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Cardiovascular disease (CVD) is the major cause of mortality 
and morbidity in developed countries [1].  By 1990, the total 
number of deaths caused by CVD (mostly coronary heart 
disease, stroke and rheumatic heart disease) was 14.4 million. 
By 2005, this number had globally ascended to 17.5 million. 
The World Health organization (WHO) estimated that by the 
end of 2015, CVDs had accounted for 30 percent of all deaths 
worldwide which constituted about 20 million deaths [2].

The coronary artery network is a system of blood vessels 
that nourish the cardiac muscle. A proper coronary blood 
circulation is needed to maintain heart homeostasis after birth. 
During human embryonic coronary blood vessel formation, the 
cardiac epicardium plays an essential role by supplying cells 
to the coronary vasculature. Abnormal epicardium formation 
leads to various congenital anomalies of the heart wall and the 
coronary vascular system. Thus, any change in the coronary 
function leads to myocardial ischemia, infarction and cardiac 
failure [3]. Cardiac pathologies are associated with aberrations 
in the expression profile of genes that are essential for the heart 
function [1]. Stable angina pectoris, unstable angina pectoris, 
myocardial infarction (MI), heart failure (HF) and sudden death 
are five major manifestations of coronary heart disease. Acute 
coronary syndromes (ACS) comprise unstable angina, non-ST-
elevation MI (nSTEMI), ST-elevation MI (STEMI) and sudden 
cardiac death.

Myocardial infarction leads to deficient blood supply in addition 
to oxidative stress. This results in cardiac tissue necrosis, 
myocardial inflammation, pathological remodeling and a 
dysfunction of the left ventricle. Additional injury is caused 
by early reperfusion of the ischaemic section by thrombolytic 
treatment or surgical revascularization, although these processes 
are still considered effective for recovering cardiac damage [4].

Myocardial infarction (MI) is a major manifestation of coronary heart disease that causes 
cardiac tissue necrosis, myocardial inflammation, pathological remodeling and dysfunction of 
the left ventricle. It is thus very critical to diagnose myocardial infarction in chest pain patients as 
soon as possible. The golden standard for diagnosing acute myocardial infarction is still cardiac 
troponin I (cTnI) which is not a very sensitive or specific assay. Therefore, detecting specific and 
accurate biomarkers at early stage is a necessity for optimal diagnosis, prognosis, prevention and 
treatment. miRNAs have proved to be good biomarkers in MI,  in this review we will focus on 
four miRNAs (miRNA-133,-208,-1,and -499) that are intensively studied as biomarkers in AMI 
patients. Most studies have revealed that these micro-RNAs show low or no expression levels 
in the plasma of healthy individuals, while they are released into peripheral circulation in time 
dependent manner in AMI patients. This gave them the power to be used as a diagnostic tool for 
AMI. Additionally, some miRNAs were used for the prediction of future cardiovascular death as 
follow up studies have publicized.
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MI Diagnosis
According to WHO European Myocardial Infarction, MI 
diagnosis is based on clinical history, electrocardiogram (ECG), 
and enzyme quantifications in blood and postmortem outcomes 
[5]. Creatine kinase– MB isoenzymes, cardiac myoglobin, and 
troponins are current AMI biomarkers that have been commonly 
used in clinical diagnosis [6]. The gold standard for diagnosing 
acute myocardial infarction is still cardiac troponin I (cTnI), but 
its plasma concentrations are not very sensitive and accurate. A 
false positive result might appear in non-cardiac diseases such 
as chronic kidney disease, severe sepsis and septic shocks [7]. 
Thus detecting specific and accurate biomarkers is a necessity 
for an optimal diagnosis, prognosis, prevention and treatment 
in MI. 

Many recent studies have reported the existence and the 
prominence of circulating miRNAs in the plasma. Those 
miRNA are stable since they are protected in microparticles 
(including exosomes, microvesicles, and apoptotic bodies) 
and can form miRNA-protein complexes that are resistant to 
degradation [8,9]. In addition, circulating miRNAs are highly 
specific and selective with prolonged half-life, and are able to 
differentiate between pathologies. Thus, circulating miRNAs 
fulfill a number of criteria that allow them to be considered as 
ideal clinical biomarkers that can be quantified by real-time-
PCR or microarrays [9,10].

miRNA formation and origin in circulation
A microRNA (miRNA) is an evolutionary conserved small 
non-coding RNA molecule of ~22 nucleotides in length 
presented in animal genome [11]. miRNAs are involved in 
many molecular processes mainly regulation of gene expression 
across species. Initially, miRNA are transcribed as pri-mRNA 
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(long primary RNA). The latter is processed into ~70 bp stem-
loop precursor miRNA (pre-miRNA) by RNase III enzyme 
Drosha (also known as ribonuclease 3). Pre-miRNAs are then 
transported to the cytoplasm by exportin-5 and are subsequently 
cleaved by cytoplasmic endoribonuclease Dicer to release 
mature miRNA11. The binding of miRNA/Argonaute protein 
complexes to an mRNA induces either direct inhibition of 
protein translation or mRNA degradation. It is not very clear 
how miRNAs are released from the cell. It is proposed that 
cytoplasmic miRNAs could be released by microvesicles, 
which is exported through blebbing of cytoplasmic membrane. 
Those miRNAs are present in circulation as free microparticles 
which could be linked to high-density lipoprotein (HDL) or 
attached to RNA-binding proteins such as Ago 28 [12]. It was 
also shown that mesenchymal stem cells can release miRNA 
containing exosomes which are released as pre-miRNAs and 
not in their mature form [13]. Another study as showed that 
miRNA secretion is dependent on ceramide [14]. Additional 
studies are required to determine the real mechanisms that 
control why some miRNAs are released into exosomes and 
others are trapped within the cell (Figure 1).

During embryogenesis, miRNAs play pivotal roles in cardiac 
development including cardiomyocyte differentiation and 
proliferation. However, circulating miRNA in whole blood and 
plasma are highly associated with diverse forms of cardiovascular 
disease such as coronary artery disease, myocardial infarction, 
heart failure and cardiac death [15]. MiRNA can be released by 
fibroblasts, endothelial and cardiac cells. For example, miR-499 
and miR-208a are specifically expressed in the heart [16], while 
muscle-rich miRs such as miR-1 and miR-133a/b were shown 
to be expressed in addition to cardiomyocytes in the skeletal 
muscle cells [17]. However, they are still proposed as potential 
biomarkers for AMI. Thus, in the context of myocardial injury, 
the release of unique miRNA proposes process specificity [18]. 

miRNA as novel cardiovascular disease biomarkers
In cardiovascular disease, circulating microRNAs (miRNAs) 
are considered as possible disease-specific biomarkers. 
Numerous studies and animal models have examined their 
diagnostic value with respect to coronary artery disease 
(CAD) and myocardial infarction (MI). Moreover, circulating 
miRNAs prognostic capabilities in risk stratification of future 
disease have been assessed. Numerous miRNAs are defined to 
complement protein-based biomarkers or classical risk factors 
in the diagnosis of CAD or MI. Besides, miRNAs are considered 
as potential new biomarkers in the discrimination of unstable 
angina pectoris (UAP) [19].

Recent studies have shown that the human genome includes 
thousands of miRNAs, 300 of which are roughly expressed in the 
heart [20].Cardiomyocyte-enriched miRNAs, including miR-1, 
miR208a, miR-208b, miR-133a, miR-133b, and miR-499 have 
been suggested as potential diagnostic markers in patients with 
acute myocardial infarction based on their tissue selectivity 
[6,21,22]. Moreover, some of these microRNAs could be used 
in the treatment process through effective approaches such as 
chemically modified antisense oligonucleotides, antagomir and 
locked nucleic acids. Thus, it is essential to conduct clinical 
trials on therapeutic and diagnostic potentials of miRNAs 
through extensive researches [23].

On the other hand, it is very critical to diagnose myocardial 
infarction in chest pain patients as soon as possible. Since 
the best diagnostic biomarkers that are used now [mainly 
cardiac troponins (cTns) and creatine kinase MB (CKMB)]; 
limitations as they might be elevated in other diseases [24,25] 
or they  require loss of myocardial cell integrity and leakage of 
cardiac constituents and thus a late event in the prognosis of the 
infarction [26]. Thus, studies have focused on have some using 
miRNAs as potential diagnostic and prognostic biomarkers 

Figure 1. The origin and release of miRNAs in circulation during MI. (A) in response to myocardial infarction, injured cardiomyocytes release 
circulating miRNAs via several mechanisms including protein complexes such as AgO2, microvesicles, exosomes, apoptotic bodies and high density 
lipoproteins (HDL). Circulating miRNAs can be also by mesenchymal stem cells. (B) A list of some of miRNAs that are either upregulated or 
downregulated in circulation during MI.
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instead for AMI. In this review we will focus on the current 
knowledge of circulating miRNas as putative biomarkers in 
cardiovascular diseases notably on miR-133,-1,-208, and -499 
as novel biomarkers of acute myocardial infarction.

miRNA-133 as a biomarker of AMI
Among the most studied miRNAs as biomarker for detecting 
and following up patients with AMI is miRNA133. miRNA-
133a is a muscle specific miRNA that is expressed abundantly 
in myocardial cells and plays important roles in myogenesis, 
cardiac development and hypertrophy [6]. This mi-RNA shows 
low expression levels in the plasma of healthy individuals, 
while it is released into peripheral circulation from the injured 
myocardium after Ca2+ stimulation. This microRNA is highly, 
but not specifically expressed in the heart [27].

One study done by Dao Wen Wang et al., showed an elevation of 
the circulating miR-133a during early phase of AMI, by which 
its level increases in time-dependent manner and exhibited a 
similar trend as cTnI. This study included 13 patients with AMI 
and 27 healthy volunteers, 5 subsequent blood samples were 
obtained at 4, 12, 24, 48, 72 hours after the first administration 
to the hospital, and real time-PCR was used for miRNA 
quantification. The pattern was similar in all patients with rapid 
increase at the beginning, achieving a peak at 21.6 ± 4.5 hours 
after the onset of AMI symptoms, and then gradually returned 
close to normal level on the following days [28].

Another study aimed to assess the relation between miR-133a 
and myocardial damage and to evaluate its prognostic value in 
re-perfused STEMI. miR-133a concentrations were evaluated 
in 216 consecutive patients with STEMI experiencing primary 
angioplasty less than 12 hours after symptom onset. Patients were 
divided into 2 groups categories defined by the average miR-
133a value on admission (miR-133<median group 97patients 
vs. miR-133a ≥ median group 95 patients). The primary clinical 
end point was the occurrence of major adverse cardiovascular 
events defined as a composite of death, re-infarction, and new 
congestive heart failure within 6 months after infarction. At 
6-month follow-up, there were 15 deaths (14%) in the ≥ median 
miR-133a value on admission group and 5 (5%) in the miR133a 
b median group (P =0.014). Approximately all the death cases 
were due to cardiac problems, including cardiogenic shock, 
ventricular septal defect, recurrent infarction, sudden cardiac 
death and strokes.  This study showed that elevated miR-133a 
concentrations are associated with less myocardial salvage, 
larger infarcts, more pronounced reperfusion injury, and left 
ventricular dysfunction as directly visualized by CMR [29]. 
However, in accordance with Widera et al., they found that 
miR-133a concentrations lost its independent correlation with 
clinical outcome upon multivariate adjustment for traditional 
clinical and CMR prognostic markers [30].

Other study which included 444 patients with NSTEMI or 
STEMI, detected a higher level of miR133a in thirty-four deaths 
(7.7%) during 6 months of follow-up compared to those who 
survived. The level of this microRNA was significantly related 
to all-cause mortality which remained associated with the risk of 
death after adjustment for age and gender, but not after further 
adjustment for on admission hsTnT levels [30].

Moreover, assessing microRNA levels post MI is important 
for studying the relation between temporal changes in specific 
miRNAs and LV structural remodeling. Profiling miRNAs in 
the plasma of post-MI patients may hold both mechanistic and 
prognostic significance. miR-133a levels increased and remain 
constant till day 90 [31], while other studies showed that miR-
133a and 133b were upregulated directly after the onset of MI 
and the levels go back to normal at day 5 with similar peak (T0) 
like that of TnI or reached 4.4 folds increase within 24 hr and 
back to normal after 1 week [16,21].

Other studies showed that miR-133 is not a good biomarker 
for AMI diagnosis [32,33]. Among these is a study done by 
Qing Jing et al which showed that  miR-133a was detected with 
higher levels in plasma from the AMI group, but there were no 
statistically significant differences in it level among the healthy, 
non-CHD (coronary heart disease), and CHD groups or miR-
133 levels were mildly but not significantly increased in patients 
with AMI (n=32)compared with healthy individuals (n=36) 
[6,32]. This was also detected by Yang et al. who showed no 
significant differences in miR-133 expression levels among the 
same groups [33]. 

To clarify the contradictory results, a diagnostic meta-analysis 
was done by Baichun Wang et al., in order to estimate the 
overall accuracy of plasma miR-1, miR-208, and miR-499 
as predictive biomarkers of AMI. MiR-208 and miR- 499 
showed higher predictive values and there were no significant 
differences in the predictive values between them, while miR-1 
had moderate predictive accuracy [34]. Though many clinical 
studies aimed to assess the level of these microRNAs in MI 
patients, contradictory views indicated that further research 
need to be conducted to describe a comprehensive assessment 
on the predictive performance. 

miR-1 during and after AMI
MiR-1, a muscle-specific miRNA, is known to be expressed highly 
in cardiac and skeletal muscles with a mild expression in other 
tissues [35-37]. The miR-1 source in the blood stream of AMI 
patients is probably exclusively from the heart. The appearance of 
miR-1 in circulation in AMI patients suggests a release of miR-1 
from necrotic myocytes. Thus, it may serve as diagnostic AMI 
biomarker and this was supported by several studies.

In a study by Ai et al., 93 patients with AMI (age between 30 and 
75) were recruited and compared to 66 healthy control subjects. 
Circulating miR-1 levels in plasma indicated by Ct values was 
significantly higher in AMI patients than in normal patients with 
no AMI. Interestingly, as the hospitalized AMI patients were 
discharged after having received medication for two weeks, the 
level of circulating miR-1 was restored back to normal value, 
revealing that miR-1 expression is a potential indicator of AMI 
[33]. Another group studied the level of miR-1 in 332 patients 
with suspected ACS that were presented with chest pain with 
median onset of 3.2 hours before presentation. 106 out of 332 
patients diagnosed with ACS showed a higher miR-1 level as 
compared with the non ACS population. The level of miR-1 was 
not affected by heparin treatment or platelet inhibition (aspirin, 
clopidogrel). According to this study, miR-1 showed to be very 
promising, as its combined diagnostic performance showed to 
be statistically better than hs-troponin [22]. 
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Furthermore, D'Alessandra et al. evaluated the miRNA 
expression profile in 17 healthy donors and 33 patients with ST-
segment elevation MI (STEMI). The results showed that miR-1 
level was higher in patients as compared with  the control, while 
miR-122 and -375 were lower than the control. Interestingly, 
miR-1 level went back to normal baseline level, whereas 
through day 30, miR-122 remained lower than control. The 
peak expression of miR-1 as well as Tn1 level happened at a 
comparable time indicating the importance of miR-1 in detecting 
cardiac damage [21]. One more study that included 17 patients 
with AMI compared to 17 healthy individuals with no cardiac 
disease revealed that circulating miR-1 was upregulated starting 
4 hours after AMI symptoms onset, and peaked up after 8 hours 
[38].  In parallel, a study that included 33 patients with AMI, 
and 33 non- AMI patients with chest distress and pain within 12 
hours of admission compared to healthy volunteers showed by 
RT-PCR that miR-1 level increased in plasma at 1-3 h, peaked 
from3-12 h and decreased 12-24 h after coronary artery ligation. 
MiRNA microarray and real time PCR revealed that miR-1 
level was undetectable in 4 healthy individuals. Even though 
miR-1 was detected with higher level in plasma from the AMI 
group compared with those from the healthy group, there were 
no statistically significant difference in its level among healthy, 
non-CHD (coronary heart disease) and CHD groups [6].

However, Zile aimed to detect changes in miRNA levels post MI 
in order to assess whether there is a relation between temporal 
changes in specific miRNAs and left ventricular structural 
remodeling. 12 patients with confirmed MI and other 12 healthy 
controls were involved were blood samples were collected after 
MI (day 2, 5, 28, and 90). Interestingly, on the second day after 
MI, miR-1 level decreased. On day 5, miR-1 level increased and 
remained constant till day 9031. 

miR-208 and miR-499 in AMI
Zihe Yan et al. focused only on the level of miR-208 as a 
diagnostic biomarker and showed that its level was significantly 
higher in AMI group (n=42) immediately after admission 
compared with the unstable angina UA group (n=22) and 
healthy controls (n=40), peaking after 12 hours with a positive 
correlation with serum cTnI level but not with CK-MB [39]. 

On the other hand, specific investigations on the kinetics of 
miR-499 in AMI patients have revealed that the relative level of 
plasma miR-499 in 53 patients with AMI was significantly higher 
than that in UA group and healthy control group immediately 
after admission (Th0) peaking at 12 hours and returning to 
the baseline level after 7 d with no significantly different from 
that in healthy control group. A positive correlation with cTnI 
and CK-MB levels was detected which is consistent with their 
cardiac expression and release from the injured heart [40]. 

Wagner et al. studied the level of both miR-499 and miR-
208b  in comparison with hs-cTnT levels. Blood samples were 
obtained from a total of 510 patients (113 nSTEMI and 397 
STEMI patients) with acute MI with ongoing chest pain for less 
than 12 h compared with 87 healthy controls. Both miRNAs 
increased in patients with acute MI as early as 1 hour after the 
onset of chest pain and remained stable after 3 hours, while they 
were barely detectable in healthy controls. MiR-208b offered 
a lower diagnostic accuracy compared with miR-499 and hs-

cTnT [41]. Consistently a study for 32 patients with AMI and 
36 patients with atypical chest pain but with no cardiac disease 
showed that plasma miR-208b and miR-499 levels had a robust 
elevation and correlated significantly to troponin T and CPK 
levels, with the highest degree of correlation observed for miR-
49922.  miR-499 concentration peaked between 6 h and 12 h in 
patients with MI [40]. Consistent with other findings, miR-499 
level increased at 1-3 h, peaking at 3-12 h and decreasing at 12-
24 h after coronary artery ligation [6].

In parallel Jing et al. indicated that miR-208a displayed  higher 
sensitivity and specificity for diagnosis of AMI compared with 
the other  miRNAs (miR-1,miR-133a and miR-499) by which 
it was undetectable in plasma from healthy patients and non-
AMI patients, also  it was absent in non-cardiovascular diseases, 
(including acute kidney injury, chronic renal failure , stroke and 
trauma). miR-208a became detectable within 1-4 h of chest 
pain, when the cTnI level was still detected below the cut-off 
value. After conventional medical treatment and follow up 
for 5 patients out of the 33, improvement was associated with 
decreased levels of these miRNAs and undetectable levels of 
miR-208a [6].  In contrast, a study with 17 healthy donors and 
33 STEMI patients showed that miR-208a was not detectable 
in healthy control, but it has low level of expression in STEMI 
patients [21].

Other miRs: miR320 regulates MI
Moreover, other microRNAs were also showed to play a critical 
role in regulating MI, though they are less studied than the 
ones mentioned above. One example is miR320 which was 
shown to play a role in regulating pathophysiological processes 
including cardiac ischaemia–reperfusion injury [15]. A study 
done by Ren et al. showed that in murine hearts subjected to 
ischemia/reperfusion, miR-320 expression was consistently 
decreased. Furthermore, transgenic mice that exhibited cardiac-
specific overexpression of miR-320 showed an increased extent 
of cardiac apoptosis and infarction size through the inhibition 
of heat-shock protein [20]. Infarct size was suppressed upon 
the administration of miR-320 antagomiR. This opens the 
horizon for using 320 antagomiRs as a treatment to decrease 
cardiomyocyte loss after MI and reveals a negative regulatory 
role of miR320 against I/R injury [42,43] . In humans, Jakob 
et al. showed that upon 1 year follow up in 63 STEMI patients 
with MACE (cardiac death or recurrent MI), miR-320a levels 
were highly increased as compared to controls. This suggests 
that miR-320a stimulates cardiomyocyte death and apoptosis 
and is involved in pathophysiological mechanisms related for 
cardiovascular outcome [44].

miRNAs as biomarkers for death prediction 
Some studies were interested in using miRNAs for the 
prediction of cardiac death. Among these a study that involved 
873 patients diagnosed with either acute coronary syndrome 
(ACS) (n=340) or stable angina pectoris (SAP) (n=533). Real-
time PCR was used for the assessment of miRNAs (miR-126, 
miR-223 and miR-197). The aim of this study was to detect if 
there is a correlation between the level of these 3 miRNAs with 
cardiovascular death, and thus a prognostic feature. Elevated 
levels of miR-197 and miR-223 was strongly associated with 
future cardiovascular death in ACS patients, while miR-126 
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showed no significant prognostic value [45]. Other study 
that investigated if there is a relation between circulating 
miRNAs collected at convalescent stage of AMI and cardiac 
death prediction in post-AMI patients involved 4160 patients 
diagnosed with AMI and discharged from hospital, 60 cardiac 
deaths occurred after discharge. After validation miR-155 and 
miR-380 showed to be increased in the cardiac death group as 
compared with the survival group [46].

Others aimed in identifying miRNAs' levels that could be good 
predictors for cardiac events, by involving Bruneck cohort, a 
large prospective, population-based study on cardiovascular 
disease. In 1995 the study involved 820 participants of 
Caucasian origin, out of these 47 participants experienced MI 
over the 10-year follow-up period (an incidence rate of 5.3 per 
1,000 person-years). Cox regression analysis showed that miR-
126, miR-197, and miR-223 have the strongest associations with 
incident MI. MiR-126 was positively associated with incident 
MI, whereas miR-197and miR-223 were inversely related to 
disease risk [47]. 

Conclusion
Currently none of the listed miRs are used in clinical diagnosis, 
despite the promising results gained from different research 
studies and this is mainly due to the failure to beat cost and time 
effectively the widely used cTnI test. Despite the contradictory 
results implicating miRNAs as biomarkers in MI diagnosis, 
treatment, and prognosis, the technical ease with which these 
circulating miRs are detected make them the best hits for pharma 
and biotech industries. Additional clinical trials are needed 
however in different ethnicities before any official approval 
for the use of a given miR as a biomarker. More importantly 
technical hurdles related to standardization of protocols, starting 
from sample collection and ending with expression quantitation 
should be overcome in order to use these promising molecules 
in the clinic.
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