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Introduction

Cardiovascular diseases (CVDs) are the leading cause 
of  human morbidi ty  and morta l i ty  in  developed  
countries (1). Despite the considerable progress in the 
diagnosis and treatment, it is still not only a public health 
issue but also costs trillions of dollars for the healthcare 
expenditure worldwide (1). Accurately predicting CVD 
risk could be especially relevant in humans to reduce short-
term risks and future comorbidities. Better biomarkers 

of risk are needed for the development of personalized 
CVD prevention approaches. In this sense, the impact of 
epigenetics in CVD is now emerging as an important linker 
between genotype and phenotype variability and a key 
player at different levels from pathophysiology and diagnosis 
to therapeutics (2). Particularly, an epigenetic biomarker 
is defined as any epigenetic mark or epigenetic mechanism 
that (I) predicts the risk of future disease development; (II) 
defines a disease; (III) predicts the outcome of a disease; (IV) 
responds to therapy (3,4).
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The major epigenetic regulatory mechanisms of 
mammalian cells include DNA methylation, post-
translational histone modifications (PTMs) and RNA-
based mechanisms including those controlled by the 
better characterized small non-coding RNAs (sncRNAs). 
Particularly microRNAs (miRNAs) and long non-coding 
RNAs (lncRNAs) are recently showing their potential as 
biomarkers. 

DNA methylat ion i s  a  fa ir ly  s table  epigenet ic 
modification that consists of the covalent binding of a 
methyl group to the 5’ carbon of cytosine, mainly at sites 
where cytosine bases are followed by guanine located at 
CpG islands and CpG shores. The 40% of genes contain 
CpG-rich islands and up to 70% of all CpG dinucleotides 
in the genome are methylated. The main function of 
DNA methylation is to regulate the expression of genes by 
modifying the accessibility of the transcriptional machinery 
to DNA (5). 

Changes in DNA methylation patterns have been 
observed in association with CVD (6). Here, it is relevant 
to indicate that one previous study on peripheral blood 
leukocytes (PBL) and atrial biopsies collected from 
patients undergoing coronary bypass surgery reported a 
high correlation of DNA methylation status between both  
tissues (7), which supports the utility of DNA methylation 
in PBL in predicting dysfunction in cardiac cells. In 
this regard, the methylation status of Long Interspersed 
Nucleotide Elements (LINE-1) or other repetitive elements 
such as Alu and juxtacentromeric satellite 2 (Sat2) have 
been proposed to be used as a biomarker defining risk 
for cardiovascular events, such as stroke and ischemic 
heart disease (6,8). Recently, a Swedish team identified 
disease-specific alterations in DNA methylation, using 
Illumina Infinum BeadChip technology, in blood samples 
of a Swedish population of 729 patients affected with 
hypertension, acute myocardial infarction (AMI), stroke, 
thrombosis, and cardiac arrhythmias (9). The role of DNA 
methylation has recently been corroborated by Nakatochi 
et al. after finding the methylation of several genes using a 
cohort of 192 elderly Japanese case subjects with MI and 
192 control subjects (10). 

Histones are small (11–22 kDa) nuclear proteins 
that are essential components of nucleosomes structure 
in  eukaryot ic  ce l l s  s ince  DNA wraps  around an 
octamer of the core histones H2A, H2B, H3, and H4, 
constructing the fundamental unit of chromatin, the  
nucleosome (11). Histone proteins have a key role in 
helping in the regulation of chromatin due to PTMs which 

control the binding of other proteins called readers, which 
in turn regulate chromatin function through the remodeling 
of the chromatin, giving rise to two 3D structures, a relaxed 
form called euchromatin or a compacted form called 
heterochromatin. 

Recent evidence supports the idea that extracellular 
histones contribute to human disease because they are 
cytotoxic for a wide array of human cells and human 
tissues. Abrams et al. (12) demonstrated this by performing 
several experiments in vitro and in vivo that showed 
circulating histones can affect cell membranes after 
binding to phospholipids, producing the disruption of 
Ca2+ influx, and hence contributing to the release of 
other intracellular mediators that produce cell death. In 
fact, circulating nucleosomes were recently associated 
with disease progression in patients with thrombotic 
microangiopathies (13). Circulating histones are also found 
in the blood of healthy individuals at low concentrations, 
but their levels rise mainly in patients who suffer severe 
trauma (14), systemic inflammation (15), sepsis or tissue 
damage (16). It is noteworthy that histone proteins seem 
to have an interesting cytotoxic potential (16,17), therefore 
contributing to cardiac injury and dysfunction (18). Alhamdi 
et al., in a subset of 36 septic patients without previously 
related cardiac disease, detected high levels of circulating 
histones, which were significantly associated with new-
onset left ventricular dysfunction and arrhythmias. The 
authors observe that left ventricular dysfunction only 
predicted adverse outcomes when it was combined with 
elevated histones or cardiac troponin levels (18). More 
recently, it has been shown how circulating histones 
levels predict postoperative clinical outcomes in patients 
that have undergone heart surgery, therefore serving as 
a good prognostic indicator for patients after cardiac  
surgery (19). In addition, PTMs can regulate genes during 
disease development. Many aspects of the regulatory 
pathways that control gene expression during cardiac 
development or disease have been also revealed. For 
example, the level of H3 and H4 histone acetylation are 
correlated with atrial natriuretic factor (ANF) expression (7), 
but these mechanisms are not completely understood. 

miRNAs are a class of conserved, short (18–24 
nt), non-coding RNAs that have potent capacities to 
regulate gene expression at the posttranscriptional level 
in different biological networks. Importantly, miRNAs 
have demonstrated in recent years the potential to be 
used as biomarkers (4). The role of miRNAs is attracting 
significant interest in the area of CVD (20). It has 
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been established the role of several miRNAs (miR-1,  
miR-16,  miR-27b,  miR-30d,  miR-126,  miR-133,  
miR-143, miR-208 and the let-7 family) in both normal 
cardiac maintenance and CVD (21,22). In this regard, 
a wide array of recent studies is proposing epigenetic 
biomarkers mainly based on circulating miRNAs as 
biomarkers of different cardiovascular conditions [e.g., 
cardiac arrhythmias, coronary artery disease (CAD), AMI, 
hypertrophic cardiomyopathy (HCM), and heart failure 
(HF), among others], although some studies are also 
appearing related with DNA methylation and circulating 
histones as potential biomarkers.

In the present review, we summarize recent data about 
epigenetic biomarkers based on DNA methylation, circulating 
histones and circulating miRNAs in CVDs, and assess the novel 
opportunities for diagnosis and prognosis of such diseases.

CAD

CAD, also known as coronary heart disease (CHD) (23), 
is the major cause of death worldwide (24). In CAD, the 
blood flow to the myocardium is reduced by atherosclerotic 
plaques (fatty deposits) that narrow the lumen of the 
coronary arteries (23) and can progress to myocardial 
ischemia as consequence of thrombosis or acute coronary 
atherosclerosis, finally leading to angina pectoris or AMI 
(25,26). According to the American Heart Association 
(AHA), on the basis of data from National Health and 
Nutrition Examination Survey (NHANES) from 2011 to 
2014, the prevalence of CAD in US adults ≥20 years of age 
is 6,3% (about 16,5 million people) (27). 

Is widely accepted that the development of CAD is 
determined by genetic bases and environmental factors. The 
formation of atherosclerotic plaques starts with an endothelial 
activation followed by an invasion of proinflammatory cells 
and proliferation and dedifferentiation of smooth muscle 
cells. Several risk factors, such as hypercholesterolemia, 
can promote atherosclerosis (28,29). The most common 
biomarkers in CAD are inflammatory proteins. C-reactive 
protein (CRP) is the best studied of the inflammatory 
biomarkers (30). Moreover, PPBP (pro-platelet basic 
protein) and DEFA1/DEFA3 (α-defensin) are correlated with 
CAD development (31). Therefore, these biomarkers are 
occasionally used as biomarkers of CAD.

DNA methylation

A global loss of methylation is related to CHD, in 

particular, a loss of methylation has been observed in  
atherosclerosis (32). In fact, the evaluation of the 
methylation status of LINE-1 due to its high representation 
in the human genome (55%) and its high methylation 
levels can be used to evaluate global methylation changes 
whole genome (33). In atherosclerosis, a decrease in the 
methylation levels of LINE-1 was reported (27). Another 
target studied was the hypomethylation of the IL-6 
promoter, associated with CHD risk (34). So the analysis 
of LINE-1 and IL-6 methylation levels can serve as an 
epigenetic biomarker for diagnosing CHD. 

Regarding the analysis of methylation levels of 
specific genes in atherosclerosis, hypermethylation 
of atheroprotective estrogen receptor α (ESR1) and 
estrogen receptor β (ESR2) in vascular smooth muscle 
cells were described by two independent groups (35,36). 
In cultured tissues of the aorta and coronary arteries, 
Zhu and colleagues showed that hypermethylation of 
the monocarboxylate transporter (MCT3) contributes 
to the progression of atherosclerosis (37). However, the 
methylation of these genes has been performed in tissues 
but not in blood samples. It would be very helpful for 
clinicians to identify these genes as cell-free DNA in blood 
samples of patients. This may be helpful for clinicians in 
order to implement these biomarkers in future feasible 
diagnostic assays.

Circulating histones and nucleosomes

Previous studies have demonstrated the critical role of 
nucleosome exposure in the activation of coagulation (38) 
and thrombus propagation (39). In a study published by 
van Montfoort et al. (40), it was observed that patients 
with deep venous thrombosis had significantly higher 
levels of circulating nucleosomes compared to controls. 
Mean circulating nucleosome levels measured in the cases 
were 17 U/mL (IQR 9-35) compared to 9 U/mL (IQR 
5-17) detected in healthy subjects. It was also observed 
that patients who had circulating nucleosome levels above 
80% of controls had a much higher risk of deep vein 
thrombosis than patients who had circulating nucleosome 
levels that were not greater than 80% of controls. Borissof 
et al., in a prospective, observational and cross-sectional 
cohort of 282 individuals, suspected CAD demonstrated 
that extracellular circulating nuclear components, such as 
chromatin fragments and nucleosomes, were independently 
associated with CAD, prothrombotic state, and occurrence 
of adverse cardiac events. In fact, plasma nucleosomes 
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were positively correlated with plasma concentration of 
endothelial dysfunction markers and coagulation activation 
parameters (e.g., thrombin-antithrombin complexes and 
von Willebrand factor). Finally, Borissof et al. concluded 
that circulating nucleosomes and histones could potentially 
help in the prediction of cardiovascular risk (41).

miRNAs

Numerous studies have shown a correlation between 
circulating miRNA levels and diagnostic and prognostic 
of CAD. Table 1 shows the most studied miRNA as CAD 
biomarkers. 

Plasma and serum levels of miR-145, miR-155, and miR-
17/92a cluster (miR-17, miR-126, miR-92a) related to the 
inflammatory response-associated cells, smooth muscle, 
and endothelial, respectively, were highly down-regulated 
in stable CAD patients compared to healthy controls (42). 
Thus, the decrease of plasma miR-145 can be useful in 
predicting CAD and its progression and severity (44).

Fichtlscherer et al. studied circulating levels of miRNA 
that were usually expressed in cells and tissues participating 
in the development of CAD. This group found that plasma 
and serum levels of miR-133a and miR-208, from cardiac 
muscle cells, were up-regulated in stable CAD patients 
compared to healthy controls. However, the use of miR-
133a and 208a biomarkers for CAD remains controversial; 
this group could not replicate the results of miR-208 in 
a cohort of independent patients (42). In contrast, Wang  
et al. demonstrated that miR-133a can be a good diagnostic 
biomarker for CAD; it is important to highlight that the 
correlation between coronary artery stenosis and this 
biomarker level was stronger compared to the correlation 
with cardiac troponin. In addition, the levels of circulating 
miR-133a have a positive correlation with the severity of 
coronary stenosis in CHD patients (45). In addition, other 
research (46) found that circulating miR-208a and miR-370 
levels were both significantly up-regulated in CAD patients. 
Authors showed the combination of both circulating 
miRNA levels was the best way to determine CAD because 
every miRNA is involved in different biological pathways 
underlying CAD. miR-208a is expressed in heart and miR-
370 is relevant in lipid metabolism. The up-regulation level 
of circulating miR-208a can be associated with the severity 
of CAD according to Zhang and collaborators (47). 

Finally, circulating levels of miR-31 were increased in 
restenosis CAD patients compared to CAD patients without 
restenosis. Thus, miR-31 could improve the detection of 

restenosis after cardiac injury (48). 

HCM 

HCM is characterized as left ventricular hypertrophy in the 
absence of abnormal loading conditions sufficient to explain 
the observed degree of hypertrophy. HCM is the most 
common hereditary heart disease (prevalence of 1:500) with 
great social impact because it is the leading cause of sudden 
cardiac death in young individuals (34). The presence 
of mutations in genes encoding proteins of the cardiac 
sarcomere (the structural and physiological unit of the 
heart muscle) is the major cause of this disease. Therefore, 
these mutations are frequently used as biomarkers of 
diagnostic. However, in approximately 40% of the patients, 
it is not possible to identify the causal mutation of this  
pathology (49). After clinical diagnostic, clinicians perform 
the follow up of patients by means echocardiography, 
Holter monitoring, electrocardiogram (ECG), and exercise 
testing (50).

DNA methylation

Global DNA methylation has been observed in atrium 
cardiomyocytes, with downregulation of several HCM 
genes such as MYH7, GATA4, MEF2C, NFATC1, MYH7B, 
TNNI3 and BNP (51). Although the methylation of these 
genes has been postulated as target therapy, there are not 
evidences that the use of the methylation pattern of these 
genes can be used as biomarkers for HCM. However, 
further studies looking for circulating methylated genes 
focused on these candidates may clarify the potential of 
these genes being used as biomarkers.

Circulating histones

Greco et al. reviewed a list of epigenetic factors related 
to HCM. In this work, the authors have highlighted 
overexpression of histone acetyltransferases and majority 
reduction in deacetylases (52). Moreover, upregulation 
of H3K9me3-specific demethylase JMJD2A/KDM4A 
and reduction of its target, H3K9me3, are associated 
with HCM (53). Although, we did not find any research 
analyzing circulating H3K9me3 levels, the precedents of 
the identification of circulating nucleosomes and histones 
in CVDs (19) and the development of new techniques such 
as multiple reaction monitoring mass spectrometry (MRM-
MS) recently described by our group may further contribute 
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Table 1 Key circulating miRNAs in coronary artery disease

miRNA Regulation Groups References

miR-155 Down regulated microRNA profiling: (42) 

8 healthy volunteers

8 patients with stable CHD

Confirmation:

36 patients with CAD

17 healthy volunteers

Validation:

31 patients with CAD

14 controls

69 CAD patients (43) 

32 control

miR-145 Down regulated microRNA profiling: (42) 

8 healthy volunteers

8 patients with stable coronary heart disease

Confirmation:

36 patients with CAD

17 healthy volunteers

Validation:

31 patients with CAD

14 controls

167 CAD patients (44) 

28 non CAD patients

69 CAD patients (43) 

32 control

miR-133a Up regulated First cohort: (45)

13 AMI patients

27 healthy volunteers

Second cohort:

22 CHD patients

8 non-CHD patients

Third cohort:

154 patients with CHD

92 non CHD patients

Table 1 (continued)
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Table 1 (continued)

miRNA Regulation Groups References

miR-208a Up regulated 95 CAD patients (46) 

50 non-CAD control

290 CHD patients (47) 

110 subjects with angiographic exclusion of CHD

miR-17 Down regulated MicroRNA profiling: (42) 

8 healthy volunteers

8 patients with stable coronary heart disease

Confirmation:

36 patients with CAD 

17 healthy volunteers

Validation:

31 patients with CAD

14 controls

miR-126 Down regulated MicroRNA profiling: (42) 

8 healthy volunteers

8 patients with stable CAD

Confirmation:

36 patients with CAD

17 healthy volunteers

Validation:

31 patients with CAD

14 controls

miR-92a Down regulated MicroRNA profiling: (42) 

8 healthy volunteers

8 patients with stable CAD

Confirmation:

36 patients with CAD

17 healthy volunteers

Validation:

31 patients with CAD

14 controls

miR-370 Up regulated 95 CAD patients (46) 

50 non-CAD control

miRNAs, microRNAs; AMI, acute myocardial infarction; CAD, coronary artery disease; CHD, coronary heart disease.
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to determining if these histone candidates can serve as 
diagnostic biomarkers (54).

miRNAs

Very few studies have been done in order to identify 
circulating miRNA as biomarkers for diagnostic and 
management of HCM. For example, Roncarati et al. studied 
plasma levels of 21 miRNA by qPCR between 41 HCM 
patients and 41 control donors. Although 12 of those 
miRNAs were increased in plasma of HCM patients, only 
three miRNAs were significantly up-regulated among 
them: miR-199a-5p, miR-27a, and miR-29a. Importantly, 
only miR-29a was correlated with myocardial fibrosis (55) 
(Table 2). In another study, Kelly et al. found that miR-
155 downregulates AGTR1, resulting in a reduction of the 
angiotensin II type 1 receptor. However, a single nucleotide 
polymorphism (SNP) in the AGTR1 gene, rs5186 C allele, 
interrupts complementarity between miR-155 and the 
regulatory target site of AGTR1, thereby increasing AGTR1 
levels, which may explain an increased degree of cardiac 
hypertrophy, oxidative stress, and fibrosis in Friedreich 
ataxia (FRDA) patients (57). 

Serial follow-up of apparently healthy members of 
families with HCM is required, but most important is to 
follow up with patients diagnosed with HCM. Therapeutic 
strategies may be designed to modify or prevent phenotypic 
development rather than treat the symptoms. This is 
particularly important in, for example, FRDA patients 
where heart affection is not always evident until cardiac 
symptoms are clearly observed in advanced phases of 
myocardiopathy. Clinical guidelines propose that until the 

ejection fraction falls, you should not begin treatment using 
either beta blockers or angiotensin-converting-enzyme 
inhibitors. However, when clinicians have a FRDA patient 
with depressed ejection fraction, it is usually too late to treat 
cardiac complications, considering the high probability of 
sudden death and arrhythmias in these patients (58). In most 
cases, clinicians wait too long to begin the pharmacological 
treatment because they have not tools to decide which is 
the best moment to treat FRDA patients. Therefore, new 
molecular biomarkers should be very useful to implement 
clinical decisions regarding the treatment of FRDA patients 
with beta blockers or ACE inhibitors.

In order to provide new biomarkers to identify cardiac 
hypertrophy in FRDA, we found that miR-323-3p is a 
candidate for diagnosing cardiomyopathy in FRDA patients. 
Using plasma samples from a series of 27 FRDA patients, we 
found that of the eight FRDA patients with cardiomyopathy, 
seven (87.5%) showed a fold change above 2.5, and of those 
not affected by cardiomyopathy, just 41.2% presented a 
fold change value above 2.5 (P=0.048) (56). Pilbrow et al. 
have described miR-323-3p as a candidate biomarker for 
CAD in acute coronary syndrome (ACS) patients (59). The 
use of miR-323a-3p would help clinicians in this regard 
and could contribute to early diagnosis and prognosis of 
cardiomyopathy prior to detection using conventional 
diagnostic procedures of clinical or morphological cardiac 
tissue manifestations. In fact, to examine the potential use 
of miR-323a-3p as a biomarker for cardiomyopathy in 
FRDA cases, we constructed the corresponding receiver 
operating characteristic (ROC) curve, finding differences 
in miR-323a-3p fold change in FRDA patients with and 
without cardiomyopathy. We calculated the optimal cut-
off value for the fold change as 2.79. Sensitivity was 88.9% 
and specificity 62.5%, and the area under the curve (AUC) 
was 0.75 (P=0.042) (56). Because of the high stability of 
miRNAs and its dynamic nature, miR-323a-3p could be 
used as a biomarker for treatment monitoring or HCM 
follow-up.

AMI

AMI, properly called myocardial injury with myocardial 
ischemia, is the worst acute syndrome of CAD, affecting 
around 3% of adults older than 20 years of age (27), and 
the major cause of morbidity and mortality of the world (1). 
AMI can be diagnosed when there is evidence of myocardial 
necrosis with acute myocardial ischemia, and detection 
of specific characteristics of ECG, elevated values of 

Table 2 Key circulating miRNAs in hypertrophic cardiomyopathy

miRNA Regulation Groups References

miR-29a Up regulated 41 patients with HCM (55) 

41 healthy donors

miR-27a Up regulated 41 patients with HCM (55) 

41 healthy donors

miR-199a-5p Up regulated 41 patients with HCM (55) 

41 healthy donors

miR-323a-3p Up regulated 25 FRDA patients (56) 

25 healthy donors

miRNAs, microRNAs; HCM, hypertrophic cardiomyopathy; FRDA, 
Friedreich ataxia.
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certain biomarkers of myocardial necrosis, or specific AMI 
characteristics observed by imaging (60). 

The major causes of AMI are partial or complete 
coronary  ar tery  occ lus ion  caused  by  vu lnerab le 
atherosclerotic plaque rupture and thrombus formation or 
acute occlusion of a coronary artery by coronary emboli or 
vasospasm (61,62). The most important biomarker used to 
diagnose AMI with necrosis is high concentration in blood 
of circulating cTnI (63), although circulating levels of the 
isoenzyme creatine kinase (CK)-MB are also frequently 
determined (60).

An elevated cTnl value can be associated with myocardial 
injury but does not provide information about an ischemia. 
For that reason, plasma cTnI concentrations may be 
elevated in other diseases in an unspecific manner such as 
septic shock and severe sepsis, chronic kidney disease, atrial 
fibrillation, and HF (64-67).

In this regard, other specific biomarkers, such as 
epigenetic biomarkers, could serve to detect AMI with high 
sensitivity and specificity for early diagnosis. We focus our 
attention on those epigenetic biomarkers which can be used 
for diagnostics and prognosis of AMI.

DNA methylation

DNA methylation status of LINE-1 has been also proposed 
as an epigenetic biomarker in ischemic heart disease and 
stroke (68). Baccarelli et al. obtained DNA from blood 
samples of 712 elderly patients. The patients were adjusted 
according to the risk factor, and in total 212 patients had 
ischemic heart disease and stroke and the remaining 470 
patients were free of this condition. The results of this study 
showed that subjects with ischemic heart disease and stroke 
had lower methylation levels of LINE-1. Furthermore, 
when conducting the longitudinal analyses of the results, it 
was observed that patients who had lower methylation levels 
of LINE-1 had an increased risk of incident ischemic heart 
disease, stroke, and mortality (68).

Rask-Andersen et al. designed an epigenome-wide 
association study, consisting of genomic DNA obtained 
from blood samples of 729 Swedish subjects with CVD 
history, to identify disease-specific alterations in DNA 
methylation using Illumina Infinum 450K BeadChip. 
The cohort of patients with CVD included individuals 
with hypertension, AMI, stroke, thrombosis and cardiac 
arrhythmias (9). Rask-Andersen et al., found differential 
DNA methylation at 211 CpG-sites mapped in 196 
individual genes from participants that have experienced an 

episode of AMI (9). From these 211 CpG sites, at least 42 
CpG sites were mapped to genes which are associated with 
cardiovascular function, myocardial development as well as 
response to ischemic injury.

Nakatochi et al., using genomic DNA isolated from 
blood of a cohort of 192 elderly Japanese MI patients 
and 192 healthy subjects, found that specific methylated 
DNA sites were significantly associated with MI to nearby 
SNPs, which previously were proposed to be associated 
with CVD (10). Particularly, Nakatochi et al. identified two 
differentially methylated sites at cg07786668 in ZFHX3 
gene and cg17218495 in SMARCA4 gene that were 
independently and significantly associated with MI.

Circulating histones and nucleosomes

Atherosclerotic plaque disruption and subsequent 
intraluminal thrombus formation is the pathological 
hallmark of ACS, including AMI and ischemic stroke. 
During the progression of atherosclerosis, circulating 
cells and cellular components of the vessel wall become 
more prone to DNA damage, therefore increasing 
apoptosis and necrosis which contribute to the release 
of DNA, nucleosomes, histones and histone-DNA  
complexes (69), sometimes produced via NETosis (process 
in which neutrophils migrate to the site of tissue damage 
and extrude decondensed chromatin threads (NETs), which 
consist of nuclear histones and azurophilic granule proteins 
such as myeloperoxidase and PMN elastase). Histological 
studies have reported the presence of NETs within the 
luminal portion of human atherosclerotic vessels and also 
in coronary thrombosuction biospecimens obtained post-
AMI (70,71). Circulating nucleosome levels in patients with 
deep venous thrombosis can reflect NET degradation in 
the thrombus, although they may also derive from other 
cellular sources within or outside the thrombus (39,72). 
More recent studies have measured circulating nucleosomes 
as a marker for NET formation in humans (13). Despite all 
this data, it is still unknown how nucleosomes contribute to 
thrombus propagation. 

In addition, histones released from necrotic cells 
accumulate within the myocardium soon after AMI (73), 
inducing further dose- and time-dependent myocardiocyte 
toxicity like what occurs in other tissues. Other studies 
measured DNA levels and circulating nucleosomes in 
plasma derived from coronary artery blood, correlating 
them positively with infarct size (74).

In this regard, circulating histones and nucleosomes 
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could be measured in blood samples in order to evaluate the 
level of cardiac tissue damage.

miRNAs

Several studies demonstrating the correlation between the 
level of circulating miRNA and the diagnosis and prognosis 
of AMI have been done over the last years. Table 3 shows 
miRNAs that have been validated as circulating biomarkers 
for AMI. 

After demonstrating that miR-208 is increased in rat 
blood levels after myocardial injury (89), studies in human 
have been observed where miR-208a was found in patients 
with AMI (86). Other analysis of circulating miR-208a 
and cardiac troponin I (cTnI), which is a commonly used 
biomarker in AMI, showed that miR-208a was increased in 
all AMI individuals, but cTnI was only detectable in 85% of 
patients 4 hours after the initial symptoms manifested (86). 
Moreover, Corsten et al. found that miR-208b plasma levels 
were increased in a 1,500–1,600 folds in AMI patients than 
in controls (79). 

Circulating miR-499-5p was elevated more than 10-fold 
in AMI patients compared to healthy controls. miR-499 
was also increased in AMI patients by 93% 3 hours after 
the manifestation of the initial symptoms, while cTnI was 
increased in 88% of AMI patients, suggesting that miR-
499-5p identifies better AMI patients than cTnl. Another 
study demonstrated that miR-499 plasma levels were higher 
in AMI patients compared with congestive HF, and their 
levels increased rapidly within 48h of the last onset of pain 
and became undetectable before hospital discharge (76). 
These results point out the relevant role of miR-499-5p for 
differential diagnosis. Moreover, circulating miR-499-5p 
levels can be correlated with non-ST elevation AMI better 
than cTnI in elderly patients. Therefore, miR-499 may help 
to differentiate AMI from acute congestive HF (87).

In another study by Devaux et al., patients with AMI that 
showed ST-elevation, had higher levels of miR-208b and 
miR-499 when compared to patients without ST segment 
elevation (P<0.001) (77).

The level of serum miR-1 was increased after AMI with 
a peak at 6 h (>200-fold) and returned to basal level 3 days 
after the disease (83). Circulating miR-1 in AMI patients 
was elevated compared to patients with CAD without AMI 
or healthy subjects and no correlation was observed between 
miR-1 expression and some variables such as age, sex, and 
arterial blood pressure (80).

Finally, several studies showed that miR-133 levels 

were increased in both experimental AMI animal models 
and AMI patients (82). In this regard, miR-1 and miR-
133a are increased in AMI patients compared to subjects 
with unstable angina or another type of acute myocardial 
syndrome (90).

These facts suggest that miRNAs are better biomarkers 
for AMI than traditional cTnI. Furthermore, circulating 
miRNA can serve to differentiate between different types 
of AMI and also different types of CVDs. However, some 
variation of circulating miRNA levels is observed in patients 
when their levels are analyzed over time. For this reason, 
when analyzing miRNAs, it is highly important to fix the 
time of sampling or blood collection since AMI onset.

HF

HF is a progressive complex syndrome characterized by a 
persistent, low-grade, systemic and myocardial inflammation 
that impairs the ability of the ventricle to fill or eject blood, 
which correlates with disease severity and prognosis. HF is 
a major public health problem, with a prevalence of over 23 
million worldwide and increased incidence (91). Current 
guidelines underscore that “it is largely a clinical diagnosis 
that is based on a careful history and physical examination.”

While the cause of this low-grade inflammation 
is currently unknown, endogenous danger associated 
molecule-patterns (DAMPs), may be a contributing factor. 
Among the structures identified as a potential trigger of 
endogenous inflammation is the nucleosome, a chromatin 
structure consisting of at least eight histones wrapped by 
double-stranded DNA (92).

DNA methylation

Movassagh et al. demonstrated the differential methylation 
patterns of three angiogenic genes comparing left 
ventricular tissue from 8 end-stage HF patients and 6 
controls. They observed the promoter hypermethylation 
of platelet/endothelial cell adhesion molecule (PCAM1), 
hypermethylation within the gene body of Rho GTPase 
activating protein 24 (ARHGAP24) and hypomethylation 
within the gene body of angiomotin-like 2 (AMOTL2) have 
been found in a series of patients with HF (93,94). 

Circulating histones and nucleosomes

A recent study detected increased nucleosome plasmatic 
concentrations in 179 patients with HF who were clinically 
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Table 3 Key circulating miRNAs in acute myocardial infarction

miRNA Regulation Groups References

miR-499 Up regulated 67 AMI patients (75) 

32 controls

14 individuals with ACS (9 with AMI) (76) 

15 individuals with CHF

10 controls

510 AMI (77) 

87 controls

224 AMI (78) 

931 non-AMI

32 AMI patient (79) 

36 no cardiac disease

miR-1 Up regulated 67 AMI patients

32 controls (75) 

93 AMI patients (80) 

66 healthy patients

17 AMI patients (81) 

25 healthy subjects

33 patients with STEMI (82) 

17 healthy donors

31 AMI patients (83) 

20 control group.

miR-133 Up regulated 51 AMI subjects (84) 

28 controls

76 AMI cases (85) 

110 no ami cases

miR-208a Up regulated 33 AMI patients (86) 

33 non-AMI patients

Table 3 (continued)
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Table 3 (continued)

miRNA Regulation Groups References

miR-133a Up regulated First cohort: (45) 

13 AMI patients

27 healthy volunteers

Second cohort:

22 CHD patients

8 non-CHD patients

Third cohort:

154 patients with CHD

92 non CHD patients

33 patients with STEMI (82)

17 healthy donors

67 AMI patients (75)

32 controls

miR-499-5p Up regulated 92 NSTEMI elderly patients (AMI) (87) 

81 elderly patients with acute CHF without AMI

33 patients with STEMI (82)

17 healthy donors

319 MI (88) 

88 non-MI patients

miR-208b Up regulated 32 AMI patients (79) 

36 no cardiac disease

319 MI (88) 

88 non-MI patients

510 AMI (77)

87 controls

67 AMI patients (75)

32 controls

224 AMI (78)

931 non-AMI

miRNAs, microRNAs; AMI, acute myocardial infarction; ACS, acute coronary syndrome; CHF, congestive heart failure.
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stable for 6 months before blood collection. Nucleosome 
levels were positively correlated with disease severity score 
and mortality within 4 years of blood sampling (92). These 
results provide the basis to propose circulating nucleosomes 
as a predictive marker of mortality of HF affected patients.

On the other hand, Kaneda et al. performed ChIP 
experiments using human left ventricular tissue with 
retained or damaged function and analyzed by high-
throughput pyrosequencing those genes bound to 
H3K4me3 or H3K9me3, which participate in transduction 
pathways for cardiac function. The authors identified 
that trimethylation of histone H3 is markedly affected in 
cardiomyocytes in association with the development of 
HF (95). Therefore, it would be interesting to measure the 
levels of H3K4me3 and H3K9me3 of circulating histones 
and correlate the levels of these modifications with the risk 
of HF.

miRNAs

Several studies have revealed that patients with HF 
have differentially expressed miRNA circulating levels.  
Table 4 shows miRNAs that constitute valuable biomarker 
candidates for HF. The most studied circulating miRNA 
biomarker for HF is miR-423-5p. Tijsen et al. revealed that 
miR-423-5p, miR-18b, miR-129-5p, miR-1254, miR-675, 
and miR-622 were up-regulated in HF patients. Among 
them, miR-423-5p was the most strongly related to the 
clinical diagnosis of HF. In addition, miR-423-5p allowed 
the identification of HF patients from healthy controls 
and other patients diagnosed with dyspnea but not with 
HF (96). This circulating miRNA was correlated with 
circulating levels of NT-pro-BNP (pro-brain-natriuretic 
peptide) which is a common biomarker used for diagnosing  
HF (96). In another study, it was shown that miR-499 could be 
a tool to differentiate between acute HF and systolic HF (79). 
Moreover, circulating miR-499 was only up-regulated in 
acute HF while remained invariable in diastolic HF (79). 
Accordingly, these data suggest that both miR-423-5p and 
miR-499 might be clinical diagnostic biomarkers in HF.

In addition, other circulating miRNA are proven to be 
prognostic biomarkers of HF. It was reported that circulating 
levels of miR-16, miR-27a, miR-101 and miR150 improved 
the prediction of left ventricle contractility six months after 
suffering for an AMI with other biomarkers, such as NT-
pro-BNT, in a multivariable model (100).

In addition to the above-mentioned circulating miRNAs, 

many other circulating miRNAs have been reported as 
biomarker candidates for HF, although more studies are 
required in some of them in order to further validate these 
candidates as feasible biomarkers for HF. 

Future directions

The exciting world of epigenetic biomarkers and their 
potential clinical application is opening new opportunities 
in the diagnosis, theragnosis and therapeutic application in 
CVDs. For example, considering that DNA and histones 
play essential roles in the pathogenesis of cardiac lesions 
like, among others, atherosclerosis, arrhythmias, thrombosis 
and left ventricular dysfunction, strategies aimed at 
reducing the DNA-histone complex may constitute a viable 
goal for prevention of cardiac diseases as well as in different 
heart clinical complications (101).

From a clinical perspective, epigenetic biomarkers may 
provide valuable tools for diagnosis, prognosis, disease 
treatment and management and theragnosis, therefore 
improving precision medicine. However, larger clinical 
trials are required to establish whether current biomarker 
candidates offer additional benefit over existing biomarkers 
of CVDs described in the other chapters of this special 
issue. Additionally, technological advances such as next-
generation sequencing and mass spectrometry are required 
to enable sensitive, specific, rapid, reliable and reproducible 
results for the absolute quantification of epigenetic 
biomarkers in order to facilitate transition into clinical 
practice. 

In this review, we summarized different epigenetic 
biomarkers as future candidates for the diagnostic of 
CVDs. Recapitulating the information described in this 
review, we realize that miRNAs are the most studied 
biomarkers in CVDs. Conversely, there are only a few 
studies describing and proposing DNA methylation and 
histones as candidate biomarkers for CVDs. In this regard, 
the wide array of diseases in which LINE-1 was reported 
to be down-methylated make this biomarker excessively 
nonspecific to be used as a precise biomarker for CVDs. 
Therefore, it would be interesting to direct the future 
studies on the identification and validation of circulating 
DNA methylation levels of specific genes for diagnosing a 
particular disease condition. 

Finally, while there remain a number of challenges to still 
overcome, clinicians should be aware of the future arrival of 
this type of new biomarkers into clinical medicine.
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Table 4 Key circulating miRNAs in heart failure

miRNA Regulation Groups References

miR-423-5p Up regulated Array: (96) 

12 healthy controls 

12 HF patients

Validation:

39 healthy controls

20 dyspnea non-HF cases

30 dyspnea HF cases

30 patients with stable chronic systolic HF (97) 

30 controls

45 heart failure patients caused by dilated cardiomyopathy (98) 

39 controls

miR-122 Up regulated Screening cohort: (99) 

53 HF patients

39 controls

Replication cohort:

14 HF patients

8 controls

33 congestive HF (79)

34 healthy controls

miR-622 Up regulated Screening cohort: (99) 

53 HF patients

39 controls

Replication cohort:

14 HF patients

8 controls

Array: (96) 

12 healthy controls 

12 HF patients

Validation:

39 healthy controls

20 dyspnea Non-HF cases

30 dyspnea HF cases

miR-499 Up regulated 33 congestive HF (79) 

34 healthy controls

39 diastolic dysfunction patients 

40 hypertensive or normotensive control subjects

miRNAs, microRNAs; HF, heart failure. 
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