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Abstract: The post-genomic era has completed its first decade. During this time, we have seen an at-
tempt to understand life not just through the study of individual isolated processes, but through the ap-
preciation of the amalgam of complex networks, within which each process can influence others.
Greatly benefiting this view has been the study of the epigenome, the set of DNA and histone protein
modifications that regulate gene expression and the function of regulatory non-coding RNAs without
altering the DNA sequence itself. Indeed, the availability of reference genome assemblies of many

species has led to the development of methodologies such as ChIP-Seq and RNA-Seq that have allowed us to define with
high resolution the genomic distribution of several epigenetic elements and to better comprehend how they are intercon-
nected for the regulation of gene expression. In the last few years, the use of these methodologies in the cardiovascular
field has contributed to our understanding of the importance of epigenetics in heart diseases, giving new input to this area
of research. Here, we review recently acquired knowledge on the role of the epigenome in heart failure, and discuss the

need of an epigenomics roadmap for cardiovascular disease.
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1. INTRODUCTION

Heart failure (HF) is a leading cause of morbidity and
mortality in modern society. It is a common and final out-
come of a variety of pathological conditions that affect myo-
cardial function, such as cardiomyopathy, hypertension, aor-
tic stenosis, myocardial infarction, diabetes mellitus, and
intrinsic myocardial defects defined as primary cardiomy-
opathies [1]. HF is frequently accompanied by pathological
remodeling of the heart, a phenomenon caused by cardiac
hypertrophy, fibrosis, and inflammation. Underlying these
pathological processes is a reprogramming of transcription
within the cells that make up the heart. In cardiomyocytes,
this reprogramming is characterized by the re-expression of
“fetal” cardiac genes and by the repression of adult ones [2-
4]. In particular, the re-expression of a set of fetal genes,
including fetal myosin heavy chain (known in mouse as f-
Mhc or Myh7, and in humans as a-MHC or MYHG6), atrial
natriuretic peptide (ANP, also known as Nppa) and brain
natriuretic factor (BNF, also known Nppb), correlates with
the clinical severity and prognosis of the pathology [5, 6].

Chromatin structure is a key element of gene expression
control, regulating the accessibility of gene promoters to pro-
teins of the transcription machinery (e.g., transcription factors,
RNA polymerase) [7]. Regarding this, the degree of chromatin
condensation and nucleosome mobility are two important
structural parameters: active transcription is associated with
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poorly condensed chromatin and with dynamic nucleosomes,
whereas transcriptional inactivity is associated with a rigid
chromatin structure due to high compaction and the presence
of static nucleosomes [8]. Epigenetics is one important regu-
latory mechanism of chromatin structure, and thus of gene
expression. This term describes a complex network of mo-
lecular modifications that act directly by altering the physical
properties of histones, or indirectly through the recruitment
of proteins or the synthesis of non-coding RNAs (ncRNAs)
that influence chromatin organization [9, 10].

The last decade has seen the development of several
methodologies that harness the power of next-generation
high-throughput DNA sequencing (NGS) technology, such
as chromatin immunoprecipitation combined with massively
parallel DNA sequencing (ChIP-Seq), methyl-ChIP-Seq, and
bisulfite sequencing [11]. These have allowed us to generate
precise genome maps of the distribution of DNA and histone
modifications. This information is indispensable for our un-
derstanding of how epigenetic mechanisms act to regulate
gene expression and, hence, their role in physiology and dis-
ease [12]. Moreover, NGS technologies applied to RNA
(RNA-Seq) have recently provided a more powerful tool for
the analysis of the transcriptome, bringing to light the role of
ncRNAs in regulating gene expression [13].

The use of these methodologies in the cardiovascular
field is now helping us to understand the importance of epi-
genetics for HF, providing not only new input to the study of
molecular mechanisms responsible for this pathology, but
also opening up new therapeutic strategies based on the ma-
nipulation of the epigenome. Here, we will give an overview
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of recent discoveries and discuss the potential of targeting
epigenetics for the treatment of HF.

2. THE ROLE OF DNA AND HISTONE MODIFICA-
TIONS IN CARDIAC PATHOPHYSIOLOGY

2.1. Histone Acetylation: A Promising Therapeutic Tar-
get for HF

In eukaryotes, acetylation is one of the most common
covalent post-translational modifications. This epigenetic
mark occurs on the g-amino group of lysine residues of his-
tone and non-histone proteins. Histone acetylation plays a
key role in gene expression by regulating the accessibility of
gene promoters to transcription factors and complexes. The
addition of an acetyl group to lysine residues of histone tails
neutralizes their positive charge, weakening the binding of
histones to DNA [14]. In addition, acetylation of histone H4
on lysine 16 inhibits the condensation of chromatin into a
30nm chromatin fiber [15]. As a result, chromatin acquires
an open conformation that makes the DNA accessible to
proteins of the transcriptional machinery. Moreover, acety-
lated histones can also act as docking sites for proteins in-
volved in gene activation, such as the BET (bromodomain
and extra-terminal) proteins, a family of four conserved pro-
teins (Brd2, Brd3, Brd4, and the testis-specific BrdT) that
bind acetylated histones through their bromodomain [16].
These proteins function as scaffolds for the assembly of
macromolecular complexes involved in the recruitment and
activation of the transcriptional machinery. For example,
Brd4 positively regulates transcription by recruiting active
cyclinT1 and Cdk9 to promoters. These proteins constitute
two components of positive transcription elongation factor b
(P-TEFD), a complex that promotes RNA polymerase (Pol)
II processivity [17, 18].

Acetylation also occurs on non-histone proteins regulat-
ing the activity of histones. Important cellular processes
regulated by acetylation of these non-histone proteins in-
clude mRNA splicing, mRNA transport, mRNA integrity,
protein translation, and protein activity. Therefore, it is not
surprising that non-histone protein acetylation is implicated
in tumorigenesis and immune functions [19].

Acetylation level depends on the activity of two classes
of enzymes: histone acetyl transferases (HATs) catalyze the
transfer of the acetyl group of acetyl-CoA to the e-amino
group of lysine; histone deacetylases (HDACs) remove the
acetyl group. HDACs form a large family with at least 18
members classified into four classes according to their
phylogenetic conservation: HDAC classes I, II, and IV are
the classic HDACs and require electrophilic Zn** for their
activity; in contrast, the seven sirtuins (SIRT) that make up
class TIT use NAD' as their cofactor for the deacetylation
reaction [20, 21].

Much knowledge on the role of histone acetylation in the
heart comes from studies on HDACs and HATSs that showed
how these enzymes are key players in the gene expression
reprogramming underlying HF. The HAT ElA-associated
nuclear protein p300 (p300) is a master transcription factor
for cardiac hypertrophy. p300 expression is increased in hy-
pertrophied and failing human hearts. In mice models, modu-
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lation of its expression interferes with cardiac function: low
overexpression of p300 causes cardiac hypertrophy, whereas
its downregulation interferes with pressure overload-induced
hypertrophy [22]. The picture is more complex for HDACs.
HDAC9 and HDACS (two class I HDACs) act as negative
regulators of cardiac hypertrophy, repressing the activity of
MEF2c, a transcription factor that regulates the expression of
pro-hypertrophic genes [23, 24]. SIRT6 also has an anti-
hypertrophic activity due to its ability to inhibit the pro-
hypertrophic insulin-like growth factor (IGF)-Akt signaling
pathway. SIRT6 represses the transcription of key IGF sig-
naling-related genes, deacetylating lysine 9 of histone H3
assembled on promoters of those genes. SIRT6 is recruited
to these regulatory elements through the interaction with c-
Jun [25]. On the other hand, the role of class I HDACs is not
completely clear. Trivedi et al. reported that HDAC2 had a
pro-hypertrophic function, blocking the expression of anti-
hypertrophic gene /npp5f [26], whereas Montogomery et al.
found that HDAC1 and HDAC2 were essential for normal
growth and morphogenesis of the heart, but not for the hy-
pertrophic response to infused isoproterenol—a f-adrenergic
agonist that causes cardiac hypertrophy—or to transverse
aortic constriction (TAC)—a surgical procedure that induces
cardiac hypertrophy through pressure overload [27]. These
discrepancies in phenotype could be due to the different
strategies used for generating the studied knockout mice
and/or their genetic background [20, 27].

Interestingly, it was also found that the acetylation of
non-histone proteins regulated the development of hypertro-
phy: SIRT3 protected the heart from oxidative stress during
a pro-hypertrophic stimulus, through deacetylation of fork-
head box O3a (Foxo3a). This promoted the nuclear localiza-
tion of Foxo3a, which in turn enhanced the transcription of
antioxidant genes [28] (Table 1). Overall, these reports show
that acetylation is a mechanism that regulates pathological
pathways of HF, acting at multiple levels to modulate chro-
matin structure and the activity of non-histone proteins.

Further steps have been taken more recently toward bet-
ter understanding of how histone acetylation regulates gene
expression changes in HF, by studying BET proteins. Brd2,
Brd3, and Brd4 are expressed in adult heart; JQ1—a selec-
tive inhibitor of BET proteins—had a cardioprotective effect
in mice subjected to TAC or injected with phenylephrine
(PE). Moreover, Brd4 knockdown in neonatal rat ventricular
cardiomyocytes interfered with PE-induced hypertrophy.
Gene-expression profiling and ChIP-Seq studies revealed
that BET proteins promote Pol II pause-release and tran-
scription elongation during pathological cardiac hypertrophy
[29, 30] (Fig. 1). These findings support an important role
for Brd4 in HF and indicate a clinical potential for bromo-
domain-inhibiting drugs, strengthening previous reports on
the therapeutic potential of histone acetylation in HF [31,
32]. However, the development of epigenetics-based HF
therapy targeting the histone acetylation pathway is limited
by the pleiotropic effect of these drugs due to the ubiquitous
expression of their targets. Further studies are needed to
identify molecular targets of histone acetylation that are spe-
cific for the heart. To this end, definition of the genes and
proteins regulated by acetylation in HF might result invalu-
able.
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Table 1. Cardiac phenotype of genetically modified HDAC mice.

HDAC Class Role in Heart Phenotype of Mice Models

1

HDAC 1 and unclear Trivedi et al. described that cardiac-specific double knock-out Hdac1/2 mice have dilated cardio-
HDAC2 myopathy, arrhythmias, and neonatal lethality, accompanied by up-regulation of genes encoding

skeletal muscle-specific myofibrillar proteins and calcium channels. Montogomery et al. did not
detect any alteration of cardiac function of knock-out mice (see text).

I

HDAC 5 anti-hypertrophic Major sensibility to the development of cardiac hypertrophy and a failure in responding to pro-
hypertrophy stimuli, such as TAC and calcineurin activation.

HDAC 9 anti-hypertrophic Major sensibility to the development of cardiac hypertrophy and a failure in responding to pro-
hypertrophy stimuli, such as TAC and calcineurin activation.

I

SIRT6 anti-hypertrophic Cardiac-specific double knock-out Sir#6 mice developed cardiac hypertrophy and heart failure;
Sirt6 transgenic mice were protected from hypertrophic stimuli, such as TAC and isoproterenol
infusion.

SIRT3 anti-hypertrophic Sirt3 knock-out mice had an increased heart weight/body weight (HW/BW) ratio and interstitial

fibrosis at 8 weeks of age; cardiac-specific Sir#3 transgenic mice were protected from hypertro-

phic stimuli, such angiotensin II infusion and isoproterenol infusion.
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Fig. (1). Model of the potential collaboration between Mef2c and BRD4 in promoting the expression of pro-hypertrophic genes. In the basal
condition, pro-hypertrophic genes are silenced by the interaction of Mef2¢c with HDACS or HDAC9. In response to a hypertrophic stimulus,
HDACS detach from Mef2c, which acetylates histones assembled at promoter regions of pro-hypertrophic genes, through the binding of his-
tone acetyltransferase p300. In turn, BRD4 binds the acetylated promoter, promoting transcription elongation.
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2.2. Is Histone Methylation a New Layer of Epigenetic
Regulation of HF?

Histone methylation occurs on all three basic residues
(i.e., arginine, lysine, and histidine). Most studies on methy-
lation have focused on the first two. Lysine (K) can be
mono- (mel), di- (me2), and tri- (me3) methylated on the &-
amino group, whereas arginine can be mono- (mel) and di-
(me2) methylated on the guanidine group, with addition of
two methyl groups occurring symmetrically or asymmetri-
cally. The role of methylated lysine and arginine for gene
expression depends on the position of the residue on the his-
tone and on the degree of methylation [33, 34]. For example,
H3K36me3 is present at the gene body of transcriptionally
active genes and has a key role in transcription elongation,
whereas di- and tri-methylation of H3K9 (H3K9me2 and
H3K9me3, respectively) promote gene silencing through the
recruitment of heterochromatin protein 1 (HP1), a family of
three highly conserved proteins (HP1a, HP1B, and HPly)
involved in chromatin condensation [35]. H3K4mel, outside
of the promoter and on the first exon, marks enhancers
whose activity depends on the presence of other histone
modifications: the epigenetic signature H3K4mel plus
H3K27ac marks active enhancers, whereas H3K4mel plus
H3K27me3 are found at “poised” enhancers [36, 37].

Histone methylation at lysines is a dynamic epigenetic
alteration regulated by lysine-specific methyltransferases
(KMTs) and demethylases (KDMs). Over 50 of these en-
zymes have been identified in humans. The higher number of
enzymes involved in histone methylation compared with
histone acetylation and DNA methylation reflects the greater
complexity of the epigenetic language [38]. Although this
muddles the understanding of their function, it opens up the
possibility of designing more-specific epigenetic therapies
than those based on the use of HDAC/DNMT inhibitors [39].

Histone methylation is an important player in cellular
processes such as cell cycle, cell differentiation, and DNA
repair. Alteration of histone methylation has been linked
with several human diseases, including cancer and neuronal
disorders [40]. Despite this, only in recent years have we
begun to study the role of methylation in HF. Genome-wide
histone methylation profiling of cardiomyocytes isolated
from TAC mice revealed that histone methylation contrib-
utes to the definition of an epigenetic signature that distin-
guishes genes modulated in cardiac hypertrophy; that also
study identified a large set of putative enhancers whose ac-
tivity changed upon induction of HF, and revealed a role for
myocyte enhancer factor MEF2C and MEF2A in regulating
these enhancers [41]. A number of studies on histone-
methylating enzymes have shown the key role of some of
these in regulating the cardiac gene expression program in
physiological and pathological conditions. JMID2A/
KMD4—a histone demethylase that catalyzes the demethyla-
tion of H3K9me3 and H3K36me3—is required for cardiac
hypertrophy by cooperating with SRF and myocardin, trig-
gering the expression of FHL1 (four and a half LIM domains
protein 1), which is involved in mediating the hypertrophic
response in TAC mice [42]. PAX-interacting protein 1
(PTIP)—an essential co-factor for methylation of histone H3
at lysine 4—is required to maintain heart homeostasis. Its
activity is necessary for the expression of Kv channel-

Papait et al.

interacting protein 2 (Kcnip2) [43]. It has also been proposed
that the loss of H3K9me2 and H3K9me3 at the promoters of
ANF and BNP in human failing myocardium is responsible
for the re-expression of these genes, and that this process is
under the control of HDAC4. The model proposed is that
HDAC4 recruits SUV39H1—a histone methyltransferase
responsible for di- and tri-methylation of lysine 9 of histone
H3—to the promoters of ANF and BNP under normal condi-
tions, whereas in failing myocardium, these protein interac-
tions are disrupted by nuclear export of HDAC4, upon phos-
phorylation by Ca?*/calmodulin-dependent protein kinase 11
(CaMKII)3B [44].

1.3. Is DNA Methylation a New Epigenetic Marker of
Gene Expression Reprogramming in HF?

In higher eukaryotes, DNA methylation occurs preferen-
tially at the fifth carbon of cytosine in CpG dinucleotides.
These CpG sites map to intragenic regions, such as promot-
ers and gene bodies, as well as to intergenic regions, includ-
ing enhancers and repetitive elements [45]. Recent genome-
wide methylation profiling has revealed that the effect of
DNA methylation on gene expression depends on which
genetic element is affected by this epigenetic mark: methyla-
tion at promoters is generally associated with transcription
repression, whereas DNA methylation within the gene body
is positively correlated with transcription activation [46, 47].
Furthermore, there is evidence to suggest that gene body
methylation might be involved in pre-mRNA splicing [48].
Finally, CpG methylation at enhancers causes their inactiva-
tion [49-51].

The molecular mechanisms through which DNA methy-
lation regulates gene expression are not completely under-
stood. Although there is much evidence that methylation of
DNA blocks gene expression by interfering with the binding
of transcription factors or the recruitment of methyl-CpG
(mCpG)-binding proteins (MBPs) that trigger the inactiva-
tion of chromatin [52], it is not clear how this epigenetic
mark can promote transcription. In recent years, a dogma of
DNA methylation that has fallen is its irreversibility. DNA
can be actively demethylated through direct deamination of
5-methyl cytosine (5-mC)—mediated by activation-induced
deaminase (AID)/APOBEC-family cytosine deaminases—or
by oxidation of 5-mC to 5-hydroxymethylcytosine (5-
hmC)—catalyzed by ten-eleven translocation (TET) en-
zymes—followed by deamination by base excision repair
enzymes [53]. Several studies are bringing to light how 5-
hmC is not just the intermediate of the demethylation reac-
tion, but can also function as a sixth nucleobase. High-
resolution genome-wide mapping of 5-hmC in differentiated
cells has linked this DNA modification with transcription
activation [54-56]. However, there are other studies in pluri-
potent cells that have found this DNA modification to be
associated with transcription repression [55, 57]. An expla-
nation for this contradiction could be that the function of 5-
hmC is chromatin-context dependent.

Despite the fact that DNA methylation is implicated in
many cellular processes, such as cell development, genomic
stability, and gene imprinting, and that aberrant DNA methy-
lation has been associated with several human diseases, such
as cancer and neuronal disorders [58], only in the last few
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years has the role of this mark been investigated in the heart.
DNA methylation profiling of patients with idiopathic di-
lated cardiomyopathy (DCM) showed that the profile of this
epigenetic mark was altered in DCM and that it was linked
to repression of two genes—Ilymphocyte antigen 75 (LY75)
and adenosine receptor A2A (ADORA2A)—implicated in
adaptive or maladaptive pathways in HF [59]. Another ge-
nome-wide study carried out on end-stage cardiomyopathy
patients showed an alteration of CpG methylation at promot-
ers and gene bodies. Interestingly, that study revealed
changes in DNA methylation level on repetitive elements,
suggesting a role in HF [60]. However, it remains to be elu-
cidated how these sequences are involved in this pathology
and how changes in the level of DNA methylation regulates
gene activity.

Findings in humans have been supported by a recent
study showing that the cardiomyocytes of mice subjected to
chronic pressure overload stress have a methylation profile
similar to that observed at the neonatal stage, and that DNA
methylation changes occur on the regulatory sequences of
genes involved in processes altered in HF, such as cardiac
development and energy metabolism [61]. Moreover, treat-
ment of adult male rats with 5-aza-2'deoxycytidine—an in-
hibitor of DNA methylation—ameliorated cardiac function
after induction of cardiac hypertrophy with norepinephrine
[62]. Overall, these studies showed that post-mitotic cardio-
myocytes have a dynamic DNA methylation profile, and that
the pattern of methylation may define the pathological gene
expression program of HF. Further studies are needed to
delineate the causal effect of DNA methylation changes in
disease and the molecular mechanisms that govern this proc-
ess. Moreover, although there are few studies aimed at eluci-
dating the role of DNA methylation in HF, the part played by
5-hmC remains unknown. Therefore, studies are required to
investigate also this DNA modification in the heart.

3. LONG NON-CODING RNA: A NEW PLAYER IN
HEART FAILURE

The advent of tools for high-throughput RNA sequencing
(RNA-Seq) has led to the identification of long-non coding
RNA (IncRNA) as an additional level of epigenetic regula-
tion. LncRNAs are transcripts more than 200 nucleotides
long that do not encode proteins or that have a coding poten-
tial of less than 100 amino acids. The mechanisms of action
of IncRNAs are not completely clear. However, studies con-
ducted to date have revealed how they might function as
regulators of chromatin organization or at transcriptional and
post-transcriptional levels, such as mRNA processing, stabil-
ity, and translation [10]. For example, the IncRNA Kcnglotl
represses the transcription of the gene kcngl, recruiting to its
promoter G9a and two members of the polycomb repressive
complex 2 (PRC2)—Ezh2 and Suzl2—responsible for tri-
methylation of H3K9 and H3K27 [63]. The IncRNA NRON
inhibits the activity of NFAT, preventing its transport to the
nucleus by interfering with the binding of importins, a family
of nuclear transport proteins [64]. Finally, the IncRNAs ob-
tained from the transcription of short interspersed elements
(SINEs)—a class of repetitive DNA elements—block the
transcription of heat shock genes, preventing the formation
of pre-initiation complex through the binding with Pol II
[65].
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LncRNAs have a key role in several biological processes,
such as cell cycle, cell differentiation, and imprinting. Thus,
it is not surprising that more and more evidence is accumu-
lating on the involvement of IncRNAs in many pathologies,
such as cancer, viral infection, and neurodegenerative disor-
ders (e.g., spinocerebellar ataxia, amyotrophic lateral sclero-
sis, and fragile X syndrome) [66]. Recent reports have also
suggested an important role for these transcripts in several
aspect of cardiac biology, ranging from development to pa-
thologies such as myocardial infarction and HF. The in-
volvement of IncRNAs in heart development is supported by
studies on the IncRNAs Fendrr (fetal-lethal noncoding de-
velopmental regulatory RNA) and Bvh (Braveheart). Fendrr
is expressed in posterior mesoderm and is required for cor-
rect heart development. Knockout mice had an abnormal
heart function due to thinning of the ventricular wall caused
by impaired cardiomyocyte proliferation. At the molecular
level, Fendrr was involved in defining the gene expression
program of heart development, promoting either gene activa-
tion or silencing through the interaction with PRC2 and
TrxG/MLL, which tri-methylate lysine 27 and lysine 4 of
histone H3, respectively [67]. Bvh was found essential for
cardiomyocyte differentiation and involved in the upstream
regulation of Mespl (Mesoderm posterior protein 1) [68].

Regarding heart disease, genetic studies have linked the
IncRNA MIAT (myocardial associated transcript) with myo-
cardial infarction [69]. Studies on the locus of fetal MHC
identified a cluster of IncRNA transcripts in this locus:
IncRNAs named myosin-chain-associated RNA transcripts
(Myheart or Mhrt) had an anti-hypertrophic action, silencing
the guest gene. Mhrts were downregulated in TAC mice, and
their overexpression improved cardiac function after pres-
sure overload. Transcriptional repression promoted by Mhrts
was driven by the Brgl-HDAC-Parp chromatin complex
(Fig. 2) [70].

Finally, recent studies integrating transcriptomic and epi-
genomic data identified a set of IncRNAs transcribed from
enhancers during cardiomyocyte differentiation [71]. Inter-
estingly, a large set of these embryonic-stage genetic ele-
ments was found re-expressed in stressed heart. Thus, the
recapitulation of the fetal gene expression program in HF
concerns not only coding genes but also non-coding enhan-
cer transcripts (known as eRNA). Gene expression profiling
of mouse myocardium at different stages of development
revealed a number of IncRNAs modulated in hypertrophic
myocardium of adult mice, and indicated that the recapitula-
tion of embryonic gene expression concerns only eRNA
[72].

CONCLUSION

During the last two decades, much progress has been
made in the understanding of the molecular and cellular
processes that contribute to HF. Despite this, a cure for this
pathology is not available yet.

The above-described studies support an important role
for epigenetics in causing the gene expression changes re-
sponsible for HF. The findings open up the possibility of
developing novel therapeutic strategies for HF based on in-
terference with the epigenetic changes occurring in the pa-
thology. Indeed, many papers on histone deacetylase inhibi-



242 Current Genomics, 2015, Vol. 16, No. 4

Papait et al.

TRANSCRIPTIONAL a-:\.z\parp Myh7 TRANSCRIPTION
NO TRANSCRIPTION ACTIVATION »
Myh7 — é p A Myh7 R

T —_

LncRNAs Mhrt TRANSCRIPTION

BASAL CONDITION

NO TRANSCRIPTION

CARDIAC HYPERTROPHY

Fig. (2). Schematic on the role of Mhrts long noncoding RNAs in cardiac hypertrophy. In the basal condition, the locus of Myh7 encodes a
cluster of IncRNAs known as Mhrts (myosin heavy-chain-associated RNA transcripts), which repress the transcription of Myh?7. In response
to a hypertrophic stimulus, the Brgl-HDAC-Parp chromatin repressor complex inhibits the transcription of Mhrts, causing transcription acti-

vation of Myh7.

tors have shown how they prevent cardiac hypertrophy in
vitro and in vivo. However, we are far from using HDAC
inhibitors clinically for the treatment of HF because of their
toxicity. This problem could be overcome through the design
of molecules capable of selectively blocking the epigenetic
changes occurring in the specific disease. To do this, we will
need to better define the “HF epigenome”. Thus, there is the
need for an epigenomics roadmap, the objectives of which
should be focused on defining how epigenetic elements are
modified in the pathology, elucidating the molecular path-
ways that drive these changes, and determining if the envi-
ronmental factors impacting heart function, such as diet, life-
style, and metabolic diseases act on the heart through the
modulation of epigenetic mechanisms.

Finally, because disease-causing mutations affecting
genes belonging to an epigenetic pathway can be passed on
to future generations, genome-wide association studies rep-
resent a powerful tool for the investigation of HF etiology
and may lead to the development of improved clinical man-
agement of HF patients, opening up the possibility of novel
diagnostic procedures and personalized treatment strategies
designed on individual epigenetic profiles.

LIST OF ABBREVIATIONS

B-MHC/MYH7 = Fetal myosin heavy chain

ANP = Atrial natriuretic peptide

BNF = Brain natriuretic factor

MEF2c = Myocyte-specific enhancer factor
2C, also known as MADS box
transcription enhancer factor 2,
polypeptide C

SRF = Serum response factor

NFAT = Nuclear factor of activated T-cells

MIAT = Myocardial associated transcript

p300 = ElA-associated nuclear protein
p300

HDAC = Histone deacetylase

SIRT = Sirtuin

BET proteins = Bromodomain (BRD) and extra-C

terminal domain (BET) proteins
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