsareinvolved and which underlying mechanisms
of these dterations are currently not known. TIMP-1
seemshowever themost promising biomarker in heart
failure®28 Inarecent meta-andysisof 30 studiesinhy-
pertensive patientsMarches et d?? demonstrated that
plasmaMMP-9and TIMP-1 |levelsarehigher in hyper-
tensve patientswithout HF than normotensivecontrols.
PlasmaTIMP-1levelsaregreater in patientswith LV
hypertrophy than without, suggesting that TIMP-1 may
reflect hypertensive cardiac remodeling®’- Plasma
MMP-2levesareincreased in hypertensvepatientswith
diastolic HF than without, suggesting that MM P-2 may
reflectdinical LV dysfunctioninhypertenson” Marches
et a? concluded that TIMP-1, MMP-2 and MMP-9
areprobably the best biomarkersof cardiovascular re-
modeling of hypertension.
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