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Abstract 

 Over the last few decades, many research works highlighted the role of miRNAs on cardiac diseases. 

Ischaemic heart disease (IHD) or coronary heart disease is a condition that is mainly caused by atherosclerosis. 

It has been established that microribonucleic acids regulate many factors that are involved in the development 

and pathophysiology of IHD. As a result, there are great potential opportunities for miRNAs to be used as a 

biomarker for disease differentiation, as well as novel drug targets or therapeutics for the treatment and also as 

a diagnostic approach. As it is now evident that miRNAs play critical roles in the disease mechanisms, this review 

article tried to focus on the pathway, in which; the miRNAs stimulate the IHD to develop. By understanding the 

mechanisms, it will be possible to present a complete strategy of IHD treatment and also solving all the 

impediments that are highlighted in this article. Still, there are a number of limitations and obstacles on the way 

of developing a proper therapeutic approach that can be approved and well accepted. This review is mainly 

dependent on the potential of miRNAs as a promising arena on the field of cardiac treatment and the possible 

obstacles that are needed to be explored and overcome. 
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 Introduction 

The existence of miRNAs is a relatively recent 

discovery; however, recent works suggested that miRNA 

can be related with the pathophysiological development 

of various cardiovascular diseases [1] like ischaemic 

heart disease [2]. The initial discovery of miRNA was in 

1993 [3] and now, it is proved that miRNAs are 

endogenous ~22-nucleotide (nt) noncoding RNAs [4], 

have the ability to control the post-transcriptional 

regulation of gene expression via translational inhibition 

or degradation of target mRNAs [5], and therefore have 

a key role in the disease development process [6]. 

Dysregulation of mRNA depend on the degree of 

complementarity between the 5′ seed sequence (5–7 nt) 

of the miRNA and the 3′ untranslated region (UTR) of 

the target mRNA [7]. Thus, miRNAs are associated with 

the mechanism of differentiation, proliferation, electrical 

conduction, angiogenesis and apoptosis [8]. These 

pathways are the major reasons behind the different 

physiological and pathological adaptations of various 

diseases [9]. Till to date, about 2000 miRNAs have been 

discovered, and they are known to regulate the 

expressions of one third of human genes [10]. These 

ever-growing researches on mi-RNA discovery therefore 

suggested miRNA as a therapeutic target, as the 

regulation of cell development, proliferation, 

differentiation, apoptosis and metabolism can be 

modulated by altering mi-RNA level [11, 12].   

In the present time, cardiovascular disease is 

one of the most major reasons of mortality in the 

developed country, causing 16.7 million deaths in each 

year [13, 14]. In this estimation, only Ischemic Heart 

Disease (IHD) alone contributes to over 7 000 000 

deaths in the USA [15]. The function of miRNAs in IHD 

is being substantially investigated rigorously to find out a 

new way for diagnosis of pathophysiology of the 

damaged tissues. So, the evaluation of miRNAs will 

provide not only new insights into the pathophysiology 

of tissue injury but also the potential of cardiac 

biomarkers [16, 17] to diagnose [18] diseases and 

offersa real-time glimpse of the progression [19] of the 

disease. Therefore, in this article, we aimed to 

emphasize the involvement of different miRNAs in IHD, 

describing their significant therapeutic benefits in the 

field of diagnosis and treatment and also discussed the 

prospects of miRNAs in the near future. 

Role of mi-RNAs in Cardiac Development  

In the embryonic stage of the animal, heart is 

the primary organs that firstly developed and function 

for fatal life. The development process initiates with the 

construction of two endocardial tubes, which are fused 

afterwards to form primitive heart tube that septates 

into four chambers and paired arterial trunks to form 

adult heart [20]. During this process, different mi-RNAs 

play functional roles in different stages of cardiac 

formation [21, 22]. Figure 1 summarized the 

involvement miRNAs in different stages of cardiac 

development. As an example, miR-1 target different 

genes in the heart [23], where its over expression leads 

to the inhibition of cardiac hypertrophy [24] and thereby 

confirms the ventricular myocyte proliferation [25]. 

While deletion of its family member miR-1-2 caused a 

wide range of cardiac abnormalities [26]. Combination of 

heart field is promoted by miR-218, and it is also 

involved in transformation of cardiac crescent to linear 

heart tube. Furthermore, heart looping is initiated by 

miR-138 [21], and also involved in the formation of 

atrioventricular canal from linear heart tube. In 

collaborative approach, miR-1, miR-133 and miR-17-92 

perform embryonic heart maturation and septation, 

where post-natal heart growth and maturation is 

accomplished by miR-15 [27]. Under stress condition, 

the involvement of miR-208a has been also reported to 

be required in cardiac growth [16]. Beside above, miR-

15, miR-133, miR-199, miR-590 are involved in 

cardiomyocyte proliferation, in which miR-133, miR-1, 

and miR-499 caused progenitor and stem cell 

differentiation and thus involved direct reprogramming 
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of fibro blast to myocytes [27, 28]. In cardiogenesis, 

pattern of chambers and valve region is maintained by 

miR-138, while miR-21 is appeared to necessary in 

atrioventricular valve development and it expressed in 

valvular endothelium. MiR-208a involves in apt 

development of the cardiac conduction system [28, 29]. 

Other miRNAs, such as miR-23, miR-126, miR-143, miR-

199, and miR-208b are also engaged to participate in 

cardiac development, functions, or diseases [30, 31]. As 

this miRNAs, can be called ‘cardiac miRNAs’, are 

involved in the various development processes of the 

heart formation, dysregulations of these miRNAs may 

cause the IHD, which will be discussed in further 

section.  

miRNAs in Ischemic Heart Disease (IHD) 

The root of ischemic disease can be considered 

as atherosclerosis, a process in which, lipids and fibrous 

elements are accumulated in the arteries, and 

progressively atherosclerotic plaque formed. Plaque 

formation is developed by lipids and leukocyte 

infiltration, where the degree of influx is determined 

based on monocyte recruitment, macrophage egress to 

atherosclerotic lesions and also the balance of 

proliferation, survival, and apoptosis within the arterial 

walls [32]. In the first step, endothelial dysfunction is 

occurred, and allow leukocyte and monocyte infiltration 

into the vessel wall. The major steps involved in ACS are 

foam cell formation, plaque angiogenesis, migration and 

proliferation of vascular smooth muscle cells (VSMC), 

fibrous cap destabilization and plaque rupture, and 

thrombus formation on destabilized plaque which finally 

leads to acute coronary syndromes (ACS). It is evident 

that miRNAs are involved in all steps [33, 34]. 

Figure 1: Illustration of miRNAs role in the three stages of cardiac development. Here, deep 

blue color represents the cluster of miRNAs, and green deep blue color denotes the miRNA 

family. 

http://www.openaccesspub.org/
http://openaccesspub.org/
http://openaccesspub.org/journal/jhc
http://dx.doi.org/10.14302/issn.2329-9487.jhc-17-1536


 

 

Freely Available Online 

 www.openaccesspub.org | JHC       CC-license         DOI : 10.14302/issn.2329-9487.jhc-17-1536    Vol-2 Issue –3   Page No- 23  

As shown in Figure 2, in endothelial cell 

activation step, miR-21 is involved which inhibits the 

expression of PTEN [35, 36] and PPARα [37, 38] 

(Peroxisome proliferator-activated receptor alpha). A 

number of miRNAs are involved in the next step 

including miR-155 [6, 39], miR-124 [6, 40], miR-146 [6, 

41, 42], miR-147 [43], miR-223 [44], miR-106a [45], 

miR-20a [46], miR-125a [6, 37]. During cholesterol 

biosynthesis, miR-122 and miR-33 are also involved. miR

-33 regulates expressions of ABCA1 [47], ABCG1 [48], 

CPT1α [37, 48]. In plaque angiogenesis step, miR-126 

[49, 50], miR-92a [51], miR-221 [52], miR-222 [52], 

miR-23 [53], miR-24 [54, 55], miR-27, miR-1 are 

reported to be implicated [56]. In the final stage of 

atherosclerosis, miR-143/145 [57, 58], miR-221/222 [52, 

53], miR-195 [59], miR-100 [60], miR-132 [61], miR-

133 are reported to regulating some targets that can be 

beneficial (indicated by green color) or detrimental (red 

color) for disease condition. 

One miRNA can be highly expressed in one 

tissue, but may have no or low expression in other 

tissues [62, 63]. miR-29 is involved in fibrotic reaction 

after myocardial infarction [64, 65], while miR-21 [66, 

67] may exert a fundamental role in post-angioplasty 

restenosis. Overexpression of miR-21, following I/R 

injury, decreased injured area and reduced cell 

apoptosis in border area, which improved myocardial 

collagen Ⅰ, Ⅲ remodeling in noninfarcted area, as well 

as improved heart function and hemodynamic status, 

and inhibited left ventricular remodeling [68]. miR-208 is 

also involved in the shifting toward gene expression 

pattern in contractile proteins in heart failure. Moreover, 

miR-1 influences susceptibility to cardiac arrhythmias 

after myocardial infarction [64]. It is also observed that 

Figure 2: Involvements of miRNAs in different stages of atherosclerosis. Here, atheroprotective 
miRNAs are shown in green color and red color represents the atherogenic miRNAs. The targets that 
are stimulated by miRNAs are indicated by deep blue color box while, the targets inhibited by miRNAs 
are denoted as light blue color. 
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only miR-320 expression was consistently decreased in 

murine hearts on ischaemic or reperfusion injury in vivo 

and ex vivo. So it can be said that overexpression of miR

-320 can cause increased sensitivity to I/R injury [9] and 

therefore, a potential target for IHD therapy, as it is 

responsible for negative regulation of Hsp20 translation. 

Overexpressions of miR-23a, miR-23b, miR-24, miR-195 

or miR-214 via adenovirus-mediated gene transfer 

increased hypertrophic growth of cultured 

cardiomyocytes and may cause heart failure [69, 70], 

whereas overexpression of miR-150 or miR-181b caused 

a decrease in cardiomyocyte cell size [16, 63, 70]. In 

many recent studies, it is observed that circulating 

miRNAs can be responsible for heart failure. miRNAs 

with altered circulating levels in patients caused heart 

failure are including miR-122, miR-210, miR-423-5p, miR

-499 and miR-62 [71-73]. There are also some other 

miRNA listed, which may have some beneficial effects 

after the injury. miRNA-101 regulates multiple proteins, 

including collagens and fibrillins. During fibrosis these 

miRNA could represents future therapeutic targets to 

activate the fibrotic response after heart injury [74, 75]. 

miR-34 is a critical modulator of cardiac biological 

pathways, including cardiomyocyte death, senescence 

and proliferation [76, 77].  

Recently it has been analyzed that combining 

multiple miRNAs into a miRNA profile can provide 

greater accuracy than can be expected from the 

assessment of a single miRNA. Prospective large-scale 

studies are needed to define the true potential of 

circulating miRNAs as biomarkers for atherosclerotic-

related disease states and diagnosis of these diseases. 

For example, it has been established that miR-1 is a 

potential biomarker for early diagnosis of acute 

Myocardial infarction to differentiate it from other 

cardiac diseases [78]. Deletion of the miR-1 may cause 

serious cardiac defects. Insulin-like growth factor-1 (IGF

-1) and IGF-1 receptor function are the main targets of 

miR-1 [37, 79]. 

 In recent work it is found that miR-146a is 

another cytokine-responsive miRNAs that provides 

significant atheroprotective properties in the vessel wall. 

Cytokines such as TNF-α and IL-1β induced expression 

of miR-146a and miR-146b in a delayed kinetic manner 

in endothelial cells (ECs) that coincided with the 

resolution of inflammatory gene expression [80]. The 

overexpression of miR-146a inhibited cytokine 

responsiveness in ECs, which suggests that it may 

participate in a negative feedback mechanism to reduce 

EC inflammatory signaling. Indeed, miR-146a repressed 

both NF-κB and MAPK signaling pathways by directly 

targeting HuR, an RNA-binding protein that elicits 

inhibitory effects on endothelial nitric oxide synthase 

(eNOS). In addition, miR-146a represses the induction of 

EC adhesion molecules by targeting upstream adaptor 

proteins TRAF6 and IRAK1/2.In contrast to the more 

selective inhibitory role of miR-181b on EC NF-κB 

signaling, miR-146a inhibits NF-κB signaling in both ECs 

and macrophage s[81]. So miR-146 is enlisted as an 

important cytokine-responsive miRNA that may serves to 

reduce EC inflammation. 

Future Prospects of miRNA Based Therapy 

The involvement of miRNAs in controlling 

regulation of various targets of cardiovascular diseases 

has emerged a potential research field. It is well 

established from above studies that several miRNAs 

have very significant regulatory impact on 

atherosclerotic processes in biological system, but it is 

not absolutely known how broad the contribution of 

individual miRNAs is. Furthermore, in most of the animal 

studies to date, the phenotypic effects of miRNA 

inhibition have been observed, explored and analyzed 

only in the target tissue of interest, but the effects on 

other tissues, targets and pathways are not yet have 

been explored. As a small number of miRNAs are proved 

to be target-specific, so delivering of miRNA mimics or 

inhibitors in a targeted manner may provide a potential 

effect on the treatment of atherosclerosis rather than 
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delivering in a systemic manner. Again it has an added 

advantage which enables to act on more than one target 

at the same time and may give more rapid effects than 

targeting only one. As the scopes to examine and 

explore miRNA’s function in complex biologic systems 

are increasing day by day with the advancement of tools 

and other animal models; in the near future, it will be 

possible to have a broader and more cleared picture on 

the role of these regulatory molecules in specific stages 

of atherosclerotic lesion formation and their absolute 

and specific function on cardiac disease treatment. As 

miRNA targets multiple genes involved in same pathway 

in disease progression, it can control the cellular function 

by inhibiting and degrading mRNAs or their translation. 

However, thesystemic delivery of miRNA as therapeutic 

may rise as a big challenge; because of the possibility of 

acting on a number of targets which increases the risk of 

unwanted side effects. 

The involvement of miRNAs in cardiac 

development therefore, opens a new era for IHD 

treatment, as they are linked to the development and 

progression of cardiovascular diseases. As an example, 

miRNAs found in system circulation can be considered as 

promising new biomarker, since they have many 

properties that can easily detectable and accessible from 

extracellular fluids by quantitative reverse-transcription 

polymeric chain reaction or microarray etc, also their 

change patterns are disease specific. Eventually, 

decreased plasma levels of miR-17, miR-92a, miR-126, 

miR-181b, miR-145, miR-155 [82] are associated with 

coronary artery disease [37]. These biomarkers can be 

very effective for diagnosis and differentiation of various 

cardiac problems. So the future research works must be 

designed to find out the expression pattern and nature 

of miRNA on various cardiac diseases. 

Pharmacological targeting of dysregulated 

miRNAs is a rising and very significant concept that has 

important therapeutic potential. The multiplicity of 

miRNA targets enables miRNAs to bypass mechanisms 

that render cells or tissues insensitive to certain drugs. 

For example, it is possible for the cells to develop 

insensitivity to single drugs by initiating rare mutations 

in drug targets or desensitizing the receptors of cell 

surface. miRNA, which targets a number of steps in a 

disease pathway are possibly not affected by this kind of 

mechanisms and are very efficient to be applied in field 

of development of new therapeutic strategy. An efficient 

and potential therapeutic strategy may be developed by 

the delivery of a cassette of miRNA mimics or inhibitors 

to work on specific steps of atherosclerotic progression. 

Therapies designer on the basis of miRNA inhibitors, like 

locked nucleic acids, antagomiRs, and miRNA sponges, 

or miRNA mimics are now being developed to repress 

pathological miRNAs or overexpress protective miRNAs, 

respectively.  

Although most of the miRNA therapeutics is still 

in preclinical development, only two of them have 

reached clinical trials. The first miRNA-targeted therapy 

was a locked nucleotide acid-based antisense miR-122 

inhibitor (miRavirsen). Another is one liposome-based 

miR-34 mimic (MRX34), which has entered a clinical 

Phase I trial in patients with liver cancer [83, 84]. miRNA 

replacement therapies and anti-miRNA oligonucleotides 

may be taken up more efficiently in the liver and kidney, 

but many additional peripheral tissues, such as vessels 

and heart have also been successfully targeted using 

currently available delivery approaches. However, much 

additional works are needed to prove, whether this 

therapeutic manipulation of miRNA function may indeed 

represent a safe atherosclerosis treatment in human’s 

biological system. 

It is possible to manipulate miRNAs and obtain 

therapeutic effect, since they regulate specific targets in 

a particular cellular pathway, at the same time, it is 

simple to synthesize short oligonucleotides by interfering 

mechanism of action of miRNA [64]. Over the course of 

IR injury, there is diminished cardiac function secondary 

to necrotic tissue formation [85, 86]. This prompts the 
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secretion of various factors including: endothelin-1 (ET-

1), angiotensin II (Ang II), epinephrine (Epi) and 

miRNAs [86]. From the above study, it can be said that 

these miRNAs can exhibit either protective or 

detrimental effects via post-transcriptional regulation of 

mRNAs. The downstream effects of miRNAs depend 

heavily on their temporal expression during the 

development of the pathology, as well as the tissue it 

originated from [86, 87]. Clearly, miRNAs have been 

identified as key regulators of complex biological 

processes linked to multiple cardiovascular pathologies, 

including hypertension, atherosclerosis [88], ischaemic 

heart disease [71]. As the miRNAs have the ability to 

regulate gene expression via RNA-induced silencing 

complexes, it is possible to find out a new strategy of 

treatment by targeting them to mRNAs, where they 

inhibit translation or direct destructive cleavage. And by 

analyzing the expression patterns of these miRNAs, it 

may be possible to establish a new target for cardiac 

research and providing new therapeutics for cardiac 

disease patients. 

Conclusion 

 It has been proved from recent studies that 

there are a lot of possibilities to apply miRNA as 

therapeutics on the field of IHD. It requires more 

detailed and cleared concept and understanding of the 

mechanisms of these miRNAs involved in the regulation 

of disease development, and their effects on initiation of 

various stages of atherosclerosis. Recent works 

concentrated on the potential of miRNAs being used as 

safe therapeutics in cardiac treatment. However, 

limitations of the fields including, risk of side effects, its 

effect on other physiological processes, effects on 

normal cardiac functioning must be studied and explored 

more by the development of appropriate animal model. 

In order to developing a new therapeutic as well as 

diagnostic approach using miRNAs, these demerits must 

be understood and analyzed; which can make this be 

more beneficial, efficient and advanced then existing 

approaches.  
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