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This article refers to ‘Changes in m6A RNA methylation
contribute to heart failure progression by modulating
translation’ by T. Berulava et al., published in this issue on
pages 54–66.

Socio-economical costs of heart
failure
Heart failure persists as a significant cause of death and low
quality of life. It is a major public health issue of which the
prevalence continues to rise. In industrialized countries, heart
failure affects near 2% of the adult population, a prevalence which
exceeds 10% after the age of 70.1 With an aging population, this
burden is predicted to continuously rise. Healthcare costs also
steadily increase and represent a significant economical burden.2

Despite major advances in its diagnosis, treatment and prognosis,
continuous efforts from the biomedical research community are
warranted to discover new drugs and biomarkers to implement a
personalized healthcare. Heart failure is a complex disease and its
development and progression are governed by an intricate network
of multiple biological pathways. The simplistic ‘central dogma of
molecular biology’, from which proteins–building blocks of the
human body–are translated from messenger RNA molecules,
themselves transcribed from DNA, appears to be much more
complex than previously thought. Homeostatic regulation of gene
expression is paramount to the normal functioning of our body and
is governed at multiple levels, including at the epigenetics level.

Epigenetics and the heart
The concept of epigenetics, defined as any phenotypic change
occurring without affecting DNA sequence, has emerged as a
critical aspect of cardiovascular disease and is attracting more
and more attention. DNA methylation and histone modifications
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are major epigenetics mechanisms. Non-coding RNAs–RNA
molecules lacking protein-coding potential–are also able to reg-
ulate gene expression and induce phenotypic changes without
affecting the DNA sequence. They are regulated in heart fail-
ure and contribute to its development. Mostly oriented toward
small non-coding RNAs, among which microRNAs have been
the most widely studied, the research has recently switched
to long non-coding RNAs. Both linear3 and circular4 RNAs are
dysregulated in the failing heart and contribute to heart failure
progression. Even more recently, a new strata of epigenetics
mechanisms has come to light, RNA methylation. Although the
importance of DNA methylation and histone modifications in
epigenetics mechanisms has been recognized a long time ago, epi-
transcriptomics mechanisms and more precisely RNA methylation
are increasingly recognized as major disease players.5 Yet, their
role in heart failure is only emerging.

RNA methylation in heart failure
In this issue of the Journal, Berulava and colleagues report the
results of a study aiming to address a potential role of m6A
RNA methylation in heart failure development.6 The authors
observed that changes in m6A RNA methylation affect RNA
translation and protein production and are involved in heart failure
progression. These results are novel and support an important role
of epigenetics mechanisms in general and m6A RNA methylation
in particular in the development of heart failure. This is in line
with recent landmark studies revealing a role for m6A status
in cardiac homeostasis and various cardiovascular disorders and
repair processes.7,8 Although both the current study, and the
study by Mathiyalagan et al.8 show changes in global changes in
the m6A landscape and in cardiac protein synthesis during heart
failure, different mechanisms for the potential functionality of
m6A are reported. Where Mathiyalagan et al.8 report changes in
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messenger RNA (mRNA) stability, Berulava et al.6 demonstrate
that changes in protein expression are mostly the consequence
of changes in polysome binding and thus in protein translation.
The main difference between the two studies is the onset of heart
failure; where Mathiyalagan et al. focus on very acute tissue damage
induced by ischaemia, Berulava et al. choose to induce heart failure
using pressure overload. Acute ischaemia affects RNA methylation
in other tissues too, as a recent study demonstrates changes in
the m6A landscape in the brain following acute stroke in mice.9

Moreover, m6A may not be the only form of RNA methylation that
affects heart failure. Multiple other forms of RNA methylation have
been uncovered. We have recently shown that changes in a specific
set of small nucleolar RNAs that guide 2’O-ribose methylation of
RNA associate with heart failure in human.10

Strengths and limitations
Although the manuscript by Berulava and colleagues6 has a strong
bioinformatics component, which usually limits the accessibility of
such reports to non-experts, the authors must be acknowledged
for their efforts to render this manuscript accessible to a broad
readership and especially to the clinical readership of the European
Journal of Heart Failure.

In addition to major scientific advances in the knowledge of the
role of RNA methylation in heart failure progression, the authors
provide a good example of collaborative research necessary to
decipher the molecular pathways implicated in complex disease
processes. With a consortium of investigators with complementary
expertise, researchers, clinicians, molecular biologists, bioinfor-
maticians, and systems biologists foster the development of a new
field of research. Noteworthy, collaboration of experts from both
the brain and heart fields represents an invaluable resource to study
the brain–heart axis, as the old concept of neurocardiology11 may
be reborn as a new field of investigation for the EU-CardioRNA
COST Action (www.cardiorna.eu).12

Berulava et al.6 provide an intriguing dataset, but also leave us
with several important questions. The authors demonstrate that
m6A impacts polysome binding and protein synthesis. However,
effects on protein expression were confirmed on an individual
basis using western blots. Given the large amount of data and
bioinformatics in the paper, proteomics data obtained by mass
spectrometry could have confirmed the proposed mechanism of
action of m6A in this setting and would have lifted the paper
to an even higher level. Other questions that the authors raise
themselves, such as the potential effects of m6A on alternative
splicing, as well as the regulation of m6A in other species of RNA,
including microRNAs for example,13 also remain unanswered.

Perspectives
While a better knowledge of the implication of RNA methyla-
tion in cardiovascular disease has the potential to aid in heart
failure management, much remains to be done before foresee-
ing a translation of research findings to clinical application. The
challenging issue of accurately and reproducibly measuring the ..
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.. extent of RNA methylation needs to be addressed. Some techno-
logical advances have been achieved but remain to be pursued.14

It would be interesting to determine whether RNA methylation
profiles differ according to heart failure aetiology. The poten-
tial of RNA methylation to be used as biomarker of cardiovas-
cular disease is currently unknown. Considering the limitations
to the use of the current gold-standard biomarker of heart fail-
ure, N-terminal pro-B-type natriuretic peptide, RNA methylation
profiles may afford incremental diagnostic and prognostic value, as
shown previously for circulating non-coding RNAs.4,15,16 Sex dif-
ferences shall be a central aspect of further adequately powered
studies. Future studies may also look more into the regulation of
m6A methylation and demethylation.

In concurrence with the study by Dorn et al.,7 Berulava et al.6

show that deregulation of both methylases and demethylases
impacts m6A, as well as cardiac function, but although m6A is
affected, levels of methylases and demethylases appear only mod-
erately altered during heart failure development. Future studies
may therefore focus on the mechanisms that determine which
RNAs become hyper- vs. hypomethylated and what determines
whether that will affect RNA turnover, protein production or drive,
for example, alternative mRNA splicing. The differences in m6A’s
effects on mRNA stability in the ischaemia-induced heart failure
model presented by Mathiyalagan et al.8 on the one hand, and on
mRNA translation in the pressure overload model presented by
Berulava et al.6 on the other hand, may provide a starting point for
such mechanistic studies.

In conclusion, the study of Berulava and colleagues shows that
regulation of m6A RNA methylation contributes to heart failure
progression and supports future research in this clinically relevant
and promising area.6 An exciting additional thought is that m6A is
just one of more than 150 known RNA modifications that together
make up the epitranscriptome.
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