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Cardiovascular Diseases (CD) are currently one of the 
most common causes of death. Because heart related 
deaths occur on such an enormous scale this phenom-
enon is referred to as an epidemic. Chronic and acute 
injury of the heart could be an effect of cardiac remod-
eling, which is a result of molecular, cellular and intersti-
tial changes, influenced by hemodynamic load or neuro-
hormonal activation (Cohn et al., 2000). These small de-
viations in cardiac activity and morphology may lead to 
an enormous negative effect. Despite a significant pro-
gress, knowledge of standard risk factors for cardiovas-
cular diseases has become less and less effective, which 
is why predicting and seeking an appropriate treatment 
is very challenging. As a result, there is a growing inter-
est in finding new markers of the CD. MicroRNAs (miR-
NAs), are short, non-coding RNAs responsible for regula-
tion of gene expression at the post-transcriptional level. 
Among them that have the greatest potential are mi-
croRNA molecules that circulate in the blood plasma or 
serum, that are related to direct activation of signaling 
pathways, implicated in the aging process and thus for 
the development of cardiovascular disease. This paper 
is a summary of the current state of knowledge on miR-
NAs, their biogenesis and potential role as biomarkers to 
diagnose heart disease.
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INTRODUCTION

Alterations at the molecular level in cellular function 
may lead to a variety of health problems, including de-
velopment of a cardiovascular disease, tumorigenesis or 
nervous system degeneration (Bronze-da-Rocha, 2014). 
MicroRNAs are posttranscriptional regulators of gene 
expression in higher eukaryotes, playing a role in many 
biological processes, including cell growth, development 
and death (Wahid et al., 2010). According to “miRBase”, 
it has been validated that more than 2000 mature miR-
NAs exist in humans (Schulte & Zeller, 2015), with 
thousands of genes that may be their putative targets 
(Wang, 2008).

MicroRNAs exhibit tissue specificity and their mis-
regulation, one or several of them, is associated with the 
development of certain diseases, such as those of the 
cardiovascular system. They are a key element involved 
in gene regulation, thus they present a potential role as 
biomarkers in the diagnosis of CD, as well as a target 
for new therapies (Bronze-da-Rocha, 2014).

Recent reports indicate the immense potential of miR-
NAs circulating in blood plasma and their usefulness in 
the diagnosis of cardiovascular diseases. Invasive tissue 
biopsies could be replaced by simple and non-invasive 
straightforward assays applying circulating miRNAs as 
clinical markers, to assess a patient’s health status (Gupta 
et al., 2010). Still, many questions remain in spite of ef-
forts to identify more detailed mechanisms related to the 
tissue source and release of microRNAs into the blood.

BIOGENESIS OF microRNAs

MicroRNAs are a group of short, non-coding mol-
ecules comprised of 21-23 nucleotides (Bartel, 2004). 
MicroRNAs affect such processes as angiogenesis, apop-
tosis, and cell division and differentiation (Grenda et al., 
2013). Let-7 and lin-4 were the first ever miRNAs to be 
identified, as they were shown to function in the nor-
mal development of a Caenorhabditis elegans (Grenda et al., 
2013).

A miRNAs’ sequence can be encoded within the ex-
ons, introns or untranslated regions of a gene (Isik et 
al., 2010). Maturation of miRNAs is a multi-step pro-
cess wherein the first step is transcription. Most miR-
NAs arise from the primary transcripts (pri-miRNA), 
transcribed by RNA polymerase II or III (Wahid et al. 
2010, Borchert et al., 2006). This leads to formation of 
the original pri-miRNA transcript (primary miRNA). 
Pri-miRNAs are present in the form of assembled struc-
tures, the so-called hairpins (Wang, 2008). Pri-miRNAs 
are processed in the nucleus by the Drosha complex 
(an enzyme that has an RNase III activity) and the re-
lated DGCR8 protein (Pasha; which binds to the single-
stranded ends of the pri-miRNA). The cleavage product 
is a pre-miRNA of approximately 70 nucleotides (Oka-
mura et al., 2009), which is transported to the cytoplasm 
by exportins 5 (Exp-5) interacting with the Ran GTP 
protein (Bartel, 2004; Min & Chan, 2015).

An enzyme located in the cytoplasm, Dicer, that has 
an RNase III activity, then hydrolyzes the pre-miRNA 
to a double-stranded miRNA duplex approximately 21 
to 23 nucleotides long. Both strands of the duplex may 
be functional (Okamura et al., 2009), negatively regulat-
ing expression of the target mRNA, but only the guide 
strand is incorporated into the RISC complex (Micro-
RNA induced silencing complex). Mature miRNA binds to 
a target complementary sequence in the 3’UTR region 
of the target transcript (Bartel, 2004; Hrustincova et al., 
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2015). The discovery of miRNAs revealed their impor-
tance in many physiological processes, including cell 
differentiation. Gene silencing via miRNA is possible 
in two ways. One of them is specific mRNA degrada-
tion as a result of complete pairing of the miRNA se-
quence with the target mRNA’s 3’UTR regions (Bartel 
et al., 2004). However, a second mechanism is often ob-
served in animals, where miRNAs inhibit translation of 
the transcript; there, a complete pairing between target 
mRNA and miRNA is not essential (Bartel et al., 2004, 
Wahid et al., 2010). MicroRNAs’ biogenesis is shown in 
Fig. 1.

MicroRNAs are one of the most important class of 
non-coding RNAs regulating gene expression in differ-
ent cell types (Shiyong et al., 2010). Recently, it has been 
shown that a high level of miRNAs is expressed in the 
cells of the circulatory system: cardiomyocytes, endothe-
lial cells and vascular smooth muscle (Urbichem et al., 
2008). There have been reports on the presence of these 
miRNAs in the plasma and their potential as diagnostic 
markers of cardiovascular diseases (Laterza et al., 2009).

MICRORNAS IN CARDIOVASCULAR DISEASES

In the cardiovascular system, miRNAs play a signifi-
cant role in its development and physiology. They con-
trol basic functions in all cell types of the cardiovascular 
system (endothelial cells, cardiac muscle, smooth muscle, 
inflammatory cells) and have been identified in all stag-
es of cardiac tissue development (Romaine et al., 2015). 
Thus, they are crucial in the search for new solutions in 
diagnosis, prognosis and therapy (Condorelli et al., 2014).

After sequencing 250 small RNA libraries from dif-
ferent cells and tissues, a project that was completed 
in 2007, a list of highly-expressed and most abundant  

miRNAs was established. This in-
cludes miRs expressed in non-diseased 
cardiac tissue, among which the high-
est diagnostic potential have: miR-208, 
miR-133, miR-1, miR-16, miR-126, 
miR-27b and miR-143 (Landgraf et 
al., 2007). Some of the miRs in this 
group, such as miR-133 and miR-1, 
are related to cardiac remodeling, a 
process which is necessary for stress 
factor adaptation, but can be also a 
cause of myocardial infarction (Ro-
maine et al., 2015).

Current knowledge about micro-
RNAs emphasizes their role in both 
– maintenance of cardiac homeosta-
sis and pathogenesis of cardiovascu-
lar diseases, such as Vascular diseases. 
They include Coronary Artery Disease 
(CAD) and Acute Myocardial Infarction 
(AMI), which are the most common 
causes of death in the world, and thus 
many studies had tried to provide in-
sights into the significant role of miRs 
in their development (Pfeifer et al., 
2015). In particular, miR-27b, miR-
130a, miR-221 and miR-222, regulate 
angiogenesis and pathogenesis, like 
CAD (Schulte & Zeller, 2015; Fichtls-
cherer et al., 2010). A list of the most 
abundant and specific miRNAs regu-
lating the cardiac skeletal muscle me-
tabolism has also been compiled.

So far, research has focused mainly 
on miR-208, miR-1, miR-133, and miR-499, which are 
circulating in both, blood and plasma, and are directly 
related to the cardiac and smooth muscle cells of coro-
nary arteries (Schulte & Zeller, 2015). MiR-1 is consid-
ered to have pro-apoptotic properties in myocardial is-
chemia, while miR-133 was found to repress caspase-9 
expression in the same affliction (Mitchelson & Qin, 
2015).

It was also shown that miR-208 is highly expressed in 
cardiomyocytes, as well as in the smooth muscle cells, 
and is released in AMI (Schulte & Zeller, 2015). Micro-
RNA-208 (including miR-208a and miR-208b), known 
as myomiR, may provide a solution for a difficult detec-
tion problem, especially in the early stage of the disease 
(van Empel, et al., 2012). Mature sequence of miR-208 
is localized in an intron of the αMHC gene, which en-
codes myosin heavy chains. Proper expression pattern 
of the gene determines the accurate number and quality 
of cardiac muscle fibers (Callis et al., 2009; van Rooij et 
al., 2007). miR-499, which is expressed almost solely in 
the heart, may become another AMI biomarker,. It was 
shown that its level rises in the AMI patients, but is still 
extremely hard to detect due to its low level in the plas-
ma samples (Adachi et al., 2010; Dimmeler et al., 2010).

Both, CAD and AMI, may constitute a cause of Heart 
Failure (HF), where increase of miR-23a, miR-23b, miR-
24, miR-195 and miR-214 expression was observed 
(Pfeifer et al., 2015).

Identification of target genes and signaling pathways 
affecting cardiovascular system is critical for future stud-
ies, because the molecular mechanisms of cardiac fibro-
sis following AMI or CAD, are still poorly understood. 
In general, regulation of gene expression by microRNAs 
is based on a rule that a single miRNA can regulate ex-
pression of several gene targets in the cells, as well as 

Figure 1. Schematic of microRNA biogenesis and mechanism of action. 
Adapted from [40].
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an individual gene can be regulated by many different 
miRNAs (Romaine et al., 2015). Different expression 
patterns of miRNAs may also be a result of modula-
tion by transcription factors (Liao et al., 2015). It was 
discovered that miR-21 affects myocardial remodeling 
by regulating the ERK-MAP kinase signaling pathway 
of the heart fibroblasts during Heart Failure (Thum et 
al., 2008). The already mentioned miR-1, miR-133 and 
miR-208 are known regulators of genes associated with 
Atherosclerosis such as PIM-1 (serine/threonine- protein kinase 
PIM1), SP1 (transcription factor) and p21 (cyclin-dependent 
kinase inhibitor 1) (Romaine et al., 2015). These examples 
have proved that intracellular miRNAs play a key role as 
regulators under pathological conditions, such as cardio-
vascular diseases. Many studies have also demonstrated 
the importance of extracellular miRNAs as messengers 
between cells, circulating in the blood and thus comes 
their potential as non-invasive disease biomarkers.

CIRCULATING MIRNAS AS BIOMARKERS OF 
CARDIOVASCULAR DISEASES

Among heart diseases, a fast and effective diagnosis of 
myocardial infarction still remains the biggest challenge 
for doctors and researchers (Boon & Dimmler, 2015). A 
sensitive, specific and noninvasive diagnostic blood test 
for CD would be very desirable, because it is difficult to 
obtain valid biopsies from patients.

The ideal marker of CD should be foremost charac-
terized by high sensitivity and reproducibility, but should 
be also easily accessible, fast and inexpensive. Currently, 
the most popular biomarkers are cardiac enzymes, whose 
concentration increases during a heart attack. So far, the 
best recognized are cardiac troponins (cTn) that are pre-
sent in the muscle fibers and act in regulating the striated 
and cardiac muscle contraction (Schulte & Zeller, 2015). 
In contrast, the detection of blood circulating miRNAs 
appears to be more sensitive. It was shown that in the 
first stage of AMI (under 3 hours) the level of miR-1, 

miR-133 and miR-208 is raised much earlier than the 
cTn level. This observation is probably caused by faster 
leakage of miRNAs from the damaged cardiomiocytes 
than troponins. A likely reason for faster release from 
damaged cells is that the cTn are mainly bound to my-
ofibrils, whereas miRNAs are probably bound to protein 
complexes in the cytosol (Wang et al., 2010; Wu et al., 
1998).

MicroRNAs may be considered as putative biomark-
ers of the cardiovascular system because they are tissue 
specific, broadly accessible in the body fluids and are 
known to be exceedingly sensitive to disease provoked 
abnormalities. In 2004, the first extracellular small RNAs 
were discovered in the blood samples, which included 
let-7b, miR-21, miR15b or miR-14 (Hrustincova et al., 
2015; Mitchell et al., 2008). Several years later, in 2008, 
miR-155, miR-210 and miR-21, were found in the plas-
ma/serum of patients suffering from lymphoma (Lawrie 
et al., 2008). Most of the known miRNAs related to cir-
culatory system pathologies are localized intracellularly 
(cardiac muscle cells, epithelial cells), whereas the high-
est diagnostic potential demonstrate those circulating in 
the blood. The level of miRNAs in the serum of healthy 
people is constant and easy to detect. Many studies have 
also attempted to characterize a panel of the circulat-
ing miRNAs in healthy individuals that might represent 
a baseline for comparative analyses (Hrustincova et al., 
2015). This does not mean that microRNAs are released 
only from damaged or necrotic tissues (Fic et al., 2014).

MicroRNAs circulating in the body fluids are charac-
terized by a higher resistance to RNases, temperature, 
high and low pH, long term storage, as well as repeated 
freezing and thawing (Mitchell et al., 2008). Circulating 
microRNAs are considered to be very promising bio-
markers also due to their easy detection by Real Time 
PCR, microarrays or more traditional methods, such as 
Northern blotting (Bronze-da-Rocha, 2014). However, 
quantitative analysis of miRNAs in bodily fluids still car-
ries a number of disadvantages. This is primarily due to 
low levels of RNA in blood or urine, which may give 

Figure 2. Circulating microRNAs as diagnostic markers of Acute Myocardial Infarction (AMI), Acute Heart Failure (AHF), Ischemic Heart 
Disease (IHD) and Coronary Artery Disease (CAD) [2,4-13,15-17,22-27,29.33,34,38,39,41,43].
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false positive or negative results, and requires precise 
standardization. Blood hemolysis is another substantial 
problem that may affect the accuracy of a miRNA’s level 
of expression assessment (Hrustincova et al., 2015).

Although the precise cellular release of miRNAs into 
the bloodstream is not fully elucidated, several mecha-
nisms for packaging of extracellular miRNAs for their 
transport were identified (Min & Chan, 2015). MiR-
NAs are protected against degradation by their release 
in microvesicles, membrane-derived vesicle (exosomes) 
(Ohshima et al., 2009), apoptotic bodies (Fic et al., 2014; 
Min & Chan, 2015), or associated with RNA-binding 
proteins (Ago2), as well as with lipoprotein complexes 
(HDL) (Arroyo et al., 2011; Vickers et al., 2011). More-
over, several pathways have been proposed as possible 
mechanisms for cellular uptake of microRNAs into the 
recipient tissue (Min and Chan, 2015). Blood circulating 
miRNAs are believed to transmit proliferation and apop-
tosis signals between cells (Su et al., 2015). Further stud-
ies are essential to reveal why some miRNAs are loaded 
into exosomes or multivesicular bodies for secretion, 
whereas others are kept within the cell (Creemers et al., 
2012). Investigation of microRNAs in cardiovascular dis-
eases has become more extensive, since they may be at-
tractive diagnostic biomarkers. Figure 2, shows miRNAs 
circulating in the blood plasma. Their increased or de-
creased level, correlated with a particular disease of the 
circulatory system, is presented in four panels. Currently, 
the main target of the microRNA studies are those mi-
croRNAs whose pathological expression contributes to 
the development of the most common diseases, such 
as Acute Myocardial Infarction, Acute Heart Failure, Coronary 
Artery Disease and Ischemia. The precise mechanism of ac-
tion for the most common circulating microRNAs are 
still unknown.

The usefulness of miR-1, miR-133, miR-499 and miR-
208 as biomarkers for CD has been already demonstrat-
ed (D’Alessandra, et al., 2010). Differences in the expres-
sion level of individual microRNAs are often correlated 
with more than one particular disease, and that is why 
only a combination of specific microRNAs gives mean-
ingful results in the diagnosis of Coronary Artery Disease 
or Acute Myocardial Infarction. The combination of their 
properties would probably allow to create a diagnostic 
test that would inform about the disease much earlier 
than the obvious symptoms would appear. Zampetaki 
et al. (2012) demonstrated that the level of miR-126, to-
gether with miR-197 and miR-223, can help to specifi-
cally identify individuals with acute myocardial infarction. 
Other studies suggest that miR-122 along with miR-499 
may constitute the basis for detection of myocardial in-
sufficiency (Corsten et al, 2010).

The main goal for researchers is to describe the dif-
ferences observed in microRNA expression profile in 
the blood of patients with CD and healthy people, and 
create diagnostic tests using a defined set of microRNAs 
for the diagnosis of cardiovascular diseases.

CONCLUSIONS

Finding microRNAs with the greatest diagnostic ben-
efit should be associated with a rapid and non-invasive 
method of detection. Hence, interest in some miRNAs 
existing in the body fluids whose expression may change 
depending on the patient’s condition is reasonable. To 
date, it has been shown that there is a high diagnostic 
potential for miR-208 and miR-499, as they appear in 
the blood plasma of patients with acute myocardial in-

farction much earlier than the cardiac troponin, the most 
popular biochemical AMI marker. The same microRNA 
molecules may be differentially expressed in the number 
of diseases, not only associated with the circulatory sys-
tem. There are attempts to use microRNAs as therapeu-
tic tools because of the seemingly easy way to regulate 
their expression. It should be taken into consideration 
that expression of miRNAs is not specific for a particu-
lar cell type, tissue or organ, and that caution should be 
taken to limit the side effects of the putative therapy. An 
important aim of the medical research seems to be iden-
tification and characterization of the circulating miRNAs 
directly related to cardiovascular diseases. MicroRNAs, 
through their ability to regulate gene expression, give 
hope for invention of new therapies (Liao et al, 2015). 
The relative ease of detection for microRNAs circulat-
ing in the plasma overcomes many obstacles in the diag-
nosis and treatment of cardiovascular diseases. In sum-
mary, future studies on microRNAs are needed to gain 
knowledge about their mechanism of action and effect 
on pathophysiological processes.
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