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ABSTRACT Atherosclerosis plays an important role in coronary artery disease (CAD).The atherosclerotic plaque progression
occurs through structural changes of the myocardium leading to accumulation of smooth muscle cells, lipids, extra cellular
matrix (ECM) proteins etc. in the intima of the coronary arteeyeral proteinases are implicated in ECM degradation among
which matrix metalloproteinases (MMPs) form the most important enzymes, which are regulated by a variety of
physiological signals like growth factors, cytokines &tese are multi-domain proteins and are regulatddMs .This

review focuses on the members of MMP family and their genetic variants in relation to the pathology of CAD. Functional
polymorphisms in the MMBenes (MMP-1,MMP-3 and MMP-9) contribute to the interindividudédiinces in susceptibility

and /or progression of CAD.

INTRODUCTION plagues may cause narrowing of coronary ar
teries as well as thrombosis resulting in sudden
Atherosclerosis, the underlying pathology of complete coronary artery occlusion.

coronary artery disease (CAD), is a common During the developmental stages of athero-
multi factorial disorder with both genetic and sclerosis in coronary arteries, genetiéesdlénces
environmental componentétherosclerosis may predispose or protect an individual from
begins early in life and its evolution usually CAD risk, as the major risk factors such as hyper
occurs slowly over decades . The atherosclerotidipidemia, arterial hypertension and diabetes
lesion occurs as an accumulation of lipoproteinmellitus are influenced by genetic and environ-
particles in the intima of the coronary artery andmental factors.
evolves to fibrous plaque containing smooth To date a lage number of genes and gene
muscle cells, lipids and fibrous tissue consist-Products are suggested to contribute to the de-
ing predominantly of extra cellular matrix pro- velopment and severity of CAD among which
teins. The principal matrix proteins in plaques MMPs represent a potential candidate gene sys-
are types | and Ill collagens, proteoglycans and®m-
elastin, with collagens accounting for up to 60%
of the total protei% content éYet a%. 2002).The MATRIX MET ALLOPROTEINASES
cellular constituents of atherosclerotic lesions,

; MMPs play an important role in normal tis-
particularly macrophages, also express a UMz e remodeling, however increased expression

ber of proteolytic enzymes, matrix metallopro- has been identified in pathological processes,

teinases (MMPs), that are thought to influence ; ; :
rates of atherogenesis and the stability of ath-SUCh as tumor angiogenesis and metastasis,

; : ) rheumatoid arthritis, vascular neointimal hyper
erosclerotic plaques (Galis et al. 2002; Humph—masia’ plague rupture etc. (Hansen et al.1993;

ries et al. 2002)The rupture of these intimal Nelson et al. 2000).They degrade most of the
ECM components and constitute a family of
zinc-dependent enzymes that are more than 20
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Membrane Type MMPs (MT-MMPSs) broblast growth facte? (FGF-2).The presence
of both inflammatory mediators and growth fac-

These are recently described class of MMP<ors in injured and atherosclerotic blood vessels
and are involved in ECM proteolytic degrada- could therefore drive the production of MMPs
tion. They undego intracellular activation thro- with the ability to eficiently remodel both base-
ugh a proprotein convertase pathway (Murphyment membranes and many components of the
and Knauper 1997; Miyamori et al. 2000) andinterstitial matrix (Andrew 2005).
can also activate other MMPs within the ECM  In addition an intimate interaction between
(Murphy and Knauper 1997; Nagase &vmt T lymphocytes and macrophages may also regu-

essner 1999). late the production of macrophage —derived
MMPs .The CD-40 ligand om cells can bind
Secreted MMPs to the CD-40 receptor on macrophages, a pro-

cess which has been shown to induce MMP syn-

These are released into the extracellular spacthesis (Fan anWatanabe 2003). Schonbeck et
in a latent or proenzyme state and are activatedl. (1999) reported that cell contact witiym-
by serine proteases, such as plasmin, as well gghocyte membranes and addition of recombi-
with other MMP species. Majority of MMPs fall nant CD40 ligand induce MMPs-1, -3, -8, and
into this category and are subdivided based or9 in VSMC which implies a relationship be-
their substrate specificity into 3 groups: Colla- tween immune activation and wide-ranging
genases, Gelatinases arttdo8elysins. matrix remodeling.

The fibrillar collagens (types I, Il, and 1lI) The expression of MMPs is regulated at both
which are extremely resistant to cleavage bypre and post transcriptional levels and is also
most proteinases are fragmented by the collainfluenced byTIMPs.
genases, including MMP-1(interstitial collage-
nase), MMP-8 (neutrophil collagenase), andEndogenous MMPInhibitors: The TIMPs
MMP-13 (collagenase-3), into single-chains,
called gelatinsThese gelatins are degraded by  TIMPs inhibit MMPs by interacting with the
second group, gelatinases (MMP-2 and MMP-zinc-binding site within the catalytic domain of
9) which are also capable of degrading type IVactive MMPsThe family consists of four struc-
collagen in basement membranes. turally related memberg|IMP-1, -2, -3 and -4

Third group includes stromelysins (MMP-3, expressed by a variety of cell types and are in-
-10, and -1), active against a broad spectrumfluenced by factors like stretch, injyripflam-
of ECM components, including proteoglycans, mation and immune activation (Esther et al.
laminins, fibronectin and some types of col- 2001; Newby 2005; Sugioka et al 2010).

lagens. Although the role ofTIMPs is clearly im-
portant in the prevention of excessive matrix
Regulation of MMPs degradation by MMPs, recent advanceblMP

research suggest thatMP-1 andTIMP-2 are

In certain physiological and pathological re- multifunctional proteins with more diverse bio-
modeling processes expression of MMPs islogical actions. It has been reported fhHigM P-
highly upregulated by a variety of inflamma- 1 andTIMP-2 exhibit growth factor—like activ-
tory cytokines, hormones, and growth factors,ity and can inhibit angiogenesis (Hayakawa et
such as interleukin-1 (IL-1), IL-6, tumornee  al. 1992,1994;Thorgeirsson et al. 1996)
sis factora (TNF-0), epidermal growth factor whereasTIMP-3 has been implicated in
(EGF), platelet-derived growth factor (PDGF) apoptosis (Baker et al. 1998 ) andiP-4 in-
and CD40 etc. (Malik et al. 1996; Schonbeckhibits MMP-1, -3, -7, and -9 and shows a high

et al. 1997) . level of expression in adult human cardiac tis-
Inflammatory cytokines, such as interleukin sue (Greene et al.1996; Liu et al.1997).
(IL)-1, IL-4 and tumor necrosis factan (TNF- Several factors either individually or in com-

a), coordinately induce a broad range of MMPs, bination are capable of potentially driving MMP/
including MMPs-1, -3, and -9. Cytokines act TIMP balance in vascular smooth muscle cells
synegistically with growth factors, such as (VSMC ) towards proteolysis, suggesting that
platelet-derived growth factor (PDGF) and fi- MMP activity may not be completely abolished
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by TIMP binding but could be confined tempo- nese (Hirashiki 2003)Taiwanese, British and
rally or spatially to the pericellular region sur Finnish (Abilleria et al. 2006), Indians (Shalia
roundingVSMC. et al. 2010) and data provide evidence for the
The balance between MMPs and its tissuerole of MMP3 polymorphism in plague desta-
inhibitors play a vital role in maintaining the bilisation.
integrity of healthy tissues. Disturbance in bal- MMP-9 is one of the MMPs found to be
ance of MMPs and@IMPs is found in various highly expressed in the vulnerabégions of
pathological conditions, including CAD, rheu- atherosclerotic plaques, and for this reason it
matoid arthritis, periodontitis, canceetc. hasbeen suggested to be causally involved in
Therefore, elucidation oTIMP inhibition  the remodeling processessociated with athero-
mechanisms may also provide new insights forgenesis and plaque rupture (Galis et al. 2002)
therapeutic intervention (Nagase et al. 2006). Zhang et al. (1998)escribed a functional —
1562C/T polymorphisrimn the promoter region
MMP Gene Polymorphisms in CAD of MMP9 and also suggested that fhd562
allele carriers are predisposed to the develop-
Earlier studies have found that MMP-1 (in- ment of coronary atherosclerosis .
terstitial collagenase), MMP-3 (stromelysin-1)
and MMP-9 (92-kD gelatinase or gelatinase B) CONCLUSION
are expressed in atheroma at high levels com-
pared with normal vessel walls (Jones et al  Accumulating data suggests that the MMP
2003;Andrew 2005). Ketelhuth and Back gene variations are one of the strong candidate
(2011) suggested that MMP-1 and MMP-9 seemgenetic factors for coronary artery disease with
to play a pro-atherothrombotic role while MMP- a multifactorial and polygenic aetiolagyecent
3 has been shown to be involved in plague stastudies on MMRyenotyping accounts for inter
bilization and fibrous cap formation and it has individual differences in susceptibility and in
also been reported that except MMP-3 levelsyesponse to treatment . Therefore, there is a need
all other MMPs have been found to be increasedor devising genetic tests for identifying the in-
in the blood of patients at risk for CAD. dividuals with favourable or adversdesadts for
According to the important role of MMPs in the treatment and for also identifying the as-
the atherogenesis it has been shown that genetignptomatic individuals at risk of the disease
variation afecting the expression of MMPs in- for early therapeutic interventions.
fluence the susceptibility and/or progression of Hence studying MMPs and their inhibitors
cardiovascular diseasese(2000). (TIMPs) not only are relevant to the understand-
Among the best characterized is MMP-1 (col- ing of the progression and pathogenesis of ath-
lagenase-1) which plays an important role inerosclerosis but may also find utility in new
the degradation of collagen types I, Il and lll. therapeutic strategies.
The promoter region of MMP1 contains a gua-
nine insertion/deletion polymorphism (1G/2G REFERENCES
polymorphism) at position -1607. Individuals
who were homozygous for the 2G allele of theabilleira S, Bevan S, Markus SH 200he role of genetic
MMP-1 gene compared to those who were ho- variants of matrix metalloproteinases in coronary and
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ated with greater progression of coronary ath-Beyzade S, Zhang 8yongYK, Day IN, Eriksson Pve S
erosclerosis 2003. Influences of matrix metalloproteinase-3 gene
. ' . . variation on extent of coronary atherosclerosis and risk

Studies have been carried out in Koreans  of myocardial infarction] Am Coll Cardiol, 41: 2130~

(Kim 2002), Caucasians (Beyzade 2003), Japa-  2137.
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