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Abstract: Cardiovascular diseases (CVDs) are the most prevalent cause of global mortality,
highlighting the importance of understanding their molecular bases. Recently, small non-coding
RNAs (miRNAS) were shown to affect messenger RNA (mRNA) stability, either by inhibiting
translation or by causing degradation through base pairing with mRNAs, being negative regulators
of protein translation. Moreover, miRNAs modulate many signaling pathways and cellular
processes, including cell-to-cell communication. In the cardiovascular system, miRNAs control
functions in cardiomyocytes, endothelial cells, smooth muscle cells and fibroblasts. Because miRNA
expression was detected in the blood of patients with various cardiovascular diseases, they are
considered attractive candidates for noninvasive biomarkers. This study reviews the literature on the
role played by miRNAs in CVDs. The findings suggest that miRNA regulation may offer new
perspectives for therapeutic interventions in heart diseases.
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1. Introduction

Cardiovascular diseases are the most prevalent cause of death worldwide. Estimates indicate
that around 19.8 million people die every year due to cardiovascular diseases [1,2]. Despite advances
in the prevention and treatment of those diseases, there is still much to be discovered regarding their
underlying molecular mechanisms.

According to the Mendelian theory, an organism's set of phenotypic characteristics is essentially
determined by its genotype, so that the gene encoded from nuclear DNA is transcribed into RNA
which, in turn, is translated into a protein, specific of each cell. This mechanism of gene expression is
highly regulated, being possible to modulate the expression of genes in specific tissues and cells
without altering the genome. The reprogramming of gene expression, with hyper- or hypo-
regulation of a set of genes, is a critical process in the maintenance of homeostasis and functional
modulation of tissues, and its deregulation can trigger pathologies.

Nevertheless, more recent evidence shows the existence of changes in expressed proteins
without corresponding changes in their respective genes [3-5]. The mechanisms involved in those
modifications are described in the literature as epigenetic factors, the main ones being DNA
methylation reactions, histone modification and non-coding RNA (ncRNA) synthesis [3,5,6].

ncRNA, that corresponds to 80% of the 3 billion base pairs in the human genome [7], are now
recognized as an essential part of the mechanisms regulating gene expression [7] with functions that
lie outside the confines of the central dogma of molecular biology [8,9]. In recent years, there has been
growing interest in the function of small ncRNA called microRNAs (miRNAs) mainly because some
studies have shown that they may be related to cardiovascular diseases [10,11]. To date, about 2500
miRNAs have been identified in the human genome [12].

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202412.1864.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 23 December 2024 d0i:10.20944/preprints202412.1864.v1

MicroRNAs were shown to affect messenger RNA (mRNA) stability, either by inhibiting
translation or by causing degradation through base pairing with mRNAs, being negative regulators
of protein translation. Because microRNAs modulate up to 90% of mammalian genes, they play
fundamental roles in regulating cellular function and cell-to-cell communication [13,14]. Moreover,
miRNAs also interact with long non-coding RNAs (IncRNAs), circular RNAs (circRNAs), and
pseudogenes to either induce miRNA suppression or increase cellular competition for miRNA
binding sites [15-18].

As a result of their role in various biological systems [18] and their stability in human fluids,
miRNAs are promising biomarkers for diagnosis as well as prognosis and treatment of many diseases
[19-21]. In the cardiovascular system, miRNAs control functions of cardiomyocytes, such as growth
and contractility, endothelial cells, smooth muscle cells and fibroblasts [22]. miRNAs also control the
cardiac rhythm [23-25], and their expression is altered in the blood of patients with various
cardiovascular diseases [26,27].

Because mRNA molecule may be regulated by multiple miRNAs, a single miRNA may influence
the expression of hundreds of genes [28]. Many miRNAs are tissue specific while others are
ubiquitously expressed [29-31]. Both transcriptional and post-transcriptional regulation of miRNA
precursors within the cell determine their pattern of distribution. All known sequences of miRNAs
are available in the database at the website www.mirbase.org.

Here we present a literature review concerning miRNAs and their role in cardiovascular
diseases. To compile this bibliographic review, scientific articles indexed in the PubMed
(https://pubmed.ncbi.nlm.nih.gov/) and Google Scholar databases, published between 2018 and 2024,
were consulted. The following keywords were employed: microRNAs, cardiovascular diseases,
cardiovascular research, heart.

2. microRNA Biogenesis

The process of biogenesis of a miRNA occurs in two parts: one in the nucleus, and the other in
the cytoplasm (Figure 1). In the nucleus, starts the transcription that generates primary transcripts
(pri-microRNAs) [16] with over 1000 nucleotides in length organized in three major domains: a 33-
to 35-nucleotide-long stem, terminal loop, and two single-stranded RNA (ssRNA) segments flaking
both ends [32,33].

Depending on the location of the miRNA gene within the genome, identified miRNAs are
intragenic or intergenic [15,26]. Intergenic-derived miRNAs are transcribed either by RNA
polymerase II or III, come from noncoding regions of the DNA between genes, and have unique
promoter regions [32-35]. By contrast, the genes of intragenic-derived miRNA are transcribed by
RNA polymerase II. They are located within exons or introns of protein-coding genes, and are co-
expressed with their host gene [32-34].

The biogenesis of miRNA is classified into canonical and non-canonical pathways. In the
canonical pathway (Figure 1), those pri-micro RNAs are processed by the enzyme Drosha (RNAse
III) and its cofactor DGCR8 (DiGeorge Syndrome Critical Region 8). The resulting precursor
microRNA (pre-microRNA) is exported to the cytoplasm by exportin-5 through pores in the nuclear
membrane [36]. In the cytoplasm, those pre-microRNAs are processed by Dicer, another RNAse [37],
forming a double-stranded mature miRNA.

Both strands derived from the mature microRNA duplex can be loaded into the Argonaute
(AGO) [38], incorporated into the RNA-induced silencing complex (RISC) and then separated into
two strands. One of the strands is degraded, while the other remains associated with RISC, forming
the mature microRNA [12,13,39,40].

The strand with lower thermodynamic stability is selected to be loaded into AGO and is deemed
the guide strand [41]. The unloaded strand is called the passenger strand. The passenger strands are
cleaved by AGO2 and degraded by cellular machinery [42]. Mature microRNA is identified by the
prefix “miR” while pre-microRNAs are identified by “mir-".
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Figure 1. MicroRNA biogenesis. In the nucleus, primary transcripts (pri-miRNA) are processed by the Drosha
enzyme, and a double-stranded RNA-binding protein forms a precursor microRNA (pre-miRNA), which is
exported to the cytoplasm by exportin-5 located on the nuclear membrane. These pre-miRNAs are processed
by Dicer, a nuclease, forming a double-stranded RNA that is incorporated into the RNA-induced silencing
complex (RISC) and then separated into two strands. One of these strands is degraded, and the other remains
associated with RISC, forming the mature microRNA (miR-).

Several non-canonical miRNA biogenesis pathways use the same proteins involved in the
canonical pathway and can be grouped into Drosha/DGCR8-independent and Dicer-independent
pathways [43].

Drosha/DGCR8-independent pathway may process the pre-miRNA splicing machinery from
the intron of protein-coding gene [26,28]. Those microRNAs, called miRtrons, are correlated with the
host gene expression based on their location in either the introns or splice site junctions. MiRtrons
are continuously transported to the cytoplasm and processed by Dicer [44—46].

Conversely, in the Dicer-independent pathway miRNAs are processed by Drosha from
endogenous short hairpin RNA (shRNA) transcripts [47]. These pre-miRNAs require AGO2 to
complete their maturation within the cytoplasm because they are of insufficient length to be Dicer-
substrates [48]. This in turn promotes loading of the entire pre-miRNA into AGO2 and AGO2-
dependent slicing of the 3p strand. The 3'-5" trimming of the 5p strand completes their maturation
[47].

3. MicroRNAs and Intercellular Communication

miRNAs were first discovered as acting inside the cells by controlling gene expression at a post-
transcriptional level. More recently, however, they have also been detected in circulating blood.
MicroRNAs which migrate outside the cells play a role in intercellular communication [48,49]. Those
miRNAs are called circulating miRNAs [48].

In order to be protected from digestion by RNAses [50], the circulating miRNAs are secreted in
exosomes or extracellular vesicle (EVs) [51,52], or form complexes with proteins including Ago2 [47],
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nucleophosmin 1 (NPM 1) and high-density lipoprotein [53]. Unlike intracellular miRNAs,
circulating miRNA shows remarkable stability and resistance to degradation by endogenous RNAse
activity [54,55]. Exosomes containing miRNAs enter neighboring cells where they affect mRNA
targets remotely from their origin throughout endocytic uptake, membrane fusion, or integrating
with specific receptors in the cell surface [56,57]. The circulating miRNAs in exosomes can reflect the
specific cell of origin of exosome content, and the variation depending on the physiological and
pathological condition [56]. Precisely because their content reflects their origin and
pathophysiological state, exosomes and EVs have been widely used as valuable biomarkers for
diagnostic and therapeutic strategies.

The main source of circulating miRNAs seems to be the adipose tissue although they may be
derived from many other tissues. Adipose tissue-secreted extracellular vesicles containing miRNA
may arise from different cells within the fat pad and may be differentially regulated by various
stimuli, thus being trigger of some diseases, such as metabolic diseases [14].

Obesity changes the profile of exosomal miRNAs in mice [52]. Moreover, obesity-associated-
exosomal miRNAs are active players in the first stages of the metabolic syndrome characterized by
development of glucose intolerance, dyslipidemia, and central obesity [58].

miRNAs are secreted by pancreatic islet cells along with secretion of insulin and glucagon [59].
In that case, miRNA would modulate insulin action in target tissues, while peripheral cells could
send signals back to islets via extracellular vesicles containing miRNAs. MiR-122, miR-142-3p, miR-
192, miR-222, and miR-378a were upregulated, and miR-138 and miR-221 were downregulated in
obese patients or obese animals [59-63].

Circulating extracellular vesicles may also cross the ependymal layer and the blood brain barrier
(BBB), by a transcytosis mechanism, thus acting on the central nervous system [64,65].
Neurodegenerative diseases which alter BBB permeability could facilitate the exchange of circulating
miRNAs from the brain to the blood and vice-versa, reviewed in reference [62].

Communication between the different cell types that make up the heart, such as cardiomyocytes,
fibroblasts, endothelial cells and macrophages, has already been described as important for
maintaining cardiac homeostasis [65]. This intercellular communication can occur through direct
contact between cells, such as gap junctions, or through the secretion of soluble factors or EVs [66].

In cardiovascular diseases, such as myocardial infarction, miRNAs transfer by extracellular
vesicles play a key role in driving the healing and remodeling response [65]. They can modulate
phenotype and function of macrophages, which in turn modulate fibroblast proliferation and the
inflammatory response (reviewed by [65]). EVs from ischemic cardiomyocytes can also stimulate
endothelial cell angiogenesis by miRNAs transfers, mainly miRNA-222 and miRNA-143 [66].

4. miRNAs in Cardiac Diseases

Epigenetic mechanisms are present at all stages of cardiac development, and miRNAs regulate
the initial process of cardiac differentiation and cardiomyocyte proliferation [67]. Mature miRNAs
participate in cell cycling, cell proliferation, cellular aging, apoptosis, angiogenesis, autophagy,
mitochondrial metabolism, hematopoiesis, and cardiovascular development.

That is why dysregulated miRNA expression is directly involved in many CVDs and diseases’
development [68]. Altered expression of miRNAs have been described in cardiomyopathy, atrial
fibrillation, hypertension, metabolic syndrome, and stroke, angiogenesis, inflammation, and cardiac
remodeling, which are central to the development and progression of CVDs [68,69]. Some miRNAs
and the related CVDs are summarized in Figure 2 [70].
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Figure 2. Chord diagram illustrating the associations between different RNAs and specific cardiac conditions,
such as cardiac hypertrophy, myocardial infarction and arrhythmia, highlighting the complexity of molecular
interactions in the context of cardiovascular diseases. Each color represents one miRNA and arrows indicate

the linkage with the cardiovascular disease.

The first described miRNA was lin-4 in C. elegans [71]. The second, also found in C. elegans, was
let7. This one is highly expressed in cells of the cardiovascular system [72-77]. Exacerbated expression
of let7 has been linked to cardiac fibrosis, myocardial infarction, cardiac hypertrophy, arrhythmia,
atherosclerosis, and hypertension. Let 7 also acts in cardiovascular differentiation from embryonic
stem cells [67,78].

The regulatory potential of miRNAs in the cardiac tissue homeostasis was demonstrated by the
loss of a component of miRNA's biogenesis machinery in animal model, which was incompatible
with properly cardiac function and maintenance of life. Mutant mice presented premature lethality
displaying dilated cardiomyopathy and heart failure [79], showing the importance of miRNA
pathway in the heart.

Circulating levels, as well as the source, of miRNAs have pattern altered in cardiovascular
diseases [68]. In coronary artery disease’s patients, circulating levels of miR-126, miR-17, miR-92a,
miR-155 and miR-145 are markedly reduced while miRNAs from cardiac muscle, mainly miR-133a
and miR-208a are higher [68]. Furthermore, expression levels of circulating miR-423, miR-320, miR-
765, miR-149, miR-21, miR-126, and miR-1 are altered in stable and unstable coronary artery disease
and myocardial infarction patients [80,81].

MiR-126, which plays an important role in angiogenesis process, is reduced in patients with
atherosclerosis and coronary artery disease [80]. Progression of atherosclerosis is related to several
miRNAs, including miR-15a-5p, miR-199a-3p, miR-34a, miR-146a, and miR-217. Those miRNAs are
also involved in cellular senescence, endothelial dysfunction, and inflammation, whereas miR-342-
5p protects against endothelial cellular injury during atherosclerosis [82].

MiR-21 is a key molecule involved in cardiac hypertrophy, promotes angiogenesis and
cardiomyocyte survival post-myocardial infarction [83], inhibits apoptosis and inflammation [83].
Within the myocardium, miR-21 has its strongest expression in cardiac macrophages that controls
myocardial fibrosis through intercellular signals to fibroblasts (Ramanujam et al., 2021).
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Overexpression of miR-21 triggered by hypoxia in rat hearts has been linked to pathological cell
growth and cellular stress, indicating the emergence of cardiac hypertrophy [85]. Elevated expression
of miR-21 has also been observed in cardiac tissue from patients with heart failure, and this miRNA
has been shown to promote cardiac fibrosis and hypertrophy in animal models. MiR-133 mitigates
cardiac hypertrophy by blocking the AKT/mTOR pathway and the beta-adrenergic receptor (3-AR),
inhibiting activation cascades that could lead to atrophy, apoptosis, and autophagy [86]. miR-1 is the
most abundant miRNA in the heart being implicated in the cardiac homeostasis and function [87].
When overexpressed, miR-1 reduces hypertrophy and fibrosis [87], however, when reduced triggers
multiple impairments in heart function [78,80].

MiR-484 plays a role in cardiomyocyte apoptosis [88], and its direct interaction with miR-361 has
implications on cardiac diseases such as myocardial infarction [89]. Reduced expression of miR-125b-
5p in both humans and mice is related to cardiac ischemia and has been proposed as a diagnostic
biomarker as well as a biomarker of progression to heart failure [90]. miR-127-3p has been identified
as a pro-fibrogenic agent and was up-regulated in the rat heart during cardiac fibrosis. When
overexpressed, miR-127-3p increased fibrogenic differentiation and proliferation, microRNA
inhibition suppressed fibroblast activation [91].

MiR-208 is one of the most relevant miRNAs implicated in cardiovascular diseases. MiR-208 is
related to various cardiac processes, including increased cardiac fibrosis via THRAP-1 (Thyroid
Hormone Receptor Associated Protein 1) inhibition, right ventricular hypertrophy by inhibiting the
Mef2 axis, and negative regulation of the SOX6 (SRY-Box Transcription Factor 6) gene associated with
cardiac hypertrophy [92]. miR208a has been described as specifically expressed in cardiac tissue
promoting cardiac hypertrophy in animal models [93].

When exposed to stress conditions such as elevated blood pressure or workload, miR-208 is
activated, triggering a series of adaptive responses. Furthermore, miR-208 is also involved in
regulating the expression of genes associated with cardiac function, such as the Myosin Heavy Chain
B (B-MHC) gene, contributing to cardiac remodeling aimed at enhancing performance under
challenging conditions. Ultimately, the interaction between miR-208 and cell stress reveals an
intricate network of molecular signaling aimed at optimizing cardiac capacity in face of demands
[94]. miR-208 is encoded within the introns of various myosin genes. The expression of miR-208a,
encoded within a fast myosin gene, is capable to regulate the expression of miR-499 and miR-208b,
encoded within slow myosin gene, which together forms feedback loops that regulate miRNA levels
and, consequently, muscle contraction in response to physiological changes [91].

From the above-mentioned interactions of miRNAs with cardiac diseases it is possible to figure
out the complexity of miRNAs actions and the big challenge deciphering the precise roles of specific
miRNAs actions in physiological and pathological contexts. The regulation of mRNA expression by
miRNAs is highly specific for cells and organs, depends on the metabolic state and level of stress on
the organism. Furthermore, usually there is no specific correlation between the level of miRNA
expression and its action, since its expression can be intermittently altered in pathophysiological
contexts and its activity and availability can also be regulated [95].

Nevertheless, there are substantial efforts to determine the mechanism underlying miRNAs
action and their targets. Table 1 summarizes some information about miRNA and their targets in
cardiovascular diseases.

Table 1. miRNA and targets in cardiovascular diseases.

microRNA Cardiovascular disease Target References
Myocardial infarction GJA1, KCNJ2, HAND2, IRX5, HSP70,
miR-1 Coronary artery disease Cardiac HSP60, HDAC4, CDK9, KCNE1, [24,121]
hypertrophy Arrhythmia RASGAP, RHEB, NPTB, biomarker

miR-21 Myocardial infarction Biomarker [24]
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miR-133 Arrhythmias GJA1, KCNJ2, AKT/mTOR [20,82]
Cardiac hypertrophy
miR-361 Myocardial infarction PHB1 [85]
miR-125b-5p Cardiac 1sc.hem1a Biomarker, bak1 and kIf13 [86]
Heart failure
miR-127-3p Cardiac fibrosis TGF-B, Ang I [87]
Cardiac fibrosis
miR-208 Cardiac hypertrophy THRAP-1, Mef2, SOX6, BMHC, aMHC [88]
Stress
miR-320 Cardiac hypertrophy Biomarker [24]
MiR-423 Coron?ry artery disease Biomarker 24]
Cardiac hypertrophy
miR-126 Cardiac hypertrophy Biomarker [24]

Unravel how miRNA expression and its ability to regulate cells and tissues responses, as well as
their behavior in the development of diseases is not only necessary as well as mandatory. It should
facilitate the design of new therapeutic approaches based on miRNA targeting molecular
mechanisms underlying complex diseases.

Therefore, due to their marked implication in cardiovascular diseases many miRNAs, mainly
circulating miRNAs, have been pointed out as cardiovascular diseases biomarkers. Their use as
therapeutic tools is on horizon.

5. miRNA and Other Diseases

miRNA has been implicated in research of allergy, carcinogenesis, obesity, metabolic syndrome,
neurodegenerative diseases [92]. Once they enter the extravascular space or blood, miRNAs can act
on other cells within the organ or tissues even at a distance, to establish metabolic homeostasis and
energy balance.

Many miRNAs have been considered as biomarkers in neurodegenerative diseases. It has been
demonstrated that the aging process affects secretion of miRNAs extracellular vesicles by
hypothalamic stem cells and that the intracerebroventricular injection of extracellular vesicles
containing miRNAs from these cells slows hypothalamic aging [96,97]. Extracellular vesicles
containing miRNAs have also been implicated in the crosstalk between neurons, astrocytes, microglia
and endothelial cells [reviewed in reference 98]. For example, after brain injury, the increment on
miR-124 level was associated to inhibition of neuronal inflammation [99].

The mature let-7 miRNA is controlled by miR-107. Because let-7 is a tumor suppressor, its
downregulation and suppression by miR-107 leads to an increase in the abundance of its target
oncogenes, contributing to downstream tumorigenesis [100]. Furthermore, the downregulation of
pri-miR-9 by miR-503 and miR-484 promotes cellular lineage commitment [101], however, the
interruption of this interaction leads to miR-9 upregulation, leading to an undifferentiated state
typical of cancer cells [102].

Environmental stress due to the modern life style has been identified as a relevant cardiovascular
risk factor [103,104]. The stress response is characterized by activation of the sympathetic nervous
system and the adrenal gland, which release catecholamines and glucocorticoids, classical circulating
stress markers. We have extensively reported the consequences of stress in endocrine, metabolic,
behavioral and cardiovascular parameters in humans and animal models [103-106]. In the heart,
repeated stress promotes changes in the p-adrenergic receptors population with consequences to
heart function [107-110].

Cardiac expression of several genes related to signaling pathways of the 3-adrenergic receptors
and glucocorticoid receptors are altered as well [111]. The large number of genes with significant
differences in expression suggests the influence of stress on phenotypic changes in cardiac cells [110].
Thus, it is reasonable to predict participation of some epigenetic factors, such as miRNAs, in stress-
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induced gene regulation. In fact, microarray data have suggested the participation of some miRNAs
in the modulation of cardiac response to stress. miR-331-5p, miR-331-3p, miR-127-3p, miR-125b-5p,
miR-191-5p, miR-30c-5p were predicted to participate as upstream regulators of those genes
(unpublished data), and further study may clarify it.

6. Methodological approaches

Considering that miRNAs have been proposed as fine-tuners of gene and protein expression
profiles during pathological conditions, investigation concerning the expression of selected miRNAs
and their predictive targets have used animal models [112].

qPCR, microarrays, and next-generation sequencing (NGS) are the techniques mainly used for
studying miRNAs, each one with advantages and limitations. qPCR is frequently used in studies that
require precise validation of target miRNA expression. The processing time is up to 6 hours, it has
high sensitivity and accuracy in quantifying specific miRNAs. qPCR can identify around 754 human
miRNAs per sample with minimal infrastructure requirements. However, its analysis capacity is
lower compared to other techniques.

Otherwise, microarrays allow the simultaneous profiling of hundreds of miRNAs in a single
sample, making them useful for large-scale exploratory studies, although their sensitivity is lower
than that of qPCR. Microarray experiments take approximately 2 days to complete and can identify
950 miRNAs per sample, requiring moderate infrastructure.

Finally, NGS provides a comprehensive analysis of the miRNA transcriptome, with the ability
to detect new miRNAs and sequence variants. Despite being a more expensive technique that
requires sophisticated infrastructure, NGS is highly advantageous for studies aiming to explore the
diversity of miRNAs at a deep level and with high throughput, theoretically identifying all miRNAs
per sample. Due to its complexity, NGS experiments can take from one to two weeks to complete
[113].

7. The clinical potential of miRNAs: diagnostic, prognostic and therapeutic
implications

The discovery that miRNAs showed organ- and cell-specific expression patterns [114] has
created great expectations as promising new biomarkers in the field of several diseases. MiRNA
quantification and in vitro findings suggest groups of miRNAs being specifically up and down
regulated in different diseases [115], while polymorphisms in the miRNA regulatory pathway—so
called miRSNPs—have shown association with different types of disease [116].

Circulating miRNAs can be isolated from body fluids such as serum, plasma and saliva.
Exosomes present in body fluids can have a potential role in immunotherapy and vaccination
modalities and as a potential vector for gene therapy. Healthy saliva contains approximately 50
miRNAs and some of them can be used clinically to detect various salivary gland diseases [117],
including oral cancer [117]. Two miRNAs in particular, miR-125a and miR-200a, have been found
exclusively in the saliva of oral cancer patients and are diagnostic markers of the disease [69].

Another promising application of miRNAs is to utilize their immunomodulatory functions to
promote antimicrobial pathways during infection and control dysregulated inflammatory responses
during sepsis. Most infection studies compare the extracellular miRNA profile of patients with
healthy controls. Many identify extracellular miRNA signatures which are highly predictive of
infection.

A promising application of miRNA biomarker work may be to differentiate viral from bacterial
infection, identify or prognosticate sepsis, and in monitoring of response to antimicrobial treatment.

MiRNAs are essential mediators of host response to pathogens. They have pleiotropic roles
which microbes have evolved to exploit. Elucidating the roles miRNAs in host response to infectious
disease is inherently interesting at it provides a tool for identifying key genes and pathways that must
be activated, enhanced, repressed, or silenced to facilitate an effective immune response. The complex
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regulatory network within which miRNAs are embedded, make unpicking the roles of miRNAs
tough but not impossible. Integrating large miRNA and mRNA datasets using advanced statistical
techniques (in a “systems biology” approach) will facilitate the unpicking of these complex networks.

The diagnostic value of miRNAs in cardiovascular diseases has been examined in numerous
studies and animal models with respect to coronary artery disease and myocardial infarction. Various
miRNAs are described to complement protein-based biomarkers or classical risk factors in the
diagnosis of coronary artery disease or myocardial infarction and even represent potential new
biomarkers in the discrimination of unstable angina pectoris. Signatures consisting of sets of multiple
miRNAs seem to improve the predictive power compared to single miRNAs. Defined groups of
circulating miRNAs being quantitatively altered were detected also in other disease entities such as
atherosclerosis, heart failure, atrial fibrillation, hypertrophy and fibrosis (118-122).

So, clinical applications of miRNAs are the next step. As the literature on miRNAs grows, the
potential for new miRNA therapeutics, diagnostics/prognostics, and vaccines becomes tangibly
closer. Translating the insights of miRNA studies into improving the lives of patients is the critical
next step now.

8. Conclusions

MiRNAs play a significant role in cardiovascular system maturation, regulating heart function,
and participating in the development of cardiac diseases. They also hold potential as biomarkers and
therapeutic targets. The future of healthcare could be closely tied to miRNA research, as they are
implicated in various organ systems and numerous diseases. However, further research is required
to identify the role played by miRNAs in physiological and pathological processes. Thus, miRNA
investigation remains a rapidly expanding and promising field for the development of novel
therapies and treatments.
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