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Abstract: Endothelial dysfunction is an early predictor and primary biochemical change of a coronary artery
disease. Several circulating micro RNAs (miRNAs) associated with development of atherosclerosis have been
studied as potential biomarkers of cardiovascular disease. Aim of the present review was to study the role of
miRNAs on endothelial dysfunction and their association with CAD. Cell-specific effects of miRNAs revealed
that these can modulate angiogenesis of endothelial cells by targeting the stem cell factor receptor causes
cardiac dysfunction. The present review concluded that circulating the panel of miRNAs plays as potential role
on early prediction of endothelial dysfunction associated with CVD. Early prediction was useful to revert of
endothelial dysfunction in initial phases of atherosclerosis. These circulating miRNAs can be used as early
biomarkers of endothelial dysfunction and showed association with nitric oxide bioavailability.
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I.

Introduction

MicroRNAs are an abundant class of highly conserved single-stranded non-coding endogenous RNAs of ~22
nucleotides in length, which negatively regulate expression of genes at the post-transcriptional level by
inhibiting translation of protein from the messenger (mRNA) or promoting its degradation. miRNAs play an
important role in forming the transcriptomes and proteomes of eukaryotic organisms. Total number of miRNAs
is unknown but it was estimated that the human genome encodes at least 800 miRNAs. Most of the genes of
miRNA located in the introns of protein-coding genes controlling 30% of protein-coding genes. [1]

History of microRNAs
The first miRNA to be discovered was lin-4 identified in 1993 during screening for defects in the temporal
control of post-embryonic development in Caenorhabditis elegans. The second miRNA let-7 was also
discovered in C.elegans in the year 2000. Let-7 encoded a 21 nucleotide RNA which controls the L4 to adult
transition of larval development. Trouncing of let-7 activity causes reappearance of larval cell fates during adult
stage of development. It has been detected Let-7 activity in vertebrates, ascidian, hemichordate, mollusk,
annelid and arthropods. Let-7 expression has also been shown in human tissues including brain, heart, kidney,
lung, liver, stomach, small intestine, and thymus. MiRNAs are named using the prefix “miR” and a unique
identification number, e.g., miR1, miR- 16 etc. Mature miRNAs differing only in one or two positions are given
suffixes (miR 10a and miR 10b). The mature sequences are designed as “miR” in the database, where as the
precursor hairpins are labeled as “mir”. [2-5]
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Biological Role of miRNAs
miRNAs have been involved in post-transcriptional regulation of gene expression. miRNAs play a pivotal role
in the cell cycle, immune modulation, metabolic processes, and stem cell differentiation. Various miRNA
expressions have been observed in numerous diseases. It has been extensively studied as biomarkers and
therapeutic targets. Several circulating miRNAs were associated with atherosclerosis development have been
studied as potential cardiovascular disease (CVD) biomarkers. [6]
Micro RNA Biogenesis:
The miRNA transcription depends on the host gene. Consequently, in the nucleus of mammalian cells, most of
miRNAs genes are transcribed by RNA Polymerase II (RNA Pol II) producing the long primary miRNAs (primiRNAs), 500–3000 base pair molecules. Later folding of pri-miRNA specific regions into hairpin structures is
a key aspect of the initial pri-miRNA processing. In sequence, long pri-miRNA transcripts are cleaved by a
microprocessor multi protein complex containing RNA-binding proteins such as DGCR8 and DROSHA thus,
generating pre-miRNAs, the miRNA precursor form. Pre-miRNAs are hairpin structures that are formed by this
cleavage. Then, pre-miRNAs are transported to the cytoplasm by exportin-5 protein, where cytoplasmic RNase
III Dicer-1 subsequently cleaves them into unstable mature asymmetric duplex miRNAs. One strand of the
duplex, usually with relatively lesser stability of base-pairing at the 5-end, is intended to become the mature
guide miRNA. Its undergo phosphorylation at 5-end is essential for the interaction with an Argonaute (AGO)
proteins. The other strand was referred as passenger strand. The two strands undergo further processing
mediated by specific proteins. Thus, in the cytoplasm, selectively associated with AGO proteins, the guide
strand of miRNA duplex is getting incorporated into the RNA-induced silencing complex (RISC) that is
facilitated by Dicer-1/trans activation-responsive RNA-binding protein (TRBP), as well as other proteins like
PACT protein, the activator of interferon-induced protein kinase R. The passenger strand is either degraded by
linked to RISC AGO proteins/performs important regulatory functions for the guide strand. Previous supportive
literature reports on the functional activity of passenger strands. The RISC integrated active single-stranded
miRNA represses mRNA translation, i.e., destabilizes mRNA transcripts by cleavage or de adenylation, thus,
regulates protein expression. On the whole, despite the limited knowledge about the upstream mechanisms
controlling miRNA abundance, plentiful studies confirmed that miRNA expression is controlled by Dicer and
DROSHA processing complex. [1-6]

Figure 1: Biogenesis of miRNAs
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Figure 2: microRNAs panel in various cardiovascular diseases

Role of micro RNAs in CVD:
A number of miRNAs including miR-1, miR-16, miR-27b, miR-30d, miR-126, miR-133, miR-143, miR-208
and the let-7 family are expressed in healthy cardiac tissue and play a role in normal cardiac maintenance as
well as in diseases of the heart.30 The miR-143/-145 (miR-143/-145) which are profusely expressed in vascular
smooth muscle cells (VSMCs) have been shown to be involved in the differentiation and determine the VSMC
phenotypic switching. They could thus serve as potential drug targets for atherosclerosis, hypertension, and
CAD. Other miRNAs concerned in causing CVD include miR-1 in cardiac arrhythmia, miR-29 in cardiac
fibrosis, miR126 in angiogenesis and miR-133 in cardiac hypertrophy. The miR-1 has been shown to have a role
in morphogenesis of cardiac cell, controlling cell fate of different lineages and thus helping in normal
development of cardiac chambers. miR-1 has been reported to be over expressed in individuals with CAD, It
thus represents a potential drug target in patients with arrhythmias (Figure 2).
Circulating micro RNAs as early predictors of atherosclerosis:
It is well known that endothelial dysfunction is early predictor of atherosclerotic cardiovascular disease.
Endothelium is among the first line of the body’s defence system. During inflammatory process, the Endothelial
cells (ECs) turns to be activated. The ECs of artery activation induces increased vascular permeability for
plasma proteins, the expression of proinflammatory cytokines, chemokines and enzymes, and an up regulation
of cellular adhesion molecules. Nuclear transcription factor-𝜅B (NF-𝜅B) regulates the expression of adhesion
molecules, such as intercellular adhesion molecule1 (ICAM-1), vascular cell adhesion molecule-1, and Eselectin that play a pivotal role in leukocyte-endothelium interactions. Chemokines, such as monocyte chemo
attractant protein 1 and IL-8, are initiated through activation of the classical pathway of NF-𝜅B. [6, 7]
Role of miRNAs on Endothelial Cell Function:
It is well known that the exposure of the endothelium to various stimuli, such as hypoxia, proinflammatory
cytokines, oxidative stress, hypertension, hyperglycemia, shear stress, ageing, or injury, compromises the
function of endothelial cells resulting in their increased proliferation, migration, apoptosis, senescence,
angiogenesis, and inflammation. Previous studies demonstrated that specific classes of miRNAs involved in the
control of pathways regulating function of ECs, mainly maintenance of vascular integrity, proliferation, and
migration of ECs. [8, 9]
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Zhang X et al,. reported that miR-221 can be dys regulated in endothelial progenitor cells (EPCs) and involved
in the regulation of their function. They found that miR-221’s EPC expression levels were significantly elevated
in subjects CAD with atherosclerosis, compared to healthy volunteers, and also it was noted that up regulated
expression of miR-221 diminished the proliferative ability of EPCs. [10] Additional studies in vitro analysis have
been proposed by various researchers found that cell-specific effects of miR-221 and miR-222 revealed that
these miRNAs can modulate angiogenesis of ECs of vasculature by targeting the stem cell factor receptor c-kit
and also, indirectly regulate the expression of endothelial nitric oxide synthase (eNOS). [11-15]
Role of miRNAs on Endothelial dysfunction:
Nitric oxide is a key regulator of growth and migration of ECs of vasculature, remodelling, and angiogenesis.
Its impaired bioavailability is a hallmark of endothelial dysfunction in patients with atherosclerosis. [16-19]
Bonauer A et al., opined that the endothelial cell-restricted miR-126, by reducing the expression of sproutrelated protein 1, can promote developmental angiogenesis in vivo, consequently, is deeply involved in the aid
of endothelial dysfunction. Whereas, the over expression of miR-92a can block angiogenesis and reduce
migration of ECs in vitro and in vivo. In addition to that, by targeting vascular endothelial growth factor
receptor 2 (VEGFR2) and fibroblast growth factor receptor 1 (FGFR1), miR-129-1 and miR-133 were able to
suppress key factors of angiogenesis in vitro. It was reported that the functional role of miRNAs such as miR146a, miR-147, miR-126, and miR-155 among others in vascular remodelling response to the development of
plaque, an essential component of atherosclerotic disease. [20-22]
Association of micro RNAs with share stress:
In ECs, regulation of specific miRNAs by shear stress can promote either vasculo protective or proatherogenic
effects. The down regulation of miR-92a by shear stress increased eNOS expression, whereas, the up regulation
of miR-19a contributed to the shear stress-induced cellular proliferation inhibition. However, the low shear
stress-induced expression of miR-21 lead to pro-inflammatory phenotype of ECs. Although, in response to
prolonged unidirectional shear stress, up regulated miR-21 displayed atheroprotective function by reducing
apoptosis and increasing nitric oxide availability. [23, 24]
Role of micro RNAs on control of redox balance:
miRNAs are directly involved in the control of the redox balance in ECs of vasculature. Along with mentioned
above eNOS, NADPH oxidase, superoxide dismutase, glutathione peroxidase, and thioredoxin-dependent
peroxidase (TrxR1) are crucial enzymes for the maintenance of redox balance in cells. miRNAs can regulate the
function of NOX subunits. Varga ZV et al., opined that hypercholesterolemia induced miR-25 inhibition caused
a significant increase in NOX4 expression in the heart leading to cardiac oxidative stress and finally leads to
cardiac dysfunction (Varga, Z.V 2013). [25] Three miRNAs, such as miR-106b, miR-148b, and miR-204, by
direct targeting of NOX2, this activation is the major source of reactive oxygen species in endothelial cells. [26]
Furthermore, directly targeting SOD2 and SOD3, miR-21 displayed pro-oxidative effects. [27, 28] Under oxidative
stress conditions, miR-125a alleviated miR-125a-mediated translational repression of TrxR1 was down
regulated, which thereby, functioned as antioxidant defence control. [29] miR-133 over expression that increases
the activity of GPx which leads to protects endothelial cells from oxidative stress-induced apoptosis. [30]
Furthermore, miR-148a is expected to be involved in the oxidative stress-determined reduction of NO
bioavailability. It can reduce eNOS activity which contributes to early atherosclerotic lesion formation. [31]
Role of miRNAs on Endothelial Cell Senescence
miRNAs, such as miR-134a, miR-217, miR-30, and miR-146a have vital roles in the endothelial ageing.
Vascular ageing is closely involved in alterations in the biomechanical and structural properties of the ECS and
VSMCs, thus, endothelial dysfunction, as well as enhances arterial stiffness. [32] Predominantly, endothelial cell
senescence is important in atherosclerosis. During ageing process, progressively expressed in endothelial cells
miR-134a and miR-217 promoted endothelial cell senescence via suppression of silent information regulator 1
(SIRT1), the key regulator of longevity and endothelial function. [33-35] On the other hand, miR-146a can delay
endothelial cell senescence that plays key role to protect vasculature during ischemic or inflammatory stress
conditions. [36] Interestingly, targeting the same genes, different miRNAs can produce opposite effects, and this
should be considered while analyzing the role of miRNAs. For instance, mentioned above miR134a, by down
regulating SIRT1, was able to promote endothelial cell senescence, whereas, let-7g produced the inhibitory
effect on the senescence of ECs through targeting the same SIRT1 gene. [36]
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Role of miRNAs in Regulation of Endothelial Cell Apoptosis
Apoptosis of ECs plays a vital role in the initiation, progression and development of the atherosclerotic lesion.
The apoptosis of ECs is responsible for plaque instability since it can predispose to arterial thrombosis that can
lead to acute coronary occlusion and sudden death. [37] Abundance of evidence suggests that several miRNAs
are implicated in regulatory mechanisms of ECs apoptosis. Some have anti-apoptotic effects, while others are
pro-apoptotic. Chen L et al., demonstrated that apart from facilitating angiogenesis, the most endothelial cell
abundant miR-126 can inhibit apoptosis of vascular ECs. [38] MiR-495 significantly promoted HUVEC
proliferation by targeting chemokine (C-C motif) ligand 2 (CCL2) and inhibited apoptosis by affecting the
cleaved caspase-3 expression. [39] On the contrary miR-132 repressed proliferation, capability, and migration of
tumor necrosis factor alpha (TNF-alpha)-induced HUVECs promoting apoptosis. In addition, endothelial
apoptosis, likely contributing to the loss of ECs, may expose surface extracellular matrix potentially stimulating
platelet adherence and aggregation and the subsequent thrombus formation on the surface of the unstable
plaque. In this aspect, it was established that promoting ECs apoptosis platelet-secreted miR-223, by targeting
the insulin-like growth factor 1 (IGF-1) receptor, can participate in the formation of thrombus occurring in the
later stage of atherosclerosis. [40] It was observed that during the formation of atherosclerotic plaque, apart from
the regulation of endothelial apoptosis, miR-223 can also participate in the development of the inflammatory
response by regulating neutrophil function. [41] In addition, Zhang T el al opined that a new role of miR-30
mediating translational control of autophagy-related gene 6 (ATG6) in the regulation of endothelial cell
autophagy during atherosclerosis; it was shown that the elevated expression of the miR-30 can be caused by a
high-fat diet that may suppress ECs autophagy protective effects against atherosclerosis development. [42]

II.

Conclusion

Present review indicating the compound crucial roles of miRNAs and their relevant molecular mechanisms
related to endothelial cells and their dysfunction in atherosclerosis development and progression. The present
review concluded that circulating the panel of miRNAs plays as potential role on early identification of
endothelial dysfunction associated with CVD. Early prediction was useful to revert of endothelial dysfunction in
initial phases of atherosclerosis. These circulating miRNAs can be used as early biomarkers of cardiovascular
disease. This is preliminary study which provide the multiple roles of miRNAs on ECs and which set a path for
innovative research and for enlighten novel pathological mechanisms and pharmacological targets of
atherosclerosis.

III.

References

[1].

Alexey Churov, Volha Summerhill, Andrey Grechko, Varvara Orekhova, Alexander Orekhov.
MicroRNAs as potential biomarkers in atherosclerosis . Int J Mol Sci 2019; 20: 1-21
Chalfie M, Horvitz HR, Sulston JE. Mutations that lead to reiterations in the cell lineages of C. elegans.
Cell 1981;24:59-69.
Horvitz HR, Sulston JE. Isolation and genetic characterization of cell-lineage mutants of the nematode
Caenorhabditis elegans. Genetics 1980;96:435-54.
Ferguson EL, Sternberg PW, Horvitz HR. A genetic pathway for the specification of the vulval cell
lineages of Caenorhabditis elegans. Nature 1987;326:259-67.
Lee R, Feinbaum R, Ambros V. A short history of a short RNA. Cell 2004;116:S89-92.
Christopher AF, Kaur RP, Kaur G, Kaur A, Gupta V, Bansal P. MicroRNA therapeutics: Discovering
novel targets and developing specific therapy. Perspect Clin Res 2016;7:68-74
Maria Cristina Moran-Moguel , Stefania Petarra-Del Rio, Evangelina E Mayorquin-Galvan , Maria G
Zavala-Cerna. Rheumatoid arthritis and miRNAs: A critical review through a functional view. J
Immunol Res 2018;2018:2474529.
Chamorro-Jorganes A, Araldi E, Suarez Y. MicroRNAs as pharmacological targets in endothelial cell
function and dysfunction. Pharmacol Res 2013;75:15–27.
Sun X, Belkin N, Feinberg M W. Endothelial microRNAs and atherosclerosis. Curr Atheroscler Rep
2013;15:372.
Zhang X, Mao H, Chen JY, Wen S, Li D, Ye M, et al. Increased expression of microRNA-221 inhibits
PAK1 in endothelial progenitor cells and impairs its function via c-Raf/MEK/ERK pathway. Biochem
Biophys Res Commun 2013;431: 404-408.
Patel J, Donovan P, Khosrotehrani K. Concise review: Functional definition of endothelial progenitor
cells: A molecular perspective. STEM CELLS Transl Med 2016; 5:1302–1306.

[2].
[3].
[4].
[5].
[6].
[7].

[8].
[9].
[10].

[11].

2152

JOURNAL OF CRITICAL REVIEWS
ISSN- 2394-5125

[12].
[13].
[14].

[15].
[16].

[17].

[18].

[19].
[20].
[21].

[22].
[23].

[24].
[25].

[26].

[27].

[28].
[29].
[30].

[31].

[32].
[33].
[34].

VOL 7, ISSUE 15, 2020

Zampetaki A, Kirton J P, Xu Q. Vascular repair by endothelial progenitor cells. Cardiovasc Res
2008;78:413–421.
Kuehbacher A, Urbich C, Dimmeler S. Targeting microRNA expression to regulate angiogenesis.
Trends Pharmacol Sci 2008; 29:12–15.
Suarez Y, Fernaandez-Hernando C, Pober JS, Sessa WC, Suarez Y, Fernandez-Hernando C. Dicer
dependent microRNAs regulate ene expression and functions in human endothelial cells. Circ Res
2007;100:1164–1173.
Fish J E, Marsden P A. Endothelial nitric oxide synthase: Insight into cell-specific gene regulation in
the vascular endothelium. Cell Mol Life Sci 2006;63:144–162.
Incalza M A, D Oria R, Natalicchio A, Perrini S, Laviola L, Giorgino F. Oxidative stress and reactive
oxygen species in endothelial dysfunction associated with cardiovascular and metabolic diseases. Vasc
Pharmacol 2018;100:1–19.
Rudic RD, Shesely EG, Maeda N, Smithies O, Segal S S, Sessa W C. Direct evidence for the
importance of endothelium-derived nitric oxide in vascular remodeling. J Clin Investig 1998;101:731–
736.
Ziche M, Morbidelli L, Masini E, Amerini S, Granger H J, AMaggi C, Geppetti P, Ledda F. Nitric
oxide mediates angiogenesis in vivo and endothelial cell growth and migration in vitro promoted by
substance P. J Clin Investig 1994; 94: 2036–2044.
Wang S, Aurora A B, Johnson B A, Qi X, McAnally J, Hill JA, et al. The endothelial-specific
microRNA miR-126 governs vascular integrity and angiogenesis. Dev Cell 2008;15:261–271.
Bonauer A, Carmona G, Iwasaki M, Mione M, Koyanagi M, Fischer A, et al. MicroRNA-92a Controls
Angiogenesis and Functional Recovery of Ischemic Tissues in Mice. Science 2009; 324:1710–1713.
Soufi-Zomorrod M, Hajifathali A, Kouhkan F, Mehdizadeh M, Rad S M A H, Soleimani M.
MicroRNAs modulating angiogenesis: miR-129-1 and miR-133 act as angio-miR in HUVECs. Tumor
Biol 2016; 37:9527–9534.
Nazari-Jahantigh M, Wei Y, Schober A. The role of microRNAs in arterial remodelling. Thromb
Haemost 2012;107:611–618.
Zhou J, Wang K C, Wu W, Subramaniam S, Shyy J Y-J, Chiu J-J, et al. MicroRNA-21 targets
peroxisome proliferators-activated receptor in an auto regulatory loop to modulate flow-induced
endothelial inflammation. Proc Natl Acad Sci. USA 2011;108:10355–10360.
Weber M, Baker M B, Moore J P, Searles C D. MiR-21 is induced in endothelial cells by shear stress
and modulates apoptosis and eNOS activity. Biochem Biophys Res Commun. 2010;393: 643–648.
Varga ZV, Kupai K, Sz ucs G, Gaspar R, Paloczi J, Farago N, et al. MicroRNA-25-dependent
upregulation of NADPH oxidase 4 (NOX4) mediates hypercholesterolemia-induced oxidative/nitrative
stress and subsequent dysfunction in the heart. J Mol Cell Cardiol 2013; 62:111–121.
Yang J, Brown M E, Zhang H, Martínez M, Zhao Z, Bhutani S, et al. High-throughput screening
identifies microRNAs that target Nox2 and improve function after acute myocardial infarction. Am J
Physiol Circ Physiol 2017; 312: H1002–H1012.
Fleissner F, Jazbutyte V, Fiedler J, Galuppo P, Mayr M, Ertl G, et al. The endogenous NO synthase
inhibitor asymmetric dimethylarginine impairs angiogenic progenitor cell function in patients with
coronary artery disease through a microRNA dependent mechanism. Cardiovasc Res 2010; 87: S45–
S88.
Zhang X, Ng W-L, Wang P, Tian L, Werner E, Wang H, et al. MicroRNA-21 modulates the levels of
reactive oxygen species by targeting SOD3 and TNF alpha. Cancer Res 2012; 72:4707–4713.
Chen F, Liu H, Wu J, Zhao Y. miR-125a suppresses TrxR1 expression and is involved in H2O2induced oxidative stress in endothelial cells. J Immunol Res 2018;2018:1–7.
Xu C, Hu Y, Hou L, Ju J, Li X, Du N, et al. β-Blocker carvedilol protects cardiomyocytes against
oxidative stress-induced apoptosis by up regulating miR-133 expression. J Mol Cell Cardiol 2014;
75:111–121.
Holliday-Ankeny C J, Ankeny R F, Ferdous Z, Nerem R M, Jo H. Shear-and side-dependent
microRNAs and messenger RNAs in aortic valvular endothelium. In 5th Biennial conference on heart
valve biology and tissue rngineering; Hamad bin Khalifa University Press: Doha, Qatar, 2012; p. 56.
Costantino S, Paneni F, Cosentino F. Ageing, metabolism and cardiovascular disease. J Physiol 2016;
594:2061–2073.
Minamino T, Komuro I. Vascular Cell Senescence. Circ Res 2007;100: 15–26.
Ito T, Yagi S, Yamakuchi M. MicroRNA-34a regulation of endothelial senescence. Biochem Biophys
Res Commun 2010;398:735–740.

2153

JOURNAL OF CRITICAL REVIEWS
ISSN- 2394-5125

[35].

[36].

[37].
[38].
[39].

[40].

[41].

[42].

VOL 7, ISSUE 15, 2020

Menghini R, Casagrande V, Cardellini M, Martelli E, Terrinoni A, Amati F, et al. MicroRNA 217
modulates endothelial cell senescence via silent information regulator 1. Circulation 2009; 120:1524–
1532.
Liao Y-C, Wang Y-S, Guo Y-C, Lin W-L, Chang M-H, Juo S-H H. Let-7g improves multiple
endothelial functions through targeting transforming growth factor-beta and SIRT-1 signaling. J Am
Coll Cardiol 2014;63:1685–1694.
Xu F, Sun Y, Chen Y, Sun Y, Li R, Liu C. Endothelial cell apoptosis is responsible for the formation of
coronary thrombotic atherosclerotic plaques. Tohoku J Exp Med 2009; 218:25–33.
Chen L, Wang J, Wang B, Yang J, Gong Z, Zhao X, et al. MiR-126 inhibits vascular endothelial cell
apoptosis through targeting PI3K/Akt signaling. Ann Hematol 2016;95:365–374.
Liu D, Zhang X-L, Yan C-H, Li Y, Tian X-X, Zhu N, et al. MicroRNA-495 regulates the proliferation
and apoptosis of human umbilical vein endothelial cells by targeting chemokines CCL2. Thromb Res
2015;135:146–154.
Pan Y, Liang H, Liu H, Li D, Chen X, Li L, et al. Platelet-secreted microRNA-223 promotes
endothelial cell apoptosis induced by advanced glycation end products via targeting the insulinlikegGrowth factor 1 receptor. J Immunol 2014; 192: 437–446.
Johnnidis J B, Harris M H, Wheeler R T, Stehling-Sun S, Lam M H, Kirak O, et al. Regulation of
progenitor cell proliferation and granulocyte function by microRNA-223. Nature 2008; 451:1125–
1129.
Zhang T, Tian F, Wang J, Jing J, Zhou S-S, Chen Y-D. Endothelial cell autophagy in atherosclerosis is
regulated by miR-30-mediated translational control of ATG6. Cell. Physiol Biochem 2015;37:1369–
1378.

2154

