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Abstract: Cardiovascular diseases (CVD) are the leading cause of death in most developed countries.
MicroRNAs (miRNAs) are highly investigated molecules not only in CVD but also in other diseases.
Several studies on miRNAs continue to reveal novel miRNAs that may play a role in CVD, in their
pathogenesis in diagnosis or prognosis, but evidence for clinical implementation is still lacking. The
aim of this study is to clarify the diagnostic potential of miRNAs in some CVDs.
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1. Introduction

Several scientific publications have reported, at various levels, possible relationships
between changes in serum or plasma microRNA (miRNA) expression and the incidence of
cardiovascular diseases (CVD) such as atherosclerosis, coronary heart disease, coronary
artery disease, acute coronary syndromes and heart failure. The aim of this review is to
help reveal the growing current importance of miRNAs, especially in CVD, and to suggest
useful miRNAs that can be identified in blood serum or plasma and have the potential to
become diagnostic or prognostic biomarkers. The proposed miRNAs should become the
subject of further research.

2. Cardiovascular Diseases (CVD)

CVD has been the leading cause of death worldwide for the past 20 years, especially
in most developed countries. Despite improvements in prevention, the trend in CVD
prevalence is still increasing. The World Health Organization reports that CVD caused
17.9 million deaths in 2019, equivalent to 32% of all global deaths. Ischemic heart disease
(IHD) is considered the diagnosis with the highest mortality rate worldwide, accounting
for 16% of total deaths. Stroke is the second leading cause of death, accounting for approxi-
mately 11% of all deaths. Most CVDs can be prevented by avoiding risky behaviors such
as smoking, unhealthy diet, obesity, lack of exercise, and alcohol abuse [1,2].

Early detection of CVDs is essential and is based on risk assessment. Risk assessment
includes individual patient characteristics and allows for the development of personal-
ized treatment by treating risk factors, lifestyle modification and psychosocial factors

together with social determinants [3]. Modification of risk factors alone can achieve up to
50% reduction in CVD mortality, and another 40% of cardiovascular deaths can be influ-
enced by improved treatment [4]. It is important to understand the pathophysiology of
CVD at the molecular level to discover new biomarkers for early and correct prevention,
diagnosis and prognosis of these diseases. MiRNAs are currently being highly investigated
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found through proteomics related to oxidative stress are considered as other potential

candidates for specific biomarkers whose levels provide information on the course of
CVD [6].

3. MicroRNA

The human genome is written in DNA, with genes as its basic functional unit. In the
process of proteosynthesis, these genes are constantly actively transcribed into RNA, which
then serves as a matrix for the formation of the proteins. These are protein-coding genes,
which we now know constitute only 1-3% of the genome [7]. The rest of the genome used to
be referred as “junk DNA” or redundant DNA [8]. However, advances in molecular biology
have revealed that most of the RNA that not serving as a matrix for protein formation
is not useless but has a variety of regulatory functions. These RNAs have been named
non-coding RNAs and can be classified based on length from long non-coding RNAs to the
smallest, called microRNAs [7].

MiRNAs are noncoding single-stranded RNA molecules of endogenous origin. Their
length corresponds to 20-25 nucleotides. The main function of miRNAs is to regulate gene
expression by binding to a target complementary messenger RNA (mRNA) sequence. A
single miRNA regulates tens or hundreds of target genes due to a binding region called
seed region, which contains only 7-8 nucleotides, and functional consequences can be
observed with this binding. The binding between mRNA and miRNA can have a dual
consequence (Figure 1) depending on the degree of complementarity of the binding sites,
their availability and number. With strong complementarity, mRNA degradation will occur
and with imperfect sequence complementarity, translation of the mRNA into the protein
will be inhibited. Both cases affect the outcome of gene expression, thus causing a decrease
in the level of protein encoded by the target mRNA [9]. In some, but less frequent cases,
miRNAs are also able to act in the opposite way, by interacting with the target mRINA to
stimulate or activate target proteins [10]. MiRNAs function as gene regulators that exert
their function posttranscriptionally, which distinguishes them from classical epigenetic
factors (DNA methylation, acetylation, etc.) that regulate gene expression at the chromatin
level [11].

Transcription

—— T —— go&

Messenger RNA (mRNA) 00‘5

gt) -0

Protein

Near perfect
) miRNA complementarity
) MiRNA biogenesis Binding M C—>> mRNA degradation
miRNA LLLLLEEEERTATL C—>> repression of translation
mRNA partial

complementarity

Figure 1. Functions of miRNAs-MiRNAs regulate gene expression by binding to mRNAs leading to
mRNA degradation or repression of translation.

MiRNAs represent an extremely fast-growing area of molecular biology, and current
research is discovering new roles for miRNAs in the body. Through intensive research,
new miRNAs are continuously being discovered every year. There are several databases
that collect data of the function or structure of miRNAs. The best-known database is called
miRbase. The current version (v22) contains information of miRNAs from 271 organisms,
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with 2654 entries for mature miRNA sequences and 1917 entries for precursor miRNAs for
the human genome [12].

The biogenesis of miRNAs occurs in several steps (Figure 2). It starts in the nu-
cleus by transcription of DNA to form primary miRNA transcript (pri-miRNA) using the
enzyme RNA polymerase II. Furthermore, subsequent modifications, mainly cleavage,
produce precursor-miRNA (pre-miRNA), which is transported into the cytoplasm using the
Exportin-5/RanGTP system. The precursor miRNAs have the structure of single-stranded
RNA whose ends (3" and 5" ends) are linked together. After transport into the cytoplasm,
a double-stranded mature miRNA is gradually formed, consisting of a miRNA /miRNA*
duplex, where one strand is active, guide and functionally mature and the other strand
is inactive sometimes called the passenger strand. Subsequently, one of these strands is
degraded, and the other strand complementarily binds to the target mRNA using RNA
induced silencing complex (RISC) in the form of a ribonucleoprotein called miRISC or
miRNP [5].
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Figure 2. Biogenesis of miRNAs.

It has been found that each miRNA strand can regulate different processes in the same
tissue. As an example, miR-21. Up-regulation of the 5p strand (miR-21-5p) is associated
with heart failure, while the 3p strand (miR-21-3p) acts paracrine to positively regulate
cardiomyocyte hypertrophy [13-15]. Recognition of target mRNA occurs by the seed
sequence of miRNA, which corresponds to nucleotides in positions 2 to 7 of the chain. Due
to the very small size of the seed sequence or due to imperfect base pairing, it is possible
that multiple target mRNAs are regulated by only one miRNA and, conversely, one target
mRNA may be regulated by multiple miRNA species. Thus, a single miRNA may be
involved in the regulation of multiple signaling pathways, independent of each other or
functionally linked [16,17].

MiRNAs are located in the intracellular and extracellular space. Intracellular miRNA
levels are involved in gene expression and contribute to cell function through their ability to
influence the cell cycle, cellular metabolism, and act on signaling within cells. Extracellular
miRNAs are found beyond the cell membrane in the bloodstream and most body fluids. In
the extracellular space miRNAs are stored in various carriers e.g., exosome, microparticles,
lipoproteins, lipid vesicles, etc. [5]. MiRNAs can enter the circulation actively or passively.
Actively in the provision of intercellular communication between tissues and passively due
to cell necrosis caused by, e.g., ischemia. Their levels thus reflect the state of the organism,
tissue damage, or changes in the internal environment caused by disease. These properties
argue for the exploration of miRNAs as promising biomarkers for a number of diseases,
including CVD [18].

MicroRNA as a Potential Biomarker

Since the spectrum of potential biomarkers is wide, there are some basic criteria that a
new biomarker should meet: 1. high sensitivity and specificity for the disease, 2. availability
of the biomarker by a non-invasive method, 3. the ability to detect the disease early, 4.
sensitivity to changes during the disease, 5. long half-life in the sample, 6. the possibility of
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accurate and reliable detection, 7. affordability and another requirement is the clarity for
the physician and the patient [18].

MiRNAs meet many of these criteria and are expected to be beneficial for diagnostics.
They are characterized by high stability and accurate detection with high sensitivity and
specificity due to sequence-specific amplification. Circulating miRNA molecules were first
identified in blood, but subsequent studies have revealed their presence in all known body
fluids. This guarantees a less invasive test, as most studies show miRNAs in plasma, i.e.,
only blood sampling would be sufficient for diagnosis. As mentioned above, a portion of
the extracellular miRNA is packaged into various carriers after synthesis and enters the
bloodstream in this form. Packaging in the carrier ensures high stability of the miRNA even
during long-term storage and also resistance to harsh environmental conditions, which
can be high temperature or repeated freezing and thawing, extreme pH, or protection
from ribonuclease activity, which causes miRNA degradation. Exogenous free miRNAs do
not have this protection and are easily degraded in the bloodstream. Most miRNAs are
produced by blood cells and tissues such as the heart, liver, lungs, or kidneys [5,19].

The potential use of biomarkers in KVO was discovered several years ago and their
clinical incorporation has been the subject of many studies. The diagnostic power of
miRNAs is superior or comparable to established biomarkers. Detection of miRNAs in
combination with established biomarkers in CVD would improve diagnostic accuracy. At
the same time, miRNAs may be useful in the prognosis of future cardiovascular events.
In addition, the utility of miRNAs as therapeutic agents for non-cardiovascular as well as
cardiovascular medicine is being investigated [20].

However, even miRNA as a biomarker has limitations. These are mainly the cost
of testing and also variations in their expression, which may not be related only to the
pathology of the disease. Variations in the levels of some miRNAs in the population may be
due to ethnic or geographical differences, or age and sex, which must be considered in the
results [21]. It is certain that miRNAs are critical regulators of cardiovascular function and
play an important role in many aspects of cardiovascular biology, but currently circulating
miRNAs are not part of clinical practice. Reasons for this are the contrasting results of some
studies, which may be due to differences in research methodologies and failure to include
confounding factors, technological requirements, and non-standardized normalization
of expression levels. The clinical utility of miRNAs as biomarkers must be supported
by mechanistic studies of effect, validation in larger and well-characterized cohorts with
normalization of strategies [22].

4. Changes at The MicroRNA Level in Cardiovascular Diseases

Published data for the following chapters and for this review in general were identified
by searching and selecting from the article lists of Web of Science, Pubmed and Scopus
databases. A multi-stage approach was used in the search. First, articles were identified
in the search using the keywords “cardiovascular diseases” and “miRNA”. In a second

step, the keywords “biomarker”, “circulating”, “coronary heart disease”, “coronary artery
e

disease”, “acute coronary syndromes” and “heart failure” were added. Subsequently, a
filter was performed over the time span of the last 15 years.

4.1. Atherosclerosis and Coronary Heart Diseases (CHD)

Ischemic heart disease is a group of pathological conditions in which myocardial
ischemia or myocardial infarction occurs. Clinically, we distinguish different forms from
chronic stable angina to acute coronary syndromes such as unstable angina (AP) or my-
ocardial infarction (MI), and others. Reduced flow through the arteries is most often due
to atherosclerosis. Atherosclerosis is a chronic inflammatory disease of the vessel wall
characterized by the accumulation of lipids or atherosclerotic plaques [23]. Progressive
plaque growth causes stenosis of the arterial lumen, while rupture of an unstable plaque
carries the risk of thrombus or complete obstruction of the lumen. All cellular compo-
nents involved in plaque and thrombus formation (platelets, monocytes, and endothelial



Medicina 2023, 59, 1329

50f15

cells in all stages) can release miRNAs, and at the same time, several miRNAs influence
the different pathophysiological processes of atherosclerosis (lipoprotein and cholesterol
metabolism, inflammatory response, and vascular remodeling). This suggests that miRNAs
could serve as a useful biomarker of IHD, both acute and chronic forms [24].

Currently, the diagnosis of coronary artery disease is based on the evaluation of
the medical history and includes physical and other examinations (electrocardiogram,
echocardiogram, scintigraphy, coronary angiography, or evaluation of the cardiac enzyme).
These examinations can be used to determine the myocardial response to stress and to
demonstrate ischemia. Coronary angiography remains the gold standard for diagnosis
and therapy and is the most invasive of these methods [25]. The diagnosis may also
include an overall risk assessment using a risk assessment system [26]. The SCORE system
(Systematic Coronary Risk Evaluation system) is one of the most widely used systems in
the Czech Republic, but also in Europe, and allows estimation of the risk of CVD death
over the next 10 years using 5 factors: sex, age, smoking, total cholesterol, and systolic
blood pressure [27,28].

Uncovering some of the relationships between miRNAs and the pathophysiological
processes of CVD allows for an easier search for potential biomarkers. There are already
known miRNAs that regulate cholesterol transport and lipoprotein metabolism (Table 1),
including miR-33, miR-27b, miR-148a or miR-223 [29]. These miRNAs are involved in
cholesterol uptake by HDL particles (miR-33, ABCA1 protein) [29], cholesterol transport
through hepatocytes into the bile ducts (miR-33, ABCB11 transporter) [30], in the formation
of lipoproteins (miR-27, e.g., apolipoprotein B required for the formation of VLDL and
LDL) [31] or in the uptake of LDL lipoproteins also by the scavenger receptor (miR-148a [32]
and miR-223 [33]). Experimental studies have obtained interesting results that blocking
miR-148a increased the clearance of LDL particles in liver tissue [32] and blockade of
miR-33 increased HDL levels by up to 50% while reducing atherosclerotic plaques [34]. The
course of atherosclerosis is also influenced by miR-126-5p, through its ability to regulate
endothelial cell function and increase endothelium regeneration itself. Studies in patients
with IHD indicate significantly lower plasma levels of miR-126-5p in association with the
formation of atherosclerotic plaques [35].

Table 1. Pathophysiological significance of miRNAs in atherosclerosis and IHD.

MiRNA Diseases Pathophysiological Significance Ref.
miR-33 Atherosclerosis Transport of[iﬁg?::tsfoclllﬁiisliegfhzgaI;IcE}]:tS: i‘rtlitc(ie;le bile ducts [29,30,34]
miR-27b Atherosclerosis Formation of lipoproteins [31]
miR-148 Atherosclerosis LDL lipoprotein uptake [32]
miR-223 Atherosclerosis LDL lipoprotein uptake by the scavenger receptor [33]
Regulation of endothelial cell function and enhancement of
miR-126, miR-126-5p  IHD, atherosclerosis endothelial regeneration capacity [35]

Lower plasma miR-126-5p levels are associated with
atherosclerotic plaque formation

miRNAs-microRNAs, IHD—ischemic heart disease, HDL—high density lipoprotein, LDL—low density lipoprotein.

One of the first studies to examine circulating miRNAs in patients diagnosed with
coronary artery disease is a 2010 cohort study led by Fichtischerer. The study results showed
that the expression of miR-17, miR-126, miR-92a, mir-145 and miR-155 were significantly
down-regulated in patients with coronary heart disease. The opposite trend of increased
expression was demonstrated for miR-133 and miR-208a [26].

Another cohort study by Wang et al. presents miR-31, miR-720a, and vasohibin 1
as potential diagnostic biomarkers for the early stages of coronary disease. The results
showed lower levels of these miRNAs in patients with CHD compared to patients without
the disease [36]. The opposite trend was also observed for miR-206 and miR-574-5p, whose
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plasma expressions were significantly up-regulated in patients with coronary artery disease
compared to healthy controls [37].

Other miRNAs that could aid in the diagnosis of IHD include circulating miR-765,
miR-424, and miR-149, whose plasma levels can be used to distinguish patients with stable
and unstable angina from those without the disease [38]. Plasma levels of miR-34a, miR-21,
and miR-23a [39] as well as miR-196-5p, miR-3163-3p, miR-145-3p and miR-190a-5p [40]
have shown the same ability. Plasma levels of miR-133a have also been identified as a
potent biomarker of coronary artery disease, particularly acute myocardial infarction, and
the level of this miRNA may reflect the severity of coronary atherosclerosis in patients with
IHD [41].

A follow-up step to improve the sensitivity and specificity of the assay was to develop
a combined panel of circulating miRNAs to better identify patients with IHD compared to
evaluating the levels of specific miRNAs alone. This study was carried out by Faccini and
collective, where three miRNAs, namely miR-155, miR-145 and a precursor miRNA called
let-7c, were combined based on previous studies. The combination of these three miRNAs
confirmed the potential for the diagnosis of coronary disease [42]. The aforementioned
miRNAs together with their diagnostic potential and changes in level of expression are
shown in Table 2.

Table 2. Diagnostic potential of miRNAs for IHD.

MiRNA Diagnostic Potential MiRNA Alteration Ref.

miR-17 IHD biomarker J [26]

miR-92a IHD biomarker 1 [26]

miR-126 IHD biomarker 1 [26]

miR-145 IHD biomarker J [26]

miR-155 IHD biomarker J [26]

miR-133, miR-208a IHD biomarker T [26]

panel miR-155, miR-145 and let-7c IHD biomarker J [26]

miR-31, miR-720a Biomarker of the early phase of IHD 1 [36]

miR-206, miR-574-5p Biomarker of the early phase of IHD T [37]
miR-149 IHD biomarker-differentiating patients 4

MiR-765, miR-424 with stable ;'md unstabl§ AP from those ! [38]

without the disease
miR-21, miR-23a, miR-34a Biomarker of IHD and disease progression T [39]
ﬂigjgg:gg: $i§:g(6)g:gg Biomarker of the early phase of IHD K [40]
Prediction of the presence and severity of
miR-133a coronary lesions in patients with IHD T [41]

Biomarker AMI

miRNA—microRNA, IHD—ischemic heart disease, AMI—acute myocardial infarction, |—down-regulation,
T—up-regulation.

4.2. Acute Coronary Syndrome—Myocardial Infarction (MI) and Unstable Angina Pectoris (AP)

One of the leading causes of CVD death is acute myocardial infarction (AMI). AMI
is defined as a state of myocardial injury due to myocardial necrosis in a clinical setting
corresponding to myocardial ischemia [43]. After undergoing AMI, cardiomyocyte death
occurs, leading to the release of miRNAs into the circulation.

The current diagnosis of acute forms of IHD is based on symptoms and signs, elec-
trocardiogram and cardiac markers. These examinations allow to differentiate between
unstable angina and myocardial infarction with or without elevation of the ST segment.
This is essential information for the deployment of the correct treatment. The cardiac
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markers most commonly monitored are troponins I or T (cTnl or ¢InT) and myoglobin,
which are released into the bloodstream when the myocardium is damaged. The diagnosis
can be supplemented by determining the levels of the cardiac creatine kinase isoenzyme
(CK-MB) [44]. The problem is that these biomarkers do not increase consistently within
the first few hours after symptom onset, and therefore measurements need to be repeated
subsequently. Troponins are released into the bloodstream very early, 3 to 9 h after the
infarction. Troponin c¢Tnl has an increased level in 4 to 6 h with a peak in 12 h and normal-
izes in 3 to 10 days, whereas troponin cITnT increases for 12 to 48 h and returns to normal
values in 10 days. CK-MB increases in the bloodstream 4 to 6 h after the onset of chest
pain and reaches peak levels between 10 and 12 h after MI. Myoglobin is released most
rapidly within 1 h and peaks around 8 to 10 h, returning to normal levels within 24 h. This
situation of different time release makes immediate diagnosis impossible [45,46].

The most abundantly expressed miRNAs in cardiac tissue include miR-1, miR-133a,
miR-208, and miR-499. These miRNAs are important for the development and proper
functioning of the myocardium, and therefore their dysregulation is associated with the
occurrence and progression of heart disease. Specifically, miR-1 together with miR-133a
control the early stages of cardiogenesis and control cardiac electrical conduction in the
adult, and miR-208 with miR-499 control the late cardiogenic stages and together regulate
the expression of sarcomeric contractile proteins. This is a group of miRNAs that is
increasingly being proposed in studies as a biomarker of heart disease [47]. This group
of miRNAs is released into the bloodstream in patients with AMI due to cardiomyocyte
damage, among other factors, and therefore up-regulation of their plasma levels can be
observed [48].

MiRNAs that are highly expressed in the heart can be used to diagnose coronary
syndrome, ideally in combination with traditional CVD biomarkers. A 2015 systematic
review selected three of 52 different miRNAs that have been studied most extensively
and confirmed to have diagnostic or prognostic statistical significance for different CVD
at different stages of the disease. These were miR-133a/b, miR-208a/b, or miR-499. The
search also mentioned a potential biomarker for acute coronary syndrome, namely miR-1
and miR-145b, with miR-1 having a higher sensitivity for all types of AMI and miR-145 for
STEMI and worse AMI courses [49]. For example, other studies have reported miR-155-5p,
miR-483-5p, and miR-451, which can be used to distinguish plaque rupture with significant
classification power [50].

Studies often compare miRNAs with diagnostic biomarkers that are considered tra-
ditional for the diagnosis of CVD. Examples include mir-19a, whose circulating levels
indicate a much more reliable diagnosis compared to traditional CVD biomarkers such as
creatine kinase (CK) and creatine kinase-MB (CK-MB), myoglobin (MYO), high-sensitivity
cardiac troponin I (hs-Tnl) and brain natriuretic peptide (BNP) [51]. A combined panel of
3 miRNAs including miR-132, miR-150 and miR-186 achieved high diagnostic precision
for unstable AP, whereas the classical biomarker troponin I or even a combination of four
classical biomarkers (troponin I, BNP, C-reactive protein and cystatin C) did not have such
diagnostic values. An approach could provide more clinically useful information compared
to the evaluation of single miRNAs alone [52].

The dynamics of these cardiac-specific miRNAs have also been investigated and it
has been found that there is an increase in plasma levels with a peak within 12 h of ML
Peak levels of miR-208b were correlated with troponin T levels and overall cardiac function,
demonstrating a potential role for these molecules as a potential tool in the diagnosis of
acute coronary syndrome, as well as in predicting the risk of long-term complications [53].

MiR-1, miR-21, and miR-499 have been shown to increase the diagnostic value of the
highly sensitive cardiac damage marker troponin (hs-Tn) or even their combination has
been evaluated as a statistically better biomarker for diagnosis than hs-Tn. In this study,
the dynamics of miRNA levels were also observed in patients with acute IHD. MiRNA
expressions already increased in the early stages when troponin was negative. Troponin
levels have been reported to remain negative in patients with unstable AP and increase



Medicina 2023, 59, 1329

8 of 15

with increasing time in patients with MI, therefore they may still be negative too soon after
symptoms. Since miRNA levels were elevated earlier than troponin, it could therefore have
the potential to improve the prognosis of patients by early initiation of treatment [54].

Studies that aimed to identify a marker for early and accurate diagnosis of AMI or
unstable AP identified miR-208a/b as a suitable biomarker [48,55,56] even when compared to
cTnl or hs-cTnT, as well as miR-1, miR-133a [48,56], miR-320a [55] and miR-499 [48,55,57,58].
Furthermore, a difference was observed between the expression of miRNAs (miR-1, miR-133,
miR-208b) in patients with AMI and unstable AP. Patients with AMI showing higher levels
of these miRNAs [56].

Different miRNA expressions can be observed in different groups of AMI, i.e., STEMI
or non-STEMI. Higher levels have been described in STEMI patients for miR-133a, miR-
208b, miR-451, miR-499 and miR-134 compared to non-STEMI cases [55,59]. The exception
is miR-145, which showed the opposite trend and was lower in STEMI than in other patient
groups [60].

The miRNA also has the potential to be used to predict the future development of
the patient after AMI. A study focused on prognostic impact evaluated serum levels of
667 miRNAs in patients who experienced AMI. The most significant findings were miR-155
and miR-380, whose serum levels were 4- and 3-fold higher in patients who experienced
cardiac death within 1 year of discharge compared to patients who did not experience any
cardiovascular events during the subsequent 3 years after discharge. Therefore, patients at
risk for cardiac death can be identified [61]. The predictive value of contractility impairment
in patients after AMI was increased by a panel of 4 miRNAs, namely miR-16, miR-27a,
miR-101 and miR-150, which were evaluated together with the N-terminal promoter natri-
uretic peptide (Nt-proBNP) [62]. To evaluate prediction and prognosis, the HUNT study
reported a set of five miRNAs, namely miR-106a-5p, miR-424-5p, let-7g-5p, miR-144-3p
and miR-660-5p in relation to the detection of future IM [63]. Another large-scale study in
a cohort of 1112 patients called AtheroGene identifies 7 circulating miRNAs that predict
mortality and highlights in particular miR-132, miR-140-3p and miR-210 which were signif-
icant predictors of cardiovascular death [64]. Serum miR-126, miRNA-197 and miRNA-223
were also investigated for predicting future MI in a cohort of 820 individuals from the
Bruneck study [65]. The results of reliable prediction were validated by a recent study that
confirmed the importance of miR-197 and miR-223 as predictors of cardiovascular death in
a large cohort of CAD patients [66]. The last four studies were clinical miRNA studies with
high numbers of probands and validated data. MiRNAs and their role in acute coronary
syndrome are mentioned in Table 3.

Table 3. Diagnostic potential of miRNAs for MI and AP.

MiRNA Diagnostic Potential MiRNA Alteration Ref.
Diagnostic or prognostic significance for all CVD 4
miR-499 Biomarker AMI + STEMI [47-49,54,55,58,59]
Distinguishing STEMI and non-STEMI AMI
Diagnostic or prognostic significance for all CVD
Biomarker AMI 4
miR-208a/b Differentiation between STEMI and non-STEMI AMI + STEMI [47-49,54-56,59]
Biomarker AP and differentiation between AMI and AP
Prognostic marker of long-term complications after AMI
. Biomarker AMI
miR-1 Biomarker AP-differentiation of AMI and AP T [47-49,54-50]
Diagnostic or prognostic significance for all CVD
. Biomarker of AMI and AP T
miR-133a/b Distinguishing AMI and AP 1+ STEMI [47-49,55,56]

Distinguishing STEMI and non-STEMI AMI
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Table 3. Cont.

MiRNA Diagnostic Potential MiRNA Alteration Ref.
. Biomarker of STEMI and worse AMI +
miR-145 Distinguishing STEMI and non-STEMI AMI | STEMI [49,601
. Recognition of plaque rupture N
miR-451 Recognition of STEMI and non-STEMI AMI + STEMI 50,551
MiR-155, miR-155-5p Prognostic 1mpac.t—.rlsk of cardiac death after AMI 4 [50,61]
Recognition of plaque rupture
miR-483-5p Recognition of plaque rupture 0 [50]
miR-19a Biomarker AMI 1T [51]
Panel: miR-132, . . .
miR-150, miR-186 Early diagnosis of unstable angina 0 [52]
miR-21 Biomarker AMI 0 [54]
miR-320a Biomarker AMI T [55]
miR-134 Distinguishing STEMI and non-STEMI AMI 1 STEMI [59]
. - » . 1 in patients at risk
miR-380 Prognostic impact-risk of cardiac death after AMI of cardiac death [61]
Panel: 1
miR-16, miR-27a Prognostic impact-risk of contractility failure after AMI ! [62]
miR-101, miR-150
miR-106a-5p,
miR-424-5p, let-7g-5p, ..
miR-144-3p, Prediction of future IM T [63]
miR-660-5p
miR-132, miR-140-3p, . .
miR-210 Predictors of cardiovascular death T [64]
miR-126, miRNA-197, ..
MIiRNA-223 Prediction of future MI T [65,66]

miRNA—microRNA, AMI—acute myocardial infarction, AP—angina pectoris, CVD—cardiovascular disease,
STEMI—ST Elevation Myocardial Infarction, IM—myocardial infarction, | —down-regulation, T—up-regulation.

4.3. Heart Failure (HF)

Heart failure is a clinical syndrome resulting from loss of compensatory pumping
function of the heart due to functional and/or structural abnormalities of the heart, with
typical symptoms including dyspnea, swelling, malaise and reduced performance [67].
There are several causes and risk factors for the disease, including coronary artery diseas,
hypertension, diabetes mellitus, myocardial infarction, atrial fibrillation and others. A
common cause of heart failure is coronary heart disease or cardiomyopathy. The prevalence
of heart failure in developed countries is reported to be 1 to 2% of the population, while the
prevalence can be as high as 10% in those over 70 years of age. Imaging methods are used
for diagnosis, which can be supplemented by examination of the natriuretic peptides BNP
and NT-proBNP [68].

The publication summarizing the findings of 21 cohort studies investigating the
importance of miRNAs in HF highlighted selected miRNAs out of 71 that showed changes
in expression in at least two independent studies. These were miR-1, miR-21, miR-30a,
miR-92a, miR-126, miR-150, miR-195, miR-210, miR-342-3p, miR-423-5p, miR-499-5p and
miR-622. Evaluation of dysregulation of these miRNAs in the context of HF may help
identify key mechanisms of pathogenesis of HF [69]. Moreover, some of these selected
miRNAs seem to regulate important genes involved in cardiac remodeling. For example,
mir-1 and miR-30a target genes playing a role in cardiac apoptosis and hypertrophy [70-73]
miR-92a, miR-195 and miR-499-5p target genes involved in apoptosis signaling [74-76] and



Medicina 2023, 59, 1329

10 of 15

miR-21 targets molecules in signaling pathways controlling cardiac apoptosis, hypertrophy
and fibrosis [14,71,77].

Some of these and other miRNAs have subsequently been mentioned in relation to
HF in other studies. The same result was obtained for plasma levels of other miRNAs-
miR-18b, miR-1254, miR-129-5p, miR-622, miR-675 and miR-423-5p [78] miR-22, miR-92b,
miR-320a [79]. The strongest correlation for the diagnosis of heart failure was found for
miR-423-5p [78,79], but Tutarel et al. did not confirm this correlation in subjects with
right-sided heart failure [80]. Circulating miR-150-5p was also identified as a biomarker for
advanced heart failure [81].

The performance of the miRNA panel for HF detection and categorization of HF
subtypes was evaluated. Three detection options were compared: 1. using NT-proBNP,
2. using a panel of 8 miRNAs, and 3. a combination of these parameters. The third option
and thus the combination of NT-proBNP with panel 8 miRNAs proved to be the most
diagnostically powerful with improved specificity and accuracy. The number of miRNAs
was also investigated during the introduction of the panel. The panels contained from 3 to
8 miRNAs and a number of 8 miRNAs was selected as optimal for HF detection [82].

As in other diagnoses, miRNAs could have a high potential in the prognosis of heart
failure. Studies have shown the strong prognostic properties of miRNA-21 and miR-132, the
levels of which predict cardiovascular mortality and the risk of patient rehospitalization [83,84].
The aforementioned miR-423-5p has been identified as a prognostic marker and its level
correlates with readmission to the hospital and higher mortality. Such changes are indicative
of long-term poor outcomes in patients with heart failure [85]. A prospective cohort
study of patients diagnosed with chronic heart failure repeatedly monitored miR-22-3p
levels and found a correlation between miRNA levels and adverse outcomes, including
hospitalization, CVD mortality, heart transplantation, or implantation of left ventricular
assist devices. Based on this study, miR-22-3p may be considered an important predictor of
prognosis in people with chronic heart failure [86].

Another important marker predicting cardiovascular mortality was mir-182, and
interestingly, its predictive power was higher than that of sensitive C-reactive protein and
NT-proBNP [87].

Among other things, miRNAs could find their essential application in patients in
the terminal stage of HF who have had to undergo heart transplantation, where there is
a subsequent risk of acute cellular rejection (graft rejection). Serum levels of circulating
miRNAs, specifically miR-10a, miR-31, miR-92a and miR-155, showed differential serum
expression that was consistent with tissue expression. These four miRNAs highly discrimi-
nated patients with rejection from those without [88]. As the risk of rejection is currently
assessed at several routine visits by invasive endomyocardial biopsy, noninvasive miRNA
monitoring could be of considerable benefit in the future [88,89].

It is important to mention that some studies have not yet considered miRNAs to
be a sufficient diagnostic or pathophysiological biomarker of HE. An example is a 2020
systematic review that concluded that miRNAs currently lack sufficient support for use in
the clinical setting and further research is needed on this issue [90]. The role of individual
miRNAs in heart failure is shown in Table 4.

Table 4. Diagnostic potential of miRNAs for heart failure.

miRNA Diagnostic Potential MiRNA Alteration Ref.
. Diagnosis of HF 0

miR-423-5p Prognostic biomarker of acute HF 1 [60,78,79,85]
miR-622 Biomarker HF T [69,78]
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Table 4. Cont.

miRNA Diagnostic Potential MiRNA Alteration Ref.

Diagnosis of HF and correlation with important clinical
prognostic parameters

miR-92a/b Non-invasive biomarker for risk of T [69,79,88]
heart transplant rejection

miR-150, miR-150-5p maladaptive remodeling, disease soverty ! [69,51)

v HE it andpicton of ool ' o5
miR-1 Biomarker HF T [69]
miR-30a Biomarker HF T [69]
miR-126 Biomarker HF T™* [69]
miR-195 Biomarker HF 4 [69]
miR-210 Biomarker HF T [69]
miR-342-3p Biomarker HF I [69]
miR-499-5p Acute heart failure T [69]
miR-18b Biomarker HF T [78]
miR-129-5p Biomarker HF 1T [78]
miR-675 Biomarker HF T [78]
miR-1254 Biomarker HF T [78]

Diagnosis of HF and correlation with important clinical
miR-22, miR-22-3p prognostic parameters T [79,86]
Prediction of prognosis in chronic HF

miR-320a Diagnosis of HF ;?cib, Elzl‘slleizia;zr; nvxlzti;[l;rismportant clinical 4 [79]
miR-132 Predication readmiszli?:l?z;l:zglfof rehospitalization I [84]
miR-182 Prediction of cardiovascular mortality T [87]
miR-10a A non-invasive biomarker for the risk of heart ! [85]

transplant rejection

miR-31 A non-invasive blomarker. for. the risk of heart " (58]
transplant rejection

MiR-155 A non-invasive blomarker. for. the risk of heart 4 [88]
transplant rejection

miRNA—microRNA, HF—heart failure, | —down-regulation, T—up-regulation, * Different expression depending
on the biologic material.

5. Conclusions

The field of miRNAs as a potential biomarker is still relatively young, yet it is expected
to contribute significantly to the diagnosis and prognosis of diseases, including CVD.
MiRNAs bring several advantages to diagnostics due to their low stability, high sensitivity
and specificity as well as lower invasiveness of sample collection. However, there are
still disadvantages that may result from incomplete scientific understanding of the role
of miRNAs, lack of standardization of expression values across samples with respect to
natural co-founding factors in the population. This review provides information on a total
of 50 miRNAs detected in plasma or serum that studies have shown to play an important
role in CVD and should be the subject of further studies. Since the number of miRNAs is
high and their importance is still being uncovered, it is believed that better diagnostic value
can be obtained by testing a larger number of miRNAs that will be supplemented with
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other standard biomarkers, thereby increasing the amount of information about disease
diagnosis or prognosis.
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