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1. Introduction

Abstract

Acute myocardial infarction (AMI) is the acute necrosis of myocardial
tissue due to chronic and severe ischemia. AMI stays a main cause of
morbidity and mortality worldwide. Accurate and rapid diagnosis is
useful for the clinical management and prognosis of AMI early. Thus,
exploration of new potential biomarkers that will contribute to this
direction is particularly important. CCL18 Chemokines is a class of
chemotactic cytokines, come into play in response to acute
cardiovascular  events, coordinating inflammation,  necrosis,
neovascularization, and leukocyte recruitment. MicroRNAs (miRNAS)
are small non-coding RNAs that mediate the expression of target genes.
Recently, a few numbers of miRNAs are emerging as potential
biomarkers of AMI. MiRNA-499-5p is a newly discovered member of
miRNAs and is essentially expressed in myocardium.
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The key is to repercuss the coronary heart and
restore blood flow. The earlier the treatment (less

Acute myocardial infarction (AMI) is a form of
severe heart attack that damages the heart muscle
due to a lack of oxygen result from blockage of
blood flow to the heart (Li et al., 2020). Acute
myocardial infarction can be divided into two
categories, non-ST-segment  elevation Ml
(NSTEMI) and ST-segment elevation M1 (STEMI).
Unstable angina is like NSTEMI. However, cardiac
markers are not elevated (Nascimento et al., 2019).

An AMI results in irreversible damage to the heart
muscle due to a lack of oxygen., which lead to
impairment in diastolic and systolic function and
make the patient prone to arrhythmias. In addition,
an AMI can lead to several serious complications.

than 6 hours from symptom onset), the better the
prognosis (Mechanic et al., 2022).

2.  Pathophysiology  of  Acute
Myocardial Infarction

Arteriosclerosis is the thickening, hardening, and
loss of elasticity of the walls of arteries. This
process gradually restricts the blood flow to one's
organs and tissues and can lead to severe health
risks brought on by atherosclerosis, which is a
specific form of arteriosclerosis caused by the
buildup of fatty plaques, cholesterol, and some
other substances in and on the artery walls. It can
be brought on by smoking, a bad diet, or many
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genetic factors (Dos Santos et al., 2021).

Atherosclerosis (fatty buildups) is a pattern of the
disease arteriosclerosis. in which the wall of the
artery develops abnormalities, called lesions. These
lesions may lead to narrowing due to the buildup of
atheromatous plaque (Figure 1). At onset there are
usually no symptoms, but if they develop,
symptoms generally begin around middle age.
When severe, it can result in coronary artery
diseases such as AMI, stroke, peripheral artery
disease, or kidney problems, depending on which
arteries are affected (Gibbons et al., 2022).

3. Risk Factors of Acute Myocardial
Infarction
The most common cause of a myocardial infarction

is the rupture of an atherosclerotic plaque on an

Nomenclature and
main histology

Initial lesion

= Histologically “normal”
= Macrophage infiltration
= Isolated foam cells

Fatty streak
= Mainly intracellular lipid
accumulation

Intermediate lesion
= Intracellular lipid accumulation
= Small extracellular lipid pools

Atheroma
= Intracellular lipid accumulation
= Core of extracellular lipid

ENDOTHELIAL DYSFUNCTION

Fibroatheroma
= Single or multiple lipid cores
= Fibrotic/calcific layers

Complicated lesion / Rupture
= Surface defect

= Hematoma-hemorrhage

= Thrombosis

Sequences in
progression of
atherosclerosis
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artery supplying heart muscle (reed et al., 2017).
Plaques can become unstable, rupture, and
additionally promote the formation of a blood clot
that blocks the artery, this can occur in minutes.
Blockage of an artery can lead to tissue death in
tissue being supplied by that artery. Atherosclerotic
plaques are often present for decades before they
result in symptoms (Thygesen et al., 2018). As
atherosclerosis is the predominant cause of acute
myocardial infarction, there are other modifiable
risk factors that include cigarette smoking,
exercise,  hypertension,  diabetes,  obesity,
cholesterol, LDL, triglyceride levels, and Cocaine
abuse can also lead to vasospasm (Bracey and
Meyers, 2021). In contrast, non-modifiable risk
factors include age, sex, and a family history of
early myocardial infarction (55 years of age) is also
a high-risk factor of AMI (Pop et al., 2019).
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Figure 1: Stages of endothelial dysfunction in atherosclerosis of arteries. By Yitzhak Nat - Own work and based
on. Made with MS Visio., CC BY-SA 4.0 (Gibbons et al., 2022).

4. Clinical Presentations of Acute
Myocardial Infarction
Onset of myocardial ischemia is the initial step in

the development of AMI which result from an
imbalance between oxygen supply and demand

(Padro et al., 2020).

Myocardial ischemia is a clinical setting can most
often be identified from the patient’s history and
from the ECG, which helps differentiate between
STEMI and NSTEMI unstable angina. Possible



ischemic symptoms include various combinations
of chest, upper extremity, mandibular, or epigastric
discomfort during exertion or rest. Often, the
discomfort is diffuse; not localized, nor positional,
nor affected by movement of the region (Luciano et
al., 2019).

However, these symptoms are not specific for
myocardial ischemia and can be observed in other
conditions such as gastrointestinal, neurological,
pulmonary, or musculoskeletal complaints. AMI
may occur with atypical symptoms such as
palpitations or cardiac arrest, or even without
symptoms (Thygesen et al., 2019). Though a small
percentage of patients have no symptoms or
changes in their ECG (Wang et al., 2020). As ECG
has limited sensitivity and specificity for the
diagnosis of AMI, the European Society of
Cardiology (ESC) and the American College of
Cardiology (ACC) established AMI criteria. To be
diagnosed with AMI, a patient must exhibit at least
two of the following traits. The first is characteristic
elevation in cardiac markers (such as creatinine
kinase-MB (CK-MB) isoenzymes), particularly
serum cardiac troponins | or T (cTnl or ¢cTnT), and
the second is ECG changes with ST elevations and
abnormal Q waves (Aydin et al., 2019). Though
AMI causes significant morbidity and mortality,
measuring a variety of cardiac biomarkers is very
useful for early diagnosis, risk classification, and
tailoring appropriate treatment in the management
of these high-risk patients. The optimal biomarkers
for identifying myocardial injury are exhibited at
significantly higher levels inside cardiac tissue,
have good clinical sensitivity and specificity, and
can be detected in the bloodstream early following
the commencement of clinical manifestations such
as chest pain (Niccoli et al., 2019).
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5. Cardiac Biomarkers

New understanding in pathophysiology of
atherosclerosis has implicated inflammation as a
central contributor to initiation and progression of
the disease. Chemo attractant cytokines, such as
monocyte chemo attractant protein-1 (MCP-1),
mediate transmigration of inflammatory cells into
the sub endothelial space and macrophage colony-
stimulating factor (M-CSF) contributes to
differentiation of monocytes into macrophages
were transformed into foam cells, key element of
the fatty streak. Mononuclear cells release
cytokines, which recruits further inflammatory
cells, resulting in further uptake and oxidation of
low-density lipoproteins (LDLs) (Gimbrone and
Garcia-Cardefia, 2016).

Therefore, inflammation and  biochemical
modifications, causing endothelial and smooth
muscle cells to proliferate, produce extracellular
matrix molecules, and form a fibrous cap over the
developing atheromatous plaque. Plaques lead to
clinical symptoms by producing flow-limiting
stenosis (causing stable angina) or by provoking
thrombi that interrupt blood flow on either a
temporary basis (causing unstable angina) or a
permanent one (causing myocardial infarction)
(Figure 2) (Luciano et al., 2019).

Several risk factors were known to promote
atherosclerosis, and various biomarkers were
shown to identify patients at risk for CAD. Some
studies found an association among inflammatory
biomarkers and cardiovascular diseases suggesting
their utility to identify the risk of an acute ischemic
event and the detection of wvulnerable plaques
(Gimbrone and Garcia-Cardefia, 2016).
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Figure 2: Conceptual application of a multimarket approach to characterization of the patient with ACS

(Morrow and Braunwald, 2002).
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Table 1. Various cardiac markers used for early diagnosis of acute myocardial infarction

(Muhammad et al., 2022)

Molecular
Weight (D) Initial Peak Time to
Biomarker Elevation . Return to
Elevations
(hr) Normal
Range
MB-CK 86,000 3-12 24 hr. 48-72 hr.
cTnT 33,000 3-12 12 hr-2 d 5-14d
Infrequently Used in Clinical Practice
Myoglobin 17.800 1-4 6-7 hr. 24 hr.
MB-CK
tissue 86,000 2-6 18 hr. Unknown
isoform
MM-CK
tissue 86,000 1-6 12hr. 38hr.
isoform
Inflammatory processes after myocardial infarction 2010).

and endothelial dysfunction are key elements in
determining the extension of myocardial damages
(Gimbrone and Garcia-Cardefia, 2016).

Inflammatory biomarkers may help predict future
cardiovascular risk and prognosis after ACS.
Furthermore, they can lead to new therapeutic
targets, possibly to neutralize specific inflammatory
mediators and leukocyte recruitment, thus, interfere
with the disease process and possibly improve
cardiac function following an acute myocardial
infarct (Gimbrone and Garcia-Cardefia, 2016).
The critical role of inflammation and immune cells
in the etiology of atherosclerosis makes it
unsurprising that many chemokines and chemokine
receptors have been linked to this disease. Since the
discovery of the super-family of chemokines and
their receptors, there has been a considerable effort
to define their role in the development of
atherosclerosis and in ischemia-induced myocardial
injury and left ventricular remodeling after acute
myocardial infarction (Braunersreuther et al.,

5.1. Chemokines

Chemokines a family of low molecular weight
heparin-binding proteins that cause selective
chemo-attraction and activation of circulating
leukocytes at the site of inflammation. Chemokines
induce chemotaxis through the activation of G-
protein coupled receptors. There are at least 50
human chemokines, which are divided into four
major families (the CC, CXC, CX3C, and C
chemokines) based on the configuration of the first
two cysteines., The largest family of chemokines is
known as the CC chemokines (Jones et al., 2011).

Chemokine (C-C motif) Ligand-18 (CCL 18)
pulmonary and activation -regulated chemokine
(PARC) is a polypeptide composed of 69 amino
acids with a molecular weight of 7.85 KDa protein
that plays a role in injury healing, it. CCL18/
PARC has specific chemotactic activity on T cells
and this chemokine can activate fibroblasts, thereby
directly contributing to lung fibrosis and possibly



myocardial fibrosis upon ischemia (Duffy and
Criner, 2019).

Physiological homing of mononuclear blood cells
and inflammatory responses. CCL 18 is expressed
by monocytes/ macrophages and dendritic cells and
is secreted predominantly in the lungs. It is also
expressed in atherosclerotic plaques, particularly at
sites of reduced stability. Although the exact
biological role of (CCL 18) is not known, serum
levels are elevated in acute coronary syndrome (De
Jager et al., 2012).

5.2. Micro RNAs

Nowadays, microRNAs (miRNAS) are receiving
growing attention because they are frequently
dysregulated in a variety of pathological conditions,
microRNAs (miRs), non-coding single-stranded
small RNA consisting of 21-23 nucleotides, are
negative regulators of gene expression by binding to
the 3" untranslated regions (3° UTR) of mRNA
(Saliminejad et al., 2019).

MiRNAs have been shown to have a role in
apoptosis, proliferation, differentiation, migration,
and cell conversion, which are all critical in
regulating cellular activities. According to previous
reports, several miRNAs, including miR-34a, miR-
126, miR-132, and miR-495, are involved in
angiogenesis in AMI response. This beneficial
effect may make miRNAs a useful tool for
preventing severe heart failure following MI (Chen
et al., 2019; Fu et al., 2019; Huang et al., 2020;
Ma et al., 2021). MiRNA-499-5p is a crucial
regulator in different human infections, including
congenital heart disease, pulmonary fibroblasts,
autoimmune diseases, and hepatocellular carcinoma
(Wang et al., 2020).

MiRNA-499-5p are elevated in AMI patients,
suggesting that they could be used as biomarkers for
heart injury. miRNA-499-5p is a newly identified
member of the myosin gene family's miRNAs,
located in an intron of the Myh7b gene. It is highly
conserved across species, inhibits cardiomyocyte
progenitor cells proliferation and promotes cell
differentiation and its expression in plasma was
shown to be higher in patients with AMI (Xin et al.,
2016).

miRNAs used to be considered existing in cells only
for some time. However, recent studies discovered
that miRNAs are stably present in human
serum/plasma (Chen et al., 2019).
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7. Conclusion

Acute myocardial infarction (AMI) basically is one
of the main causes of morbidity and mortality in
the worldwide, for that reason an effective and
accurate diagnostic biomarker would be mostly
needed to help decrease the mortality of AMI
patients. AMI patients had significantly higher
serum expression of miRNA-499-5p and plasma
levels of CCL18, which were positively linked with
serum cTnl and CK-MB. Expression of miRNA-
499-5p was positively correlated with plasma
CCL18 level in AMI patients.
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