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Abstract. – Cardiovascular diseases (CVDs) 
have shown a high prevalence every year, pre-
senting arterial hypertension as prime factor 
for their development, also driven by population 
growth, the aging of population and epidemio-
logic changes in disease. One of the main chal-
lenges in the study of CVD is the identification 
of reliable biomarkers that can be used in clin-
ical practice and, in this context, microRNAs 
(miRNAs) have attracted much attention recent-
ly. MiRNAs are small non-coding RNAs, identi-
fied as post-transcriptional regulators of the ex-
pression of several genes both in physiolog-
ic and pathologic conditions. They have been 
studied as possible biomarkers, since they are 
highly expressed in the vascular system and are 
crucial modulators for the differentiation, con-
traction, migration and apoptosis of vascular 
cells, so modifications in their expression can 
cause several vascular alterations. Thus, this 
review aimed to compile the main studies re-
garding the role of miRNAs in the development 
of cardiac diseases, their potential applicabili-
ty in the diagnosis, prognosis and treatment of 
these disorders. It was possible to verify that al-
terations in miRNAs expression are present in 
almost all cardiovascular diseases, such as the 
development of cardiac hypertrophy, coronary 
heart disease, heart failure and other condi-
tions. Furthermore, growing evidence indicates 
that circulating miRNAs may become a poten-
tial tool for rapid and easy tests, since they are 
detected in peripheral blood, also allowing new 
therapeutic possibilities.
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Introduction

According to the World Health Organization 
(WHO), 36 million (63%) deaths that occurred 
globally in 2008 were due to chronic noncommu-
nicable diseases (CNCDs), including cardiovas-

cular diseases (CVDs)1. It is estimated that 17.7 
million people died from CVDs in 2015, account-
ing for 31% of all global deaths, and of these, 
about 7.4 million occurred due to coronary heart 
disease and 6.7 million due to stroke2. CVDs 
mainly affect low-income individuals, which are 
more exposed to behavioral risk factors and have 
less access to health care services. These diseases 
can lead to disability or incapacity, large costs in 
social and economic terms, losses in the produc-
tive sector and harmful effects on life quality of 
those affected, negatively reflecting the effects of 
globalization, urbanization and habits such un-
healthy diet, insufficient physical activity and use 
of alcohol and tobacco1. The incidence of CVDs 
has also increased significantly with the aging of 
the population and this relation can be appreciat-
ed by consideration of the morbidity and mortali-
ty rates of age-related CVDs including coronary 
heart disease, heart failure, stroke and aortic ste-
nosis, a frequent valve disease in the population 
over 75 years old3. The number of deaths by isch-
emic heart disease, the most common cause of 
cardiovascular death, increased by an estimated 
41.7% from 1990 to 2013 and population aging 
was found to contribute to an estimated 52.5% 
increase in these deaths, whereas population 
growth, which is considered another driver on 
trends in mortality, contributed to an estimated 
23.6% increase4. Considering that aging is a 
well-established cardiovascular (CV ) risk factor, 
the rising number of older adults in many coun-
tries and the large effect of age-specific cardio-
vascular death rate on CV mortality rates4, CVDs 
remain as global threat, imposing burden in terms 
of functional decline, disability and healthcare 
costs2, reinforcing the importance of investments 
and policies aimed at targeting preventable risk 
factors that can reduce the impact of these diseas-
es. Improving preventive and therapeutic mea-
sures is also important to accomplish good results 
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and recent research focused particularly on un-
derlying molecular mechanisms and on the iden-
tification of valid and novel diagnostic and prog-
nostic biomarkers that could strength primary 
prevention3. The ideal biomarker must fulfill a 
number of criteria, such as: (1) It must be accessi-
ble through non-invasive methods; (2) it must 
have a high degree of sensitivity and specificity 
for the disease in question; (3) It should allow for 
early detection; (4) Must present sensitivity to 
relevant changes in the pathological process; (5) It 
must have a long half-life in the sample, and (6) 
Must be able to provide rapid and accurate detec-
tion5. In this context, microRNAs (miRNAs) can 
accomplish several of these criteria. They are 
stable in circulation, are often regulated in tissue 
and pathology in a specific manner and its ex-
pression can be detected with a high degree of 
sensitivity and specificity using the specific am-
plification of their sequences6. Although the pres-
ence of intact extracellular RNA in plasma has 
been described in 19727, in 2008 it was reported 
that miRNAs are also present in the circulation in 
all compartments of blood, including plasma, 
platelets, red blood cells and nucleated blood 
cells6,8. These circulating miRNAs are supposed 
to be stable in plasma even under adverse condi-
tions like high temperatures, low or high pH and 
long-term room temperature storage. These qual-
ities suggest that miRNAs biomarkers discovery 
and validation will be more efficient than pro-
tein-based biomarkers, in which critical problems 
in the generation of specific antibodies are often 
found due to the complexity of the protein com-
position, post-translational modifications, and the 
poor abundance of many proteins in serum and 
plasma5,6. Apparently, these circulating miRNAs 
are protected from the activity of endogenous 
RNAses and evidences suggest that this protec-
tion is achieved through their packaging in mi-
croparticles such as exosomes, microvesicles or 
apoptotic bodies9, by binding to RNA ligands, 
such as Argonaute 2 and nucleophosmin 110,11 or 
even by binding to high density lipoproteins12. 
The presence of miRNAs in microparticles also 
led to the intriguing idea that circulating miR-
NAs could play a role in cell communication, 
suggesting that miRNAs are selectively secreted 
by a cell and act on distant target cells, possibly 
to regulate gene expression. This remains as an 
area of ​​intense research and early studies reveal 
that miRNAs may actually function as mediators 
of cell-to-cell communication13. First described in 
199314, miRNAs are small endogenous RNAs of 

approximately 22 nucleotides that play important 
roles in animals by regulating post-transcription-
al gene expression. They are first transcribed as 
primary miRNAs by RNA Polymerase II and 
then are cut by an RNase III enzyme, Drosha, 
into precursors of approximately 70 nucleotides 
(premicroRNAs), which are transported to the 
cytoplasm. Another enzyme, called Dicer, con-
verts premicroRNAs into mature microRNAs 
that are recruited into RNA-induced silencing 
complexes (RISC). These RISCs interfere with 
the translation or stability of target messenger 
RNAs by binding to them with total complemen-
tarity, leading to cleavage of messenger RNA, or 
with partial complementarity, leading to transla-
tion repression15. Researchers have also proposed 
an alternative mechanism of action, where bind-
ing of miRNAs leads to faster deadenylation of 
mRNAs, decreasing mRNAs stability and accel-
erating their degradation16. Evidence also sug-
gests that miRNAs also play a central role as a 
critical cellular factor with great capability to 
fine-tune biological processes17. MiRNAs genes 
can vary in their location in the genome. Initial 
studies had suggested two distinct classes of 
miRNAs: those that originated from overlapping 
introns of protein coding transcripts and others 
that are encoded in exons18, but clusters of miR-
NAs genes that coexpress polycistronicaly, tran-
scribed as a single unit, were then discovered19,20. 
The current release (MiRBase 21) contains 28645 
entries representing hairpin precursor miRNAs21, 
but 10000 new miRNAs are expected to be de-
scribed in miRBase release 22. However, the bio-
logical significance of the majority of annotated 
miRNAs remains unknown and requires func-
tional validation. MiRNAs play a major role in 
the coordinated development of various organ 
systems and physiological conditions and tempo-
ral and spatial expression of distinct sets of tis-
sue-specific miRNAs is crucial in modeling tis-
sue development and differentiation in processes 
ranging from embryonic development to neoplas-
tic progression. In skin development, for exam-
ple, miR-203 is expressed during differentiation 
of mouse skin, which controls the basal to supra-
basal transition by regulating p63 expression22,23. 
MiR-127 was found to be essential for branching 
of lung in rat fetal lung cultures24 and miR-124 
was found to be essential for proper development 
of the nervous system25,26. Other important func-
tional roles for miRNAs were documented in in-
sulin secretion27, adipocyte differentiation28, lipid 
metabolism regulation29 and lung epithelial pro-
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genitor cells differentiation30. All of these and 
other works, including high-throughput miRNA 
profiling studies in specific organ systems, have 
established the relevance of miRNA in animal 
development and physiological conditions. Evi-
dence also shows that miRNAs have been impli-
cated in many human diseases. Unique miRNA 
signatures were found to be associated with vari-
ous inherited, metabolic, infectious, non-infec-
tious and neoplastic diseases, highlighting their 
potential to be reliable biomarkers. Many miR-
NAs have been linked to the initiation and pro-
gression of various neoplastic processes and it is 
estimated that approximately 50% of miRNAs 
are located at genomic sites that are disrupted or 
amplified in different types of cancer31. These 
miRNAs are supposed to be evolved in processes 
like apoptosis32-34 and cell cycle regulation35. They 
can also influence the pathogenesis and manifes-
tation of infectious diseases, modulating the 
pathogenicity of pathogens, the efficiency of host 
response and the resolution of inflammatory re-
sponses17. Alterations in miRNA expression have 
also implicated in other noninfectious diseases, 
including autoimmune diseases36-38, hepatic meta-
bolic diseases like type 2 diabetes, nonalcoholic 
fatty liver disease, steatohepatitis39 and cardio-
vascular diseases40-42. More importantly, evidence 
shows that they can be readily detected in serum 
and plasma and that their expression patterns 
have a positive correlation with these diseases. 
Comprehensive analysis of miRNAs in serum 
and plasma to characterize blood miRNA profiles 
from healthy individuals and patients with differ-
ent cardiovascular diseases found that these pa-
tients may have specific serum miRNA profiles 
and the opportunity to detect their expression by 
noninvasive means have led to investigations to-
ward developing miRNAs as biomarkers, provid-
ing new perspectives on the pathophysiology of 
heart diseases like ischaemic heart disease, hy-
pertension, hypertrophy, heart failure and athero-
sclerosis. Through this review we provide a brief 
overview of the recent reports investigating the 
pathophysiological relevance of circulating miR-
NAs for the cardiovascular system, concentrating 
mainly on recent findings on miRNAs in, hyper-
tension, hypertrophy, atherosclerosis, coronary 
heart disease and heart failure.

Hypertension and Hypertrophy
Essential hypertension (EH) may increase 

the risk of several cardiovascular diseases, in-
cluding coronary heart disease, stroke, kidney 

failure and heart failure and in recent years, due 
to actual living conditions, progressive length-
ening in life expectancy and stress, the preva-
lence of EH in young patients is increasing and 
there is an urgent requirement for methods to 
prevent and early identify hypertension and its 
complications43. Several studies have reported 
the involvement of miRNAs in blood pressure 
regulation, particularly by affecting the ren-
nin-angiotensin- aldosterone system. MiR-155, 
for example, has been found to regulate the 
expression of AGTR1, the angiotensin II type 
1 receptor that correlates positively with blood 
pressure. An AGTR1 allele with a 3’ UTR region 
SNP (single nucleotide polymorphism) (+1166 
A/C) is not recognized by miR-155 and is asso-
ciated with a increased risk of EH44. Differential 
miRNA expression was also observed in re-
nal tissue from hypertensive patients compared 
to normotensive individuals and miR-181a and 
miR-663 were linked to repression of rennin 
expression in human kidney45. Caré et al46 al-
so demonstrated that pressure overloaded mice 
has low cardiac miR-133 levels and inhibition 
with an anti-miR-133 oligonucleotide generated 
cardiac hypertrophy in vivo. MiR-1, which is 
encoded as a part of the same bicistronic unit 
of miR-133, is inversely related to cardiac hy-
pertrophy46, modulating the insulin-like growth 
factor-1 pathway directly, inhibiting insulin-like 
growth factor-1 and its receptor47 or by downreg-
ulating secreted targets related to this pathway48, 
being able to attenuate cardiomyocyte hyper-
trophy in the intact adult heart by regulation of 
cardiomyocyte growth responses through mod-
ulation of calcium signaling components such 
as calmodulin49. miRNA expression in early 
hypertrophic development investigation showed 
that only four of the 13 miRNAs that have pre-
viously been reported to be associated with late-
stage pressure overload induced hypertrophy 
were induced during early hypertrophic growth. 
MiR-23a, miR-27b, miR-125b and miR-195 were 
associated with angiogenesis and cell growth 
and their expression in early hypertrophic was 
accompanied by upregulation of a marker of 
cardiac growth, indicating that different miR-
NAs are involved in early hypertrophic growth 
than in late stage pressure-overload induced 
heart failure50. Global miRNA expression was 
also evaluated in exercise-induced left ventric-
ular hypertrophy (LVH). Using an experimental 
model of exercise-induced LVH, Martinelli et 
al51 identified that miR-26b, miR-150, miR-27a 
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and miR-143 can modulated physiological cardi-
ac hypertrophy and also indicate that previously 
established regulatory gene pathways involved 
in pathological LVH are not changed in physi-
ological LVH. MiRNA expression levels were 
also quantified in peripheral blood mononuclear 
cells of untreated EH patients and revealed that 
miR-9 and miR-126 are related to EH, as they 
showed a distinct expression profile in hyperten-
sive patients relative to healthy individuals and 
are associated with clinical prognostic indices of 
target-organ damage in hypertensive patients52. 
MiR-510 was also found to be upregulated in 
blood samples from EH patients, which was 
corroborated by methylation analysis, suggest-
ing that this miRNA could be used as a novel 
biomarker for diagnosis and as a therapeutic 
target for hypertension53. There have been some 
studies that examined biological fluid miRNAs 
as biomarkers for hypertension, but most remain 
inconclusive due to the small sample sizes and 
differences in methodological standardization54. 
Most studies were undertaken to identify and 
validate the potential of circulating miRNAs as 
biomarkers for target-organ damage (TOD) of 
hypertension. One of the first studies that inves-
tigated the importance of miRNAs in cardiac 
hypertrophy showed that mR-208 is crucially 
involved in hypertrophic signaling55. Huang et 
al56 assessed the expression levels of miR-29a, 
miR-29b and miR-29c in patients with EH and 
healthy individuals and found a positive relation 
between these miRNAs expression and higher 
left ventricular mass index (LVMI), suggesting 
that the miR-29 family may represent a potential 
marker of hypertension and TOD in EH patients. 
Similar results were obtained for miR-15557, miR-
7-5p and miR-26b-5p58. Approximately, twelve 
circulating miRNAs were found to be upregulat-
ed in hypertrophic cardiomyopathy patients, but 
only miR-29a was significantly associated with 
both hypertrophy and fibrosis evaluated with 
magnetic resonance59. MiR-29a levels were also 
found to be increased in patients with hypertro-
phic obstructive cardiomyopathy and correlating 
markers of cardiac hypertrophy, but not in hy-
pertrophic non-obstructive cardiomyopathy pa-
tients, showing a specific signature to distinguish 
between hypertrophic non-obstructive and ob-
structive cardiomyopathies60. Recent reports also 
present data about paracrine miRNA crosstalk 
between cardiac fibroblasts and cardiomyocytes, 
leading to cardiomyocyte hypertrophy, demon-
strating that cardiac fibroblasts secrete miR-21 as 

a paracrine signaling mediator of cardiomyocyte 
hypertrophy with potential as a therapeutic tar-
get61. Collectively, these results further support 
the idea that circulating levels of some miRNAs 
could serve as biomarkers for LVH.

Atherosclerosis and 
Coronary Heart Disease 

The initiation and progression of atherosclero-
sis are complicated and multifaceted pathologies, 
which remain incompletely understood and have 
become a major public health problem all over 
the world. They involve chronic inflammation 
that is developed by interactions of different 
compounds and cells, including macrophages, 
vascular smooth muscle cells (VSMCs) and en-
dothelial cells (ES)62. Rupture of unstable plaques 
lead to adhesion of thrombocytes, formation of 
thrombi, artery occlusion and ischemic disrup-
tions, including myocardial infarction and stroke. 
It was demonstrated that various biological pro-
cesses in all stages of atherosclerosis progression 
are associated with microRNAs63,64. Changes in 
miRNA expression during disruption of human 
atherosclerotic plaque stability have been mainly 
investigated in whole plaques without separation 
into cell types and a number of studies identified 
hyperexpression of miR-100, miR-127, miR-133a, 
miR-133b, miR-145 and miR-494 in unstable 
atherosclerotic plaques while higher levels of 
miR-21, miR-143 and miR-221 expression were 
associated with stable atherosclerotic plaques63-69. 
IL-6 (interleukin-6) expression was also found to 
be upregulated in coronary plaque, blood mono-
cytes and serum of patients with coronary ath-
erosclerosis (AS), whereas miR-365 expression 
was down-regulated, suggesting that this miR-
NA may regulate the pathogenesis and immune 
response in AS70. In addition to the investiga-
tion of miRNAs expression in the atherosclerotic 
plaque, circulating miRNAs expression is also 
of considerable interest and some of them could 
be considered as potential biomarkers of clinical 
atherosclerosis and coronary artery disease. Ele-
vated miR-29a levels were found to be associated 
with atherosclerosis71. The level of circulating 
miR-21 was found to be increased in patients 
with subclinical atherosclerosis and myocardial 
infarction, as well as the level of miR-221, which 
was decreased in stroke72,73, but none of them 
are specific to atherosclerosis, once increased 
levels were also observed in the blood of patients 
with different oncological diseases74,75. More re-
cently, circulating miR-155-5p, miR-483-5p and 
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miR-451a were also identified as biomarkers for 
the early identification of atherosclerotic plaque 
rupture76. MiR-143 and miR-145 expression were 
found to be altered in blood plasma of patients 
with hypertension, coronary artery disease and 
myocardial infarction77 and the levels of circu-
lating miR-133, miR-1 and miR-208a are also 
supposed to be good diagnostic markers of cor-
onary artery disease and myocardial infarction78. 
MiR-941 expression was found to be relatively 
higher in patients with acute coronary syndrome 
(ACS) and ST-segment elevation myocardial in-
farction (STEMI) than in patients with stable 
angina (SA) and non-ST elevation ACS and may 
be a potential biomarker of ACS or STEMI79. In a 
previous study Li et al80 identified that circulating 
miRNAs MiR-122, MiR-140-3p, MiR-720, MiR-
2861 and MiR-3149 levels are elevated during 
early stage of acute coronary syndrome (ACS) 
and then conducted a study to determine the or-
igin of these elevated plasma miRNAs in ACS, 
concluding that the elevated plasma levels were 
mainly originated from monocytes and circulat-
ing endothelial cells. The impact of transient cor-
onary ischemia on circulating miRNAs was also 
an object of interest and the circulating miRNAs 
kinetics in response to cardiac stress in patients 
with or without significant coronary stenosis was 
also evaluated. Jansen et al81 found that patients 
with stenosis showed an increase of circulating 
miR-21, miR-126-3p and miR-222 in response to 
cardiac stress while patients without significant 
stenoses presented gradually increased miR-92a 
levels. It is possible that miRNAs could have also 
a protective effect. MiR-22 was found to low-
er the levels of pro-inflammatory cytokines by 
inhibiting the NLRP3 Inflammasome pathway, 
suppressing coronary arterial endothelial cells 
(CAECs) apoptosis and protecting CAECs in rats 
with coronary heart disease82.

To investigate if miRNAs could have a role 
in prognostic determination, the relationship be-
tween miR-146a levels and the coronary col-
lateral circulation (CCC), an alternative blood 
supply for ischemic myocardium which improves 
survival rates among patients with CAD, was 
observed and increased levels were observed in 
CAD patients with good CCC, while decreased 
levels where found in patients with poor CCC83. 
MIR-574 was found to promote cell proliferation 
and apoptosis inhibition and is suggested as a 
potential molecular target for CAD treatment, 
once its downregulation significantly inhibited 
vascular smooth muscle cells growth84.

Heart Failure
Cardiac remodeling allows the heart to adapt 

to external stressors, but chronic activation of 
remodeling processes becomes pathological and 
is a significant component of cardiovascular dis-
eases like heart failure (HF). Functional miRNA 
studies reported that a variety of miRNAs play a 
role in the mechanisms leading to heart failure, 
such as remodeling, hypertrophy, apoptosis and 
hypoxia85,86 and others demonstrated that the eti-
ology of heart failure (ischemic, aortic stenosis or 
idiopathic cardiomyopathy) was associated with 
differentially expressed miRNA patterns87, sug-
gesting that miRNAs play an active role in the 
onset and progression of heart failure.

Several studies have investigated the poten-
tial of circulating miRNAs for the diagnosis of 
chronic and acute heart failure. In chronic heart 
failure, multiple miRNAs with differential ex-
pression were identified and have been describe 
as candidates for future diagnostic markers. To 
determine the miRNA signature of failing myo-
cardium, miRNAs expression was evaluated in a 
large cohort of patients with stable and advanced 
HF compared to normal adult and fetal sam-
ples and alterations of miRNA cistrons miR-1-1, 
miR-195, miR-199a, miR-199b and miR-221 were 
observed88. MiR-423-5p, miR-320a, miR-22 and 
miR-92b also presented elevated serum levels in 
30 stable chronic systolic heart failure patients 
and correlated with important clinical prognostic 
parameters89. Genome-wide miRNA expression 
profiles of patients with non-ischemic heart fail-
ure with reduced ejection fraction (HF-REF) 
were also conduced and could identify and val-
idate several miRNAs that show altered expres-
sion levels in these patients, discriminating them 
from controls both as single markers or when 
combined in multivariate signature and also cor-
relating with disease severity as indicated by left 
ventricular ejection fraction90. Differentially ex-
pressed circulating miRNAs were also described 
in acute heart failure (AHF), including low levels 
of miR-103, miR-142-3p, miR-30 and miR-342-
3p91 and high levels of miR-49992. A panel of 
seven miRNAs (miR-18a-5p, miR-26b-5p, miR-
27a-3p, miR-30e-5p, miR-106a-5p, miR-199a-3p, 
and miR-652-3p) was found to present decreased 
expression in acute heart failure patients com-
pared to healthy controls and patients with an 
acute exacerbation of chronic obstructive pulmo-
nary disease and these decreasing miRNA levels 
were shown to be predictive for mortality in 
patients with AHF93. It is possible that miRNAs 
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expression might discriminate between HF with 
reduced ejection fraction (HFrEF) and HF with a 
preserved ejection fraction (HFpEF), providing 
a better insight in their differential pathophys-
iology as well. MiRNA profiling performed on 
plasma samples of 28 controls, 39 HFrEF and 19 
HFpEF identified four miRNAs (MiR-125a-5p, 
miR-190a, miR550a-5p and miR638) that could 
distinguish HFrEF from HFpEF94. 

A large number of biomarkers are predictors of 
outcome in HF, but only a small number of stud-
ies have focused on the prognostic value of circu-
lating miRNAs in patients with acute and chronic 
HF. miRNAs levels were measured in endothelial 
progenitor cells from HF patients and low lev-
els of miR-126 were found and associated with 
cardiovascular death in ischemic HF patients, 
while high levels of miR-508a-5p were associated 
with cardiovascular death in non-ischemic HF95. 
Decreases in miR18a-50 and miR-652-3p expres-
sion during hospitalization were also found to 
be predictive for 180-day mortality93. MiRNAs 
expression was also investigated as biomarkers 
to monitor progression of HF in children with 
univentricular physiology and miR-129-5p was 
shown to be a sensitive and specific biomarker 
independent of ventricular morphology or stage 
of palliation96. Together, several researches have 
shown the diagnostic and prognostic capacities 
of circulating miRNAs in HF and indicate a po-
tential role as a more individualized approach to 
treating patients with HF.

However, the studies presently available do 
not yet provide sufficient evidence for a clinical 
use of MiRNAs as biomarkers in cardiovascular 
diseases. Most of them do not start with a large 
miRNA panel screen in order to select the most 
differentially expressed miRNAs and it is also 
important to compare the predictive diagnostic 
and prognostic value of the miRNAs to already 
established CVD biomarkers to determine the in-
dividual and additional predictive value of miR-
NAs. Besides this, most reports have a small pa-
tients number, which decreases statistical power, 
so larges studies should be conducted to verify 
miRNAs potential as diagnostic and prognostic 
markers.

Conclusions

The aim of this review was not to analyze the 
role of individual miRNAs in a specific CVD but 
rather to present the broad spectrum of capabil-

ities that these small non-coding RNAs possess 
using some examples. The elucidation of the 
involvement of miRNAs in the pathogenic mech-
anisms of CVDs is highly valuable for a better 
understanding of these processes at the molecular 
level and may eventually lead to the development 
of novel treatment approaches.

Conflict of Interest
The Authors declare that they have no conflict of interests.

References

  1) 	 World Health Organization. Global status report 
on noncommunicable diseases 2010; pp. 1-134. 

  2) 	 Lakatta EG. So! What’s aging? Is cardiovascu-
lar aging a disease? J Mol Cell Cardiol 2015; 83: 
1-13. 

  3) 	 Voelter-Mahlknecht S. Epigenetic associations in 
relation to cardiovascular prevention and thera-
peutics. Clin Epigenetics 2016; 8: 4. 

  4) 	 Roth GA, Forouzanfar MH, Moran AE, Barber R, 
Nguyen G, Feigin VL, Naghavi M, Mensah GA, Mur-
ray CJL. Demographic and epidemiologic drivers 
of global cardiovascular mortality. N Engl J Med 
2015; 372: 1333-1341. 

  5) 	 Weber JA, Baxter DH, Zhang S, Huang DY, Huang 
KH, Lee MJ, Galas DJ, Wang K. The microRNA 
spectrum in 12 body fluids. Clin Chem 2010; 56: 
1733-1741. 

  6) 	 Mitchell PS, Parkin RK, Kroh EM, Fritz BR, Wyman 
SK, Pogosova-Agadjanyan EL, Peterson A, Noteboom 
J, O’Briant KC, Allen A, Lin DW, Urban N, Drescher 
CW, Knudsen BS, Stirewalt DL, Gentleman R, Vessel-
la RL, Nelson PS, Martin DB, Tewari M. Circulating 
microRNAs as stable blood-based markers for 
cancer detection. Proc Natl Acad Sci U S A 2008; 
105: 10513-10518. 

  7) 	 Kamm RC, Smith AG. Nucleic acid concentrations in 
normal human plasma. Clin Chem 1972; 18: 519-
522. 

  8) 	 Chen X, Ba Y, Ma L, Cai X, Yin Y, Wang K, Guo J, 
Zhang Y, Chen J, Guo X, Li Q, Li X, Wang W, Zhang 
Y, Wang J, Jiang X, Xiang Y, Xu C, Zheng P, Zhang J, 
Li R, Zhang H, Shang X, Gong T, Ning G, Wang J, 
Zen K, Zhang J, Zhang CY. Characterization of mi-
croRNAs in serum: a novel class of biomarkers 
for diagnosis of cancer and other diseases. Cell 
Res 2008; 18: 997-1006. 

  9) 	 Zernecke A, Bidzhekov K, Noels H, Shagdarsuren E, 
Gan L, Denecke B, Hristov M, Köppel T, Jahantigh 
MN, Lutgens E, Wang S, Olson EN, Schober A, We-
ber C. Delivery of microRNA-126 by apoptotic bod-
ies induces CXCL12-dependent vascular protec-
tion. Sci Signal 2009; 2: ra81. 

10) 	A rroyo JD, Chevillet JR, Kroh EM, Ruf IK, Pritchard 
CC, Gibson DF, Mitchell PS, Bennett CF, Pogoso-
va-Agadjanyan EL, Stirewalt DL, Tait JF, Tewari M. 



C.M. Kaneto, J.S. Nascimento, M.S.J.G. Prado, L.S.O. Mendonça

2240

Argonaute2 complexes carry a population of cir-
culating microRNAs independent of vesicles in 
human plasma. Proc Natl Acad Sci U S A 2011; 
108: 5003-5008. 

11) 	 Wang K, Zhang S, Weber J, Baxter D, Galas DJ. Ex-
port of microRNAs and microRNA-protective pro-
tein by mammalian cells. Nucleic Acids Res 2010; 
38: 7248-7259. 

12) 	 Vickers KC, Palmisano BT, Shoucri BM, Shamburek 
RD, Remaley AT. Micrornas are transported in plas-
ma and delivered to recipient cells by high-densi-
ty lipoproteins. Nat Cell Biol 2011; 13: 423-433. 

13) 	 Creemers EE, Tijsen AJ, Pinto YM. Circulating mi-
croRNAs: novel biomarkers and extracellular 
communicators in cardiovascular disease? Circ 
Res 2012; 110: 483-495. 

14) 	 Lee RC, Feinbaum RL, Ambros V. The C. elegans het-
erochronic gene lin-4 encodes small RNAs with 
antisense complementarity to lin-14. Cell 1993; 
75: 843-854. 

15) 	 Kim YJ, Bae SW, Yu SS, Bae YC, Jung JS. Mir-196a 
regulates proliferation and osteogenic differentia-
tion in mesenchymal stem cells derived from hu-
man adipose tissue. J Bone Miner Res 2009; 24: 
816-825. 

16) 	 Wu L, Fan J, Belasco JG. MicroRNAs direct rapid 
deadenylation of mRNA. Proc Natl Acad Sci U S 
A 2006; 103: 4034-4039.

 17) 	Bhaskaran M, Mohan M. MicroRNAs: history, bio-
genesis, and their evolving role in animal devel-
opment and disease. Vet Pathol 2014; 51: 759-
774. 

18) 	 Rodriguez A, Griffiths-Jones S, Ashurst JL, Bradley 
A. Identification of mammalian microRNA host 
genes and transcription units. Genome Res 2004; 
14: 1902-1910.

 19) 	Lagos-Quintana M, Rauhut R, Meyer J, Borkhardt 
A, Tuschl T. New microRNAs from mouse and hu-
man. RNA 2003; 9: 175-179. 

20) 	 Lau NC, Lim LP, Weinstein EG, Bartel DP. An abun-
dant class of tiny RNAs with probable regulatory 
roles in Caenorhabditis elegans. Science 2001; 
294: 858-862. 

21) 	 Kozomara A, Griffiths-Jones S. miRBase: integrat-
ing microRNA annotation and deep-sequencing 
data. Nucleic Acids Res 2011; 39: D152- D157. 

22) 	 Lena AM, Shalom-Feuerstein R, Rivetti Di Val Cervo P, 
Aberdam D, Knight RA, Melino G, Candi E. miR-203 
represses “stemness” by repressing DeltaNp63. 
Cell Death Differ 2008; 15: 1187-1195. 

23) 	 Yi R, Poy MN, Stoffel M, Fuchs E. A skin microR-
NA promotes differentiation by repressing “stem-
ness”. Nature 2008; 452: 225-229. 

24) 	 Bhaskaran M, Wang Y, Zhang H, Weng T, Baviskar 
P, Guo Y, Gou D, Liu L. MicroRNA-127 modulates 
fetal lung development. Physiol Genomics 2009; 
37: 268-278. 

25) 	 Ebert MS, Sharp PA. Roles for microRNAs in con-
ferring robustness to biological processes. Cell 
2012; 149: 515-524. 

26) 	 Stark A, Brennecke J, Bushati N, Russell RB, Co-
hen SM. Animal MicroRNAs confer robustness 
to gene expression and have a significant im-
pact on 3’UTR evolution. Cell 2005; 123: 1133-
1146. 

27) 	 Poy MN, Eliasson L, Krutzfeldt J, Kuwajima S, Ma X, 
Macdonald PE, Pfeffer S, Tuschl T, Rajewsky N, Rors-
man P, Stoffel M. A pancreatic islet-specific mi-
croRNA regulates insulin secretion. Nature 2004; 
432: 226-230. 

28) 	 Esau C, Kang X, Peralta E, Hanson E, Marcusson 
EG, Ravichandran LV, Sun Y, Koo S, Perera RJ, Jain 
R, Dean NM, Freier SM, Bennett CF, Lollo B, Griffey 
R. MicroRNA-143 regulates adipocyte differentia-
tion. J Biol Chem 2004; 279: 52361-52365. 

29) 	 Esau C, Davis S, Murray SF, Yu XX, Pandey SK, Pear 
M, Watts L, Booten SL, Graham M, McKay R, Subra-
maniam A, Propp S, Lollo BA, Freier S, Bennett CF, 
Bhanot S, Monia BP. MiR-122 regulation of lipid 
metabolism revealed by in vivo antisense target-
ing. Cell Metab 2006; 3: 87-98. 

30)	 Lu Y, Thomson JM, Wong HYF, Hammond SM, Hogan 
BLM. Transgenic over-expression of the microR-
NA miR-17-92 cluster promotes proliferation and 
inhibits differentiation of lung epithelial progenitor 
cells. Dev Biol 2007; 310: 442-453. 

31) 	 Calin GA, Sevignani C, Dumitru CD, Hyslop T, Noch 
E, Yendamuri S, Shimizu M, Rattan S, Bullrich F, Ne-
grini M, Croce CM. Human microRNA genes are 
frequently located at fragile sites and genomic re-
gions involved in cancers. Proc Natl Acad Sci U 
S A 2004; 101: 2999-3004. 

32) 	 Brennecke J, Hipfner DR, Stark A, Russell RB, Cohen 
SM. Bantam encodes a developmentally regulat-
ed microRNA that controls cell proliferation and 
regulates the proapoptotic gene hid in Drosophi-
la. Cell 2003; 113: 25-36. 

33) 	 Schickel R, Boyerinas B, Park SM, Peter ME. MicroR-
NAs: key players in the immune system, differen-
tiation, tumorigenesis and cell death. Oncogene 
2008; 27: 5959-5974. 

34)	 Calin GA, Dumitru CD, Shimizu M, Bichi R, Zupo S, 
Noch E, Aldler H, Rattan S, Keating M, Rai K, Ras-
senti L, Kipps T, Negrini M, Bullrich F, Croce CM. 
Frequent deletions and down-regulation of mi-
cro-RNA genes miR15 and miR16 at 13q14 in 
chronic lymphocytic leukemia. Proc Natl Acad Sci 
U S A 2002; 99: 15524-15529. 

35) 	 Yamakuchi M, Ferlito M, Lowenstein CJ. miR-34a re-
pression of SIRT1 regulates apoptosis. Proc Natl 
Acad Sci U S A 2008; 105: 13421-13426. 

36) 	 Du C, Liu C, Kang J, Zhao G, Ye Z, Huang S, Li Z, 
Wu Z, Pei G. MicroRNA miR-326 regulates TH-17 
differentiation and is associated with the patho-
genesis of multiple sclerosis. Nat Immunol 2009; 
10: 1252-1259. 

37)	 Pauley KM, Satoh M, Chan AL, Bubb MR, Reeves WH, 
Chan EK. Upregulated miR-146a expression in pe-
ripheral blood mononuclear cells from rheuma-
toid arthritis patients. Arthritis Res Ther 2008; 10: 
R101.



Circulating miRNAs as biomarkers in cardiovascular diseases

2241

 38)	 Shen N, Liang D, Tang Y, De Vries N, Tak PP. MicroR-
NAs--novel regulators of systemic lupus erythe-
matosus pathogenesis. Nat Rev Rheumatol 2012; 
8: 701-709. 

39)	 Rottiers V, Näär AM. MicroRNAs in metabolism 
and metabolic disorders. Nat Rev Mol Cell Biol 
2012; 13: 239-250. 

40) 	 Romaine SPR, Tomaszewski M, Condorelli G, Sama-
ni NJ. MicroRNAs in cardiovascular disease: an 
introduction for clinicians. Heart 2015; 101: 921-
928. 

41) 	 Condorelli G, Latronico MVG, Cavarretta E. Mi-
croRNAs in cardiovascular diseases: current 
knowledge and the road ahead. J Am Coll Cardi-
ol 2014; 63: 2177-2187. 

42) 	 Wojciechowska A, Osiak A, Kozar-Kamińska K. Mi-
croRNA in cardiovascular biology and disease. 
Adv Clin Exp Med 2017; 26: 865-874. 

43) 	 Whitworth JA, World Health Organization, Interna-
tional Society of Hypertension Writing Group. 2003 
world health organization (WHO)/ international 
society of hypertension (ISH) statement on man-
agement of hypertension. J Hypertens 2003; 21: 
1983-1992. 

44) 	 Bátkai S, Thum T. MicroRNAs in hypertension: 
mechanisms and therapeutic targets. Curr Hyper-
tens Rep 2012; 14: 79-87. 

45)	 Marques FZ, Campain AE, Tomaszewski M, Zukows-
ka-Szczechowska E, Yang YHJ, Charchar FJ, Morris 
BJ. Gene expression profiling reveals renin mR-
NA overexpression in human hypertensive kid-
neys and a role for microRNAs. Hypertension 
2011; 58: 1093-1098. 

46) 	 Carè A, Catalucci D, Felicetti F, Bonci D, Addario A, 
Gallo P, Bang ML, Segnalini P, Gu Y, Dalton ND, 
Elia L, Latronico MV, Høydal M, Autore C, Russo 
MA, Dorn GW, Ellingsen O, Ruiz-Lozano P, Peterson 
KL, Croce CM, Peschle C, Condorelli G. MicroR-
NA-133 controls cardiac hypertrophy. Nat Med 
2007; 13: 613-618. 

47)	 Elia L, Contu R, Quintavalle M, Varrone F, Chimen-
ti C, Russo MA, Cimino V, De Marinis L, Frustaci A, 
Catalucci D, Condorelli G. Reciprocal regulation of 
microRNA-1 and insulin-like growth factor-1 sig-
nal transduction cascade in cardiac and skeletal 
muscle in physiological and pathological condi-
tions. Circulation 2009; 120: 2377-2385. 

48) 	 Varrone F, Gargano B, Carullo P, Di Silvestre D, De 
Palma A, Grasso L, Di Somma C, Mauri P, Benazzi L, 
Franzone A, Saccani-Jotti G, Bang ML, Esposito G, 
Colao A, Condorelli G, Catalucci D. The circulat-
ing level of FABP3 is an indirect biomarker of mi-
croRNA-1. J Am Coll Cardiol 2013; 61: 88-95. 

49) 	 Ikeda S, He A, Kong SW, Lu J, Bejar R, Bodyak N, 
Lee KH, Ma Q, Kang PM, Golub TR, Pu WT. Mi-
croRNA-1 negatively regulates expression of the 
hypertrophy-associated calmodulin and Mef2a 
genes. Mol Cell Biol 2009; 29: 2193-2204. 

50) 	 Busk PK, Cirera S. MicroRNA profiling in early hy-
pertrophic growth of the left ventricle in rats. Bio-
chem Biophys Res Commun 2010; 396: 989-993. 

51)	 Martinelli NC, Cohen CR, Santos KG, Castro MA, Bi-
olo A, Frick L, Silvello D, Lopes A, Schneider S, An-
drades ME, Clausell N, Matte U, Rohde LE. An anal-
ysis of the global expression of microRNAs in an 
experimental model of physiological left ventricu-
lar hypertrophy. PLoS One 2014; 9: e93271. 

52)	 Kontaraki JE, Marketou ME, Zacharis EA, Parthenakis 
FI, Vardas PE. MicroRNA-9 and microRNA-126 ex-
pression levels in patients with essential hyper-
tension: potential markers of target-organ dam-
age. J Am Soc Hypertens 2014; 8: 368-375. 

53) 	 Krishnan R, Mani P, Sivakumar P, Gopinath V, Sekar 
D. Expression and methylation of circulating mi-
croRNA-510 in essential hypertension. Hypertens 
Res 2017; 40: 361-363. 

54)	 Marques FZ, Charchar FJ. MicroRNAs in essential 
hypertension and blood pressure regulation. Adv 
Exp Med Biol 2015; 888: 215-235. 

55) 	 Van Rooij E, Sutherland LB, Qi X, Richardson JA, 
Hill J, Olson EN. Control of stress-dependent car-
diac growth and gene expression by a microRNA. 
Science 2007; 316: 575-579. 

56)	 Huang Y, Tang S, Huang C, Chen J, Li J, Cai A, Feng 
Y. Circulating miRNA29 family expression levels 
in patients with essential hypertension as poten-
tial markers for left ventricular hypertrophy. Clin 
Exp Hypertens 2017; 39: 119-125. 

57)	 Huang Y, Chen J, Zhou Y, Tang S, Li J, Yu X, Mo Y, 
Wu Y, Zhang Y, Feng Y. Circulating miR155 expres-
sion level is positive with blood pressure param-
eters: potential markers of target-organ damage. 
Clin Exp Hypertens 2016; 38: 331-336. 

58) 	 Kaneto CM, Nascimento JS, Moreira MCR, Ludovi-
co ND, Santana AP, Silva RAA, Silva-Jardim I, Santos 
JL, Sousa SMB, Lima PSP. MicroRNA profiling identi-
fies miR-7-5p and miR-26b-5p as differentially ex-
pressed in hypertensive patients with left ventric-
ular hypertrophy. Brazilian J Med Biol Res 2017; 
50: e6211. 

59) 	 Roncarati R, Anselmi V, Losi A, Papa L, Cavarretta 
E, Da Costa Martins P, Contaldi C, Saccani Jotti G, 
Franzone A, Galastri L, Latronico MV, Imbriaco M, 
Esposito G, De Windt L, Betocchi S, Condorelli G. 
Circulating miR-29a, among other up-regulated 
microRNAs , is the only biomarker for both hyper-
trophy and fibrosis in patients with hypertrophic 
cardiomyopathy. J Am Coll Cardiol 2014; 63: 920-
927. 

60) 	 Derda AA, Thum S, Lorenzen JM, Bavendiek U, 
Heineke J, Keyser B, Stuhrmann M, Givens RC, Ken-
nel PJ, Schulze PC, Widder JD, Bauersachs J, Thum T. 
Blood-based microRNA signatures differentiate 
various forms of cardiac hypertrophy. Int J Cardi-
ol 2015; 196: 115-122. 

61)	 Bang C, Batkai S, Dangwal S, Gupta SK, Foinquinos 
A, Holzmann A, Just A, Remke J, Zimmer K, Zeug A, 
Ponimaskin E, Schmiedl A, Yin X, Mayr M, Halder R, 
Fischer A, Engelhardt S, Wei Y, Schober A, Fiedler 
J, Thum T. Cardiac fibroblast–derived microRNA 
passenger strand-enriched exosomes mediate 
cardiomyocyte hypertrophy. J Clin Invest 2014; 
124: 2136-2146.



C.M. Kaneto, J.S. Nascimento, M.S.J.G. Prado, L.S.O. Mendonça

2242

62) 	 Glass CK, Witztum JL. Atherosclerosis. the road 
ahead. Cell 2001; 104: 503-516. 

63) 	 Cipollone F, Felicioni L, Sarzani R, Ucchino S, Spigo-
nardo F, Mandolini C, Malatesta S, Bucci M, Mam-
marella C, Santovito D, de Lutiis F, Marchetti A, 
Mezzetti A, Buttitta F. A unique microRNA signa-
ture associated with plaque instability in humans. 
Stroke 2011; 42: 2556-2563. 

64) 	 Koroleva IA, Nazarenko MS, Kucher AN. Role of 
microRNA in development of instability of ath-
erosclerotic plaques. Biochem 2017; 82: 1380-
1390. 

65) 	 Santovito D, Egea V, Weber C. Small but smart: 
microRNAs orchestrate atherosclerosis develop-
ment and progression. Biochim Biophys Acta 
2016; 1861: 2075-2086. 

66)	 Bazan HA, Hatfield SA, O’malley CB, Brooks AJ, 
Lightell D, Woods TC. Acute loss of miR-221 and 
miR-222 in the atherosclerotic plaque shoulder 
accompanies plaque rupture. Stroke 2015; 46: 
3285-3287. 

67) 	 Santovito D, Mandolini C, Marcantonio P, De Nardis 
V, Bucci M, Paganelli C, Magnacca F, Ucchino S, 
Mastroiacovo D, Desideri G, Mezzetti A, Cipollone F. 
Overexpression of microRNA-145 in atheroscle-
rotic plaques from hypertensive patients. Expert 
Opin Ther Targets 2013; 17: 217-223. 

68)	 Wezel A, Welten SM, Razawy W, Lagraauw HM, de 
Vries MR, Goossens EA, Boonstra MC, Hamming JF, 
Kandimalla ER, Kuiper J, Quax PH, Nossent AY, Bot 
I. Inhibition of microRNA-494 reduces carotid ar-
tery atherosclerotic lesion development and in-
creases plaque stability. Ann Surg 2015; 262: 
841-848. 

69) 	 Markus B, Grote K, Worsch M, Parviz B, Boening A, 
Schieffer B, Parahuleva MS. Differential expression 
of microRNAs in endarterectomy specimens tak-
en from patients with asymptomatic and symp-
tomatic carotid plaques. PLoS One 2016; 11: 
e0161632. 

70) 	 Lin B, Feng D, Wang F, Wang J, Xu C, Zhao H, 
Cheng ZY. MiR-365 participates in coronary ath-
erosclerosis through regulating IL-6. Eur Rev Med 
Pharmacol Sci 2016; 20: 5186-5192. 

71) 	 Liu C, Zhong Q, Huang Y. Elevated plasma miR-
29a levels are associated with increased carot-
id intima-media thickness in atherosclerosis pa-
tients. Tohoku J Exp Med 2017; 241: 183-188. 

72)	 Volný O, Kašičková L, Coufalová D, Cimflová P, 
Novák J. microRNAs in cerebrovascular disease. 
Adv Exp Med Biol 2015; 888: 155-195. 

73)	 Tsai PC, Liao YC, Wang YS, Lin HF, Lin RT, Juo SH. 
Serum microRNA-21 and microRNA-221 as po-
tential biomarkers for cerebrovascular disease. J 
Vasc Res 2013; 50: 346-354. 

74)	 Kurozumi S, Yamaguchi Y, Kurosumi M, Ohira M, 
Matsumoto H, Horiguchi J. Recent trends in mi-
croRNA research into breast cancer with partic-
ular focus on the associations between microR-
NAs and intrinsic subtypes. J Hum Genet 2017; 
62: 15-24. 

75)	 Chakraborty C, Das S. Profiling cell-free and circu-
lating miRNA: a clinical diagnostic tool for differ-
ent cancers. Tumour Biol 2016; 37: 5705-5714. 

76)	 Li S, Lee C, Song J, Lu C, Liu J, Cui Y, Liang H, Cao 
C, Zhang F, Chen H. Circulating microRNAs as po-
tential biomarkers for coronary plaque rupture. 
Oncotarget 2017; 8: 48145-48156. 

77)	 Zhao W, Zhao SP, Zhao YH. MicroRNA-143/-145 in 
cardiovascular diseases. Biomed Res Int 2015; 
2015: 1-9. 

78)	 Eitel I, Adams V, Dieterich P, Fuernau G, De Waha 
S, Desch S, Schuler G, Thiele H. Relation of circulat-
ing MicroRNA-133a concentrations with myocardial 
damage and clinical prognosis in ST-elevation myo-
cardial infarction. Am Heart J 2012; 164: 706-714. 

79)	 Bai R, Yang Q, Xi R, Li L, Shi D, Chen K. miR-941 
as a promising biomarker for acute coronary syn-
drome. BMC Cardiovasc Disord 2017; 17: 227. 

80)	 Li XD, Yang YJ, Wang LY, Qiao SB, Lu XF, Wu YJ, 
Xu B, Li HF, Gu DF. Elevated plasma miRNA-122, 
-140-3p, -720, -2861, and -3149 during early peri-
od of acute coronary syndrome are derived from 
peripheral blood mononuclear cells. PLoS One 
2017; 12: e0184256. 

81) 	 Jansen F, Schäfer L, Wang H, Schmitz T, Flender A, 
Schueler R, Hammerstingl C, Nickenig G, Sinning JM, 
Werner N. Kinetics of circulating microRNAs in 
response to cardiac stress in patients with coro-
nary artery disease. J Am Heart Assoc 2017; 6: 
e005270. 

82)	 Huang WQ, Wei P, Lin RQ, Huang F. Protective ef-
fects of microRNA-22 against endothelial cell in-
jury by targeting NLRP3 through suppression 
of the inflammasome signaling pathway in a rat 
model of coronary heart disease. Cell Physiol 
Biochem 2017; 43: 1346-1358. 

83)	 Wang J, Yan Y, Song D, Liu B. Reduced plasma 
miR-146a is a predictor of poor coronary collater-
al circulation in patients with coronary artery dis-
ease. Biomed Res Int 2016; 2016: 4285942. 

84)	 Lai Z, Lin P, Weng X, Su J, Chen Y, He Y, Wu G, Wang 
J, Yu Y, Zhang L. MicroRNA-574-5p promotes cell 
growth of vascular smooth muscle cells in the 
progression of coronary artery disease. Biomed 
Pharmacother 2018; 97: 162-167. 

85) 	 Melman YF, Shah R, Das S. MicroRNAs in heart fail-
ure: is the picture becoming less mirky? Circ Hear 
Fail 2014; 7: 203-214. 

86) 	 Vegter EL, Van Der Meer P, De Windt LJ, Pinto YM, 
Voors AA. MicroRNAs in heart failure: from bio-
marker to target for therapy. Eur J Heart Fail 2016; 
18: 457-468. 

87)	 Ikeda S, Kong SW, Lu J, Bisping E, Zhang H, Allen 
PD, Golub TR, Pieske B, Pu WT. Altered microRNA 
expression in human heart disease. Physiol Ge-
nomics 2007; 31: 367-373. 

88)	 Akat KM, Moore-Mcgriff D, Morozov P, Brown M, 
Gogakos T, Correa Da Rosa J, Mihailovic A, Sauer 
M, Ji R, Ramarathnam A, Totary-Jain H, Williams Z, 
Tuschl T, Schulze PC. Comparative RNA-sequenc-
ing analysis of myocardial and circulating small 



Circulating miRNAs as biomarkers in cardiovascular diseases

2243

RNAs in human heart failure and their utility as 
biomarkers. Proc Natl Acad Sci U S A 2014; 111: 
11151-11156. 

89) 	 Goren Y, Kushnir M, Zafrir B, Tabak S, Lewis Bs, Amir 
O. Serum levels of microRNAs in patients with 
heart failure. Eur J Heart Fail 2012; 14: 147-154. 

90) 	 Vogel B, Keller A, Frese KS, Leidinger P, Sed-
aghat-Hamedani F, Kayvanpour E, Kloos W, Backe C, 
Thanaraj A, Brefort T, Beier M, Hardt S, Meese E, Ka-
tus HA, Meder B. Multivariate miRNA signatures 
as biomarkers for non-ischaemic systolic heart 
failure. Eur Heart J 2013; 34: 2812-2823. 

91) 	 Ellis KL, Cameron VA, Troughton RW, Frampton CM, 
Ellmers LJ, Richards AM. Circulating microRNAs 
as candidate markers to distinguish heart failure 
in breathless patients. Eur J Heart Fail 2013; 15: 
1138-1147. 

92)	 Corsten MF, Dennert R, Jochems S, Kuznetsova T, 
Devaux Y, Hofstra L, Wagner DR, Staessen JA, Hey-
mans S, Schroen B. Circulating microRNA-208b 
and microRNA-499 reflect myocardial damage in 
cardiovascular disease. Circ Cardiovasc Genet 
2010; 3: 499-506. 

93)	 Ovchinnikova ES, Schmitter D, Vegter EL, Ter Maaten 
JM, Valente MA, Liu LCY, van der Harst P, Pinto YM, 

de Boer RA, Meyer S, Teerlink JR, O’Connor CM, Me-
tra M, Davison BA, Bloomfield DM, Cotter G, Cle-
land JG, Mebazaa A, Laribi S, Givertz MM, Ponikow-
ski P, van der Meer P, van Veldhuisen DJ, Voors AA, 
Berezikov E. Signature of circulating microRNAs in 
patients with acute heart failure. Eur J Heart Fail 
2016; 18: 414-423. 

94)	 Wong LL, Armugam A, Sepramaniam S, Karolina DS, 
Lim KY, Lim JY, Chong JP, Ng JY, Chen YT, Chan MM, 
Chen Z, Yeo PS, Ng TP, Ling LH, Sim D, Leong KT, 
Ong HY, Jaufeerally F, Wong R, Chai P, Low AF, Lam 
CS, Jeyaseelan K, Richards AM. Circulating microR-
NAs in heart failure with reduced and preserved 
left ventricular ejection fraction. Eur J Heart Fail 
2015; 17: 393-404. 

95)	 Qiang L, Hong L, Ningfu W, Huaihong C, Jing W. 
Expression of miR-126 and miR-508-5p in en-
dothelial progenitor cells is associated with the 
prognosis of chronic heart failure patients. Int J 
Cardiol 2013; 168: 2082-2088. 

96)	 Ramachandran S, Lowenthal A, Ritner C, Lowen-
thal S, Bernstein HS. Plasma microvesicle analy-
sis identifies microRNA 129-5p as a biomarker of 
heart failure in univentricular heart disease. PLoS 
One 2017; 12: e0183624. 


