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ABSTRACT

Cardiovascular diseases represent the main cause of morbidity
and mortality in the world and are epidemic events involving
the atherosclerosis and coronary artery disease in particular.
There are a wide variety of factors and markers associated
with the development and aggravation of these diseases,
including atherosclerosis. Subclinical Atherosclerosis can be
determined by serum inflammatory markers present in the
atherogenic process. Such markers can take a direct or indirect
indicator role on atherosclerotic cardiovascular disease. The
extracellular matrix metalloproteinases are biomarkers closely
related into modifying and remodeling of vascular wall and other
tissues and can represent predictive value patterns to support
diagnosis. This review discusses the function and types of matrix
metalloproteinases and its use as an indicator of support for the
diagnosis of atherosclerosis.
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RESUMO

As doencas cardiovasculares compreendem a maior prevaléncia
de morbidade e mortalidade no mundo, sendo uma epidemia da
qual se destacam a aterosclerose e a doenca arterial coronaria.
Ha grande diversidade de fatores e marcadores associados
ao desenvolvimento e agravo dessas doencas, incluindo a
aterosclerose, que subclinicamente pode ser evidenciada pela
determinagéo de marcadores inflamatérios séricos participantes
do processo aterogénico. Tais biomarcadores sao considerados
medidas diretas ou indiretas de doenca cardiovascular
aterosclerética. As metaloproteinases estao relacionadas com a
modificagdo/remodelamento da parede vascular e outros tecidos,
podendo representar parametros com valor preditivo para o
apoio diagnostico. Esta revisdo aborda o mecanismo de acéo e
0s tipos de metaloproteinases de matriz, bem como seu uso como
indicador de apoio no diagndstico da aterosclerose.
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THE EXTRACELLULAR MATRIX
AND THE METALLOPROTEINASES
CHARACTERISTICS

The extracellular matrix (ECM) is composed primarily of vas-
cular collagen, elastin, glycoproteins and proteoglycans secreted
especially by fibroblasts and smooth muscle cells, which, by the
way, are molecules that act on cell adhesion, migration, prolifer-
ation, differentiation and morphogenesis. The metalloproteinases
(MMP) and the serine proteases are enzymes that degrade and
remodeling the MEC. The main histopathological changes in the
aorta involve MEC compounds, thus the metalloproteinases made
the hydrolysis of elastin and collagen degradation, for example'2.

The metalloproteinases (matrixins) are endopetidases with
zinc in its active site and act as zymogens that are dependent on
calcium for activation after cleavage. They are activated by tryp-
sin, plasmin, thrombin, kallikrein, elastase, cathepsin, tryptase,
kinase and some other MMP. The main inhibitors are the tissue
inhibitors of metalloproteinases (TIMP). The MMP degrade the
ECM proteins (collagen, elastin, fibronectin, proteoglicanas), in-
cluding basal membrane and proteins. They also are expressed in
various cells and tissues, such as the vascular smooth muscle cells
(VSMC), endothelial cells, fibroblasts, lymphocytes, macrophages
and platelets. The MMP are related to the pathophysiological pro-
cesses, as well as the embryonic development, organogenesis, re-
production, ovulation, apoptosis, angiogenesis, cell migration and
tissue remodeling and absorption®*.

The MMP degrade extracellular matrix proteins breaking spe-
cific peptide bonds and resulting in vascular remodeling, which
consists of adaptive physiological process that occurs in the blood
vessels in response to hemodynamic chronic alterations®. The in-
teractions between the cells and the extracellular matrix are mod-
ulated by MMP, which consists of the main biological function
of these proteins, i.e. join the control signals issued by the cells,
running the proliferation, differentiation and cell death and then
regulate the integrity and structure of ECM. Therefore, the action
of MMP must be precisely regulated, because an out-of-control
proteolysis contributes to abnormal development and degenera-
tion in many pathological conditions characterized by excessive
degradation, as for non-degradation of compounds of ECM®.

All MMP are secreted in a non-active form (zymogens or
pro-enzymes) and are activated by other enzymes like plas-
min or other metalloproteinases (for example, MMP-1, 3, 7,
9, 13). The activities of the MMP are regulated in several lev-
els: genic expression/transcription, synthesis of pro-enzyme,
activation of zymogens, after translation and interaction with
their inhibitors (TIMP). The latency as pro-MMP enzyme is
sustained by interaction with the cysteine residue present in
the domain of pro-peptide that has zinc in the active center
(catalytic), causing the blockage of this substrate®. In addition
to these processes, regulation and inhibition of MMP are made
by o-2-macroglobulina (non-specific inhibitor), among oth-

er non-specific enzymes*’. In this way, the regulation of MMP
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occurs in vascular microenvironment where the TIMP, among
other enzymes, controlling the activities of MMP in the tissues,
whereas the 02-macroglobulina performs the control in plasma.
There are four types of TIMP (TIMP-1, 2, 3, 4) and they inhibit
MMP activity by non-covalent binding to the catalytic domain,
creating high-affinity complexes. In other words, the biological
process which involves the MMP is dependent on the balance
between the natural inhibitors and protease. Thus, the instability
of this balance results in diseases associated with uncontrolled
proteolysis of the connective tissue, like chronic-degenerative
and inflammatory diseases, and tumors®. The expression and in-
creased activity of MMP can result in excessive cardiovascular
remodeling and arterial atherosclerosis®.

About 20 Metalloproteinases are currently known from 24
described in the total (Table 1) and arranged into collagenases,
gelatinases, stromelysins, matrilysins, membrane metalloprotein-
ases, and others metalloproteinases, together with the subgroups
of ADAM (desintegrin and metalloproteinases) and ADAMT
(ADAM with polypeptide chains as thrombospondin type motif),
and astacins serralysin. They have in common the following char-
acteristics: 1) degrade extracellular matrix compounds; 2) contain
the zinc ion (Zn2 +) in the active site; 3) calcium ion (Ca2 +) re-
quired for stability; 4) is functional in neutral pH; and 5) specific
tissue inhibitors of matrix metalloproteinases (TIMP) make his
inhibition’. The extracellular matrix acts as a barrier to cell migra-
tion and its degradation allows cell migration, alterations in the
microenvironment of the extracellular matrix and on the ECM
cells behaviour induce proliferation, apoptosis or morphogenesis
and the modulation of activity of biologically active molecules

(for example, growth factors)™.

MATRIX METALLOPROTEINASE TYPES

Collagenases

The MMP-1 (collagenase-1 or interstitial), MMP-8 (collage-
nase-2, neutrophilic or leucocytic) and MMP-13 (collagenase 3)
compose this group that cleaves, mainly native fibrillar collagen
(types I, IL, ITI, VII, VIIT and X)". The MMP-1 is important due to
its wide action on these substrates (insoluble fibrillar collagen I, IT
and III) and is produced by smooth muscle cells, endothelial cells
and keratinocytes'>">. The MMP-8 is expressed by neutrophils, in

particular, and is stored in your granules.

Gelatinases

Gelatinases act especially on already degraded fragments by
collagenases, as type IV collagen, fibronectin, laminin, proteo-
glycans and elastin. The gelatinases comprises the MMP-2, ex-
pressed in vascular cells, and MMP-9 secreted in macrophages,
polymorphonuclear cells, osteoblasts, fibroblasts and vascular
cells®. The production of MMP-9 is more reduced compared to
the expression of MMP-2, because it is produced by epithelial and
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Table 1: Metalloproteinases Diversity

Group MMP Lal\cewntsll(\?:?i{le Substrate Other nomenclature
1 50/42 Collagenous |, 11, 1I, VII, VIII, X, XI, Interstitlial collagenase, CL-1, CLG1,
MMP-2, -9, -12 fibroblastic collagenase
Collagenases 8 85/64 Collagenous_ I, 11, III,_V, VII, VIII, X, Neutrophilic collagenagese collagenase
fibronectin 2, collagenase PMNL
13 52/42 Collagenous |, 11, 11, V Collagenase 3
2 70/66 Collager?oug 1, 1V, V,.VI, VII, X, X1, XIV, Gelatinase A, co!lagenase v
Gelatinases elastin, fibronectin, MMP-2, -13 or type 4A, gelatinase 72kDa
9 02/84 Collagenous IV, V VI, X', Xll, X1V, elastin, Gelatinase B, collaggnase 1V, gelatinase
fibronectin 92kDa, gelatinase PMNL
3 57/45 ﬁg g::aegﬁz?; Sm||Ir|1|r|1VIVII)If/II3( 1 PI_7Pse|a3nn13 Stromelysin 1, proteoglicanase
Stromelysins 10 54/44 Collf?k?ri?]gz:r:!Iivll\'\c,”;/_,fl_assnn, Stromelysin 2
11 64/46 Stromelysin 3
Matrilysins ! 28/19 COlIfziiglir:;Lcl:?ir:\,/‘I;(ﬁil;s“n‘ Matrilysin 1
26 30/19 Matrilysin 2
2 e | R TR
15 72/60 fibronectin, laminin, MMP-2 MT2-MMP
Membrane 16 64/53 MMP-2 MT3-MMP
Type 17 57/53 MT4-MMP
24 64/58 MT5-MMP, MT21-MMP
25 57/47 MT6-MMP
28 48/58 Epilisin
12 52/22 Collagengus 0% ?IaStin’.ﬁ.b (EE Metalloelastase, macrophagous elastase
vitronectin, laminin
ST 19 54/45 MMP-18, RASI-1
20 54/22 Enamelisin
18, 21, 23, 27 unknown unknown unknown

Matrix metalloproteinases (MMP) classified in groups, attributed number, molecular weight, substrate and others denominations. MW: molecular weight. The MMP-4,

5, 6 and 22 are not mentioned because were determined as identical to others ones’.

eosinophil cells and stored in neutrophil granules. Therefore, high

levels of MMP-9 can be found in inflammatory processes'’.

Stromelysins

Stromelysins are expressed by stromal cells (chondrocytes,
macrophages, fibroblasts, endothelial cells) and smooth mus-
cle cells. They degrade the ECM fragmenting type IIT and IV
collagens and proteoglycans (for example., laminin, fibronectin,
aggrecan). The stromelysins consist of MMP-3 (stromelysin-1),
MMP-10 (stromelysin-2) and MMP-11 (stromelysin-3). These
MMP present similar performance features, but the MMP-3 are
more efficient and can activate others MMP who are still in a

pro-enzyme state.

Matrilysins

The matrilysins, as the name itself implies, performs the lysis of
the matrix (ECM) by degradation of versican, as well as elastin,
fibronectin, collagen type IV and other fiber type. In this group,
the MMP-7 (matrilysin-1) is expressed by glandular epithelial
cells and, monocytes, intestinal and endothelial cells. The MMP-
26 (matrilysin-2) is produced during the process of differentiation

of monocytes?.
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Membrane Metalloproteinases

The membrane metalloproteinases (Membrane type-matrix me-
talloproteinases; MMP-MT) are usually expressed by neoplastic
cells, but they are also produced by neuroglia cells and leukocytes,
getting connected to the outer membrane of these cells. Peculiarly,
these enzymes are not secreted in the pro-enzyme form, thus, they
are first submitted to the activation cascade within the cell, and
then to act in the extracellular matrix, after being secreted outside
the cell. The MT-MMP disintegrates collagen types I, II and III,
and they can activate other MMP'!. Form this group the MMP-14
to 17, 24 and 252

Others Metalloproteinases

Consist of other metalloproteinases, MMP-12 (expressed in
macrophages) for example degrade elastin and other proteins of
the matrix. In this group are also the MMP-19, 20 and 28.

ATHEROSCLEROSIS MECHANISMS AND
FACTORS RELATED TO ATHEROGENESIS
Atherosclerosis is a multifactorial disease that evolves from

arterial endothelial damage"'*'°. Several factors working in the



cause of endothelium lesion, like dyslipidaemias, protein glycation
products in diabetes, tobacco chemicals compounds and other in-
fections. Physical intervenient factors as hypertension and blood
gouging forces also cause endothelial injury and deformation™'s.

Lipid metabolic disturbances (dyslipidaemias), in the presence
of endothelial injury with increased vascular permeability allo-
ws penetration of low density lipoproteins (LDL), which once
oxidized (LDLox) trigger the recruitment of pro-inflammatory
cells (e.g. monocytes) with action of cellular adhesion mole-
cules (CAM) and other mediators, leading to activation of mo-
nocytes and its transformation into foam cells by absorption of
LDLox'>'"'8, Then, other cells are drawn (e.g., lymphocytes); the-
re is an increase of cell proliferation (e.g. smooth muscle cells -
SMC) and release of metalloproteinases that degrade the fibers in
the ECM, facilitating cellular diapedesis'>*"**.

The collagenase expression by macrophages in the intima and
the inhibition of the collagenous synthesis come to be fragile the
endothelium through the elasticity losing, resulting in dilatation
and expansion of atheroma (stenosis). In the same time, the T
lymphocytes, among others cells, increases the pro-coagulant
factors production and, when the atheroma spurs, inflammatory
signalling factors provoke the thrombosis, which causes the acute
complications of atherosclerosis (ischaemic): acute coronary syn-

drome, myocardial infarct and cerebral vascular accident'”"°.

The action of metalloproteinases in
atherosclerotic processes

The metalloproteinases have important role in triggering and
along the development of inflammatory process, particularly in

the vascular ones, though the exact mechanism is not yet fully
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known (Figures 1 and 2). In atherosclerosis, the action of me-
talloproteinases begins after the initiation of the inflammatory
process for the formation of atherosclerotic plaque, when cells
with inflammatory action (in particular monocytes and foam
cells) are already within the intima. These cells begin to release
cytokines and super oxidases that activate metalloproteinases, in-
cluding collagenases that affect the integrity of the plaque. Among
the main metalloproteinases, which mediate this process of de-
gradation, the MMP-1, 2, 3, 9, 12, and 13 have a relevant role, in
conjunction with the matrix desintegrins and metalloproteinases
(ADAM-1, ADAM-8, ADAM-15) and tissue inhibitors of matrix
metalloproteinases (TIMP)*.

The MMP expression and activation in atherosclerotic plaque
promote the atherosclerotic process through plaque instability
and platelet aggregation. Alteration/activation of MMP contribu-
tes to the progress of diseases such as atherosclerosis, pulmonary
emphysema, vascular aneurysm, cardiac insufficient flux, as well
as tumor growth, invasion and metastasis'®. The balance betwe-
en MMP and TIMP is essential for maintaining integrity of the
vascular system™", therefore, any alteration or disruption of the
ECM contributes to the atherosclerosis advancement and plaque
instability*. The elevation of plasma concentration of C-reactive
protein (CRP) is a relevant determinant of atherosclerotic plaque
instability and is correlated to local collagenases (MMP-8 and 9)
and increased synthesis of integrin (CD40) for direct or indirect
action of immune cells and can still occur with association of vi-
rulent factors from specific micro biota (e.g. Cytomegalovirus)'*?.
The action of MMP in atherosclerosis is due to various biological
processes which are related to the disease itself and partly control-

led by these enzymes, but presents divergent consequences on the
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Figure 1: Metalloproteinases action diagram: interaction among the metalloproteinase and substrates along the formation of extracellular matrix
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Figure 2: Metalloproteinases regulation diagram: interaction among the metalloproteinase and regulators (activators and inhibitors) along
the degradation of extracellular matrix in the atherogenic process and vascularization

development of the injury and on the stability of the fibrous cap.
The induction and activation of MMP (MMP-1, 2 and 14-MT1-
MMP) facilitate the invasion of the plate for smooth muscle cells
and fibroblasts. Migration and proliferation of these cells are im-
portant for the hyperplasic development of intima, in the same
way that the MMP allow infiltration of monocytes in the vascular
wall, as well as determines the increase of certain MMP expres-
sion (for example, MMP-12) which leads to infiltration of macro-
phages, rupture of the internal elastic lamina and the acceleration
of the atherosclerotic process!'>?*4,

The MMP-1 is one of the most prominent MMP as an indica-
tor of cardiovascular risk. Is induced by hepatocyte growth factor
(HGF), thrombin, vascular endothelial growth factor (VEGF) and
tumor necrosis factor alpha (TNF-o) and mediated and regulat-
ed by the early growth response-1 transcription factor (Erg-1)
and inhibitors of TIMP-1 and 2. The MMP-1 act on ECM proteol-
ysis (commonly degrading Collagen fibers) and facilitate the en-
trance of cells in the tissue by activation of MMP-2, by inhibition
of TIMP-2 followed by activation of MMP-9, 3, 12, 13, 15, and
ADAMT-1, allowing the movement of cells in the tissue and in-
creasing the extent of degradation and the invasion of the matrix.
The MMP-1 is also an indicator of the risk of rupture of calcified
and non-calcified plates, correlated to MMP-9, CRP, serum tri-
glyceride levels and body mass index's.

The MMP-1 and 3 and TIMP-1 act decisively in cardiovascular
diseases, regardless of the severity degree of arterial disease and
presenting positive correlation between their concentrations?®.
Circulating levels of MMP-1, 2, 3 and 9 are useful indicators for
aortic disease and myocardial ischemia using rapid clinical trials

along with imaging tests. Patients with acute myocardial ischemia,
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indicated by acute aortic dissection, reveal high levels of MMP-2,
3 and 9 in serum, whereas healthy controls ones show low levels of
MMP-1%. The activity of MMP-2 and 9, among others, is crucial
to the neovascularization atheroma. These processes are induced
by inflammatory pro-angiogenic stimuli and seem to be necessary
for the development of plaque and are associated with the vulner-
ability of advanced lesion®.

The MMP-7 acts on the proteoglycans, especially versican and
is the main type of MMP present on the walls of blood vessels.
The MMP-7 was identified in versican-rich sites in atherosclerotic
lesions and can degrade the proteoglycan more efficiently when
compared to other MMP, as, for example, MMP-3*'. Otherwise,
versican is not a proteoglycan consisting of heparan sulfate, and a
study performed with uterine tissue shows the association betwe-
en MMP-7 and this glycosaminoglycan, proposing that heparan
sulfate acts like link site for MMP-7?!. However, some authors*
consider that MMP-7 does not have any effect on the growth or
stability of plate.

The MMP-8 presents premature role in atherogenic process
with gradual elevation levels in serum along the progress of the
disease. When associated with atherosclerosis and other cardio-
vascular events, the MMP-8 shows high concentrations*, pro-
moting atherosclerosis aggravation and the plaque rupture?. The
inactivation of MMP-8 in knockout mice (MMP8 —/—/apoE —/-),
decreases the extent of atherosclerosis by reducing the amount of
macrophages and increasing of collagen fibers in the atheroscle-
rotic lesion, similar to what occurs by inhibition of MMP-1, 3, 13
and 14. Those same mice exhibit low levels of angiotensin-2 (Ang
II) - MMP-8 cleaves the Ang II which, in its turn, would indu-

ce the expression of adhesion molecules such as VCAM-1 - low



blood pressure, lowered expression of cell adhesion molecules-1
(VCAM-1) and reduced recruitment of vascular leukocyte!>!*2-%,
The functional analysis of the gene for MMP-8 in population of
patients with carotid atherosclerotic disease (CAD) (Bruneck
Study, Ttaly, 1990) shows that there is association between the gene
variation and the extent of atherosclerosis, as well as the plasma
level of VCAM-1 and the progression of atherosclerosis™.

The MMP-9 is essential for the matrix degradation in the athe-
roma and his expression is far superior in unstable plaques than
in stable ones, mainly around the necrotic core, where there are
concentrations of foam cells and macrophages'>'®. Serum levels
of MMP-9 are associated with increased risk of coronary disease.
The serum of patients with systolic hypertension and/or arterial
atherosclerosis presents increased levels of MMP-9 and 2 when
compared to those in healthy subjects?®*. At the same time, seve-
ral authors assert that the MMP-9 is predictive factor of cardio-
vascular disease caused by atherosclerosis, including myocardial
infarction, in association with the MMP-1 and 2, TIMP-1 and 2.
Although, some other authors???! are unable to determine any
correlation between circulating levels of MMP-9 and the obstruc-
tive coronary disease or death by cardiovascular disease, other*
studies establish that the increasing levels of MMP-9 circulating
are associated with high prevalence of carotidal stenosis, toge-
ther with TIMP-1 in patients of the Framingham Offspring Study
(USA) after duplex carotidal ultrasonography. Also is observed
the increase of MMP-9 in coronary plaques in patients with uns-
table angina if compare to that of stable ones and it is related to
vascular remodeling post-infarct®.

The MMP-9 has critical participation in rupture of atheros-
clerotic plaque and exposure of necrotic core (disruption), but
in certain levels MMP-2 and 9 have protective role because they
act on vascular remodeling, while the MMP-7, 8, 12 and 13 act as
plaque destabilizing factors**. However, these data are in conflict
because some authors® also affirm that the MMP-1 and 3 cause
the worsening injury while other authors?"* insist that they have
protective role. In fact, the action of MMP-9 is protective at deter-
minate concentration and at certain stage of progress of atheroma
plaque, but at a critical moment (serious injury), the concentra-
tion of MMP-9 in the tissue increases and promotes the rupture
of the plate®. Atherosclerotic injury induces local production and
activation of MMP-9 which, in its time, triggers the rupture of vul-
nerable plaques®. This MMP also modifies the local level of inter-
leukin-8 (IL-8), stimulating the cell infiltration and necrotic core
growth. These events increase the chances of thrombotic ischemia
by reducing the mechanical strength of the fibrous cap®. This
behavior of MMP-9, in particular, is evidenced by the fact that the
plasma levels of MMP-9, in cohorts with cardiovascular risk asso-
ciated with atherosclerosis, be less (33.5 + 17.6 ng/mL, p < 0.001)
than in healthy individuals (82.4 £ 40.6 ng/mL, p < 0.001) regard-
less of age. This performance occurs because probably this MMP
is involved in preservation of arterial conditions and in the main-

tenance of vascular health. Serum levels of metalloproteinases
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are lower in sick rats than in normal ones and precede the lesion
formation, in particular in cases of atherosclerosis, and in hype-
rinsulinemia and insulin resistance cases as well. In this way, the
reduced levels of MMP lead to increased accumulation of extra-
cellular matrix proteins and then incite premature development
of vascular injury®. These data corroborate with the assertion®
that levels of certain MMP (MMP-1, 2, 3, 7, 8 and 9) and TIMP
(TIMP 1, 2 and 4) are associated with structural changes and re-
modeling of carotid wall and correlated with the ruptured plaque
in elderly people. By the way, these data also are in line with the
fact that the MMP-1, 3, 7, 8 and 13 stimulate the degradation of
fibrous cap and the induction of plaque rupture?*. The throm-
bosis and plaque spurs are the main cause of Acute Coronary
Syndrome and myocardial infarction. The MMP are involved in
these processes and promote instability of atherosclerotic plaque
and its vulnerability?'.

Even on the role of MMP-9, there is evidence that participates
in the atherosclerotic inflammatory process, arterial lesions and
coronary heart diseases, as well as other diseases such as arthri-
tis, asthma and cancer, showing a considerable increase in its
concentration',

Among the other metalloproteinases, the MMP-10, 12 and 15
also participate in the morphogenesis, tissue remodeling, and the
advancement of instability of atherosclerotic plaque, causing rup-
ture, followed by vascular thrombosis and coagulation cascade

activation®,

Others activities of metalloproteinases

The metalloproteinases are also expressed by some cells outsi-
de of the extracellular matrix of vascular tunic, such as endothe-
lial cells, mesenchymal cells, eosinophils and other leukocytes.
Obviously, the action of the MMP focuses on disintegrating the
extracellular matrix fibers, collagen in particular, especially in
cases of several inflammatory diseases, such as acute coronary
syndromes, myocardial infarction, cardiomyopathy, aneurysms,
cancer, arthritis, chronic inflammatory diseases and atheroscle-
rosis. But they also act in non-pathological processes such as or-
gan development, restenosis, vascular remodeling and healing.
In the case of atherosclerosis, the MMP assist recruitment in-
duction and facilitating the migration of cells, including macro-
phages and smooth muscle cells, and so more critical, the MMP
promote instability of atherosclerotic plaque, leading to rupture
of the fibrous cap!>!>18:3%40,

Some authors refer to the peculiar ways of the metalloproteina-
ses action in inflammation and blood vessel injuries, as, for exam-
ple, the ability of MMP-12 in cleave fibrinogen® reducing the
progression of atherosclerosis and protecting against myocardial
infarction. On the other hand*, the increasing in levels of circu-
lating angiotensin, while there is reduction in levels of angiostatin
and plasminogen (modulated by renina, angiotensin-converting
enzyme 2 [ACE2], reactive oxygen species [ROS], gene transcrip-
tion factors [e.g. NF-kB]) is associated with the MMP-9 increase
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expression by endothelial cells, macrophages and by smooth mus-
cle cells of blood vessels, promoting the elevation of the blood
pressure and growth of atherosclerotic lesions. At the same time*?,
the improved expression of MMP-2 and 9 provokes the develop-
ment of hypertension, caused by hypertrophy of arterial wall with
excessive deposition of collagen and elastin, as well as increases
the oxidative stress* and vascular contraction along the vascular
remodeling. This oxidative stress launches a sequence of events
that are responsible for the endothelium damage, which start the
atherosclerotic lesion in the vascular wall and induce the forma-
tion of oxidized-LDL (ox-LDL). The endothelium dysfunction is
related to MMP* (in particular the MMP-2 and 9) through the
action of pro-inflammatory molecules (e.g. C-reactive protein
[CRP], Interleukin-6 [IL6]; monocytes chemo-attractive pro-
tein-1 [MCP-1], tumor necrosis factor-alpha [TNF-a), causing
oxidative stress by release of oxidative molecules (e.g. nicotina-
mide adenine dinucleotide phosphate-oxidase [NADPH] and
superoxide [O,]) and promoting the development of the atheros-
clerotic lesion.

However, the action of metalloproteinases is not restricted
to healing tissue remodeling and inflammatory process, taking

crucial role in maintaining the structure and function of tis-
sues so that they do not suffer structural collapse or organic
disorder®.

FINAL CONSIDERATIONS

In resume, the MMP are involved in vascular remodelling and
cellular diapedesis?**® However, in the early stages of atheroscle-
rotic disease it usually have low levels of circulating concentra-
tion, with consequent disease progression®>*. In more advanced
stages of cardiovascular disease, from certain concentrations, the
MMP act maximizing inflammatory effects, increased recruit-
ment of inflammatory cells, smooth muscle cells migration and
the swelling of the atheroma with subsequent plaque instabili-
ty'®?, promoting, thus, increasing the atherosclerotic lesion. As a
result, low or high concentrations of MMP, particularly of MMP-2
and 9 in later stages of atherosclerotic disease may reflect a grea-
ter degree of vascular inflammation, which, in terms of associated
diagnoses, allow the use of serum and plasma values as predictive
parameters of clinical extension of arterial inflammation due to

atherosclerosis'®?,
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