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Abstract

microRNAs [miRNAs] are well-known, potent regulators of gene expression. There has been 
a much late concern the role of miRNAs in the many disease (Figure 1). Countless pathways 
that are impressed by miRNA regulation, for examples lipid metabolism, glucose homeostasis, 
endothelial cell function, are highly involved in heart disease and, many cardiac miRNAs are 
determinable in circulation early after myocardial infarction, possibly reducing time to diagnosis 
[1]. Also, miRNAs can act as an important biomarker for platelet reactivity and can be impressed 
by the antiplatelet therapy [2]. In this review, we examine the clinical practicality of miRNAs in 
cardiac disease. We are giving an overview of miRNAs as biomarkers in many cardiac disease 
existences to show the variety of their potential clinical deployment. We illustrate the function of 
miRNAs in the care of single miRNA examples in cardiovascular disease.

INTRODUCTION
miRNAs are non-coding RNAs that bind messenger RNAs 

and consequentially regulate gene expression on a post-
transcriptional level [3]. miRNAs are essential regulators of 
cellular pathways in proliferation as well as apoptosis, stress 
response, and tumorigenesis [4]. miRNAs secrete into various 
types of body fluid for example blood and urine [5,6]. It has 
caused their examination as emerging circulating biomarkers 
for a variety of diseases [7-9]. In cardiovascular disease, the use 
of miRNAs as diagnostic biomarkers for specific disease entities 
for examples myocardial infarction, coronary artery disease, and 
heart failure has discovered in various studies [10].

miRNAs in coronary artery disease 

Atherosclerosis is contributor to coronary artery disease 
and myocardial infarction [MI]. There are many markers used 
in the diagnosis of the coronary artery disease. miRNAs can also 
be used as a marker. Dysregulated levels of specific miRNAs 
were identified by comparing with healthy controls in a trial 
[11]. While miR-1, miR-126, and miR-208 levels increased, 
miR-21, miR-133, and miR-195 levels decreased. Furthermore, 
miR-126 was found out up-regulated in non-infarcted areas of 
rat hearts after induced MI [12] and decreased survival rates 
were sighted in miR-126 knockout mice after coronary artery 
occlusion compared with wild-type mice [13]. Through, miR-126 
is invented to play a significant role in myocardial recovery after 
MI [14]. Crucially, miR-208 is only stated in myocytes and thus 
variously released during cardiac cell death in MI [15].

miRNAs in heart failure

Farthest between cardiac fibrosis and heart failure [HF] 
remained levels of five miRNAs [miR-24, miR-125b, miR-195, 

miR-199a, and miR-214] sighted in failing hearts of mice and 
humans [16]. These miRNAs described as significant contributors 
to adverse cardiac remodeling, linking cardiac fibrosis, and 
heart failure on RNA level. Furthermore, 28 miRNAs described 
as raised in cardiac tissue of patients with HF and crucially, 
20 of these miRNAs turned to near normal levels after cardiac 
recovery in patients with left ventricular assist device [17]. 
These results link the clinical phenotype of HF in general with 
dysregulated miRNAs in cardiac tissue. A more distinguished 
attitude in human biopsy samples found out dysregulations 
of miRNAs in significant HF disease presence such as ischemic 
cardiomyopathy and dilated cardiomyopathy [18]. New trial 
reports distinguished dysregulations of miRNAs in right 
ventricular heartfailure compared to left ventricular heart failure 
[19,20]. The differentiated practicality of miRNAs in anatomically 
spared structures of the heart underline by new data revealing 
chamber-specific expression of miR-208 and its target genes 
α-MHC and β-MHC in the human heart [21].

miRNAs in atrial fibrillation

The regulatory function of miRNAs and their effect of the 
gene have been utilized concerning their association with atrial 
fibrillation [AF]. There is proof for the inclusion of miRNAs in 
arrhythmogenesis [22]. In the first clinical trial, Liu et al. stated 
diminished miR-150 plasma levels in AF patients compared with 
control group and an important association of miR-150 with 
AF [23], indicating the potential use of miRNAs as circulating 
biomarkers for AF. Therefore, in the miRNA-based diagnosis of 
AF, more data from clinical trials evaluating circulating miRNAs 
are needed.

miRNAs in infective carditis

For infective carditis for examples myocarditis or pericarditis, 
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there is no specific biomarker. Thus, its diagnosis is made via 
clinical evaluation and by combinatory approaches of known 
protein-based biomarkers that reflect myocardial damage. 
miRNAs have valued for their ability to be utilized as diagnostic 
biomarkers for infective carditis and cardiac myocyte associated 
miR-208b and miR-499 were stated to be increased in plasma of 
patients with diagnosed viral myocarditis [24]. Curiously, plasma 
levels of leucocyte-expressed microRNAs were not considerably 
increased, despite increased white blood cell counts [24]. These 
two miRNAs are perceptible in wide spread myocardial damage 
rather than particularly in carditis and were also described 
as dysregulated in MI [correlating with cTnI elevation] [24]. 
Nonetheless, the quantification of miR-208b and miR-499 in 
myocarditis can be used to confirm the severity of the disease.

miRNAs in pulmonary embolism

The sensitiveness to chronic thrombo embolic pulmonary 
hypertension has been stated to be linked with genetic 
polymorphisms and in this regard with miR-759 [25]. These 
results cause for the examinationof miRNAs in the diagnosis of 
acute pulmonary embolism [APE] - a diagnosis for which there is 
no specific biomarker. In the first clinical approachment, plasma 
levels of 32 patients with APE, 32 healthy controls and 22 patients 
with non-APE with potentially APE-associated symptoms 
revealed miR-134 as an accurate diagnostic predictor of APE 
[26]. The authors reported the need for large-scale investigations 
to permit the clinical utilization of miRNAs in this diagnostic field 
of miRNA research.

miRNAs in tako-tsubo cardiomyopathy

Tako -Tsubo cardiomyopathy [TTC] is a rare disease jointly 
bear on acute MI. The diagnosis means base on morphological 
analyses comprising echocardiography and ventriculography, 

and there is no biomarker specific for TTC - particularly in the 
differentiation from MI. Jaguszewski and co-workers analyzed 
circulating miRNA levels in plasma of TTC and MI patients and 
found out a signature of miR-1, miR-16, miR-26a, and miR-133a 
not only up-regulated in TTC compared with healthy controls but 
also to differentiate between TTC and MI [27].

miRNAs in familial hypercholesterolemia

Familial hypercholesterolemia [FH] is the most common 
inherited form of dyslipidemia and a majör cause of prematüre 
cardiovascular disease. Management of FH mainly relies on 
the efficiency of treatments that reduce low-density plasma 
lipoprotein [LDL]. miRNAs have asserted as emerging regulators 
of plasma LDL levels. Mostly, there is evidence showing that 
miRNAs can organized pathogenesis of FH, including LDLR, 
APOB, PCSK9, and LDLRAP1 (Figure 2). Also, many miRNAs 
locate in genomic loci associated with abnormal levels of lipids in 
human plasma. The powerful organizer effects of miRNAs on the 
FH-associated genes that manipulation of miRNAs may serve as a 
new therapeutic attitude. Inclisiran [the siRNA-based cholesterol-
lowering agent] has recently finalized a trial in 497 patients with 
a baseline LDL-C of ~130 mg/dL [28]. Patients receiving 300 mg 
of inclisiran succeeded mean LDL-C reductions of 51 and 45%, 
respectively [p<0.0001 compared to placebo] [28].

miRNAs in hypertension

Hypertension, defined as systolic blood pressure above 
140 mmHg or diastolic blood pressure above 90 mmHg, is a 
major public health concern worldwide [29]. Since Elevated 
blood pressure [EBP] results from a set of complex genetic, 
pathophysiological, and environmental factors [30], post-
translational modifications are a natural candidate for biomarker 
studies of hypertension risk factors and early detection [31]. 

Figure 1 Schematic to categorize the activities of miRNAs in different diseases.Illustrated by Mao Miyamoto.
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Figure 2 A schematic view of miR-mediated regulation of FH-related genes. Illustrated by Amir M.Momtazi [38].

Post-translational modifications of gene expression include 
DNA methylation, histone modification, and miRNAs, and can 
all functionally alter gene expression without changing the 
underlying DNA sequence [31] miRNAs are small [20 ± 24 base] 
nucleotides that induce messenger RNA cleavage or reduce 
translation to regulate gene expression [32-33], thus having 
a potentially profound impact on diseases including HTN. 
Studies have connected handfuls of miRNAs such as the miRNA 
130/301 family [34] to HTN via pathways such as promoting 
vasoconstriction and thus increasing pulmonary BP [35]. Due to 
these associations and the stability of miRNAs, researchers have 
previously suggested their potential use as biomarkers for HTN 
[36,37]. However, many of the specific biological mechanisms 
underlying the relationship between miRNAs and EBP or EBP-
related risk factors have yet to be elucidated.

miRNAs in pulmonary hypertension

Pulmonary hypertension [PH] is a complex disease 
characterized by pulmonary vascular dysfunction, right 
ventricular failure, and death. Exogenous injury [ inflammation, 
infection] and various other illnesses link to PH development, and 
gene mutations [BMPR2, etc.] predispose to hereditary forms of 
PH [39]. WHO categories PH into five main groups [40]. Therapy 

of PH are restricted to three classes of drugs that all affect 
pulmonary vasodilation [only pulmonary arterial hypertension 
and chronic thromboembolic PH] [41], prevent, or cure the 
disease. Attempts to identify the underlying pathobiology of this 
disease, as well as effective targets for the next generation of PH 
drugs, but only recently appreciated, class of molecules called 
noncoding RNAs [ncRNAs], of which the most widely studied class 
involves miRNAs. ncRNAs and miRNAs carry transcriptional and 
post transcriptional regulatory actions relevant to human health 
and disease, including PH (Figure 3). As our appreciation of the 
decisions of these molecules has advanced, our conception of the 
complexity of PH has also grown, often causing more confusion, 
particularly about the various actions of miRNAs.

CONCLUSIONS
In cardiovascular disease, miRNAs imperial potential to 

serve asclinically available diagnostic as well as prognostic 
biomarkers.Their organ-and cell-specific regulation permit 
differential practicality in a diversity of disease essence within 
the cardiovascular disease. Meantime, validation of reported 
results are rare, and thus, large-scale clinical trials are needed, 
especially in respect of a potential clinical feasibility of miRNAs 
as therapeutic agents.
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Figure 3 Biogenesis and functions of miRNAs and ncRNAs in Pulmonary Hypertension.Illustrated by Mao Miyamoto.
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