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Abstract: The article gives information about the role of matrix metalloproteinase
9 in remodeling of the left ventricle myocardium.
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Relevance

Cardiovascular diseases (CVD) remain the leading cause of mortality and
disability worldwide, despite significant advances in treatment and prevention [1]. The
first place in the structure of mortality from cardiovascular diseases is occupied by
chronic heart failure (CHF), which develops due to early left ventricular (LV)
remodelling after infarction.

Myocardial remodelling that occurs after myocardial infarction (Ml) is caused by
changes in the structure of the extracellular matrix (ECM) [2].

Increase in the level of matrix metalloproteinases (MMPS) is associated with LV
remodelling, its dysfunction and, as a consequence, the development of coronary heart
disease.

The nature of myocardial remodelling after myocardial infarction depends on the
degree of arterial channel damage, severity of inflammatory response and many other
processes occurring during scar formation.

In response to cardiomyocyte injury, many defence mechanisms are triggered,
including inflammation, cell proliferation and maturation [3].

Each of them contributes to temporary changes in the level of MMPs in
myocardium.

MMPs in the scarred area are secreted by a variety of cells including neutrophils,
macrophages, endothelial cells, damaged cardiomyocytes and fibroblasts.

The processes occurring in necrotic and ischaemic myocardium make MMPs
important mediators of progressive LV myocardial remodelling [4-7].

Extracellular matrix and the process of LV myocardial remodelling

Extracellular matrix is the basis of connective tissue that provides mechanical
framework of cells and transport of chemical substances (Table 1) [8].

Main components of ECM

Protein Function Localization
Collagen | Strength and structure ECM
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Collagen 111 Elasticity ECM

Collagen IV Maintaining basement membrane architecture basement membrane
Collagen VI Organization of ECM proteins, interaction with the basement | ECM basement membrane

membrane

Elastin Elasticity ECM

Fibronectin Collagen bonding, formation of fibrillar structure ECM

Decorin Collagen binding ECM

Integrins Transfer of signals from the ECM to cardiomyocytes ECM

Laminin Maintaining basement membrane architecture basement membrane

The strength and elasticity of the ECM is achieved due to three-dimensionally
organised structures connected to myocardial fibres.

Collagen and its types make up approximately 70-85% of the total mass of the
ECM and determine its quality.

Type 11l collagen constitutes approximately 10% of the average total collagen
content and assesses the stability of the ECM [9-13].

Myocardial remodelling in Ml is pathophysiologically caused by cardiomyocyte
death due to prolonged ischemia, which leads to MMP activation, which in turn leads
to ECM degradation, violating its structural integrity.

All this ultimately leads to a decrease in both systolic (due to cardiomyocyte
death) and diastolic (ECM destruction) function [8].

LV myocardial remodelling in the IM zone occurs in several stages [9, 10].

These stages (inflammation, proliferation and collagen deposition) are sequential
and are important for delineating the infarct zone.

The outcome of myocardial remodelling depends on the severity of each of these
stages and their interrelationship.

Cardiomyocyte homeostasis deteriorates immediately after ischaemia, leading to
cell death within 30 minutes, resulting in neutrophil and macrophage activation and
hence an acute inflammatory response [11-13].

Neutrophils and macrophages infiltrating MI areas release inflammatory
mediators such as MMPs and tissue metalloproteinase inhibitors.

About 5 days after myocardial infarction, a collagen-rich scar begins to form to
compensate for the loss of myocardial cells in the infarction zone [15].

Cardiomyocyte basement membrane

In addition to collagens of types | and Ill, which form the basis of the ECM, the
basal membrane of cardiomyocytes contains proteins.

It also contains collagen types IV, V, VII, X, and XIV in the form of laminin [10].

The basal membrane is a dense network of various proteins surrounding the
cardiomyocytes including laminin, type 1V collagen and many proteoglycans [14, 15].

It is considered another form of the ECM because it contains type IV collagen, a
layer that is present only in the basal membrane and separates the ECM from cardiac
myocytes.
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Fragmentation of the basal membrane occurs as early as 1 hour after myocardial
infarction and persists up to 7 days after reperfusion [13].

Studies have shown that mucosal thickness increases, contributing to impaired
oxygen diffusion and the development of hypoxic stress .

In addition, after the onset of myocardial infarction, the production of antibodies
against type IV collagen begins, which also causes disruption of the structural integrity
of the basal membrane, leading to endothelial cell dysfunction.

Proteins formed after laminin degradation stimulate healing and angiogenesis of
necrotic areas [13].

On the contrary, proteins formed during the degradation of type IV collagen play
an important role in the inhibition of angiogenesis, disruption of the structural integrity
of blood vessels and intercellular interactions after myocardial ischaemic injury.

Matrix metalloproteinases

MMPs are a family of zinc-dependent endopeptidases that regulate the
metabolism of connective tissue proteins and also influence the normal development
and remodelling processes of LV. MMPs have been widely studied as predictive
markers of LV remodelling and heart failure development after Ml [14, 15]. Many
publications emphasise the importance of this enzyme in the list of promising and
important biomarkers that can be used to improve the diagnosis of CHF and increase
the effectiveness of treatment .

MMP-9 or gelatinase B is one of the most well-studied proteases controlling the
processes of pathological remodelling.

MMP-9 plays an important role in the degradation of ECM in various
physiological and pathophysiological processes, including tissue remodelling.

MMP-9 is secreted by various cells such as cardiomyocytes, endothelial cells,
neutrophils, macrophages and fibroblasts.

For the first time, MMP-9 was used as a novel prognostic biomarker for the
development of LV dysfunction and late survival.

Together with other investigators, they showed an association between elevated
MMP-9 levels and high plasma concentrations of interleukin-6, C-reactive protein and
fibrinogen, indicating a high prognostic value of MMP-9.

MMP-9 regulates myocardial remodelling by directly degrading VSMCs and
activating cytokines and chemokines .

Exposure to MMP-9 is both deleterious and beneficial for regeneration of the
affected area. On the other hand, under the influence of MMP-9, macrophage
phagocytosis is reduced and neutrophil inflammatory response is prolonged, resulting
in increased LV after IM .

On the other hand, osteopontin is cleaved, resulting in the formation of two
bioactive peptides that increase the rate of cardiac fibroblast migration, thereby
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promoting healing of the infarcted area. Thus, the use of MMP-9 as a diagnostic marker
at different days after myocardial infarction may be useful in predicting and preventing
LV dysfunction after myocardial infarction. In addition, the role of MMP-9 in the
degradation of collagen, especially type IV collagen, in the basal membrane of
cardiomyocytes should be noted.

In a recently published study, the authors used immunohistochemical methods to
demonstrate that MMP-9 in the cytoplasm of cardiomyocytes is associated with partial
or complete destruction of the cardiomyocyte basement membrane formed by type IV
collagen.

Conclusion

Cardiovascular disease is the leading cause of death in developed countries [15],
and myocardial infarction is a significant contributor to cardiovascular disease
mortality.

According to various estimates, the prevalence of cardiovascular diseases is
expected to increase by 10% over the next two decades, leading to 23.6 million deaths
per year worldwide by 2030. In addition, healthcare costs associated with MI are
expected to triple over the next 20 years.

After myocardial infarction, the LV undergoes many changes at the molecular and
cellular level. The extracellular matrix also changes, changing the shape of the LV and
impairing its function over time. ECM degradation determines early and late prognosis
after M.

Assessing the ECM at various time points after myocardial infarction provides an
early diagnosis or prognostic indicator of LV remodeling and allows the stratification
of patients into groups depending on individual risk and subsequent treatment.

Currently, various biomarkers are used for the timely diagnosis of myocardial
infarction, but their use is limited due to insufficient specificity and selectivity.
Determining the role of MMP-9 in remodeling after Ml is an important challenge. A
better understanding of the pathophysiological processes, including the biological
functions of MMP-9, may allow the development of new strategies for the diagnosis
and treatment of patients with myocardial infarction. Biomarkers of ECM remodeling,
which can be detected in structural changes during myocardial infarction, may be
useful for predicting the further development of CHF.

In particular, one of these markers may be type IV collagen, which is located in
the basement membrane of cardiomyocytes and is destroyed by MMP-9. Simultaneous
analysis of the level of MMP-9 and the content of type IV collagen in the myocardium
will allow us to determine criteria for predicting survival in this group of patients,
determine treatment tactics, and better understand the processes of remodeling.
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