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A R T I C L E  I N F O A B S T R A C T

Coronary artery disease is one of the most common 
cardiovascular diseases in the world. Involvement of 
microRNAs on the pathogenesis of this disease was 
reported either in beneficial or detrimental way. 
Different studies have also speculated that circulat-
ing microRNAs can be applied as promising biomark-
ers for the diagnosis of coronary artery disease. 
Particularly, microRNA-133a seems to fulfill the crite-
ria of ideal biomarkers due to its role in the diagnosis, 
severity assessment and in prognosis. The panel of 
circulating microRNAs has also improved the predic-
tive power of coronary artery disease compared to 
single microRNAs. In this review, the role of circulat-
ing microRNAs for early detection, severity assess-
ment and prognosis of coronary artery disease were 
reviewed.
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INTRODUCTION

Coronary arteries supply blood to the heart mus-
cle and consist of two main arteries: the right 
and left coronary arteries, and their two branch-
es, the circumflex artery and the left anterior de-
scending artery (1). Analogous to other arteries, 
normal coronary artery consists of three well-
defined layers: the intima, media, and adventi-
tia. These three layers are separated by layers of 
elastin. Internal elastic lamina separates intima 
from media and external elastic lamina separates 
media from the adventitia (2).

Coronary artery disease (CAD) is the leading 
cause of cardiovascular deaths (CVD) globally 
(3). In 2020, it is estimated that this disease will 
account for death of 11.1 million patients glob-
ally (4). Someone suffers from coronary disease 
every 26 seconds, and someone dies from every 
minute in the USA (5). In Europe, between 1 in 5 
and 1 in 7 women die from CAD, and the disease 
accounts for between 16% and 25% of all deaths 
in European men (6). Studies suggest that the 
average age-adjusted incidence rates of CAD 
per 1,000 person-years are 12.5 for white men, 
10.6 for black men and 4.0 for white women (7). 
The clinical spectrum of CAD ranges from stable 
angina pectoris (stable CAD) to acute coronary 
syndromes (ACS) which includes unstable an-
gina (unstable CAD) and myocardial infarction 
(8). The myocardial infarction (MI) is further 
classified into ST segment elevated MI (STEMI) 
and non-ST segment elevated MI (NSTEMI). In 
terms of arterial occultation STEMI is charac-
terized by a complete occultation of epicardial 
coronary blood vessel and elevated ST in elec-
trocardiogram whereas NSTEMI is characterized 
by a sever coronary artery narrowing. However, 
both of them are accompanied by necrosis of 
myocardial cell and elevated cardiac biomarkers 
(9). Only a few previous articles have reviewed 
the potential of circulating microRNAs (miR-
NAs) as biomarker on different phases of CAD. 

Consequently, this review narrates the role of 
circulating miRNAs in the early detection, di-
agnosis, severity assessment of CAD as well as 
restenosis, and their role as a prognosis marker. 
Furthermore, it describes the pathogenesis, cur-
rent diagnosis modalities, and limitation of miR-
NAs as a biomarker of CAD.

PATHOGENESIS OF CORONARY 
ARTERY DISEASE 

The primary pathologic process causing CAD is 
atherosclerosis of the large and medium sized 
coronary artery. The increment of cholesterol 
level which binds with low density lipoprotein 
and very low-density lipoprotein increases the 
chance of infiltration of these molecules into the 
artery wall and leads to oxidation (10). This can 
initiate migration of smooth muscle cells from 
the tunica media to intima of the artery (11). 
Activated smooth muscle cells produce fibrotic 
extra cellular matrix (ECM), which changes the 
lipid rich fatty streak into more advanced lesion 
(12). The ECM forms the fibrous cap that has an 
important role in maintaining the mechanical 
stability of the plaque. In addition to calcifica-
tion, neo-vascularization affects the structure 
of the plaque. As the plaque size increases, the 
oxygen from the bloodstream does not reach all 
areas of the lesion, and the inner section gets 
hypoxic and these neo-vessels also cause small 
hemorrhages inside the plaque which subse-
quently increases its size rapidly (13). 

In most cases, ischemia and infarctions are 
caused by physical disruption of the fibrous cap 
of the lesion, which allows thrombogenic mate-
rial to interact with blood cells (14). This contact 
leads to formation of a thrombosis, which can 
block the blood flow in the artery. Inflammatory 
cells also destabilize the plaque by secreting 
pro-inflammatory cytokines, proteases, coagu-
lation factors and vaso-active molecules. These 
molecules inhibit the formation of stable fibrous 
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cap, degrade the collagen in the cap and initiate 
the formation of the clot (15).

Recently, the discovery of miRNAs involvement 
on the pathogenesis of CAD reignited the les-
son for using them as diagnosis and prognostic 
marker for cardiovascular disease (CVD). Now, it 
is accepted that miRNAs are involved either in a 
beneficial or detrimental way in almost all steps 
of atherogenesis, including endothelial damage 
and dysfunction, monocyte-wall invasion and 
activation, lipoprotein formation, plaque stabil-
ity, remodeling of the CV system,  and platelet 
and vascular smooth muscle cell function (16). 

microRNAs regulate gene expression post tran-
scriptionally by degrading messenger RNA tar-
gets and/or by blocking their translation (17, 
18). Each miRNA can target multiple mRNAs 
and regulate ~60% of mammalian protein-
coding genes (19). They have diverse functions 
in the regulation of several key biological and 
cellular processes including differentiation, 
proliferation, and apoptosis in cardiovascular 
system (20).

In recent years, circulating miRNAs have creat-
ed great interest and have been investigated as 
a source of novel biomarkers for several human 
diseases (21-23). They are reported from whole 
blood, peripheral blood mononuclear cells, 
platelets, serum, plasma, and other body fluids 
(24). Regarding, using miRNAs as a biomarker 
in CAD abundant researches have been under-
taken. They revealed that determining the ex-
pression level of miRNAs in body fluids have a 
potential role intended for early detection, di-
agnosis, severity assessment markers and prog-
nostic indicators. 

EXISTING DIAGNOSIS MODALITIES 
FOR CORONARY ARTERY DISEASE

Currently, common diagnosis of CAD relies on 
visualization of the anatomic structure of coro-
nary artery and functional assessment of the 

heart. Coronary angiography is considered as 
a gold standard method for diagnosis of CAD 
(25). However, coronary angiography may over-
estimate or underestimate disease due to the 
fact that it is influenced by technical factors and 
complexity of coronary anatomy and plaque 
configuration (26, 27).  

Furthermore, complications from the technique 
including those related to local anesthesia and 
use of contrast material, as well as contrast 
induced nephropathy, infection, local vascular 
injury, myocardial infarction, stroke, and death 
are also common (28, 29). Additionally, prevail-
ing of non-flow limiting CAD in women which is 
undetectable through this technique also com-
promises its value (30). As a result, the emerg-
ing of noninvasive techniques, whether imag-
ing or non-imaging, hold great prospects (31). 
MicroRNAs in this regard might have potential 
to skip these bottlenecks.

DETECTION METHODS OF miRNAs

High throughput sequencing, quantitative real 
time polymerase chain reaction (RT-qPCR) 
and microarrays are the major quantification 
methods that are currently being used (32).  
Sequencing is the best technique for discovering 
new miRNAs whereas qPCR is the gold standard 
technique for quantification of miRNAs (33). 
On the other hand, microarray technique is the 
best alternative method for genome-wide as-
says on a larger scale (34). However, quantifica-
tion of miRNAs, compared to protein, still lacks 
standardized methods and clear recommenda-
tion about which body fluid is appropriate? 

SAMPLE PREPARATION  
AND NORMALIZATION 
TECHNIQUE OF miRNAs

Selecting the appropriate sample is the basic is-
sue for analyzing miRNAs. MicroRNAs are found 
intracellularly or can be actively secreted by 
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cells (35). Even though there is high extracellu-
lar RNase activity, miRNAs are stable in extracel-
lular area, due to their packaging in apoptotic 
bodies, microvesicles (MV), exosomes, lipopro-
teins (Lp), and special proteins.  Previous stud-
ies showed that miRNAs are found in blood, 
urine, breast milk (36), saliva, tears, and other 
body fluids (37). In this review, blood and its 
components like plasma, serum, a peripheral 
blood mononuclear cell (PBMC) were the major 
sample for miRNAs determination (Table 1). 

MicroRNAs can be extracted by different tech-
niques. The most common technique is select-
ed based on the desired purity and amount of 
miRNA. Some of the extraction methods are 
TRIzol based, miRNeasy and mirVANA (38). 
TRIzol based method was the technique used 
by various studies (Table 1). 

Quantification of miRNA expression needs data 
normalization. The normalizer might be either 
endogenous or exogenous reference genes. 
However, there is no consensus on optimal 
normalization strategy, particularly the choice 
of reference genes. In terms of the source of the 
reference, it might be endogenous or exogenous 
whereas in terms of their nature, it might be miR-
NAs, synthetic RNA or other genes (39).  In this 
review, the most common exogenous reference 
gene found in various studies is a miRNA obtained 
from C. elegans which is the cel-miRNA-39. The 
small non-coding RNA (RNU6) was also the most 
frequently used non miRNA endogenous refer-
ence genes (Table 1). Furthermore, miRNA-156a 
and miRNA-16 were used as endogenous miRNA 
normalizer as well. 

ROLE OF miRNAs AS POSSIBLE 
BIOMARKERS FOR CORONARY 
ARTERY DISEASE 

MicroRNAs are small non-coding endogenous 
RNAs and can regulate different developmental 
and physiological processes of cardio-vascular 

system (34). These molecules are also highly 
valuable biomarkers due to their cell-type spec-
ificity, abundance, and stability in most solid 
and liquid clinical specimens (40).  Gustafson et 
al. stated the beneficial aspect of miRNA-guid-
ed diagnostics as an increasingly and powerful 
molecular approach for deriving clinically signif-
icant information from patient samples. Li et al. 
also proved that these miRNA molecules can be 
used as diagnosis, management, and monitor-
ing of numerous diseases. They are also helpful 
for stratifying the type of CAD patients and even 
the type of ACS in different groups. For instance, 
a study done by Ward et al. showed that miR-
NA-25-3p, miRNA-221-3p, and miRNA-374b-5p 
were highly associated with STEMI, and miRNAs 
221-3p and 483-5p were highly correlated to 
NSTEMI (41). 

Early detection of coronary artery disease

Various guidelines (42-44) support to screen 
individuals having family history of premature 
CAD and diabetes mellitus (DM). Screening of 
CAD includes remarkable investigation starting 
from the easy Framingham risk score screen-
ing tool to more complicated and relatively ac-
curate coronary angiography (45). As a result, 
highly sensitive and specific screening tests with 
low cost and invasiveness are essential for a 
better monitoring program of CAD. microRNAs 
expressed and released from platelet, mono-
cyte, endothelial cells at the initiation stage of 
CAD may take their share in this regard. Wang 
et al. recommended that circulating levels of 
miRNA-31 and miRNA-720 have a potential role 
for early detection of CAD. They proved that 
these miRNAs can regulate endothelial progeni-
tor cell (EPC) function via the suppression of 
FAT4 and thromboxane A2 receptor which are 
expressed in EPC’s of CAD patients early (46). 
Their expressions were remarkably low in CAD 
patients compared to non-CAD patients. 
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miRNAs
Altera-

tion 
Study 

population
Method Role

Sample 
type

Reference 
gene/ 

miRNA 

Extrac-
tion

Refer-
ence

miR-31 
miR-720

Down 
Down 

CAD (n=20) 
 vs. 

HC (n=15)
qRT-PCR prognosis, 

diagnosis
Plasma 

EPCs miRNA-16a TRIzol 
based (46)

miR-181a Down 

Obese 
(n= 21) 

vs. 
non-obese  

(n=125)

Microarray 
qRT-PCR diagnosis monocytes RNU5G - (47)

miR-149 
miR-424 
miR-765 

Down 
Down 

 Up

CAD (n= 95) 
vs. 

HC (n=32)
qRT-PCR diagnosis plasma miRNA-

156a
TRIzol 
based (49)

miR-765 
miR-149

Up 
Down 

SCAD 
(n= 37) 
UCAD 
(n=32) 
vs. HC 
(n=20)

Microarray, 
qRT-PCR diagnosis Plasma miRNA-

156a
TRIzol 
based (50)

miR-133 Up

AMI (n=13), 
AP (n=176), 

vs. 
HC (n=127)

qRT-PCR diagnosis Plasma RNU6 TRIzol 
based (51)

miR-135a 
miR-147

Up 
Down 

SAP (n= 25) 
UAP (n= 25) 

vs 
controls 
(n= 20)

qRT-PCR diagnosis PBMC
let-7a 
and 

miRNA-16
- (56)

miR-1 
miR-126 
miR-483 

miR-133a

Up 
Up 
Up 
Up

SAP (n= 34) 
UAP (n=19) 

vs. 
 non-CAD 

(n= 20)

qRT-PCR severity 
evaluation Plasma miRNA-16 TRIzol 

based (52)

Table 1 Summary of  miRNAs from selected studies in coronary artery disease*
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miR-126 
miR-17 

 miR-92a 
miR-155 
miR-145 

miR-133a 
miR-208a

Down 
Down 
Down 
Down 
Down 

Up 
Up 

CAD (n=36) 
vs. 

non-CAD 
(n=17)

qRT-PCR diagnosis Serum/
plasma

cel-
miRNA-39

TRIzol 
based (97)

miR-206 
miR-574

Up 
Up

CAD (n=67) 
vs. 

non-CAD 
(n=67)

Microarray 
qRT-PCR diagnosis Plasma RNU6  MirVANA (54)

miR-34a 
miR-21 

miR-23a

Up 
Up 
Up 

CAD (n=32) 
non-CAD 

(n=20)

Microarray 
qRT-PCR diagnosis Plasma RNU6 TRIzol 

based (55)

miR-2861 
miR-3135b 

miR-191

Up 
Up 
Up

CAD (n=90), 
 vs. 

non-CAD 
(n=70)

Microarray 
qRT-PCR

Severity 
assessment Plasma cel-

miRNA-39 mirVanaTM  (74)

miR-126 
miR-199a

Up 
Up

CAD 
(n=176) qRT-PCR prognostic

Plasma, 
MVs 

Exosomes
cel‐miR‐39 TRIzol 

based  (75) 

miR-197 
 miR-223

Up 
Up

(ACS, SAP) 
(n=873) qRT-PCR prognostic Serum cel-

miRNA-39
TRIzol 
based (76)  

miR-133a 
 miR-208b

Up 
Up

ACS 
(n=444) qRT-PCR Prognostic, 

diagnostic Plasma - - (77)

miR-208a Up 

CHD 
(n=290) 

vs. 
HC 

(n=110)

qRT-PCR Severity Plasma RNU6B TRIzol 
based (60)

miR-155 Up 

CHD 
(n=300) 

 vs. 
HC 

(n=100)

qRT-PCR Severity Serum RNU6B TRIzol 
based (60)
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miR-483 
miR-451a 
miR-155

Up 
Down 

Up 

SCAD 
(n=59) qRT-PCR Severity Plasma cel-

miRNA-39 miRNeasy (68)

miR-486a 
miR-92a

Up 
Up

CAD (n=95) 
SAP (n=30) 
 UAP (n=39) 
MI (n=26) 

vs. 
HC (n=16) 

qRT PCR Severity 
Lipo-

protein  
fractions

cel-
miRNA-39 miRNeasy (70)

miR-100 
miR-143 
miR-145 
miR-21

Down 
Down 
Down 

Up 

ISR (n=51) 
non-ISR 
(n=130) 

vs 
HC (n=52)

qRT PCR Severity Plasma RNU6 TRIzol 
based (80)

miR-425 
 miR-93

Up 
Up 

ISR (n=39) 
vs. 

non-ISR 
(n=39)

miRNA PCR 
array Severity Plasma - - (81)

miR-181b 
 miR-155 
miR-185

Down 
Up 
Up 

ISR (n=6) 
 vs 

non-ISR 
(N=43)

qRT-PCR Restenosis Plasma/ 
cell culture miR-24 TRIzol 

based (82)

*Abbreviations - ACS: Acute Coronary Syndromes, AP: Angina Pectoris, CAD: Coronary Artery Disease, 
CHD: Coronary Heart Disease, ISR: In-Stent Restenosis, HC: Health Control, MI: Myocardial Infarction, miR: microRNA, 
MV: Microvesicles, n: number of participants, qRT-PCR: quantitative Real-Time Polymerase Chain Reaction, 
SAP: Stable Angina Pectoris, UAP: Unstable Angina Pectoris, RNU: small non-coding RNAs.

On the other hand, Hulsmans et al. showed the 
down regulation of the monocyte derived three 
isoforms of miRNA-181 in coronary artery dis-
ease.  Particularly, miRNA-181-a was associated 
with CAD even after adjustment for traditional 
risk factors: obesity and metabolic syndrome 
(47). They also described that miRNA-181 relat-
ed with inflammatory toll-like receptor and nu-
clear factor ĸB signaling and it may be potential 
biomarker for early detection of obesity related 
coronary artery disease. However, expression of 
miRNA-181 has been observed to be regulated 

by other toll-like receptor signaling factors that 
may potentially reduce its specificity of the 
prediction.

Bialek et al. also showed that plasma miRNA-
208a is an interesting and promising candidate 
for a new biomarker released early after onset 
of myocardial infarction. The peak of miRNA-
208a was observed earlier than the traditional 
biomarkers (cTnI and CK-MB mass). This implies 
that miRNAs will have an importance as early 
biomarker role in emergency department than 
the traditional markers (48).
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Differentiate patients with CAD from non-CAD

Diagnostic values, which is commonly expressed 
in area under the curve (AUC) of the receiver 
operating characteristics (ROC) in this review, 
ranges from “bad” classification power (AUC, 
0.5-0.6) for some miRNAs to “excellent” for oth-
ers (AUC, 0.9-1.0). 

Various miRNAs have a potential to classify CAD 
patients from non-CAD. Sayed et al. have as-
sayed three plasma miRNAs: miRNA-765, miR-
NA-149, and miRNA-424 in CAD patients with 
non-CAD controls. All of them showed promis-
ing results to discriminate stable and unstable 
CAD from controls. ROC-AUC value of down-reg-
ulated plasma miRNA-149 classified stable and 
unstable CAD patients from non-CAD (0.938 and 
0.951), respectively. Up-regulated miRNA-765 
also distinguished CAD from non-CAD patients 
(49).

Discriminatory powers of miRNA-149 and miR-
NA-765 plasma levels were also repeated in 
other study (50). They classified unstable CAD 
from the controls with AUC values of 0.972 
and 0.977, respectively.  Whereas, stable CAD 
were differentiated from controls with 0.959 
and 0.938 AUC values for miRNA-765 and miR-
NA-149, respectively. With this significant clas-
sification power, however, plasma levels of miR-
NA-765 were significantly correlated with age 
in all groups. This ultimately affects the charac-
teristics of ideal biomarker. In contrast, plasma 
levels of miRNA-149 was not statistically signifi-
cant in this aspect.

Furthermore, Wang et al. have revealed that 
miRNA-133a classified CAD from non-CAD indi-
viduals and exceeded the prediction potentials 
of the demographical data (age, sex, smoke, hy-
pertension, diabetes, hyperlipidemia, etc.) and 
cardiac troponin I (cTnI) (51). The cTnI, clinical 
data, and miRNA-133a individually showed AUC 
value of 0.741, 0.785 and 0.918, respectively. 
Interestingly, the addition of miRNA-133a to 

the clinical data and cTnI remarkably increased 
the AUC values that were 0.942 and 0.925, re-
spectively. Another study also showed that 
plasma miRNA-133a level was useful for diag-
nosis of unstable CAD (AUC = 0.906) (52). The 
combination of other two miRNAs (miRNA-1 
and miRNA-126) increased the efficiency of de-
tecting unstable CAD from controls. Moreover, 
miRNA-1 and miRNA-126 could differentiate 
both stable and unstable CAD from the controls 
independently with a potential of ≥ 0.85 value 
of AUC in the above study. Both of them were 
up-regulated in CAD patients (53).

Classification of CAD from non-CAD with “satis-
factory” power was also reported by Zhou et al. 
through plasma expression of miRNA-206 and 
miRNA-574-5p (AUC value of 0.607 and 0.699, 
respectively) (54). Bioinformatics analysis re-
vealed that their potential target gene might be 
involved in the onset and development of CAD 
that extend our understanding to validate them 
for early diagnosis of CAD. 

Other studies without ROC curve analysis 
showed that different miRNAs have statistical-
ly significant difference between CAD and non-
CAD. Han et al. (55) showed that from miRNA-
34a, miRNA-21, miRNA-23a, miRNA-30a and 
miRNA-106b; miRNA-34a and miRNA-21 were 
significantly higher in the plasma of CAD pa-
tients compared to controls, whereas miRNA-
23a had reduced expression among CAD pa-
tients (all P<0.01). The ratio of miRNA-135a to 
miRNA-147 concentration PBMC had showed 19 
fold increment in CAD patients compared with 
controls. MiRNA/target gene/biological func-
tion linkage analysis suggested that the change 
in PBMC miRNA signature in CAD patients is 
probably associated with a change in intracel-
lular cadherin/Wnt signaling (56). Dong et al. 
identified a panel of PBMC miRNA (miRNA-24, 
miRNA-33, miRNA-103a, and miRNA-122) that 
provided a high diagnostic accuracy of CAD 
(AUC=0.911, 95% CI 0.880-0.942) (57). Faccin 
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et al. also showed that a combination of three 
miRNAs (miRNA-155,-145 and let-7c) revealed a 
better classification power than the single miR-
NA alone (58). 

Severity assessment 
of coronary artery disease

The Synergy between percutaneous coronary 
intervention with Taxus and cardiac surgery 
(SYNTAX) and gensini score are the two ana-
tomical tools used to assess severity of CAD 
(59). Various circulating miRNAs have also cor-
related with the severity of CAD. They are cor-
related with the level of stenosis, complexity 
of stenosis and stability of the plaque in CAD. 
Circulating miRNA-133a expression is one of the 
miRNA that correlates with the severity of coro-
nary artery stenosis in terms of complexity and 
level of stenosis.

Quantitative analysis revealed that circulating 
miRNA-133a level was significantly elevated in 
CAD patients having stenosis of coronary artery 
compared to non-coronary heart disease (CHD) 
patients. It was also moderately correlated with 
gensini scores and it was a better indicator of se-
verity assessment relative to cTnI (51). However, 
miRNA-133a couldn’t significantly differentiat-
ed low level stenosis from non-CHD individuals. 
Furthermore, in the other studies, miRNA-208a 
(60), miRNA-155(61) and miRNA-223 (62) were 
strongly correlated with gensini scores.

Guo et al. also tried to correlate plasma level 
of miRNA-145 with number of diseased ves-
sel, SYNTAX score and stability of the plaques. 
They found that significantly lower levels of 
miRNA-145 in patients with three-vessel dis-
ease and high SYNTAX score compared with 
those with one or two-vessel disease and low 
or intermediate SYNTAX score, respectively. 
However, the result revealed that the level of 
miRNAs-145 between patients with one-vessel 
and two vessel disease, and between low score 

and intermediate score groups were not signifi-
cantly different (63). Furthermore, miRNAs-214 
tends to correlate with the SYNTAX score (64).

Every year, a large portion of CAD patients ex-
perience a sudden cardiac arrest due to un-
stable plaques rupturing (65). This produce 
subtotal or total occlusion and leading to ACS. 
Consequently, noninvasive biomarkers which 
can identify one of the severe form of CAD is 
clinically demanding.

In this regard, a study done by Li X et al. re-
vealed the expression of miRNAs-122, -140-
3p, -720, -2861, and -3149 have been highly 
elevated in the ACS group compared with the 
non-ACS groups and have good potential to 
identify patients. The discriminatory powers of 
these miRNAs were greater than AUC of 0.8 ex-
cept for miRNAs-3149, i.e., 0.670. Using panel 
of miRNAs-122, -2861, and -3149 had a better 
classification power compared to using it alone 
(66). Other miRNAs such as: miRNA-106b, miR-
NA-25, miRNA-92a, miRNA-21, miRNA-590-5p, 
miRNA-126 and miRNA-451 also classified ACS 
from non ACS (67). In line with this, a study 
done by Li S et al. showed that combinations of 
miRNA-483-5p and miRNA-451a can discrimi-
nate plaque rapture with an excellent classi-
fication power, AUC (0.982; CI: 0.907-0.999). 
A panel of miRNA-483-5p and miRNA-155-5p 
had also showed the highest AUC (0.898; CI: 
0.790-0.962) (68). In a study done by Luque et 
al. also showed that miRNA-638 was an inde-
pendent predictor of plaque instability for ca-
rotid artery (69). 

On the contrary, serum levels of 6 miRNAs in-
cluding miRNA-92a and miRNA-122 could not 
differentiate ACS from non-ACS in other study. 
However, analysis of lipoprotein sub fraction 
level of miRNA-486 and -92a revealed good dis-
tinguishing power of ACS from non ACS (70). 
Level of high density lipoprotein-2 (HDL-2) miR-
NA-92a and HDL-3 miRNA-486 could classify 
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the ACS and non ACS up to an accuracy of 84% 
with adjustment for age, gender and serum lip-
ids. Coronary bifurcation lesion is also one of 
the severe forms of CAD. Hence, it is the most 
challenging lesion in percutaneous coronary in-
tervention (PCI) medicine due to rate of re-ste-
nosis and major adverse cardiac event (71). As a 
result, determining whether the lesion is bifur-
cated or not is crucial for effective management 
of CAD.  Liu et al. showed that miRNA-30-d was 
up-regulated and miRNA-1246 down-regulated 
in bifurcated compared to patients with non-
bifurcated lesion (72).

Furthermore, miRNAs have been correlated 
with the characteristic of different plaques. For 
instance, more calcified plaque and less calcified 
plaque have diverse array of clinical outcome 
and miRNAs which are correlated to the level of 
calcification may have a potential to assess the 
severity of CAD. miRNA-21 expression in macro-
phages of non-calcified coronary artery lesions 
was significantly higher with an AUC value of 
0.655 (73). Liu et al. also obtained biomark-
ers that can classify calcified from non-calcified 
lesion. Out of 8 miRNAs, further validation of 
miRNA-2861, miRNA-3135b and miRNA-191-3p 
showed better classification power (74).

Prognostic markers of coronary artery disease

Though limited information has been reported 
so far regarding correlation of miRNAs with CAD 
prognosis, reports indicated that some miRNAs 
might have a potential. Their ability of involve-
ment in all aspects of CAD progression like 
vascular performance and cardiac remodeling 
either in beneficial or detrimental way might 
make them capable of predicting future conse-
quence of the diseases (16). 

To appreciate this, Jansen et al. determined 
plasma and microvesicles (MV) level of 10 miR-
NAs: miRNA-126, miRNA-222, miRNA-let7d, 
miRNA-21, miRNA-20a, miRNA-27a, miRNA-92a, 

miRNA-17, miRNA-130, and miRNA-199a, which 
are involved in vascular activities.  There were no 
significant association between cardiovascular 
events and plasma level of the above miRNAs. 
In contrast, increased expression of miRNA-126 
and miRNA-199a in circulating MVs was signifi-
cantly associated with a lower major adverse CV 
event rate (75).

Likewise, Schulte et al. confirmed in a large co-
hort that baseline serum levels of miRNA-126 
was not a helpful prognostic marker of CAD, 
even with the adjustment of cases into ACS 
and stable CAD groups (76). However, Elevated 
levels of miRNA-197 and miRNA-223 reliably 
predicted future cardiovascular death. Widera 
et al. also investigated the prognostic value of 
plasma levels of cardiomyocyte-enriched miR-
NAs (miRNA-1, miRNA-133a, miRNA-133b, miR-
NA-208a, miRNA-208b, and miRNA-499) among 
ACS patients. Out of them, only miRNA-133a 
and miRNA-208b levels were significantly asso-
ciated with the risk of death (77). 

Association of restenosis 
with miRNA expression 

Restenosis is a common adverse event of en-
dovascular procedure that is characterized by 
recurrence of narrowing of a blood vessel. If 
restenosis occurs after stenting, this is called 
in-stent restenosis (ISR) (78). In general, the 
threshold value for restenosis is a ≥50% narrow-
ing (79). microRNAs are also associated with the 
occurrence of restenosis in CAD patients. He 
et al. showed that the reduction of circulating 
miRNA-143 and miRNA-145 levels were associ-
ated with the occurrence of ISR and could serve 
as novel non-invasive biomarkers for ISR (80). 
Furthermore, a study done by O’Sullivan et al. 
indicated that miRNA-93-5p independently pre-
dicted ISR after adjustment for traditional CAD 
risk factors (81). Fejes et al. examined the role 
of miRNA-181b, miRNA-185 and miRNA-155 
to distinguish ISR patients from non-ISR. 
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miRNA-181b were downregulated, while both 
miRNA-185 and miRNA-155 were upregulated 
in ISR patients compared to non ISR (82). The 
purpose and implications of various selected 
miRNAs which have diagnostic and prognostic 
role for CAD are listed in (Table 1).

PARAMETERS INFLUENCING 
miRNAs LEVELS

Former studies have proven that heparin ad-
ministration to the patients prior to blood sam-
pling interferes with result of miRNAs (83,84). 
Collecting blood samples with heparinized test 
tube had also mislead miRNA determination 
(85). Boileau A et al. also revealed that endoge-
nous heparin has a great effect on miRNA quan-
tification (86).  

Furthermore, anti-platelet therapy has also an 
effect on miRNAs expression. Russo et al. re-
viewed that platelet-derived miRNAs, like miR-
NA-92a and miRNA-19b respond to aspirin ther-
apy (87). Willeitnet al. also revealed that plasma 
levels of platelet miRNAs, such as miRNA-223, 
miRNA-191, and others, that is, miRNA-126 and 
miRNA-150, were reduced under anti-platelet 
treatment (88). Therefore, high caution is need-
ed when selecting patients for in vivo studies of 
miRNA quantification with respect to heparin 
and anti-platelet administration prior to blood 
sampling. In fact, the addition of heparinase en-
zyme in the sample reversed the effect of hepa-
rin (89, 90).

Quantification of miRNA levels altered in CAD 
might also be influenced by the intake of medi-
cation, such as statins and angiotensin convert-
ing enzyme (ACE) inhibitors (91). These find-
ings emphasize the importance of quantifying 
the drug- and metabolite-based influence on 
miRNAs in the clinical setting. At the same time 
the inconsistency of the data reflects the neces-
sity of further studies evaluating pathways of 
how miRNA levels are influenced in circulating 

blood.  Additionally, it needs to be considered, 
that levels of biomarkers can also be influenced 
by the speed of their elimination. Gidlöf et al. 
found cardiac miRNA levels strongly correlat-
ing with renal function indicating that the renal 
function might also influence the plasma levels 
of miRNAs (92).

The influence of high-altitude hypoxic environ-
ments on plasma miRNA profiles has also been 
observed. Yan et al. recently reported that 175 
miRNAs differently expressed relative to alti-
tude and their expression level were also cor-
related with red blood cell counts and hemo-
globin values (93). Co-variability of miRNA level 
with demographic factors was also reported.  
Neha Singh et al. found that miRNA-126-5p and 
miRNA-92a-3p were co-variables with age and 
serum creatinine level (94).

LIMITATIONS OF UTILIZING 
miRNAs AS BIOMARKERS

The major drawback of using miRNAs as bio-
markers for clinical diagnosis is their laborious 
isolation and detection procedures. In addi-
tion, the current technology employed to iso-
late and estimate levels of miRNA requires op-
timization (95).

Other most significant challenge is their lower 
tissue and disease specificity because of an ap-
parent expression of miRNAs in different dis-
eased state and tissues. For instance, Witwer 
et al. reviewed that the scenario of miRNA-141 
which was increased in pregnant women, pros-
tate cancer and other cancers originated from 
epithelial, breast, colon and lung (96). Such kind 
of scenario also exists in CAD. 

CONCLUSION AND FUTURE PERSPECTIVE

Circulating miRNAs as blood-based biomarker in 
CAD is highly promising: for early detection, as-
sessing severity and prognostic indicators. They 
have potentials of “excellent” to “satisfactory” 
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power of classifying patients with or without 
CAD as well as patients with stable CAD or un-
stable CAD. Furthermore, miRNAs are not spe-
cific, a single miRNA can be elevated or reduced 
in different disease conditions. As a result, de-
veloping an algorithm or a panel of tests might 
have a contribution to increase the specificity of 
miRNAs. In this review, modeling of panel tests 
revealed remarkable results for identifying CAD 
patients and grading of severity of the disease 
(53, 57, 58, 67, 68). As a result, extensive valida-
tion of panels of miRNAs in large cohorts with 
their physiological role might be an extraordi-
nary finding.



Acronyms 

ACE: angiotensin converting enzyme

ACS: Acute Coronary Syndrome

AUC: Area Under the Curve

CAD: Coronary Artery Disease

CVD: Cardiovascular Disease

CHD: Coronary Heart Disease

cTnI: Cardiac Troponin I

CV: Cardiovascular

ECM: Extra Cellular Matrix

EPC: Endothelial Progenitor Cell

ISR: In-Stent Restenosis

Lp: lipoproteins

miRNA: microRNA

MI: Myocardial Infarction

MV: Microvesicle

PARS: Post-Angioplasty Restenosis

PBMC: Peripheral Blood Mononuclear Cell

PCI: Percutaneous Coronary Intervention

qRTPCR: quantitative Real Time Polymerase 
Chain Reaction

RNU: small non-coding RNA

ROC: Receiver Operating Characteristics

STEMI: ST segment elevated MI

SYNTAX: Synergy between percutaneous 
coronary intervention with Taxus and cardiac 
surgery 
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